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FOREWORD
A Word from the Editor-in-Chief

Dear colleagues,

In your hands is the Book of Proceedings of the X International Scientific Agricultural
Symposium “AGROSYM 20197, which I hope you will find useful in your work. As many as
900 contributions, from 82 countries, have been accepted for oral or poster presentations.
Symposium themes cover all branches of agriculture and are divided into 7 sessions: 1) Plant
production, 2) Plant protection and food safety, 3) Organic agriculture, 4) Environmental
protection and natural resources management, 5) Animal husbandry, 6) Rural development
and agro-economy, 7) Forestry and agroforestry. Papers dealing with agricultural engineering
and technology were included into one of the seven sessions depending on their focus.

In the plenary lectures were addressed interesting topics; one keynote was on
biotechnology and two others dealt with organic farming in Australia and Europe. This
confirms the role of AGROSYM as a forum for open discussions and exchanges on
agriculture, food, the environment and rural development in the Balkans and beyond. Many of
the papers identify a number of approaches and market-based incentives to encourage
producers to achieve higher levels of performance (from both economic and environmental
points of view) and as a result to meet the expectations of governments and consumers.

The successful management of agricultural resources to satisfy changing human needs,
while maintaining or enhancing the quality of the environment and conserving natural
resources, indicate a long-term agricultural development imperative. Advances in
productivity, profitability and stability of modern cropping, animal and forestry systems will
have to be achieved globally on an ecologically sustainable basis. Today, it is obvious that
conventional methods of agricultural production, while providing sufficient food and various
products to humanity, have led to a number of negative impacts, including the transgression
of many planetary boundaries. These negative impacts raise serious questions about the long-
term sustainability of high-input agriculture and call for a genuine transition towards
sustainable agro-food systems, which achieve food and nutrition security for present and
future generations within the safe operating space for humanity.

Full texts of the submitted communications will be available on the website of
AGROSYM (http://agrosym.ues.rs.ba). Each paper included in the present Book of
Proceedings was positively reviewed.

Much appreciation is due to the authors of all papers submitted and presented at the
symposium as well as to all symposium participants whose ideas and contributions allowed
rich and lively discussions during the various sessions. Many thanks to all reviewers, session
moderators and colleagues for their help in editing the Book of Proceedings. Special thanks
go to all co-organizers, partners and sponsors for their unselfish collaboration and
comprehensive support.

Editor-in-Chief

Dusan Kovacevic, PhD
East Sarajevo, 12 October 2019
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Abstract

Maize cultivation with application of proper organic and bio-fertilizers could increase
nutritional value of crop grain and maintain soil fertility. The aim of the study was to examine
variations in concentrations of phytate, soluble phenols, total glutathione (GSH), yellow
pigment (YP), DPPH radical scavenging capacity (DPPH), Ca, Mg, Fe, Zn and Mn in maize
hybrids with white, yellow and red colour grain, under the influence of bio-, organic fertilizer
and urea in regard to control (without fertilization). Results indicated that phytate, DPPH, Ca,
Mg and, Mn varied slightly (< 10%). Red grain maize was characterized with the highest
concentrations of phenols, Ca, Mg, Fe, Zn, and DPPH. White grain maize, particularly in urea
and bio-fertilizer treatment, accumulated higher GSH values, while red and especially yellow
grain hybrid accumulated higher YP amount in urea treatment. Irrespective to lower variations
in Mn concentration, higher values were determined in yellow hybrid. Organic fertilizer
mainly induced increase in Mg bio-fertilizer which positively affected Fe accumulation, while
urea caused higher Zn and Mn accumulation in maize grain. It could be concluded that yellow
and particularly red grain hybrid enabled increased accumulation of mineral elements,
together with higher DPPH values, mainly in treatments with organic fertilizer and urea
giving it advantage in production of highly nutritious food.

Keywords: Colored maize grain, Sustainable production, Mineral nutrients, Antioxidants.

Introduction

All nutrients that humanity consumes came mainly from the agricultural production. When
ability of agricultural systems to produce enough of diverse foods fail, people will suffer,
mortality and morbidity rates will increase, working productivity will be reduced, societies
will deteriorate (Welch 2002). That is one of the main reasons why nutritional deficiencies
affect over three billion people globally, irrespective that they live in developed or developing
countries, causing chronic diseases, such cancer, cardio-vascular diseases, stroke, diabetes,
osteoporosis etc. (Graham et al., 2007). At the same time, soils are deteriorated worldwide
Maintenance and even increase of soil is of particular importance for agricultural production.
This means that proper mineral nutrition is significant measure when crops are grown on
infertile soils. When pea and wheat were grown on soil with adequate Zn and Se supply, they
accumulated about three-fold more Zn and five-fold more Se in their grains, when compared
to plants grown on Zn- and Se-deficient medium (Miller and Welch, 2013).

Different fertilizer types, such as organic and bio-fertilizers contribute to the maintenance
and/or increase of soil organic matter and status of mineral nutrients, thus contributing to the
soil fertility, together with the improved availability of nutrients to plants and increased
yielding potential. Mineral nutrition is complex practice, since some nutrients are able to
promote or reduce absorption of the other ones, like application of higher N rates, which
decreases Mg and Zn absorption and promotes Mn absorption and accumulation, thus altering
nutritional quality of maize grain (Feil et al., 2005). There are many records about
contribution of bio-fertilizers to improved crop production. Vessey (2003) find that bio-
fertilizers improve availability of nutrients from the rhizosphere, promoting crop growth and
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their nutritional quality. El-Sirafy et al. (2006) underlined that bio-fertilizer significantly
affected Fe, Mn and Zn concentration in wheat tissues. Nevertheless, there are some negative
aspects of bio-fertilizer application, such as decreased Fe and B-carotene concentrations in
maize grain with elevated phytate concentration (Dragicevic at al., 2015).

Irrespective to the status of mineral nutrients in grains, their further bio-availability from
digestive organs depends on chemical composition of grain (Nuss and Tanumihardjo, 2010;
Welch and Graham, 2000), so it is important to evaluate relation between essential elements
and factors that contribute or restrain their bio-availability, like phytic acid, phenols,
carotenoids, glutathione, fiber, etc.

The relation between phytate and mineral elements is important trait for evaluation of their
potential bio-availability (Dragievié et al., 2014; Dragicevic et al., 2016; Simi¢ et al., 2012;
Wiesler, 2012), indicating that genotypes and cropping practices that reduce phytate content
and increase concentrations of essential mineral elements are desirable, from the nutritional
standpoint.

The aim of the study was to examine variations in concentrations of phytate, soluble phenols,
total glutathione (GSH), yellow pigment (YP), DPPH radical scavenging capacity (DPPH),
Ca, Mg, Fe, Zn and Mn in maize hybrids with white, yellow and red colour grain, under the
influence of bio-, organic fertilizer and urea in regard to control (without fertilization).

Material and Methods
The research was conducted in Zemun Polje (44°52'N 20°20'E), in the vicinity of Belgrade, on a
slightly calcareous chernozem soil in 2017, within an on-going experiment in dry-land
conditions. The field experiment was arranged in a split-plot design with 4 replications. Three
maize hybrids were used in experiment: ZP 737, ZP 5048c and ZP 522b with yellow, red and
white grain, respectively. Also, three fertilizers were tested: bio-fertilizer (BF) Team
Mycoriza Plus (containing Glomus spp. 300 spore™ g and rizoshere bacteria 10 UFC™ g, in
amount of 0.5 kg 100" | water; organic fertilizer (OF) — Fertor (containing 65% of organic
matter, 65% N, 4.1% organic N, 2.7% K, 2.3% K, 1.1% MgO, 9.3% CaO in amount of 2.5 t
ha™; urea (U), as a standard mineral fertilizer, in amount of 200 kg ha™; and control (C) —
without fertilization. Fertilizers were incorporated into soil at the end of April, prior to
sowing.
After harvesting (second half of October) maize grain was milled and chemical composition
was determined. Phytate (Pphy) was determined by the method of Dragicevi¢ et al. (2011),
total glutathione (GSH) by the method of Sari Gorla et al. (1993), yellow pigment (YP) by the
method described by Vancetovic et al. (2014), soluble phenols by method of Simi¢ et al.
(2004), DPPH radical scavenging capacity (DPPH) by the method suggested by Abe et al.
(1998). Mineral elements were determined by Inductively Coupled Plasma - Optical Emission
Spectrometry.
Results were analysed with ANOVA and the significance of the treatments effect were
determined by the Fisher’s least significant difference (LSD) test at p = 0.05 and by
correlation (Pearson’s coefficients).

Results and Discussion
The main source of variability in content of examined parameters was hybrid (for phytic P,
phenols, glutathione, yellow pigment DDPH radical scavenging capacity, Mg and Zn), as well
as interaction between hybrid and fertilizer (for all examined factors) (Table 1). Feil et al.
(1990) and Mladenovi¢ Drni¢ et al. (2009) also acquired high genotypic variability in seed
phosphorus, i.e. phytate content. Fertilizer expressed significant influence on the variation of
Mg, Fe, Zn and Mn content in maize grain. Besides, red grain maize was characterised with
the highest content of phenols, yellow pigment DPPH scavenging capacity, and all examined
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minerals, as well as the lowest content of phytic P, signifying it mainly as the favourable
source of antioxidants, and so factors that contribute to the potentially increased bio-
availability of mineral nutrients. Nevertheless, white grain maize had the highest GSH
content. When impact of applied fertilizers was taken into consideration, it could be assumed
that bio-fertilizer expressed the highest impact on phytate decrease, as well as increase in
content of phenols, GSH, Ca and Fe, while urea was mainly important for increased
accumulation of yellow pigment, Cu and Zn and organic fertilizer was reflected positive on
increase of Mg and Mn. These results were mainly supported by results of Dragicevic at al.
(2015) who pointed rather negative effect of bio-fertilizer, which led to decreased Fe and 3-
carotene concentrations in maize grown as intercrop with soybean, as well as in maize
monocrop. Nevertheless, El-Sirafy et al. (2006) proved that bio-fertilizer increased absorption
and accumulation of Fe, Mn and Zn in wheat tissues. Also, Singh and Reddy (2011) and Kaur
and Reddy (2015) showed that particular bio-fertilizers could be used to improve availability
of some target mineral elements, like P is, for maize and wheat crops, even from insoluble
forms.

Table 1. Variations in the content of phytic P (Pphy), phenols (Phen.), total glutathione
(GSH), yellow pigment (YP), DPPH radical scavenging capacity, Mg, Ca, Fe, Cu, Zn and Mn
in grain of yellow, red and white maize

Pphy Phen. GSH YP DPPH Mg Ca Fe Cu Zn Mn
mgg” ugg’ nmolg” ugg® % ngg®

Yellow grain

BF 273 30281 9955 1243 79.78 19183 21339 5446 2697 26.93 9.96
U 298 24585 9372 1739 8414 22340 169.70 37.17 36.51 36.50 10.77
OF 293 230.86 7483 1641 90.30 23056 262.07 42.74 31.67 3173 11.05
C 297 203.88 1058.2 1551 9466 23941 209.17 4751 3824 3831 12.09
Mean 290 24585 9348 1543 8722 22130 21358 4547 3335 33.37 1097

Red grain

BF 262 77652 1011.0 1495 9651 2129.1 263.09 3759 29.72 29.80 9.68
U 247 66859 856.1 1497 98.15 24225 32951 5135 55.07 5499 11.00
OF 254 623.62 9871 1525 9144 25074 177.40 7533 4452 4473 12.03
C 260 71356 8976 16,72 95.64 19855 19244 8851 3229 3231 1051
Mean 256 69557 938.0 1547 9544 22611 24061 63.19 4040 40.46 10.80

White grain

BF 257 32680 11955 1.98 97.11 15845 19248 161.16 3741 37.09 9.35
U 296 31781 12818 1.93 97.17 21230 14536 3271 3129 3136 12.65
OF 276 260.84 11720 1.87 9286 19725 22691 2560 33.16 33.20 9.47
C 280 28483 10214 1.39 93.90 19216 249.76 32.00 30.58 30.53 9.93
Mean 277 29757 11677 1.79 95.26 19004 203.63 62.87 3311 33.05 10.35

Mean

BF 2.64 468.71 10673 9.79 91.14 18773 22299 8440 3137 3127 9.66
U 280 410.75 10250 1143 93.15 22599 21486 4041 4096 40.95 1147
OF 274 37177 969.1 1118 9153 22618 22212 4789 3645 36.56 10.85
C 279 400.75 9924 1121 9473 21004 217.12 56.01 33.70 33.72 10.85

LSD 0.05

Hyb. 014 5379 115.8 191 4.10 204.1 4739 3631 1568 6.75 1.05
Fert. 020 22360 1635 7.28 5.73 2086 5050 3326 1587 6.73 0.86
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HxF 010 39.98 77.4 1.92 1.13 23.2 2.33 1.76 17.27 0.10 0.05

Due to the fact that accumulation of essential elements in maize grain depend on agro-
ecological conditions and applied cropping measures (Bender et al., 2013), and that further
bio-availability from digestive organs depends on chemical composition of grain (Nuss and
Tanumihardjo, 2010; Welch and Graham, 2000), it is important to evaluate relation between
essential elements and factors that contribute or restrain their bio-availability. The correlation
between these factors and examined minerals from maize grain shown significant and
negative dependence between phytate and majority of minerals (Ca, Fe, Cu and Zn) (Table 2),
indicating that any factor which reduce phytate content, such as particular usage of bio-
fertilizer in yellow and white grain maize, positively impacts accumulation of mineral
elements, with exception of Mn, which correlates positive with phytate in maize grain. Feil et
al. (2005) also pointed that mineral nutrition, such as application of higher N and P rates
affects absorption and accumulation of other mineral elements, thus changing nutritional
quality of maize grain. Increased accumulation of mineral elements, particularly micro-
nutrients with parallel phytate decrease is positive trend, since many data support finding that
parallel increase in concentration of mineral elements and reduction of phytate concentration
is desirable for their improved bio-availability (Dragicevi¢ et al., 2014; Dragicevic et al.,
2016; Simié et al., 2012; Wiesler, 2012). Potentially increased Mg bio-availability is also
supported by increased content of yellow pigment, emphasizing yellow grain maize as
potentially better source of Mg in nutrition. Nevertheless, increased phenols content, as it was
found in red grain maize, correlates significantly and positive with Cu and Zn, reducing their
potential bio-availability to some extent. This is essential, since results demonstrate that red
grain maize accumulates higher concentration of mineral elements, when compared to yellow
and particularly white grain maize. What is more, increased DPPH radical scavenging
capacity, as it was find in red and white grain maize, also positively correlates with Cu and
Zn, indicating the importance of antioxidants for potential bio-availability of mineral
elements, mainly Cu and Zn.

Table 2. Correlation between phytic P (Pphy), phenols (Phen.), total glutathione (GSH),
yellow pigment (YP), DPPH radical scavenging capacity and Mg, Ca, Fe, Cu and Zn

Pphy Phen. GSH YP DPPH
Mg 0.119 0.204 04717 0.646" -0.005
Ca -0.375 0.291 -0.532" 0.181 0.227
Fe -0.510" 0.162 0.145 -0.100 0.216
Cu -0.463" 0.327 -0.228 0.259 0.344"
Zn -0.460" 0.331" -0.232 0.266 0.342"
Mn 0.364 -0.054 -0.003 0.272 0.118

“Pearson correlation coefficients at the level of significance of 0.05

Conclusions
Based on obtained preliminary results, it could be concluded that accumulation, and potential
bio-availability of mineral elements from maize grain is complex trait, depending mainly on
genotype characteristics and its interaction with production conditions. It is shown that red
grain maize is better accumulator of mineral elements, having lower phytate and higher
content of phenols, yellow pigment and DPPH radical scavenging capacity, making it as
desirable source of antioxidants and mineral in nutrition. But, when increased level of phenols
is taken into consideration, potential bio-availability from digestive system could be
compromised to some extent. Owing to the higher yellow pigment content and little bit lower
values of mineral elements, yellow grain maize could be also a great source of carotenoids
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and minerals. Irrespective that white grain maize is lower among all three genotypes in
mineral elements it is also a good source of antioxidants, such as GSH. Among tested
fertilizers, bio-fertilizer expressed full potential in increase of antioxidants content and
phytate reduction, together with increase of Ca and Fe content in maize grain, while urea is
much more important for accumulation of yellow pigment, Cu, Zn and Mn.
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Abstract
Application of bioinoculants using plant growth promoting rhizobacteria (PGPR) as root-
colonizing non-pathogenic bacteria and their metabolites can increase plant resistance to
biotic and abiotic stress factors. Co-inoculation using bacteria belonging to Bacillus and
Bradyrhizobium genera, as PGPR members, can lead to synergistic activity and improvement
of growth, nodulation and yield of leguminous plants, as well as to better tolerance against
drought as abiotic stress. Assessment of soybean (Glycine max L.) growth and yield
enhancement by co-inoculation with Bacillus sp. and Bradyrhizobium japonicum was the aim
of this study. The field trial was conducted in Vajska locality (\Vojvodina, Serbia) during 2017
on 0.5 ha plot per treatment under low rainfall. Commercial fertilizer containing B. japonicum
strain (Kf) was used as positive control, while negative control (K) was without any
inoculation. Bacillus sp. strain Q10b (B), mutant for the production of growth stimulating
IAA (indole acetic acid), and its extracellular metabolites (Em) in addition to B. japonicum
strain 526 were used in field trial. Bacillus sp. strain Q10b, as induced mutant, produced
eightfold higher amount of IAA than wild type strain Q10. The B, Em and Kf treatments
significantly improved morphological parameters of plant growth at flowering and maturity
stage comparing to K. The values of plant height, trifoliate leaf number, pod number per plant
and SDW were higher for treatments B and Em than in Kf at the flowering stage, as well as
grain mass per plant at the maturity stage. The seed yields of 1600 (K), 1800 (Kf), 2220 (B)
and 2480 kg ha™ (Em) were obtained, suggesting soybean exerted high response to IAA-
producing mutant Bacillus sp. Q10b and its metabolites in the addition to B. japonicum strain.

Keywords: Bacillus sp., B. japonicum, IAA, soybean, coinoculation.

Introduction

Soybean [Glycine max (L.) Merr.], a member of the Leguminosae family, is one of the most
important oil seed crops worldwide; it is the best source of proteins, oil, minerals (calcium,
zinc and iron) and vitamins (folic acid, riboflavin, thiamin and niacin) (Ali, 2010). Soybean is
a source of food for livestock and human, and the food industry source for many products
(flour, oil, milk, vegetable cheese, lecithin). Improvement in production of this legume
depends on many factors, including edaphic factors and biological processes related to the
host plant and microorganisms.

Among the large number of microbes living in the endosphere, rhizosphere and the root
surrounding soil are some beneficial bacteria. PGPR are distributed around the plant root
system and have impact on plant growth and productivity due to effect of its metabolic
activities and plant interactions (Berg, 2009; Lugtenberg and Kamilova, 2009). The important
mechanisms of growth promotion include biofertilization through production of growth
stimulating phytohormones, solubilization and mobilization of phosphate, siderophore
production, N, Fixation, as well as biological control of pathogens through antibiosis,
secretion of lytic enzymes, production of antibiotics and induction of plant systemic resistance
to pathogens. Plant growth promotion by beneficial bacteria is usually a result of combined
action of two or more of these mechanisms. PGPR may synthesize phytohormones such as
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auxins, cytokinins and gibberellins able to enhance or regulate various stages of plant growth.
Indole-3-acetic acid (IAA), as auxin, is able to stimulate root growth, to enhance lateral root
and root hair development and to increase surface area (ldris et al. 2007; Richardson et al.
2009; Verma et al. 2010). Phytohormones also help the plants to escape abiotic stress or
survive stressful conditions (Skirycz and Inze, 2010; Fahad et al. 2015).
Rhizobacteria belonging to the genus Bacillus (Bc.) and Bradyrhizobium (B.) may improve
plants growth by producing extracellular metabolites, including IAA. Bacillus, rod-shaped
Gram-positive bacteria, are the most commonly commercialized member of PGPR because of
their ability to produce endospores tolerant to heat and desiccation (Akinrinlola et al. 2018).
B. japonicum is one of the symbionts of soybean that possess the ability to reduce molecular
nitrogen into ammonia during biological nitrogen fixation (BNF) (Bottomley et al. 2007;
Franche et al. 2009). Although Bradyrhizobium inoculation is very effective at enhancing
BFN and crop yields in soybean, co-inoculation of Bradyrhizobium and other PGPR
significantly improved soybean growth and yield as compared with the sole application of
Bradyrhizobium (Wasule et al. 2007). Co-inoculation is effective practice considering
demands of agricultural, economic and environmental sustainability (Chaparro et al. 2012).
The aim of this study was the estimation of the production of growth stimulating
phytohormone IAA by mutant strain Bacillus sp. Q10b and its evaluation as co-inoculant with
B. japonicum on growth promotion and yield improvement in soybean under drought
conditions.

Material and methods
Bacteria were grown aerobically in nutrient broth (NB) (Bacillus sp.) or yeast mannitol broth
(YMB) (B. japonicum) for 24 h or 48 h at 28°C on a rotating shaker (150 rpm). The density of
culture was measured spectrophotometrically (Shimadzu Spectrophotometer UV-160) at 600
nm, diluted in sterile medium to a final concentration of 5 x 10° CFU mI™ and used for further
analyses. Cell free supernatant containing extracellular metabolites (Em) of Bacillus sp.
mutant strain Q10b was obtained by centrifugation at 12000 rpm for 15 min and filtration
through 0.22 pm filters (Merck Millipore Ltd.).
Quantitative analysis of IAA production was tested according to standard procedure
(Glickman and Dessaux, 1995). Bacterial suspension (10 ul standardized to ODggo 0f 0.625)
was inoculated in NB or YMB medium supplemented with of 2.5 and 5 mM L-tryptophan.
After 24h and 48h of incubation at standard temperature, the density of the culture was
measured spectrophotometrically at 600 nm for optimization to value 1 and the bacterial cells
were removed from the culture medium by centrifugation. The supernatant was mixed (1:2
v/v) with Salkowski reagent (2% 0.5M ferric chloride in 35% perchloric acid) and pink color
intensity was measured at 530 nm for IAA production or IAA standard curve (1-100 pg ml™).
The field experiment was conducted during 2017 from May 12" to September 8" in Vajska
locality (Backa District, Vojvodina, Serbia) using soybean cultivar Tambor. Field trial was
performed on 0.5 ha plot per treatment under low rainfall and high temperature (fig. 1). Four
treatments were used: K - negative control without any inoculation; Kf - commercial fertilizer
containing B. japonicum strain used as positive control; B - Bacillus sp. mutant strain Q10b
and B. japonicum strain 526; Em - extracellular metabolites of Bacillus sp. mutant strain
Q10b in addition to B. japonicum strain 526.
At flowering and maturity period, 40 plants per treatment were sampled and main growth
parameters such as plant height, trifoliate leaf number, root weight, root length, nodule and
pod number per plant, grain mass per plant and mass 1000 grain were measured. The yield
was compared to both control treatments.
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Figure 1. Average values of monthly precipitation (mm) (A) and air temperatures (°C) (B)
during the 2017 and () average values in period 1961 — 1990 (RHMZ RS).

Statistical analysis. Data were analyzed using Statistica 8 software. One-way general linear
model ANOVA was used to determine the effect of each treatment. The Duncan test was used
for post hoc analysis to determine differences between means. Differences were considered
significant at p < 0.05.

Results and discussion

The results of IAA measurements reflected the ability of Bacillus sp. wild type (wt) Q10 and
mutant strain Q10b to produce indole compounds. The tested strains exhibited a pink to red
color with a variation in intensity. Mutant strain Bacillus sp. Q10d produced significantly
higher amount of IAA in NB medium than wt Q10, without or in addition of tryptophan. IAA
produced naturally by Q10 ranged from 1.63 to 1.87 pg ml™ after 24 h and 48 h of cultivation,
while mutant strain Q10b produced about eightfold higher amount. The highest value of auxin
production (60 pg ml™) was obtained by mutant strain Q10b after 48h of cultivation in NB
supplemented with 5 mM L-tryptophan. Influence of two tryptophan concentrations on wt and
mutant strain is shown in table 1.

Table 1. Bacillus sp.: IAA production (ug ml™) by wild type Q10 and mutant strain Q10b
L-tryptophan (mM)
Strain 0 2.5 5
24 h 48 h 24 h 48 h 24 h 48 h
Q10 1.63+0.11 1.87+0.10 4.91+0.28  6.02+0.12  6.28+0.89  7.81+0.15
Q10b 13.27+0.42 15.63+0.42 27.99+0.13 37.70+£3.03 48.92+0.29 60.06+2.28

Tryptophan has been identified as a main precursor molecule for biosynthesis of 1AA in
bacteria. Tryptophan-dependent production of IAA affects level of plant growth promotion by
some Bacillus strain (Idris et al. 2007). In our earlier investigation, IAA production from 3.76
pg ml™ in medium without the addition of tryptophan, to 10.62 pg ml™ in medium
supplemented with 5 mM L-tryptophan, was observed for Bacillus sp. Q3 strain (Starovic et
al. 2013). Similar values were observed in this investigation for wild type Q10 strain
supplemented with 5 mM L-tryptophan, as well as for several PGP Bacillus and Paenibacillus
strains that showed IAA production of 5-7 pg ml™ in non-supplemented medium (Erturk et al.
2010). The same authors quantified higher values of IAA in the presence of 25 pg ml™ of
tryptophan for Bacillus RC23 strain that produced 20.4 pg ml™ and Bc. simplex RC19 that
produced 33.6 pg ml™. The two fold higher values were quantified for Bacillus mutant strain
Q10b, although tenfold lowest tryptophan concentration was added.

The effect of co-inoculation treatments on soybean growth and yield components is shown in
tables 2 and 3. Data illustrated that B. japonicum 526 inoculation amended with extracellular
metabolites of Bacillus sp. mutant strain Q10b, containing high amount of 1AA, or its co-
inoculation with the Bacillus sp. Q10b strain, caused significant increases in all growth
components, as compared with the commercial fertilizer applied or uninoculated treatments.
The yield and yield increment compared to two controls are shown in table 4.
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Table 2. Growth promotion of soybean cv. Tambor as affected by Bacillus sp. mutant strain
Q10b co-inoculated with B. japonicum strain 526 at flowering period
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K 68.29 16.88" 10.55 8.13 6.79 46.68 4.06 31.54 492

Em 7954% 2439° 26.08" 32.87° 19.32° 18398 14.24* 88.97% 1298
B 79.76° 2247 34.92° 36.00° 15.92° 183.31* 15.80° 90.93* 13.84°
Kf 77.50° 22.08* 2250° 19.50° 18.47° 11751 14.49° 57.05° 12.37°

*K - negative control without any inoculation; Kf - commercial fertilizer containing B. japonicum strain used as
positive control; B - Bacillus sp. mutant strain Q10b co-inoculated with B. japonicum strain 526; Em -
extracellular metabolites of Bacillus sp. mutant strain Q10b in addition to B. japonicum strain 526. **According
Duncan test, different letters above data indicate significant differences among treatments (p < 0.05).

Table 3. Growth promotion of soybean cv. Tambor as affected by Bacillus sp. mutant strain
Q10b co-inoculated with B. japonicum strain 526 at maturity period
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K* 47977  16.13° 19.87° 19.02° 10.11° 13.20° 121.5¢
Em  82.63 21.2° 39.14 24.86% 13.02% 23.18% 175.3
B 84.26° 20.332 36.15% 25.732 13.95° 21.75° 168.8°

Kf  63.82° 21.23° 34.20° 24.33° 12.50° 17.29° 137.8°

*K - negative control without any inoculation; Kf - commercial fertilizer containing B. japonicum strain used as
positive control; B - Bacillus sp. mutant strain Q10b co-inoculated with B. japonicum strain 526; Em -
extracellular metabolites of Bacillus sp. mutant strain Q10b in addition to B. japonicum strain 526. **According
Duncan test, different letters above data indicate significant differences among treatments (p < 0.05).

The appearance of 0-13 (6.79 in average) nodules per plant in uninoculated control on the plot
of soil without earlier soybean cultivation could be explained due to the presence of
indigenous population of B. japonicum different from introduced strains (data not shown).
The effectiveness of indigenous B. japonicum was lower than applied strain and commercial
fertilizer comparing to growth parameter and yield of soybean.

According to Masciarelli et al (2014), Bc. amyloliquefaciens strain LL2012 produces high
levels of gibberellins and salicylic acid in addition of IAA (18.8 pg ml ™). In co-inoculation of
soybean plants with B. japonicum, strain LL2012 improves nodulation and other plant growth
parameters. 1AA production of Bacillus sp. strain Q10b was higher than LL2012 and showed
PGP effect. Several Bacillus strains impact root colonization and growth promotion not only
soybean, but also other plants, as Bc. cereus YL6 of wheat and Chinese cabbage (Ku et al.
2018).
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Table 4. Yield of soybean cv. Tambor and its increase as affected by Bacillus sp. mutant
strain Q10b co-inoculated with B. japonicum strain 526

T Yield Yield increase (%) compared to
reatment 1 . L
(kg ha™) negative control positive control
K* 1600 - -11.11
Em 2480 55 37.78
B 2220 38.75 23.33
Kf 1800 12.5 -

*K - negative control without any inoculation; Kf - commercial fertilizer containing B. japonicum strain used as
positive control; B - Bacillus sp. mutant strain Q10b co-inoculated with B. japonicum strain 526; Em -
extracellular metabolites of Bacillus sp. mutant strain Q10b in addition to B. japonicum strain 526.

Drought affects plant-water potential and change physiological and morphological traits in
plants (Rahdari and Hoseini, 2012). It influences the availability and transport of soil
nutrients, affects at various sub cellular compartment, cell organs and whole plant level
(Rahdari et al. 2012). Improvement in soybean growth and yield in the field trial under
drought stress using Bacillus sp. wt strain Q10 in co-inoculation with B. japonicum 526 and
Pseudomonas chlororaphis Q16 are reported (Ili¢i¢ et al. 2017). Growth and yield reduction
under drought stress were also observed during vegetation of soybean in our field trial.
Comparing to results obtained earlier on the neighbor locality, yield increment of 7.15%
impacted by wt Q10 strain in co-inoculation with B. japonicum 526 on soybean cv. Angela is
lower than yield increment of soybean cv. Tambor under Bacillus sp. mutant strain Q10b co-
inoculated with the same B. japonicum strain (23.33%). Soybean inoculated with mutant
strain Q10b showed good response to drought stress. Bc. thuringiensis AZP2 application on
wheat seedlings under drought stress increased plant biomass and survival under drought by
reducing emissions of volatile compounds and increasing photosynthesis, suggesting that
bacterial inoculation improved plant stress tolerance (Timmusk et al. 2014).

Conclusion
Co-inoculation of Bacillus sp. mutant strain Q10b, as producer of IAA and other PGP
substances, and B. japonicum 526, or application of B. japonicum with addition of
extracellular metabolites of Q10b, may be an efficient strategy for enhancing the productivity
of soybean in drought conditions.
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Abstract

Rape seed (Brassica napus L.) is one of the major industrial high-yielding oilseed and fodder
crops. Water deficit in the limits plants genetic potential in all agro-climatic zones of growing.
One of the main ways to increase rape seed productivity is to create new hybrids with the
optimal response to environmental changes. The efficiency of breeding is largely determined
by the genetic diversity of plant breeding genotypes, which is accepted to be evaluated by
morphological features in the process of state variety testing and by using DNA markers. The
purpose of this study was to evaluate the genetic polymorphism of spring and winter rape seed
varieties using morphological and DNA markers, followed by their use for obtaining drought-
resistant lines with the aid of in vitro cell selection. The study involved varieties of winter and
spring rape seed. Resulted from cluster analysis were two clusters formed by morphological
features. According to the varietal distribution by SSR markers (Ra3-H09, Nal2-A02, FITO-
063, Nal0-B07), three clusters were obtained. No correlation between the matrices of genetic
distances by morphological features and the DNA markers under study was found; however,
the distribution obtained by genetic distances allowed to detect the difference between the
studied rape seed varieties. As a result of the mutagenic action (y-irradiation in a dose of 40
Gy) on micro calluses of rape seed varieties, which significantly differed by morphological
and DNA markers, and subsequent gradual cell selection in vitro, about 4% of the drought-
resistant rape seed clones were selected. Thus, the obtained distribution of varieties by
morphological traits and SSR markers ensures a reliable basis for identification of varietal
differences in selection for drought-resistant rape seed.

Keywords: SSR markers; morphological traits; cluster analysis; cell selection.

Introduction
Rapeseed (Brassica napus L.) is one of the leading oilseed and forage crops in Ukraine and in
the world. The breeding programs dedicated to winter and spring rapeseed are aimed at the
obtaining of high-yielding varieties and hybrids of various types based on the content and
composition of the oil, with high plasticity to meteorological and agro-ecological factors
(Sytnik and Kliachenko, 2010; Klyachenko, 2016; Clapp et al., 2018). The efficiency of
breeding is largely determined by the heterogeneity of the plant parent material, which
requires new approaches to increase the genetic heterogeneity of the breeding genotypes (Ana
et al., 2009; Jamali et al., 2017). The description of marker morphological traits is known to
be one of the effective methods for determining the differences between varieties in the
process of their registration which used in Ukraine and in European countries (Ana et al.,
2009). However, today one of the fastest and most effective methods for assessing the
polymorphism of crops is the use of SSR markers. In our previous studies, an assessment of
the genetic diversity of rapeseed varieties of different origin was made and the efficiency of
the marker system for determining the variance of varieties was demonstrated (Klyachenko et
al., 2018). Scientists have described the use of cell selections in vitro to obtain crop genotypes
resistant to biotic and abiotic stress factors (Liu et al., 2003). Drought stress significantly
limits plant growth and yield. However, in some crops possessing high adaptive capacity,

47


mailto:prysiazhniuk_l@ukr.net

Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

such as rapeseed, morphological and metabolic changes occur in response to drought,
contributing to adaptation to such environmental constraints (Rad and Abbasian, 2011). The
action of ionizing (X-rays and y-rays) and ultraviolet radiation induces mutagenesis with the
widest spectrum of mutations and significantly increases the efficiency of cell selections
(MacDonald et al., 1991). The purpose of our study was to evaluate the genetic polymorphism
of spring and winter rapeseed varieties using morphological and DNA markers, which will be
used to obtain drought-resistant lines with the aid of cell selection in vitro.

Material and Methods
In the study, we used rapeseed varieties of Ukrainian and foreign origin: five winter varieties
(Senator Liuks, Aliot, NK Technik, NK Petrol and Nelson) and two spring ones (KIiff and
Geros). The varieties differed in terms of ripeness: mid-early and early-ripening, as well as
different levels of drought resistance (Klyachenko et al., 2018). The research was carried out
during the 2016—2018 period on the basis of the Biotechnology Laboratory of the National
University of Life and Environmental Sciences of Ukraine and the Laboratory of Molecular
Genetic Analysis of the Ukrainian Institute for Plant Variety Examination.
Determination of the genetic diversity of rapeseed varieties
The description of the morphological traits of rapeseed varieties was made using 22 markers
in the process of qualification examination of plant varieties for distinctness, uniformity, and
stability (DUS). According to the DUS Test Guidelines, the degree of detection of the traits is
indicated by numeric values from 1 to 9.
The molecular genetic polymorphism of rapeseed varieties was determined using four SSR
markers: Ra3-H09, Nal2-A02, FITO-063 and Nal0-BO7. In accordance with the obtained
alleles, the number of polymorphic alleles and the level of polymorphism was determined
(Klyachenko et al., 2018).
The evaluation of genetic distances between rapeseed varieties was made by the cluster
analysis using unweighted pair-group average method for SSR markers and single-link
relationships based on morphological traits with a calculation of Euclidian distances (Fortin et
al., 2002; Everitt et al., 2011). The correlation between the investigated SSR markers and the
degree of manifestation of morphological traits was determined by genetic distances by the
Mantel test using the computer program XLSTAT 2018 (Trial version) (Tommasini et al.,
2003; Legendre et al., 2010; Diniz- Filho et al., 2013; Klyachenko and Prysiazhniuk, 2018).
Obtaining of drought-resistant rapeseed lines in vitro
Rape seeds (100 seeds of each variety) were sterilized using 0.9% NaCl at the 15-min
exposure and then three times rinsed with sterile distilled water. The callus tissue was
obtained from the stems of aseptic seedlings through cultivating them in a thermostat at a
regulated temperature from 25 to 26°C, relative humidity from 70 to 80%, without
illumination, followed by transfer of the formed primary callus to the medium of the same
composition every 21 days. To achieve the mutagenic effect of ionizing irradiation, callus
tissues were treated with y-rays at a dose of 40 Gy (Sydorov, 1990). A suspension culture for
determining the sublethal concentration of selective agents was obtained according to Sidorov
(1990).
The incremental in vitro cell selection of rapeseed for drought resistance was carried out
according to the following scheme: seed germination in solutions with a selective agent — 3
passages in a selective environment — 3 passages without a selective factor — 3 passages in
a selective environment — plant regeneration (Klyachenko, 2016).
As stress factors 15—20% mannitol and 5—25% high molecular weight PEG 6000 on the
callusogenic medium MS (MS+0.5 mg/L BAP, 0.5 mg/L NOC, 0.05 mg/L of GA3) were used
(Sydorov, 1990). To study the influence of the concentration of selective agents in the
selection process, the growth rate of the callus tissue was determined (Kucherenko et al.,
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1991; Butenko, 1999). To obtain the regenerated plants, the callus was planted on an MS
medium supplemented with 6-BAP at a concentration of 0.05 mg/L and cultivated in a light
culture chamber at 25°C, illumination of 3000—4000 lux and a 16-hour photoperiod.
Statistical data processing was carried out using the computer program STATISTICA 12.0
(Trial version).

Results and Discussion
Estimation of the genetic diversity of rapeseed varieties
To study the polymorphism of the studied rapeseed varieties, a cluster analysis was carried
out with the purpose to evaluate the genetic distances between the objects. Showed in the Fig.
1 is a phylogenetic tree of the hierarchical rapeseed clustering by morphological markers.

Senator Liuks ——
Garos —l
|
Aliot ———

NK Technik ‘

NK Patrol

Klif

MNalson

5.0 55 6.0 65 70 15 8.0 G5

Linkage Distance

Fig. 1. Distribution of rapeseed varieties by the degree of proximity on the basis of
morphological traits

It can be seen that two clusters are formed by Geros and Aliot, NK Technik and NK Petrol
varieties, while other varieties are placed in adjacent clusters. The least values of genetic
distances were found between varieties Geros and Aliot, NK Technik and NK Petrol (5.48
and 6.00, respectively). Noticeably, that the most distant varieties by morphological traits
appeared Kliff and Nelson with the value of the genetic distance of 12.1. Thus, the obtained
results reflect the degree of proximity in the manifestation of the specified characteristics and
are not related to the type of development of a variety, unless indicated by the characteristics
on which these varieties differ, namely the tendency of formation of inflorescences in the year
of spring and late summer sowing (Official bulletin, 2010).

Analysis of rapeseed varieties by SSR markers yielded 36 detected alleles, with an average of
9 alleles per marker. The highest level of polymorphism was determined by the marker Nal2-
A02 (83%) while FITO-063 was the least polymorphous (40%). The markers Ra3-H09 and
Nal0-BO7 have a polymorphism of 60 and 44%, respectively. These results are in the line
with our previous studies of a large number of rapeseed varieties and are consistent with the
results obtained by other researchers for these markers (Tommasini et al., 2003; Hasan et al.,
2006; Li et al., 2011; Klyachenko et al., 2018).

The results of the cluster analysis of rapeseed varieties by the four SSR markers proved the
presence of three genetically remote groups of genotypes (Fig. 2).
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Fig. 2. Distribution of rapeseed varieties by the degree of affinity based on SSR markers

Varieties NK Technik and NK Petrol, Kliff and Nelson, Geros and Aliot have formed separate
clusters. The most related by markers Ra3-H09, Nal2-A02, FITO-063 and Nal0-BO7
appeared varieties NK Technik and NK Petrol (genetic distance of 1.41), and the most distant
ones were Kliff and Nelson (4.00) included in one cluster. Senator Liuks variety did not fit
into any cluster by both marker systems. Thus, for an objective assessment of the genetic
diversity of rapeseed varieties as breeding genotypes for the production of drought-resistant
lines, it is advisable to determine the correlation between marker systems.

The evaluation of the correlation between genetic distances obtained by SSR markers and
morphological features was performed using the Mantel test (linear correlation by Pearson).
As a result of the analysis, the calculated significance level p-value and the coefficient of
correlation r (AB) for the theoretical significance level a=0.05 were obtained. According to
the interpretation of the results of the comparison test, these indicators allow accepting one of
the hypotheses about the presence (Ha) or absence of correlation (HO) (Fig. 3).
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Fig. 3. Relationship between genetic distances of rapeseed varieties by morphological
characteristics and SSR markers

The calculated p-value 0.345 was higher than the significance level a=0.05. Consequently, we
have to accept the hypothesis HO of the absence of a correlation which condition is p > «
(Diniz-Filho et al., 2013). Some scientists reported the absence and presence of correlation
between genetic distances (Karuri et al., 2010; Darvishzadeh, 2012). Tommasini et al. (2003)
and investigated the relationship between genetic distances by morphological traits and using
46 SSR markers in ten winter and spring rapeseed varieties. According to the Mantel test,
there was a lack of correlation between the studied markers and the morphological traits. It
should be noted that, due to a sufficiently large number of SSR markers, the authors described
only five morphological features. Ana et al. (2009) examined the polymorphism of rapeseed
varieties with 9 RAPD markers and 10 quantitative morphological features. The authors
obtained the results which indicated a lack of correlation between the studied DNA markers
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and morphological characteristics. The accuracy of determining the genetic proximity or
distance based on the DNA markers may be affected by many factors, such as the number of
markers used, their distribution by the genome, and the degree of accuracy of the analysis. In
addition, it should be noted that molecular markers cannot be used in making conclusions
about intergalactic interactions that result in the expression of individual genes (Ana et al.,
2009). Consequently, the distribution by genetic distances obtained by us made it possible to
detect the difference between the studied rapeseed varieties using SSR markers and
morphological traits. We found that the distribution of the studied varieties by clusters along
with the absence of correlation between two marker systems does not have significant
differences and proves the genetic proximity of the varieties included in one cluster by both
morphological and SSR markers.

Rape selection in vitro for drought tolerance

To obtain drought-resistant lines on the basis of the studied varieties we used winter rapeseed
varieties Aliot and Nelson. It is known that winter crops, under other equal conditions, are
more productive due to the full use of autumn-winter moisture reserves. As a result of the
gradual change in climate and the increase in the average annual temperature in the regions of
rapeseed growing, insufficient rainfall is increasingly observed in winter which in turn affects
the stock of moisture in the soil (Dyirenko, 2012; Clapp at al., 2018). The lack of water in the
soil inhibits growth processes in plants, changes the intensity and direction of the processes of
photosynthesis, respiration, the course of carbohydrate, nitrogen and nucleic exchanges, the
activity of enzymes, etc. (Bray, 2002; Rabbani et al., 2003).

According to the description provided by the breeders, the varieties under study possess
medium to high capacity to withstand drought conditions and belong to different groups of
ripening: Aliot is early ripening and Nelson is middle ripening (Official bulletin, 2010). It is
known that the selection of varieties and lines attributed to different geographical groups and
their involvement in crossbreeding will allow the use of all genetic breeding potential of
rapeseed (Ashadullin and Ashadullin, 2007). It should be noted that varieties Aliot and Nelson
are quite different both on the basis of morphological traits and for DNA markers. The values
of genetic distances between them were 8.00 and 3.61, respectively.

According to the available literature, agar nutrient media supplemented by osmotically active
substances that reduce the external water potential of cells are usually used to induce drought
stress in vitro (Sydorov, 1990; Rai et al., 2011; Masoabi et al., 2018). To determine the
concentrations of PEG 6000 and mannitol, which can be used as selective agents in the
process of in vitro incremental selection, the growth of callus at different concentrations of
osmotically active substances was determined (Table 1).

Table 1. Callus increment in winter rapeseed at different concentrations of PEG 6000 and
mannitol

Callus increment (%)
Variety Control PEG 6000 (%) Mannitol (%)
5 12 20 15 17 20
Aliot 92.2 90.3 55.3 5.7 61.8 48.6 4.0
Nelson 91.8 79.0 43.9 4.0 62.3 39.8 3.8
LSDgs5 45 3.4 14 0.2 2.6 1.8 0.6

When studying the effects of different doses, it was found that action of 12% PEG 6000 and
17% mannitol caused significant differences between the studied varieties of winter rapeseed
and about 50% decrease in the growth of callus tissue. The studies conducted by Masoabi et
al. (2018) showed that 20% PEG 6000 was effective in in vitro selection of sugar cane.
However, in the same studies, the ability of the callus tissue to grow at the 10% concentration
of PEG 6000 was noted. In the works by Rahayu and Sudarsono (2015), 15% PEG 6000
concentration appeared sublethal during in vitro selection of peanut varieties. Similar studies
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were carried out by Galovic et al. (2005) for winter wheat establishing the efficiency of PEG
6000 at a concentration of 5% for drought-resistant lines. Research on the selection of
drought-resistant rapeseed varieties was carried out by Ashraf and Mehmood (1990).
However, genotypes were selected based on field studies and evaluation of the osmotic
potential of leaves.

Analysis of the obtained data shows, that PEG 6000 (12%) and mannitol (17%) can be used as
selective agents in the work with the studied winter rapeseed genotypes.

In our studies, in the subsequent cell selection scheme, PEG 6000 was used, since it impedes
water stress without penetration into a cell and acts as an osmotic agent (Chandler and
Thorpe, 1987; Priyanka et al., 2011; Jan et al., 2018). The microcalluses treated with v-
irradiation were planted in a medium with a sublethal concentration of PEG 6000. The
sublethal concentrations of PEG 6000 were determined by seeding a suspension culture in
nutrient media of various concentrations (10%, 20%, 30%, and 40%). As a result, the
sublethal concentration of PEG 6000 (20%) was determined by a significant decrease in the
growth of the mass of the callus tissue. This concentration was subsequently used for in vitro
incremental cell selection. To do this, at the end of the first passage only light portions of the
callus tissues were isolated and transferred to a freshly prepared medium with a selective
agent. A count of the colonies that grew under selective and non-selective conditions was
carried out. It was found that up to the seventh passage the number of the first selected
colonies substantially decreased (Table 2).

Table 2. Dynamics of elimination of adaptive variants in winter rapeseed genotypes

Variety | The number of | The number of live colonies in passages (% of the colonies treated with y-rays)
treated with y-
rays 1 2 3 4 5 6 7
microcolonies
Nelson 275 45.7£2.2 | 34.841.6 | 283+1.4 | 283+1.4 | 28.3+1.4 | 12.8+0.5 | 4.7+0.2
Aliot 310 54.842.6 | 32.1+1.5 | 20.4£1.0 | 20.4+1.0 | 20.4+£1.0 | 15.4+0.7 | 4.8+0.2
Note: p <0.05

The data presented in Table 2, show that the number of viable colonies in the first passage
decreased to 35-50% as a result of treatment with y-irradiation, with the elimination of
colonies by passage being almost the same in quantitative terms for the studied rapeseed
varieties. After three selective passages, the number of live colonies ranged between 15 and
25%. Beversdorf and Kott (1987) used y-rays for an embryonic rapeseed culture. The authors
determined that the survival rate of callus in the first passage after irradiation was 50%. To
obtain forms tolerant to oxalic acid, Liu et al. (2003) also applied the mutagenesis of rapeseed
with y-rays. MacDonald et al. (1991) obtained rapeseed clones resistant to herbicides by
applying ultraviolet rays to microcolonies. In this case, the proportion of surviving embryos
was 4%.

In our studies, after carrying out two passages in a medium without a selective agent and
checking the growth of the microcolonies under selective conditions, it was possible to isolate
about 4% of the resistant rapeseed clones that stably manifested the sign of drought-
resistance.

The calluses of all clones were similar in morphotype, forming a dense, globular structure of
greenish coloration, and grew slowly. The resulting drought-tolerant rapeseed lines were used
for plant regeneration by adding exogenous hormones to various nutrients in different
concentrations.

Thus, in order to induce somatic embryogenesis in the callus tissue of winter rapeseed, the
concentration of growth regulators in the medium was changed in accordance with the
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procedure and record of sprout formation was performed after 3—5 weeks of cultivation

(Table 3).

Table 3. Morphogenesis and regeneration of shoots in the callus culture of winter rapeseed

Variety Callus count Morphoge(r(l)zt)lc calluses Regeneration (%)
Nelson 30 57 38

Aliot 30 59 40

LSDgs - 2.8 1.8

According to the presented data, the percentage of regeneration of the studied rapeseed
varieties was 38 and 40%. The obtained regenerated plants of drought-resistant lines of winter
rapeseed after rooting and adaptation were transferred for use in breeding programs.

Conclusions

In summary, in this study, the polymorphism of winter and spring rapeseed varieties on the
basis of morphological traits and using SSR markers was determined, and the rapeseed line
tolerant to drought were obtained. Geros and Aliot varieties were found the most related on
the basis of morphological traits with the genetic distance value of 5.48. The studied rapeseed
varieties have differences by at least seven traits. The distribution of varieties by SSR markers
is similar to the obtained distribution by morphological marker traits. Cluster analysis shows
that varieties NK Technik and NK Petrol are the most related varieties with the genetic
distance value of 1.41. The results of the Mantel test showed a lack of correlation between the
marker systems under study on the ground of the genetic distances between the varieties.
However, it should be noted that the application of an integrated assessment of the genetic
variation of varieties is promising for use in the selection and examination of new varieties.

It was found that in the process of cell selection in vitro aimed at the production of drought-
resistant rapeseed lines, it is expedient to use PEG 6000 at a concentration of 12%. The study
proved the effectiveness of incremental selection in vitro with the use of y-irradiation as a
mutagenic agent. According to the proposed scheme, we obtained about 4% of drought-
tolerant winter rapeseed clones that stably retained the trait.
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Abstract

An industrial crop which can produce high yield of a quality fiber is Cannabis sativa subsp.
sativa. For the purposes of the study, a field experiment was established at the Experimental
Farm of the Technological Educational Institute of Thessaly in Greece (TEI; Larissa plain) in
2017, in order to determine height, dry biomass and fiber yield of Cannabis sativa subsp.
sativa (cv. Fibranova). The effect of two different plant populations (P; = 160 plants/m? and
P, = 80 plant/m?), two irrigation levels (I, = 100 % ETo, I, = 60 % ETo) and two N-
fertilization levels (F1: 244, F»: 184 kg ha ') were investigated. It was found that at harvest
period the average plant height was 3.67 m, while the final plant height was significantly
affected by irrigation input. Moreover, the average biomass dry yield and fiber yield may
overcome 13t ha™and 4 t ha™, respectively. Dry biomass partitioning showed that 17% of total
biomass was the dry yield of the leaves and the 83% the dry yield of the stems, while the 36-
37% of the dry stem vyield was the fiber dry yield. Therefore, it could be concluded that
Cannabis sativa subsp. sativa (cv. Fibranova) is a very promising annual crop for fiber
production in Greece and other areas of the Mediterranean region with similar environmental
conditions, but further investigation is needed.

Keywords: yield, plant density, fertigation, fiber.

Introduction
Hemp (Cannabis sativa subsp. sativa) is an annual herbaceous crop considered to be one of
the oldest crops known to man (Yang, 1991) and it is grown in many regions for its fiber
production (Amaducci et al., 2015). Moreover, hemp is a remarkable plant containing many
valuable natural components. It has been cultivated throughout the world for use as a food,
fuel source, nutritional supplement, body care product, source of paper, building material,
medicine, and in textiles (Small and Marcus, 2002; Bertoli et al., 2010; Mihoc et al., 2012).
Although industrial hemp can be used in a wide range of industrial applications, the growing
popularity of synthetic fibers and the increase in labor costs are probably responsible for the
continual drop in hemp cultivation worldwide since the 19" century (Allavena, 1962).
Furthermore, hemp production has been forbidden due to its A%-tetrahydrocannabinol (THC)
content, which is a phyto-chemical drug component.
Unlike medical cannabis abundant in the psychoactive ingredient A>-THC, modern hemp has
been selectively bred to produce low levels of A%-THC and high levels of fiber, seed, and,
more recently, cannabidiol (CBD). Most of the European Union and Canada have recognized
the value of hemp and have defined a legal limit of 0.3% A®-THC in the dry plant material
(Small and Marcus, 2003), with the exception of Italy (0.2% A°-THC) (Cappelletto et al.,
2001). To date, 51 hemp cultivars have been approved for commercial use by the European
Union (Directive, 2013).
Industrial hemp is a high-yielding crop (Struik et al., 2000) characterized of little technical
inputs (Amaducci et al., 2015) and of a positive environmental impact (Bouloc and Werf,
2013). Its stem contains high-quality cellulose (De Meijer, 1994), the seed contains high-
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quality oil (Callaway, 2004) and the inflorescence contains valuable resins (Bertoli et al.,
2010).

Moreover, industrial hemp is an excellent break crop that can improve soil structure due to its
extensive root system (Amaducci et al., 2008), reduce weed pressure and increase the yield of
the sub-sequent crop (Bosca and Karus, 1997). Due to its numerous crop characteristics, hemp
has great potential as an alternative rotation crop and could improve the agronomic and
economic sustainability of farmers (Finnan and Styles, 2013).

Nowadays, environmental concerns and multi-purpose production have brought renewed
interest in industrial hemp; however there is great lack of agronomical data to support hemp
cultivation (Tang et al., 2016). It is really important to evaluate hemp phenology and crop
adaptability in order to provide farmers with decision support information concerning
cultivation practices.

The aim of this study is the assessment of the impact of plant density, irrigation and N
fertilization on the yield of leaves, stems, and fiber, under the Mediterranean agro-climatic
conditions of Thessaly plain, central Greece. Such data will be useful for the evaluation of
hemp production and its future include in the cropping systems of Greece and the
Mediterranean region in general.

Material and Methods
Experimental site
For the purpose of the study, a field experiment was established in a typical soil-climatic
environment of Thessaly plain, in central Greece. The experimental site is located at the
Experimental Farm of the Technological Educational Institute of Thessaly (TEI; Larissa plain,
coordinates: latitude 39°62'69" N, longitude 22°38'14" E).

Field management and experimental design
A modern cereal seeding machine was used (on April 2017), applying 22.5 and 45 kg ha * of
seed cv. Fibranova, in a row-distance of 25 and 12.5 cm, respectively.
A split-split-plot design 2 x 2 x 4 with four replications was used and the plot size was 14 m?
(2 m width x 7 m length). Plant density was the main factor at two different populations [P; =
160 plants/m? and P, = 80 plant/m?], irrigation the sub-factor at two treatments [I; = 100 %
ETo, I, = 60 % ETo, because the precipitation during summer months in central Greece
ranges from 90 to 200 mm, and the evapotranspiration is 500 mm, depending on the year and
the microclimate of different sites], and N-fertilization the sub -sub-factor at 2 levels (F;: 244,
F,: 184 kg ha™Y). Irrigation took place in 8 applications during the dry summer period (May—
July) using a drip irrigation system. N-fertilization occurred at 4 applications through the
irrigation system and the used type was 34,5-0-0. Weed management took place only during
the establishment year (mechanically) while during the different plant growing stages,
cultivation could compete the weeds. Complete weather data were recorded hourly in an
automatic meteorological station which was installed next to the experimental field.

Laboratory measurements and data analyses
Soil analysis

Soil samples were analyzed using the following methods which are referred by Page et al.
(1982).

Organic matter was analyzed by chemical oxidation with 1 mol L™ K,Cr,0; and titration of
the remaining reagent with 0.5 mol L™ FeSO,.

Inorganic forms of nitrogen were extracted with 0.5 mol L™ CaCl, and estimated by
distillation in the presence of MgO and Devarda's alloy, respectively. Available P forms
(Olsen P) were extracted with 0.5 mol L™ NaHCO; and measured by spectroscopy.
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Exchangeable forms of potassium were extracted with 1 mol L™ CH;COONH, and measured
by flame Photometer (Essex, UK). Available forms of Mn, Zn, and Cu were extracted with
DTPA (diethylenetriaminepentaacetic acid 0.005 mol L™ + CaCl, 0.01 mol L' +
triethanolamine 0.1 mol L™) and measured by atomic absorption. In the case of the
determination of total metals Mn, Cu and Zn, 1 g of wet material, was digested at 350 °C + 10
ml HNO3; + 5 ml HCIO,4. According to the method described by (Allen et al., 1974 and
Varian, 1989), the samples were analyzed by Atomic Absorption (Spectroscopy Varian
Spectra AA 10 plus, Victoria, Australia), with the use of flame and air-acetylene mixture.

Plant analysis
Fresh and dry biomass partitioning was monitored by means of samplings. To avoid any
border effect sampling took place in the inner plot, where 1 m? was harvested in each
sampling on 10 cm above ground. Plant height was determined by the average of all harvested
plants per plot. The samples were weighed fresh and then a subplot of 10 plants was taken for
further laboratory measurements. The plants of each subplot divided into the various plant
components: leaves and stems in the laboratory. Then stems were placed into specific water
basins for a week as to be able to separate the fibers from the stem. Leaves, stems and fiber
were dried until constant weight and weighed again to determine the final dry weights.
The dry leaves were chopped and grounded. Nitrogen content in leaves was measured using
the standard Kjeldhal method (Nelson and Sommers, 1973), while the total phosphorus and
potassium contents were determined with the of dry combustion method, using a
spectrophotometer (P) and flame photometry (K) (Jones and Case, 1990).
Then, the dry weight of the leaves was multiplied by the respective N-P-K concentration to
calculate the final nutrient removal (uptake) of the sampled biomass through the canopy.

Statistical Analysis

The statistical package GenStat (7" Edition) was used for the analysis of variance (ANOVA)
within sample timings for all measured and derived data in order to evaluate the main effects
and interactions of all factors. The LSDgos was used as the test criterion for assessing
differences between means (Steel and Torrie, 1982).

Moreover, Tukey’s procedures were used to detect and separate the mean treatment
differences of soil samples at P = 0.05, where were four replications. Statistical analyses for
the soil measure were performed by the statistical program MINITAB (Ryan et al., 2005).

Results and Discussion

Weather Conditions
The study area is characterized by a typical Mediterranean climate with cold humid winters
and hot-dry summers. In particular, the average air temperature ranged to 22.9 °C while the
noticed precipitation was 290 mm during the growing period of hemp in 2017 (Figure 1). The
33 % of the precipitation was noticed in May (113.4 mm) during the first growing stages and
the 33% during July. In the same period the average temperature was 21 and 28 °C,
respectively.
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Figure 1. Mean air temperature and precipitation noticed to the study site in 2017.
Soil characteristics

The soil of the experimental site is characterized as a, calcareous (pH = 7.26), sandy clay
loam (sand 46.5-48,5%, loam 17-19%, clay 34.5%), with soil organic matter content of 1.44%
at a depth of 30 cm. An underground pumping irrigation network is used in this territory (east
Thessaly plain), which indicates a deep groundwater table.

Moreover, the soil properties and the contained elements of the experimental field are shown
in Table 1, 2.

Table 1.Soil properties/elements.

Properties / Elements Soildepth
0-30 cm
Texture Sandy Clay Loam
pH, extract (1:5) 7.26 £ 0.05
EC, extract (1:5), dS m™ 0.20 +0.01
*CEC (cmol kg™ ) 19.3 +0.80
CaCO3 (%) 242+0.14
Organic matter(%) 1.44 £0.07
Cu- DTPA (mg kg™) 0.93+0.11
Zn- DTPA (mg kg™) 0.70 + 0.04
Fe- DTPA (mg kg™) 0.37+0.17
Mn- DTPA (mg kg™) 4.92 +0.80
Cd- total (mg kg™ <0.01
Pb- total (mg kg™) <0.1

Data represent average means and SE deviation. n= (4).

59



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

Table 2. Soil elements at soil depth 0-30 cm.
Treatments Cu | zZn | Mn | Na | P K | Mg [ Fe
(mg/kg soil) (g/kg soil)
256 | 5143 | 1391 | 447 | 3474 ] 909 | 1471 | 44.17

Plant height
At the harvest period the average plant height was 3.67 m. The final plant height was
significantly affected by irrigation input (Table 2). This height was higher than the reported
2.4 m (Cosentino et al., 2013; Campiglia et al., 2017) and the reported height measured in
Italy (Tang et al., 2016) and in agreement with the measured height in Czech Republic (Tang
etal., 2016).

Yield and Fiber yield
Hemp management depends primarily on soil and climatic conditions of the region, which
determine the genotype and variety choice (Tang et al., 2016).
Average dry biomass was higher for the irrigated treatment without significant differences
(Table 3). The average harvested yield was 13.3 t ha™. The above dry yield is separated to
2.23 t ha™ dry leaves and 11.07 t ha™ dry stems. Table 3 shows a significant difference for the
interactions of the three factors (plant density, irrigation and fertilization) for dry yield of
leaves and stems. Furthermore, the produced stem yield is higher with reported stem yield in
Italy and France (Tang et al., 2016) and in agreement with the results in Czech Republic and
Latvia (Tang et al., 2016). According to the Table 3 the average dry fiber yield was 4.15 t ha’
! A significant difference was noticed for the interactions of plant density, irrigation and
fertilization.
Finally, as it has already been mentioned, the total average dry yield was 13.3 t ha™ where the
17% is the dry yield of the leaves and the 83% the dry yield of the stems. Moreover, the 36-
37% of the dry stem yield was the fiber dry yield.

Nutrient concentration in leaves
The data on N-P-K uptake from the leaves per hectare for all treatments are summarized in
Table 3.
The average N-concentration in leaves is 3.26%, which is the triple than the N-content in
switchgrass leaves [1.2-1.4%; (Giannoulis et al., 2017)] or six times the N-content in rice
leaves [0.5%; (Abbeddou et al., 2011)]. Therefore, protein content of hemp leaves is 20.3%,
while the average nitrogen removal from the leaves is 66.05 kg ha™ and there was found a
significant difference for the interactions of the three factors (plant density, irrigation and
fertilization; Table 3).
The average P and K concentration in leaves is 0.35% and 1.89%, respectively. The above
values lead to an average phosphorus and potassium removal up to 6.83 and 38.1 kg ha™,
respectively. In case of P and K there was found a significant difference for the interactions of
the three factors (plant density, irrigation and fertilization; Table 3).
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Table 3. Hemp yield and leaves N-P-K content (%) as affected by 2 plant densities (P1, P2), 2

irrigation (11, 12) and 2 N-fertilization levels (N1, N2).

. . Dry . N- P- K-
Height | Yield vield Stems | Leaves | Fiber uotake | untake utake
(m) | (tha) | | (Wha) | (tha) | (vha) (kpg ha) (k%/ha) (k%/ha)
P1 3.636 | 46.65 | 13.31 | 11.08 | 2.232 | 4.045 72.8 7.56 42.3
P2 3.677 | 4591 | 13.23 | 11.43 | 1.800 | 4.247 59.3 6.09 33.9
LSDg 05 ns ns Ns ns ns ns ns ns ns
11 3.748 | 48.67 | 13.97 | 11.89 | 2.077 | 4.173 67.8 7.03 39.5
12 3.565 | 43.89 | 1257 | 10.62 | 1.954 | 4.119 64.2 6.62 36.7
LSDgos | 0.1035 | 4.587 Ns 1.209 ns ns ns ns ns
F1 3.659 | 46.06 | 13.24 | 11.33 | 1.905 | 4.129 58.9 6.46 41.1
F2 3.654 | 46.49 | 13.30 | 11.17 | 2.127 | 4.163 73.1 7.20 35.2
LSDg g5 ns ns ns ns ns ns 11.12 ns ns
P1I1 3.660 | 4855 | 13.85 | 11.50 | 2.349 | 4.155 76.6 7.99 44.6
P1I12 3.611 | 4474 | 12.78 | 10.67 | 2.114 | 3.935 68.9 7.14 39.9
P211 3.836 | 48.78 | 14.09 | 12.28 | 1.805 | 4.191 59.0 6.08 34.4
P2I12 3.519 | 43.04 | 1237 | 10.57 | 1.795 | 4.303 59.5 6.11 335
LSDgos | 0.1436 ns ns 1.622 | 0.4654 ns ns ns 7.02
P1F1 3.630 | 49.15 | 14.07 | 11.86 | 2.214 | 4.284 68.4 7.51 47.5
P1F2 3.642 | 4414 | 1256 | 10.31 | 2.250 | 3.806 77.1 7.62 37.0
P2F1 3.688 | 4298 | 1241 | 10.81 | 1.596 | 3.974 49.4 5.40 34.6
P2F2 3.667 | 48.84 | 14.04 | 12.04 | 2.004 | 4.520 69.1 6.78 33.3
LSDg. 05 ns 6.360 ns 1.502 | 0.4838 | 0.4212 | 16.63 1.676 9.10
I1F1 3.667 | 50.95 | 14.66 | 12.60 | 2.061 | 4.382 63.9 7.02 44.4
11F2 3.829 | 46.38 | 13.28 | 11.18 | 2.093 | 3.964 71.7 7.05 34.6
12F1 3.650 | 41.18 | 11.82 | 10.07 | 1.749 | 3.877 53.9 5.90 37.7
12F2 3.480 | 46.61 | 13.32 | 11.16 | 2.160 | 4.361 74.5 7.35 35.7
LSDg .05 ns 5216 | 1.510 | 1.374 | 0.3580 ns 12.45 1.189 8.37
P1I1F1 | 3.518 | 53.82 | 15.41 | 13.01 | 2.407 | 4.790 74.5 8.20 51.4
P1I1F2 | 3.803 | 43.27 | 12.28 9.99 | 2.291 | 3.520 78.8 7.78 37.8
P1I2F1 | 3.742 | 44.47 | 12.73 | 10.71 | 2.020 | 3.779 62.4 6.82 43.6
P1I2F2 | 3.481 | 45.02 | 12.83 | 10.62 | 2.208 | 4.092 75.5 7.46 36.3
P2I1F1 | 3.817 | 48.07 | 13.90 | 12.19 | 1.715 | 3.973 53.4 5.84 37.4
P2I1F2 | 3.854 | 49.49 | 1427 | 12.38 | 1.895 | 4.408 64.6 6.32 31.4
P2I2F1 | 3.558 | 37.88 | 10.91 9.44 | 1.477 | 3.975 45.4 4.97 31.7
P2I2F2 | 3.479 | 48.20 | 13.82 | 11.70 | 2.113 | 4.631 73.6 7.25 35.2
LSDggs | 0.1829 | 7.649 | 2.188 | 1.912 | 0.5778 | 0.9536 | 20.05 1.987 12.22
CV (%) 3.4 9.4 9.4 10.2 19.9 11.9 21.9 19.6 26.4
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Conclusions
Hemp dry yield may reach the 13.3 t ha™ under Mediterranean environmental conditions
where the 17% is the dry yield of the leaves and the 83% the dry yield of the stems.
Moreover, the 36-37% of the dry stem yield was the fiber dry yield. The fiber yield can
overcome the 4 t ha™, which is an acceptable yield.
The N-P-K content in leaves is variable among interactions of the three factors (plant density,
irrigation and fertilization). The average N-concentration in leaves is 3.26%, while P-content
is lower 0.35% and the K-content 1.89%.
Hemp removes from soil (from its leaves) 66.05, 6.83 and 38.1 kg ha™ nitrogen, phosphorus
and potassium, respectively.
As an overall conclusion, Cannabis sativa subsp. sativa (cv. Fibranova) is a very promising
annual crop for fiber production in Greece and similar Mediterranean environments,
characterized by high yields, and its introduction in land use systems should be seriously
taken into consideration.
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Abstract

The most crucial stage in the life cycle of cultivation is the seed germination as it significantly
determines the evolution of the crop. Temperature is one of the most important factors
affecting the vegetation. Therefore, a laboratory experiment was conducted to determine the
vegetation rate of different varieties of three winter legumes (Lupinus albus L. vs Multitalia
and Ultra, Pisum arvense vs. Arvica and Olympus, Vicia faba vs. Tanagra, Favino, Solon and
Scuro di Torre Lama), 3 varieties of spring cereals (Sorghum bicolor vs EJ 7282, Skyscraper,
Grain sorghum — Pacific Graze), and 2 varieties of a perennial cereal (Switchgrass —
Panicumvirgatum vs. EC 1101 and EC 1102) at 9 different temperatures (24, 20, 16, 12, 10, 8,
6, 4, and 2°C) in a constant parameter chamber (temperature). For each variety, 100 seeds
were placed in 2,4 or 5 separate petri dishes depending on the size of the seed. Observations
were taken each day for high temperatures and every second day for low temperatures. The
hierarchy of the vegetation rate of the studied species was as follows: Sorghum bicolor EJ
7282 >Sorghum skyscraper >Grain Sorghum, Panicum virgatum: EC 1101 > EC 1102,
Lupinus albus: Ultra > Multitalia, Pisum arvense: Arvica > Olympus and Vicia faba: Scuro di
Torre Lama > Solon > Favino > Tanagra. The higher temperatures for the studied seed caused
the germination in a shorter period, and as the temperature dropped, it took more days to
reach the total vegetation rate. Finally, the speed of day-to-day germination between varieties
and species was different.

Keywords: germination rate, winter legumes, spring cereals, temperature.

Introduction
Cereals are of enormous economic importance, while Sorghum and switchgrass occupy the
5Mand 6™ position, respectively, in the global production (FAOSTAT Database). Sorghum in
Europe is mainly grown for its grain and as animal feed in Italy and France (FAOSTAT
2006). In some regions of Africa, it has been found that switchgrass can cover 90% of energy
in nutrition. Switchgrass, as a feed, has similar properties to oats and barley (Giannoulis et al.,
2013).
On the other hand, legumes are in the second place, in terms of their importance. They are
crops of low input requirements and are suitable to sustainable agriculture schemes. Legumes
are grown for human and animal nutrition, and as green fertilization. Lupine contains the 2"
highest protein content (33-46%) in the seeds compared to the rest of the legumes, while
beans (22-35%) and pea (16-32%) are following.
Successful crop establishment depends on seed quality, environmental factors and genotypes.
Literature confirmed that there are differences in the response of the seeds and seedlings to
different temperatures in association with their geographic origin.
The interest of Europe and the need to produce animal feed of high protein content and lower
cost has increased and farmers are growing such crops over larger areas. Seedling
establishment is a crucial stage in crop production and influences yield variations. Literature
states that there is a major change in the past 20 years, where legume production has been to
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adapt to earlier sowing dates in case to shift successful crop establishment and have plants of
higher frost tolerance during winter (Bourion et al., 2003; Vocanson and Jeuffroy, 2008).
Ecological factors and seed characteristics are effective in crop growing in order to obtain a
desirable yield and quality. Temperature is one of the most crucial factors that affect plant
growth rate, development and the most critical stage in crop life cycle which is seed
germination (Walck et al., 2011). Furthermore, germination rate is really important in crop
life cycle and can differ according to species, soil structures, sowing methods, soil moisture
ratios etc.

Different temperature ranges are needed for the different types of seeds to germinate.
Maximum germination can be achieved in minimum time when the ideal temperature
prevails. The effect of temperature can be modelled by thermal time and predict seed
germination progress and to provide “a measure of physiological time” and yield coefficients
(Bradford 2002). The purpose of this study was to quantify the germination temperatures of 8
varieties of winter legumes and 5 varieties of spring cereals.

Material &Methods

This research was carried out in the laboratory of Agronomy and Applied Crop physiology in
the University of Thessaly, Greece. The study was performed in a growth chamber adjusted to
9 different temperatures (24, 20, 16, 12, 10, 8, 6, 4, 2) for 8 varieties of winter legumes
(Lupinus albus L.—vs Multitalia and Ultra, Pisum arvense—vs. Arvica and Olympus, Vicia
faba—vs Tanagra, Favino, Solon and Scuro di Torre Lama), 3 varieties of spring cereals
(Sorghum bicolor vs EJ 7282, Skyscraper, Grain sorghum — Pacific Graze), and 2 varieties of
a perennial cereal (Switchgrass — Panicumvirgatum vs. EC 1101 and EC 1102). Each
treatment was repeated four timesfor each temperature value. For each temperature treatment,
100 seeds were placed indifferent separate petri dishes with sheets of Watman No. 1 filter
paper. The trial was commenced as soon as the seed was exposed to the moist filter paper.
The measurements were taken every day for the high temperatures and every second day for
the low temperatures. When a 1mm of radical was visible (Gimeno-Gilles et al., 2009), the
seed was thought to have germinated. The number of germinants was measured at frequent
and regular intervals by the rate of germination. The maximum germination percentage for
each temperature treatment was calculated as the average of the replicates.

Results and Discussion

As it is illustrated in Figure 1, comparing the two varieties of Lupinus albus, Ultra had higher
growth rates than Multitalia. Regarding Ultra variety, in almost every tested temperature,
germination was completed on the third or fourth day. As it was expected, germination rates
were higher at the increased temperatures (24, 20, and 16°C), while by decreasing the
temperature, also the germination rate was reduced. On the other hand, Multitalia needed
seven to eight days to reach the rates of Ultra variety (except the 24 °C. At low temperatures,
germination could not exceed even the 50%.
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Figure 1. Seed germination percentage of Lupinus albus (Multitalia and Ultra) for the
different tested temperature.

20C

In case of the two tested varieties of pea (Arvica and Olympus; Figure 2), the germination
rates were similar and the same number of days to reach the final germination were needed.
At 24 °C, the germination rate reached 50% for both varieties from the first day.At lower
temperatures, this rate was succeeded on the second or third day, while at the very low
temperatures the number of days increased. Only in case of 2 °C only the 50% of the seeds
germinated, classifyingthe crop more resistant to low temperatures compared to lupine.
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Figure 2. Seed germination percentage of Pisum arvense (Olympos and Arvica) for the
different tested temperatures.

Figure 3 shows the germination of the four Vicia faba varieties. Scuro di Torre Lamahas has
the greatest germination capacity, second comes Solon, third Favino and Tanagra is the last
one. Scuro di Torre Lama was the only one that managed to reach almost the 100% at almost
all temperatures. At the higher temperatures (24 and 20 °C) seeds germinated from the first
day while as the temperature decreased during the first few days there were not germinated
seeds.

Solon germination rates for the higher temperatures reached the 85%, while at lower
temperatures it was less than 55%. In case of Favino, the percentage of germination was less
than that recorded in the previous variety, with the only exception of 16 © C where all seeds
germinated. Finally, Tanagravariety was the variety with the worst germination rates.
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Figure 3. Seed germination percentage of Vicia faba (Tanagra, Favino, Solon and Scuro di
Torre Lama) for the different tested temperature.

In case of the five studied varieties of spring cereals, three were Sorghum varieties (Sorghum
bicolor EJ 7282, Sorghum skyscraper, Grain sorghum) and the other two were Panicum
virgatum varieties (EC 1101 and EC 1102), which is a perennial crop.

In the case of Sorghum, Grain sorghum showed the lowest germination rate compared to the
other two varieties which had similar rates. This varietyhad lower germinated seeds but the
most important was the delay in reaching the final germination rate regardless of temperature.
Sorghum bicolor EJ 7282 variety had the highest rate of vegetation than the other two
varieties. At 24 °C and 20 °C, for both varieties (Sorghum bicolor EJ 7282, Sorghum
skyscraper) took seven to eight days to reach the final rate.
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Figure 4.Seed germination percentage of Sorghum bicolor (Sorghum bicolor EJ 7282,
Sorghum skyscraper, Grain sorghum) for the different tested temperature.

Switchgrass (Panicum virgatum L.) for both varieties shown that temperature below 10 °C is a
limiting germination factor. At 12 °C the germination rate reached the 20% for both tested
varieties. Temperatures higher than 16 °C seem to be the best for in case to reach up to 80-
90% germination rates. Of course, between these two varieties a higher rate of vegetation
from day to day had Switchgrass EC 1101 (Figure 5).
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Figure 5. Seed germination percentage of switchgrass (EC 1101 and EC 1102) for the
different tested temperature.

Conclusions

Almost in all varieties of the different species that were studied, it was observed that at high
temperatures the vegetation rate was higher and as the temperature decreased the seeds
needed more days to germinate. In each species there were variations in the rate of
germination, some varieties displayed a faster rate than others.

Firstly, from the spring cereals, the germination capacity of sorghum varieties was Sorghum
bicolor EJ 7282 > Sorghum skyscraper> Grain Sorghum while Panicum virgatum varieties
were EC 1101> EC 1102.
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In terms of winter legumes, the germination rate of lupine, pea and field beans varieties was
as follows: Ultra > Multitalia, Arvica > Olympus and Scuro di Torre Lama > Solon > Favino
> Tanagra. In the above mentioned varieties, the speed of day-to-day germination between
varieties and species was different.

In few species the low temperature was restricted for their germination and should be taken in
consideration.

As a general conclusion is that Vicia faba may satisfactorily germinate in rather cool micro-
environments, and their sowing in the fall may be postponed for some weeks without substantial
germination risk comparing to the rest legume species, while switchgrass is forbidden to be sowed if
temperature is lower than 12 °C.
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Abstract

Stand density plays an important role in sunflower productivity. It is one of the basic yield
components, which depends on the characteristics of hybrids and agroecological conditions of
the growing region. This study investigated the influence of stand density on seed yield of six
sunflower (Helianthus annuus L.) hybrids, created in the Institute of field and vegetable
crops, Novi Sad, Serbia. In each of two years, six sunflower hybrids (NS Kruna, NS Horizont,
NS Ronin, NS Romeo, NS Dukat, Sumo 1 PR) were sown in six stand densities (from 30000
to 80000 plants/ha with the increasing step of 10000). The trial was arranged as a randomized
complete block design (RCBD) with three replications. Analysis of variance (ANOVA)
showed that the main effects year (Y), hybrid (H), stand density (SD) and year x hybrid
interaction were highly significant for seed yield. Seed yield was predominantly influenced by
the hybrid (48.52%). Year contributed to this trait with 22.77% and stand density with 5.03%.
Only interaction Y x H for seed yield was significant, indicating that six hybrids responded
differently to varying production years. Seed yield was significantly higher in 2018 (3.86 t/ha)
in relation to 2017 (3.46 t/ha).The significantly highest seed yield was stated in NS Ronin
(4.01 t/ha) and NS Kruna (3.91) on the basis of average for all densities. Regarding stand
density, seed yield ranged from 3.50 (SD1) to 3.76 t/ha (SD4). In average for two years the
highest seed yield was achieved at 60000 plants/ha (SD4). This study showed that stand
density had a significant effect on seed yield in sunflower hybrids.The results may be helpful
in recommending optimal sunflower stand density in this region.

Keywords: Main effects, Interaction, Seed yield, Stand density, Sunflower.

Introduction
One of the most widely cultivated oil crops in the world is a sunflower, with a harvested area
of about 26.5 million hectares in which 48 million tons of seeds are produced on average
(FAOSTAT, 2017). In Serbia, sunflower is the most important crop for the production of
edible oil. In our country, the surface under sunflower varies depending on the year and range
between 150000 and 230000 hectares.
Stand density is one of the significant production factor contributing to the final yield of crops
including also sunflower. It is very important to determine the optimum stand density in order
to get a high seed yield. Stand density and genotype have significant effects on seed yield and
oil yield, as stated by Alam et al. (2003), Ali et al. (2012), Eco et al. (2017). The extreme
weather conditions could increase the risk of sunflower production. As Szabo (2011)
concluded in order to reduce the unfavourable weather effects as much as possible, the
agrotechnical factors need to be optimized. Selection of hybrids, the proper sowing
technology (sowing date, stand density), optimized and rational crop protection are of special
importance (Szabo, 2012).
The purpose of this study was to examine the response of sunflower hybrids to different levels
of stand density on the seed yield during two vegetation seasons.
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Material and methods

Field experiments were conducted in the 2017 and 2018 seasons to determine the response of
sunflower (Helianthus annuus L.) hybrids to different stand densities on seed yield at the
experimental field of the Institute of field and vegetable crops, Novi Sad, Serbia. In each of
the 2 seasons six sunflower hybrids (NS Kruna, NS Horizont, NS Ronin, NS Romeo, NS
Dukat, Sumo 1PR) were sown in six stand densities: 30000 plants/ha (SD1), 40000 plants/ha
(SD2),50000 (SD3), 60000 (SD4), 70000 (SD5), 80000 (SD6). The experiments were
arranged in a randomized complete block design (RCBD) with three replications. Seed yield
(t/ha) was measured after the harvest. Data were analyzed using three-way analysis of
variance (ANOVA), in the STATISTICA 12.0 package computer program (StatSoft).Least
significance difference (LSD) test at P < 0.05 was used to compare the differences among
treatments means.

Results and discussion
Seed yield is a quantitative trait, which expression is the result of the genotype, environment
and the interaction between the genotype and the environment. On the basis of ANOVA, it
can be seen that all main effects (year, hybrid, stand density) for seed yield in sunflower
hybrids were highly significant. Seed yield was predominantly influenced by the hybrid
(48.52%). This is in agreement with the results communicated by Mrda et al. (2012), that on
average the seed yield of the studied hybrids was affected most by the genotype. Year
contributed to this trait with 22.77% and stand density with 5.03% in our investigation. Popa
et al. (2017) also reported high significance for the main effects for seed yield. The year
showed the highest influence on seed yield, then the hybrid.

Table 1. ANOVA for seed yield in sunflower hybrids (2017 and 2018)

Source of variation

df SS (%) MS P

Year (Y) 1 22.77 8.37 0.000**
(H) 5 48.52 3.57 0.000**
Stand density (SD) 5 5.03 0.37 0.013**
Y xH 5 8.45 0.62 0.000**

Y x SD 5 0.61 0.05 0.866

H x SD 25 7.31 0.11 0.644

Y x H x SD 25 7.31 0.11 0.644

Error 142 0.12

*P< 0.05; **P<0.01

Concerning interactions only Y % H for seed yield was significant, indicating that six hybrids
responded differently to varying production years. The non-significant H x SD for seed yield
showed that hybrids reacted similarly to stand density (Table 1). On the contrary Ali et al.
(2012), Balalic et al. (2016) reported significant interaction between hybrid x stand density.
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Table 2.Mean values (t/ha) and variability for seed yield in sunflower hybrids (2017, 2018)

Year Hybrid Stand density (SD) ————
(Y) (H) SD1 SD2 SD3 SD4 SD5 SD6 YxH)  (Y)

NS Kruna 357 3.77 396 404 380 392 384
NS Horizont 3.14 3.72 323 324 334 338 334
2017 NSRonin 360 384 370 397 351 364 371 346
NSRomeo 340 359 386 342 376 363 361
NS Dukat 265 283 267 304 290 298 385

SumolPR 334 348 344 358 349 318 342

Mean 328 354 348 355 347 345

NS Kruna 382 392 358 396 445 418 3.99
NS Horizont 3.43 392 371 404 337 334 363
2018 NS Ronin 422 446 432 442 417 323 430 386
NSRomeo 3.72 431 417 444 424 389 413
NS Dukat 351 361 372 364 356 347 358

SumolPR 359 355 354 333 377 319 350

Mean 371 396 384 397 393 372

NS Kruna  3.69 384 377 400 413 405 3.91

NS Horizont 3.28 382 347 364 335 336 3.49

Mean NS Ronin 391 415 401 420 384 393 Mean 401
(2years) NSRomeo 356 395 402 393 400 3.76 (H) 3.87
NS Dukat 3.08 322 319 334 323 322 3.22

SumolPR 347 352 349 346 3.63 3.8 3.46

Mean 350 375 366 376 370 359

V (%) = 10.41

LSD Y H SD  YxH YxSD HxSD YxHxSD
0.05 0.10 0.16 016 022 0.22 0.40 0.55
0.01 0.13 021 021 029 0.29 0.53 0.74
2017 2018
LSD H SD  HxSD H SD HxSD

0.05 022 022 0.53 023 0.23 0.58
0.01 029 029 o071 031 031 0.77

Seed yield was significantly higher in 2018 (3.86 t/ha) in relation to 2017 (3.46 t/ha).
Comparing the mean values for six investigated hybrids in the two years experiment it can be
seen that between them highly significant differences were stated. Seed yield varied from 3.22
t/ha (NS Dukat) to 4.01 t/ha (NS Ronin). Significantly highest seed yield was stated in NS
Ronin and NS Kruna. In the second year of the experiment hybrid NS Ronin had also the
highest mean value for seed yield (4.30 t/ha). Hybrid NS Horizont gave the lowest seed yield
on average for two years (Table 2).

Regarding stand density, seed yield ranged from 3.50 (SD1) to 3.76 t/ha (SD4). In average for
two years the highest seed yield was achieved at 60000 plants/ha (SD4). The results were
similar when analyzing the results for each year separately (Table 2). At the optimum rate of
plant density crop plants can acquire the optimum rate of light for the process of
photosynthesis, at a high plant density the plant species will be more competitive to receive
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light and their efficiency for growth and yield production may decrease (Soleymani, 2017).
Optimal stand density according to seed yield was nearly 60.000 plants per hectare reported
also Crnobarac et al. (2007). Crnobarac et al. (2006) reported that in the average for all
investigated hybrids in 2005, seed yield increased to its highest density 60000 and 70000
plants/ha, which was significantly higher than in the case of lower density, while in 2004 only
the lowest and highest density gave significantly lowest seed yield. Seed yield (3.6 t/ha) was
highest at 75000 plants/ha in the experiment carried out by Ibrahim (2012) with five
sunflower hybrids (Malabar, Romson 32, Horizon, Recordand, Galla) and four stand densities
(45000, 60000, 75000 and 90000 plants/ha, respectively). Rasool et al. (2015) commented
that plant density had a significant influence on seed yield. The maximum value of seed yield
(2889 kg/ha) was observed in plots where plant density was 8.33 plants/m? and the minimum
value of seed yield (2526 kg/ha) of 5.56 plants/m?. Salehi and Bahrani (2000) reported that
increasing plant population of sunflower increased oil and seed yield and reached the
maximum at a plant population of 6.67 plants/m* with 25 cm plant spacing. Seed yield was
increased up to a plant population of 85000 plants/ha while higher stand density led to
decrease in production, stated some authors (Mojiri and Arzani, 2003, Ravichandran and
Srinivasan, 2017). Lower values of optimum stand density (40000 plants/ha) were reported by
Szabo and Pep6 (2005). The differences in the results of optimum stand density depended on
the material used in the experiments, so as on environment and the interaction between them.
The variability of seed yield was 10.41%. Similar variability (V=9.60%) was stated by Balali¢
et al. (2018), analyzing 10 hybrids, grown in 15 locations in Serbia. Balali¢ et al. (2019) have
gotten higher variability for seed yield (V=20.21%) in the experiment carried out with 3
hybrids and 8 sowing dates, during two vegetation seasons.

Conclusions

The present investigation revealed that all main effects (year, hybrid, stand density) had
significant effects on seed yield in sunflower. Seed yield was predominantly influenced by the
hybrid (48.52%). Year contributed to this trait with 22.77% and stand density with 5.03%.
Only interaction Y x H for seed yield was significant, indicating that six hybrids responded
differently to varying production years. The analysis of variance revealed the significant
differences among the hybrids for seed yield indicating the presence of sufficient variability
among the genotypes for this trait. In average for two years the highest seed yield was
achieved at the stand density of 60000 plants/ha (SD4). The results were similar when
analyzing the results for each year separately. The results of this investigation showed the
significance of stand density on seed yield in sunflower hybrids.
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Abstract

Green onion has high nutritional values reflected in the high content of vitamin C and other
bioactive substances, primarily essential oil with high antioxidant properties. This essential oil
has a high phytochemical effect and is considered as one of powerful plant antibiotics. Due to
its specific chemical composition, spring onion takes a special place in the diet of people,
most specifically in the early spring when offer of fresh vegetables is limited. The aim of this
research was to determine how production method, ie. adequately applied general and special
agrotechnical measures influence the yield and the quality of green onion. The influence of
various soil mulching materials (control variant, agro-textile, straw, combination of straw and
agro-textile) and fertilizers (control plot  without  fertilization, NPK
(N120,P100,KlZO),NPK(N1201P100,KlZO) + 30g phytofert 20:20120/10011’12/(13.}/, NPK (leo, P10,
Ki20) + 40g phytofert 4:10:40/100m?/day) were tested.

The results indicated that the joint effects of mulch and fertilization were exerted through a
positive effect on the yield of green onion. The use of agro-textile showed a statistically
higher yield in plants fertilized with NPK + 40g phytofert (1,45 kg/m?) compared to the
control variant (1,06 kg/m?). In addition, the use of straw contributed to statistically much
higher yield in fertilized plants with NPK + 30g phytofert (1,53 kg/m?) compared to the
control variant (1,17 kg/m?). Applied variants of mulch material had a positive influence on
the content of vitamin C. The highest content of vitamin C was found in variants with straw
mulching (13,41mg/100 g).The increased quantities of fertilizers did not positively affect the
qualitative characteristics of green onion.

Keywords: green onion, production method, yield, quality.

Introduction

Onion is produced on around 3,7 million hectares in the world with an average yield of about
17 t / ha. The three largest producers of this vegetable are China (22,3 million tons), India
(19,3 million tons) and the United States (3,2 million tons) with a total production of about 45
million tons, or about half of the world's total production. In the European Union, about
190692 ha (40 t / ha) are cultivated, the highest in the Netherlands is 32723 ha (44,29 t / ha),
Spain 23174 (54,14 t / ha) and Germany 11294 (46,27 t / ha). http://www.faostat.fao.org

In Bosnia and Herzegovina production is usually carried out on smaller areas, where very low
yields of 9.13 t / ha are realized. In the structure of production, onions represent about 13%
and onion is ranked as the fourth product by the volume and significance of vegetable
production in B&H. The realized production of the onions in 2016 amounted to 45 thousand
tons and it is 19% higher than in the previous year (Statistics Agency of B&H, 2016). A large
number of products based on the onion basis has found its application in ready to eat food
products. In addition to being used in nutrition, it is part of many medicines and cosmetics
(Kumar et al., 2010).

For the domestic market, continuous production of onion with sowing or planting from
September to the first days of April. From the adequate application of general (plowing,
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fertilization, inter-row cultivation, irrigation ...) and special agro-technical measures
(mulching, covering of plants with agro-textile) depends largely yield of green onions.
The aim of this research was to determine how production method, ie. from adequately
applied general and special agrotechnical measures influence the yield and quality of green
onion.

Matherial and methods
The experiment was carried out in the first decade of March 2014. Two-factorial trial
(mulching, fertilization) was arranged on a random block system in a greenhouse without
heating. The influence of various soil mulching materials (control variant, agro-textile, straw,
combination of straw and agro-textile) and fertilizers (control plot without fertilization, NPK
(N120; P100; K120); NPK (N120; P100; K120) + 30g phytofert 20:20:20/100m?* day, NPK
(N120; P100; K120) + 40g phytofert 4:10:40/100m*day) was tested. A variety
StuttgarterRiesen was used for trial. The size of the experiment plot was 1,5m?.
The basic properties of the soil on which the experiment was placed were 7.13 pH (in KCI);
2.81% CaCO03; 3.66% humus; 3.27 mg 100g-1 Al-P205 and 15.17 mg 100g-1 Al-K20.
The content of vitamin C was determined by the titration method.
The obtained results were analyzed by the method of analyzing the variance (ANOVA) using
SPSS 4.5 software. The significance of differences in individual environments was tested with
LSD test.

Results and Discussion
Young green onions are harvest in the phase of 6-8 leaves and 40 cm high of the
stem.According to Lazi¢ et al., (2001), the yield of green onions depends on the harvest time
and ranges from 0.5 to 15 kg/m®, depending on whether the green onion or bulb is harvested.
The average yield of green onions in our research was 1,93 kg / experiment plot, or 1,28 kg /
m? (Table 1).

Table 1. The yield of the green onion on the experiment plot( kg/1,5m?)

Mulching Fertilization Average C
Fy F, Fs F4
Co 2,11 1,65 1,87 1,93 1,89
C: 1,60 1,72 1,92 2,17 1,90
C, 1,76 1,91 2,29 2,09 2,01
Cs 1,87 2,32 1,96 1,87 2,01
Average F 1,83 1,90 2,01 2,01 1,93
LSD A B AxB
0,05 0,171 0,171 0,342
0,01 0,231 0,231 0,462

F-fertilization (Fl_ Control, Fz- NlZOPlOOKlZOl F3- N120P100K120+309phyt0fert 20:20:20/ 100m? /day, F4'
N120P100K120+40g phytofert 4:10:40/ 100m? /day); C-covering land (Cy-control, C;- agrotextile,C,-straw,Cs
straw+ agrotextile)

The results of the variance analysis showed that the investigated factors (mulching,
fertilization) did not have a statistically significant effect on the average yield of the onion.
However, if we look at the joint effects of the two factors (mulching, fertilization), it is noted
that on the second variant of mulching the difference in the average yield of the fourth variant
of fertilization bs (2.17kg/1,5m?) was statistically significant compared to the first by
(1.6/1,5m?).

Also, the interaction effect of the variant of straw mulching showed a statistically significant
difference in the third variant of fertilization (2.29kg/1,5m?) compared to the first
(1.76kg/1,5mA).
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Similar results show Lazi¢ at all., (1968). They conclude that the onion is well responding to
the increase in the total quantity of fertilizers, in particular the higher the presence of
potassium and nitrogen, if produced from the onion set.

Content of vitamin C
The daily requirement of vitamin C per person is 30 to 75 mg which means that the daily
needs of the organism for this vitamin can be easily satisfied with the daily use of fresh
vegetables in the diet (Nikoli¢,1980). Vitamin C (L-ascorbic acid) has a strong antioxidant
and antibacterial effect, affects the functioning of the immune system and enhances resistance
to infectious diseases.
It works on stress and has an anticancer role in the body (llin, 1999).
The nutritional values of the leaves of the onion are even greater than those contained in the
bulb. About 8,5 g of vitamin C is contained in a kilogram of onion, and in green leaves about
38 g.
Within the mulching factor (Table2), the highest content of vitamin C was obtained on a
variant with straw (13,41 mg/100g), and the smallest in the variant of combination straw+
agrotextile (11,45mg/100g).
If we observe the fertilization factor, we will see that the highest content of vitamin C was
recorded on the control variant (14,92mg/100g), and the smallest in the variant with NPK +
40g phytofert(10,44 mg/100g). The results of Sifrina (1955) also show that fertilization of
onion affects the decrease in the content of vitamin C, unlike Lazi¢ (1968), which in its
studies indicates the increased content of vitamin C in bulbs, using the combination of
fertilizers N12oPs0K160 and N120P2sKeo.According to the same author (Lazi¢,1968) combination
of Ni20PsoKigo fertilization increase the yield by 47% and the combination of Ni20P2s5Keo
fertilization increase yield by 21% compared to the control.

Table 2.Content of vitamin C in green onion (mg/100g)

Mulching Fertilization Average C
Fi F, Fs F4
Co 13,69 15,31 12,56 8,13 12,42
Ci 16,22 15,76 16,28 7,75 14,00
C 16,17 10,86 10,98 15,63 13,41
Cs 13,61 13,64 8,32 10,25 11,45
Average F 14,92 13,89 12,04 10,44 12,82

F-fertilization (Fl_ Control, Fz- N120P100K1201 F3- N120P100K120+30g phytofert 20:20:20/ 100m? /day, F4'
N120P100K120+40g phytofert 4:10:40/ 100m? /day); C-covering land (Cy-control, C;- agrotextile,C,-straw,Cs
straw+ agrotextile)

Vitamin C is directly dependent on fertilization and mulching of the soil.On average, the
highest content showed agrotextile variance (14,00 mg/100g), while the
variantstraw+agrotextile had significantly lower content of vitamin C (11,45 mg/ 100g). The
results of the research are in parallel with Govedarica-Luci¢ (2012) which shown that the
content of vitamin C in the salads depend of mulching.

According to the same author, the greatest content of vitamin C was shown by the
combination of mulching + agrotextile (26,77 mg/100 g), while the control variant had
significantly lower content of vitamin C(21,10mg/100g).

Conclusion

Based on the results of the study about the impact of agrotechnical measures on yield and
vitamin C content in the green onion, the following can be concluded:
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*The achieved average yield during the survey was at a satisfactory level. The lowest yield
was determined on the agro-textile in the control variant of fertilization (1,06 kg/m?), and the
highezst yield was recorded in the variant straw+agrotextile of fertilization with NPK (1,54
kg/m?).

* The joint impact of mulch and fertilizers is manifested through a positive impact on the yield
of the onion. The use of agro-textile showed a statistically higher yield in variant with
fertilizer NPK + 40 g phitofert (1,45 kg/m?) compared to the control variant (1,06 kg/m?).

*By using straw and fertilization statistically higher yield was obtained in variant NPK + 30 g
phytofert (1,53 kg/m?) compared to the control variant (1,17 kg/m?).

*The content of vitamin C depended on the covering material. The highest content of vitamin
C was obtained on agrotextilevariant (14,00 mg/100g), and the smallest on variant with straw
+ agrotextile (11,45 mg/100g).

* The increased quantities of fertilizers did not positively affect the vitamin C content.
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Abstract

The aim of this study was to determine the most tolerant winter wheat varieties against
osmotic stress at germination stage and early seedlings growth. The osmotic stress was
simulated in controlled environmental conditions by adding different concentrations of
mannitol solution to the growing media of five winter wheat variety. In all studied varieties
the benchmark water potential in which they had germinated and had a good seedlings growth
was of -0.3 MPa. Under the stronger stress, -0.6 MPa, all varieties showed reduction in all
examined parameters. The variety Bosanka had the highest final germination and germination
energy under mannitol. The parameters defining the development or percentage of strong
seeds, coleoptile and root length, fresh and dry weight of root and coleoptile of a seed were
more affected by water deficit stress than germination and germination energy. Biplot analysis
showed that wheat cultivars grown under -0.6 MPa osmotic had higher values of
root/coleoptile ratio in relation to control and -0.3 MPa treatment which was the most reliable
for screening properties of the genotypes for drought resistance in seedling stage.

Key words: Winter wheat (Triticum aestivum L.), tolerance, mannitol, biplot analysis.

Introduction

Drought stress is also a globally widespread and ever growing environmental phenomenon
encountered by wheat crop which cause severe reduction in overall crop production
(Nezhadahmadi et al., 2013). Under drought stress condition decreasing pattern was
experienced in morphologically yield contributing characters like plant height, grains per
spike, spikes per plant, thousand grain weight, and reduction in number of fertile tillers per
plant, which ultimately caused noticeably low grain productivity in wheat (Kilic and
vagbasanlar, 2010; Joudi, 2017). Generally drought and other stress factors cause the
formation of reactive oxygen compound essentially in plants (Reactive Oxygen Species,
ROS), which results in biomembranes and macromolecules damage (Sharma et al., 2012).
The availability of water and its movement in the seed are important for the process of
germination, early growth and elongation of coleoptile and root. Wheat (Triticum aestivum L.)
is regarded as one of the most important cereal crop, grown in different regions that can be
characterized with increased salt level in the soil (Rana et al., 2013). The selection of tolerant
wheat genotypes against drought stress at seedling stage is important, especially if the
tolerance at the germination stage correlated with tolerance to drought in grain filling period.
The aim of this study was to examine the seed viability of selected winter wheat cultivars in
osmotic stress conditions and determine the most tolerant cultivars to osmotic stress at
germination stage and early seedlings growth.
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Materials and Methods
The experiment

The tests included examination parameters of germination in five different varieties of winter
wheat (Jelena, Kristina, Orion, Bosanka and Nova Bosanka) under controlled conditions in
the laboratory of the Faculty of Agriculture in East Sarajevo, Bosnia and Herzegovina. Three
replicates of 50 uniform, healthy seeds were sterilized in 96 % alcohol for 30 seconds, washed
with distilled water several times, and transferred into sterile Petri dishes. A double layered
filter paper saturated with solution of a determined concentration mannitol (Table 1) was
placed on a dish. Mannitol was dissolved with water potential close to zero (control), -0.3 and
-0.6MPa. In each petri dish 15 ml of solution was dispensed. Control petri dishes were filled
with distilled water. Alcohol mannitol was used to induce water stress. Petri dishes were
incubated for 7 days at 25°C. During this experiment, the following parameters were
determined: germination energy, final germination, Vigour Test or percentage of strong seeds,
coleoptile and root length, fresh and dry weight of root and coleoptile, and root/coleoptile dry
weight ratio. To determine the dry weight of the root and coleoptile seedlings were dried for
24 hours at 80 °C.

Table 1. Amounts of Mannitol in different levels of water deficit

¥, the level of MPa  NaCl (g/l distilled water)

0 0
-0.3 4.20
-0.6 8.40

Data analysis
Data was processed using two-way analysis of variance, with software Infostat 10. Means
were compared using Duncan’s multiple range test. Principal component analysis (PCA) was
used to determine interdependence between the traits.

Results and Discussion

Results from our study showed that increase in osmotic potential had an adverse effect on
wheat final germination and germination energy (Table 2). Generally, germination energy was
lowest in the presence of the lowest osmotic potential (-0.6MPa). Further, a significant
difference among diverse wheat varieties under different treatments was observed. The
variety Orion was the most sensitive variety under the lowest osmotic potential (-0.6MPa) and
its germination potential compared to control was reduced from 97% to 8%. Results from our
study showed a significant effect of mannitol concentration on wheat final germination. By
increasing mannitol concentration (decreasing osmotic potential), germination percent
decreased almost linearly in the studied wheat cultivars. For example, in the variety Orion
with a higher water deficit (-0.6MPa) the percentage of germination decreased by 95% in
mannitol stress compared to the control. The cultivar with highest germination percentage at
zero potential, -0.3MPa and -0.6 MPa was Bosanka. Therefore, this cultivar could be grown
under decreased osmotic conditions. According to Al — Taisan (2010) results like this could
be attributed to absence of energy to start a germination process, as energy was obtained by
increments in the respiratory pathway after the imbibition and in low levels of water potential
tax water absorption was processed slowly.
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Table 2. Germination (%), Germination energy (%) of five winter wheat varieties exposed to
w ater deficits induced by different concentration of mannitol during germination

Germination Germination energy

Treatment Mannitol

0MPa -0.3MPa -0.6 MPa average 0MPa -0.3MPa -0.6 MPa average
Bosanka 9233 9233  86.67° 90.44° 90.00° 89.00° 86.33% 88.447
Jelena 90.00® 66.33° 70.67%  75.67° 90.00° 64.00%"  £9.33%% 74445
Kristina 76.67 7467  73.00% 7478 75.67° 7333 7200 73678
Nova Bosanka 78.67¢ 77.00%  69.67®  75.11B 60.00"  65.67°%"  62.67° 62.78°
Orion 94,67  72.67°®  8.00' 58.44° 92.00° 72.67°  5.00¢ 56.56°
Average 86.67" 76.6° 61.6° 74.89 81.53" 72938 59.07¢ 71.17

Different letters indicate significant difference at P < 0.05 level.

Table 3. Vigor (%) of five winter wheat varieties exposed to water deficits induced by
different concentration of mannitol during germination

Vigor
Treatment Mannitol
0MPa -0.3 MPa -0.6 MPa  average
Bosanka 60.33°  25.00° o" 28.44°
Jelena 80.33*  28.00° o" 36.11"
Kristina 49.67°  43.67° 2.33" 31.89°
Nova Bosanka 2567"  9.339 o" 11.67F
Orion 47.67°  30.33° o" 26.00°
average 52.73%  27.278 0.47¢ 26.82

Different letters indicate significant difference at P < 0.05 level.

There was a significant difference in the parameter vigor classification (Table 3) and by
decreasing osmotic potential vigor percent declined gradually from OMPa to -0.3MPa.
Generally, most wheat varieties were sensitive to the influence of osmotic potential of -0.6
MPa where their values drastically falls close to zero.

Table 4. Coleoptile length (mm) and root length (mm) of five winter wheat varieties exposed
to water deficits induced by different concentration of Mannitol during germination

Coleoptile length Root lenght
Treatment Mannitol
0MPa 0.3MPa 0.6MPa average OMPa 0.3MPa  0.6MPa average

Bosanka 69.4° 56.77% 5.00/ 43.72¢ 67.37° 79.23° 30.83¢ 59.14%
Jelena 59.37%  35.679 13.27' 36.1° 7110  38.56" 30.30¢ 46.65°
Kristina 88.97°  49.90f 31.70¢ 56.86" 72.47° 47.40° 45.10° 54.99°
Nova Bosanka  80.18°  23.97" 9.00" 37.72° 52.5° 39.80f 21.00" 37.77%
Orion 53.95%" 4917 52.07¢ 51.738 78.1° 20.93" 31.679 435P
average 70.37%  43.09% 22.21¢ 45.22 68.31" 45198 31.78° 48.43

~ Different letters indicate significant difference at P < 0.05 level.

Coleoptile and root length (Table 4) in our experiment interfered differently. At zero
potential, both coleoptiles and root lengths reached their highest values. The Nova Bosanka
variety showed highest coleoptile length at zero potential. On the other hand Nova Bosanka
variety was the most sensitive variety under decreased osmotic potential since its coleoptiles
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length significantly decreased at -0.6 MPa. Similar results were reported by Qayym et al.
(2911) who investigated the effect of water deficiency on germination in different wheat
genotypes, and concluded that the length of the coleoptiles was significantly decreased at a
water potential of 0.8 bar.

Table 5. Coleoptile fresh weight (g) and root fresh weight (g) of five winter wheat varieties
exposed to water deficits induced by different concentration of mannitol during germination

Coleoptile fresh weight Root fresh weight
Treatment Mannitol
OMPa 0.3MPa 0.6MPa  average OMPa -0.3MPa -0.6 MPa  average

Bosanka 0.545°  0.280° 0.096' 0.307° 0.031  0.035 0.016' 0.027°
Jelena 0.683°  0.372° 0.175" 0.4108 0.054°  0.056™ 0.055" 0.055%
Kristina 0.737*  0.490° 0.160" 0.463" 0.062°  0.047° 0.057° 0.055%
Nova Bosanka 0.689"  0.324 0.093' 0.369° 0.053%  0.027" 0.019' 0.033¢
Orion 0.553°  0.371° 0.296" 0.4078 0.036"  0.075° 0.017" 0.043°

average 0.641*  0.367° 0.164¢ 0.391 0.048%  0.047% 0.033% 0.043

* Different letters indicate significant difference at P < 0.05 level.

Fresh weight of coleoptiles and roots (Table 5) were differently affected by water deficits.
Alcohol mannitol significantly reduced coleoptile fresh weight across treatments. Moreover,
the varieties Bosanka and Nova Bosanka were the most sensitive against the lowest osmotic
potential (-0.6 MPa). There was no significant difference in root fresh weight in all wheat
varieties between control and -0.3 MPa mannitol treatments. Our results are in agreement with
those of Demir et al. (2008) and Braga et al. (1999) who had examined the effect of
polyethylene glycol on the germination of seeds of pepper and beans respectively. Wang et al.
(2009) reported that the fresh weight, root length and the above-ground part in the two
varieties of alfalfa were significantly inhibited by 35% PEG solution.

Table 6.Coleoptile dry weight (g) and root dry weight (g) of five winter wheat varieties
exposed to water deficits induced by different concentration of mannitol during germination

Coleoptile dry weight Root dry weight
Treatment Mannitol
0 MPa -0.3 MPa -0.6 MPa average 0MPa -0.3MPa -0.6 MPa average
Bosanka 0.066" 0.040" 0.008' 0.038¢ 0.0129  0.016% 0.007" 0.011°¢
Jelena 0.077° 0.060° 0.033' 0.0574 0.018°  0.014* 0.017¢ 0.016°
Kristina 0.083" 0.042%" 0.042" 0.056" 0.014"  0.024° 0.017% 0.018%
Nova Bosanka  0.090* 0.052" 0.011 0.051% 0.015°  0.012° 0.006' 0.011°
Orion 0.073° 0.0459 0.030' 0.049% 0.012¢  0.011° 0.008" 0.010%
average 0.078* 0.048°% 0.025°¢ 0.050 0.014®  0.015* 0.011¢ 0.013

~ Different letters indicate significant difference at P < 0.05 level.

The results showed that different mannitol concentration effected significantly the wheat
coleoptile and root dry weight (Table 6). Coleoptile dry weight gradually decreased with
water deficit increase, while the highest root dry weight was recorded under conditions of -0.3
MPa. The highest average result on shoot dry weight under the conditions of the highest
mannitol concentration was observed in the variety Kristina. The variety Bosanka was the
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more sensitive to water stress and had the lowest shoot dry weight at -0.6 MPa. Root dry
weight did not suffer any decrease until -0.6 MPa, and the variety Orion presented lowest
result. According to Marur et al. (1994), the lack of water slows physiological and
biochemical processes of soybean seeds and low water deficit affected poor growth and
reduced the accumulation of dry matter.

Table 7. Root / coleoptile ratio of five winter wheat varieties exposed to water deficits
induced by different concentration of mannitol during germination

Root /coleoptile ratio

Treatment Mannitol
0MPa -0.3MPa -0.6 MPa average

Bosanka 0.179%  0.401°  0.898°  0.493"
Jelena 0.231ef  0.236°  0.513°  0.327°
Kristina 0.165%  0.578"  0.403"  0.382°
NovaBosanka ~ 0.170Y  0.230  0.587°  0.329°
Orion 0.163°  0.254°  0.269°  0.229°

average 0.182°  0.340° 0534  0.352

Different letters indicate significant difference at P < 0.05 level.

Root/coleoptile (RCR) ratio is one of the several ratios which give estimates of the
distribution of dry matter between the different plant organs (Hunt 1990). It is a measure of
distribution of dry matter between the root and the shoot systems and it is a good indicator for
effects on root and shoot dry weights. Under mannitol treatment average of RCR raised from
0.182 (control) to 0.340 (-0.3 MPa) and to 0.534 (-0.6MPa). In relation to the other varieties,
the variety Bosanka had the highest RCR under -0.6MPa. High ratio RCR in the germination
of winter wheat is a good indicator of resistance to drought (Baalabaki et al., 1999).

b)

PCA2 (20.84%)

PCAL (53.50 %)

Figure 1. PCA analysis of trait association of winter wheat cultivars (Bosanka — B, Kristina —
K, Jelena — J, Nova Bosanka — NB and Orion — O) grown under different levels (0 MPa - O, -
0.3 MPa —-0.3 and -0.6 MPa — -0.6) of mannitol

The biplot of the principal component analysis (PCA) illustrates the relationships between the
means of the studied traits in wheat cultivars grown under different levels of mannitol (Figure
1 ). The cultivar X treatment points and traits vector are placed on biplot according to their
PCA scores. Biplot revealed similar interrelationship between the studied traits in wheat
cultivars at different mannitol levels. Germination (Ger) and germination energy (GerEng)
were highly and positive associated as indicated by acute angles. Moreover, root fresh (RFW)
and dry weight (RDW) and coleoptile fresh weight (CFW) and dry weight (CDW) were
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highly associated under the influence of different mannitol levels. There was positive
association between root and coleoptile weight (both dry and fresh). Root length was
positively associated to GerEng, indicating that early germination improves root growth. An
increase in root growth is an indicator of the ability of plants to withstand under water stress,
It could be also used to screen plant cultivars for drought tolerance. Biplot showed that wheat
cultivars grown under lowest osmotic potential (-0.6MPa) had higher values of
root/coleoptiles ratio (RCR) compered to control at -0.3MPa treatment. This result indicates
that coleoptile growth is more suppressed than root under condition of low osmaotic potential.

Conclusion

Based on the results of this study it can be concluded that there are significant differences
between the examined cultivars in their response to drought tolerance. Generally a gradual
increase of mannitol treatments was followed by a reduction in all the analyzed parameters in
selected cultivars. Highest decrease occurred at increased mannitol treatments (-0.6MPa) and
it could be an indication of the tested varieties sensitivity to stressing conditions. In order to
enhance plant tolerance to stressing environmental conditions, especially drought stress,
studying the reaction of different cultivars in stressing environments is importance in
improving the efficiency of breeding and selection. The limit value of water resources when a
plant, under the influence of mannitol, can germinate quite well and have a good increase in
seedling was at -0.3MPa, i.e. in low stress. Besides the standard techniques and commonly
used data analysis, biplot offers additional options, preferably in the portion of a visual
representation and understanding important interactions revealed in the present data sets from
surveys of seed science research.
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Abstract
Currently, fodder production is important in providing livestock feed and has a huge impact
on agricultural production in the Russian Federation.
To create a sustainable fodder base for meeting the needs of animal husbandry, an important
forage crop is Sudan grass (Sorghum sudanense) — which is an annual plant. It has a high
drought resistance, good aftermath, it is versatile to it, produces a high yield of forage with
good fodder merits. Green crop reaches 35-40 tons per hectare (Shitikova, A.V., 2019).
With proper cropping practices, it produces record yields among fodder annual grasses.
Data on the optimal sowing rate during cultivation for feed and seeds vary from 0.5 to 5
million units per hectare (Shapsovich, S.N., 2013). In this regard, it is necessary to determine
the optimal seeding rate for the Central Black Earth region. In addition, the lack of
scientifically based recommendations on the preparation of seeds for sowing indicates the
relevance of research aimed at improving the elements of agricultural technology of this crop.
When conducting research on Sudan grass Voronezh 24, data were obtained on the
dependence of the quantity of the green mass of Sudan grass, on the seeding rate and
fractionation of seeds.
In the conditions of the Central Black Earth region, seeds of the Sudanese grass of Voronezh
24 variety must be separated on an aerodynamic separator. For sowing, seeds of large
fractions are use. The highest yield of green mass can be obtained by using the seeding rate of
2.5 million pcs / ha.

Keywords: Sudan grass, annual grasses, seed fractionation, feed production, feeding animals

Introduction
In modern conditions, fodder production is of decisive importance not only in the provision of
animal husbandry with feed, but it also has a huge impact on agricultural production in the
Russian Federation as a whole.
In solving the problem of creating a sustainable fodder base for increasing the productivity of
animal husbandry, Sudanese grass is the most promising crop. It has not only high drought
resistance, but also good aftermath, versatility of use, high yield of forage with good fodder
merits.
Sudan grass is a high-yielding agricultural crop, which with proper cropping practices of
cultivation, produces a record harvest of forage annual grasses (Muslimov, M.G., 2013).
Sudan grass forms a well-developed root system, extending to a depth of more than 2 meters
(Fundamentals of programming crop yields, 2014). The stem is a cylindrical made. Plants are
up to three meters high. The lower stem node is the tillering node. Sudanese grass can form up
to 25 shoots in a bush. The leaf is wide-linear, up to 60 cm long, smooth, slightly rough along
the edge. The leaf of sorghum consists of a vagina and a leaf blade, the length of which
sometimes reaches 1 m. The surface of the leaf can be smooth or corrugated. Inflorescence is
panicle of various shapes, densities and colors, size 15-70 cm (Private selection of field crops,
2016). Inflorescence is a panicle, about 40 centimeters long. The fruit is a caryopsis, tightly
enclosed in spikelet scales. 4-5 grams of seeds are obtained from each panicle (Plant growing,
2015). It is undemanding to soils. It grows poorly in wetlands.
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Sudanese grass is cultivated for green fodder, grass meal, hay, silage and haylage. It is
included in the rations of cattle, sheep and pigs. It suffers from trampling a little and quickly
grows when it is etched. Therefore it is of great importance as a pasture plant, especially for
late grazing (Solovjev B.F., 1960).

The feeding value of green mass and hay is higher than other cereal grasses due to its high
content of protein, carbohydrates, carotene, sugars and fiber. There is also a large number of
macro-and microelements. The beneficial properties of Sudanese grass are also due to the
presence of vitamins. The green mass and hay of Sudanese grass contain a lot of sugar, and
are well eaten by animals (Kokonov, S.1., 2013).

It is of particular value in the second half of the growing season, as a reliable source of green
fodder, and a promising link in the raw materials conveyor.

The objective is to establish the influence of the seeding rate and seed fractionation of
Sudanese grass seeds on sowing qualities and yield of green mass.

Material and Methods
The object of the study was variety of Sudanese grass Voronezh 24, zoned by the Central
Black Earth Region. The variety was created at the department of breeding and seed
production of VVoronezh State Agrarian University.
The experiments were carried out on the fields of Voronezh State Agrarian University in
2016-2018. The option without separation of seeds with a seeding rate of 2.5 million units per
hectare was taken as the standard. The seeds were divided into five fractions using an
aerodynamic separator. The mass of 1000 grains and seed germination were determined by
standard methods. Field experiments were carried on plots with an accounting area of 4
square meters in fourfold repetition. Sowing was carried out by the SSFC-1.6 breeding drill
with a seeding rate of 2 million pieces per hectare and 2.5 million pieces per hectare. Row
spacing was 15 centimeters. Green mass harvesting was performed manually, the yield was
taken into account by weighing.
Seeds of Sudanese grass Voronezh 24 were calibrated using the SAD-4 machine for 5
fractions. Clods of soil and other heavy impurities fell into the first fraction, seeds with the
highest specific gravity in the 2" and 3", the seeds with the lowest specific gravity in the 4™,
and lightweight impurities in the fifth.

Results and Discussion
Sowing qualities (germination energy, field and laboratory germination) were determined
from the seeds of the isolated fractions (Table 1).

Table 1 - Sowing qualities of seeds of Sudan grass

Seed Option Mass 1000, Energy Laboratory Field
fractions g germination,% | germination,% | germination,%
Control St St 13,6 75,0 85,7 78
Il fraction 1 15,5 84,6 90,0 80
11 fraction 2 14,1 82,5 92,2 83
IV fraction 3 11,9 71,3 80,1 68

In the experiment on the determination of germination energy and field germination, the 1°
and 2" variants exceeded the control by more than 9%, and in laboratory germination the best
result was noted on variant 2 (laboratory germination is 92.2%).

In general, it can be concluded that the size of the seeds has an effect on germination, but the
largest seeds do not have the highest germination rates, which may be due to the fact that
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large seeds are more severely injured during harvesting (Kryukova T.l., Goleva G.G. and
Borovkova A.N., 2015).

To study the yield properties of seeds of different fractions, field experiment was carried out.
The average seed embedment depth was 4-5 cm, whereas in the condition of late sowing and
arid spring, seeds were embedded more deeply. Sowing was carried out at the optimum time
when the soil warmed to the temperature required for sowing.

In the field experiment, phenological observations were performed during the entire growing
season (Table 2).

Table 2 - The number of days of the onset of development phases in Sudan grass

Seed The number of days from sowing to the onset of the development phases
fractions seedlings tillering heading stage flowering phase
Control St 12 31 36 47
Il fraction 10 28 34 43
I11 fraction 12 31 34 43
IV fraction 13 34 38 50

It was noted that the plants grown from the seeds of the second fraction entered the initial
phases of development faster, and the plants grown from the seeds of the third fraction grew
slowly at the beginning of the growing season, and entered the heading and flowering phases
faster than in the control. This may be due to the fact that these seeds were formed in the
middle part of the panicle and were characterized by the highest specific weight, and,
consequently, the highest biological value. Smaller seeds entered the flowering phase of the
control after 3 days. Caring for crops included pre-emergence harrowing, hand weeding,
applying potassium humate and loosening the row spacing.

Harvesting Sudan grass for hay and green fodder starts a few days before the beginning of the
cutting phase. Later, the stems grow coarser, the quality of the feed decreases, and the animals
eat it worse (Bogatyrev, V. M., 1951).

Before mowing for the green mass, the plants were counted according to productivity
elements (Table 3). For this, 30 plants were selected from each plot.

Table 3 - The structure of the yield of green mass of Sudanese grass at different seeding rates,
2016-2018

Stem . Size of the largest sheet,
Seed fraction heizlhatntzm diameter, Quantity, pes. cm
’ cm shoots ] leaves length width

2.0 million pieces per hectare
Control St 150,0 0,75 6,2 6,2 45,6 3,1
Il fraction 161,9 0,90 6,5 6,7 47,6 2,7
Il fraction 165,5 0,82 6,5 7,0 58,4 2,9
IV fraction 138,4 0,65 7,0 5,3 43,1 2,7

2.5 million pieces per hectare
Control St 148,8 0,39 6,0 5,9 49,4 2,5
Il fraction 169,2 0,50 59 6,1 54,6 2,3
Il fraction 164,5 0,48 5,8 6,8 52,9 2,6
IV fraction 132,5 0,35 6,7 5,2 42,0 2,5
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It was established that the highest height was observed in plants grown from the seeds of the
third fraction of 165.5 cm with a seeding rate of 2.0 million units / ha™*, and 164.5 cm with a
seeding rate of 2.5 million units / ha™. The remaining biometric indicators did not have
significant differences depending on the density of standing plants.

The quality of the feed of Sudanese grass largely depends on the diameter of the stem and its
foliage. As a rule, the thicker the plant stem, is the rougher the obtained green fodder and hay
is.

It was established that the stem diameter depended on both the seeding rate and the size of the
seeds. Plants with a reduced seeding rate formed a thicker stem. A direct dependence of the
stem diameter on the size of the seeds was observed: the larger the seeds were, the larger the
stem diameter was in plants. The thinnest stems were in the control variant and in plants
grown from seeds of 4™ fraction, and in terms of the number, size of leaves and bushiness,
plants grown from seeds of the third fraction were the best. The plants grown from the seeds
of the fourth fraction and 2.5 million pieces per hectare, formed stems with a diameter of 0.35
cm. Such tender food is well eaten by animals.

The yield of green mass at a seeding rate of 2.5 million units / ha™ was higher in all variants
(Table 4).

Table 4 - Green mass yield of Sudanese grass, 2016-2018

Green mass yield, kg / ha
Seed fraction Option seeding rate .
— — increase
2.0 million pcs. 2, 5 million pcs.
Control St St 278 308 30
Il fraction 1 295 329 34
111 fraction 2 325 340 15
IV fraction 3 226 252 27

The highest level of yield of green mass was noted in the second variant, where in the total for
two cuttings the yield was 325 centners per hectare with a seeding rate of 2.0 million pcs / ha,
340 with a seeding rate of 2.5 million pcs / ha, which is 47 and 32 centners per hectare higher
than in the control, respectively.

Small seeds (option 3) showed low yield properties, where the yield of green mass was only
226 centners per hectare with a seeding rate of 2.0 million pcs / ha, and 252 centners per
hectare with a seeding rate of 2.5 million pcs / ha.

The largest increase in yield, depending on the increase in the seeding rate, was noted in
variant 1, and amounted to 34 centners per hectare. Such an increase in the yield of green
mass may be related to the fact that the seeds of the second fraction have low germination
rate, and an increase in the seeding rate has a significant impact on the yield of green mass.

Conclusion

1. The best indicators of sowing qualities of seeds: 82.5% - germination energy, 92.2% -
laboratory germination, 83% - field germination were marked on the option 2 (average size is
fractions 3).

2. According to the number of days from sowing until the onset of the development phases, in
variants 1 and 2, where the seeds are larger, it was observed that the period of seedlings-the
beginning of flowering was for 4 days shorter.

3. The dependence of the yield of green mass of Sudanese grass on the seed fraction and
seeding rate was revealed. The highest yield of green mass was obtained with a standing
density of 2.5 million pcs / ha on the variant with seeds of the third fraction (340 centners per
hectare), which is 32 centners per hectare more than the control. According to the biometric
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parameters of the plants, a significant difference was noted in the stem diameter (with an
increased seeding rate in all variants, the stem diameter was 0.5 cm thinner on average).

Thus, according to the results of the research, it was established that in the conditions of the
Central Black Earth region, seeds of Sudan grass of variety Voronezh 24 should be divided
into an aerodynamic separator, and sown with the seeds of the second and third fraction. With
a seeding rate of 2.5 million pcs / ha, 330-340 centners per hectare of green mass can be
produced.
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Abstract

Marker assisted selection (MAS) significantly increases efficiency of conventional breeding.
Molecular markers are utilized as selection markers for target genes (foreground selection)
and also for identification of the genotypes (progenies) with the highest proportion of
recurrent parent’s genome (background selection). Maize Research Institute "Zemun Polje"
has a breeding program with the aim to create lines with incorporated incompatibility
dominant gene Gametophytic Factor 1-S (Gal-S), using the integrated conventional and
molecular breeding approach. Gal-S is the most described gene belonging to the group of
genes specific to the pollen development, germination and pollen tube growth. The Gal-S
system is the most commonly used to prevent the pollination of sweetcorn, popcorn and white
kerneld hybrids by standard maize. The objectives of this study were identification of gene-
specific molecular marker for foreground selection, as well as the set of SSR markers
polymorphic between parental lines to be used in background selection. Genetic variability
between two donor and three recurrent parental inbred lines was analyzed with 42 SSRs
distributed over the maize genom. Total number of alleles detected with 30 informative
markers was 83, average being 2.77. The genetic similarity values calculated on Dice
coefficient ranged from 0.47 to 0.71. Among 12 gene-specific markers tested on parental
lines, two showed distinct polymorphism for Gal-S. These markers will be used as
foreground selection markers for the incorporation of Gal-S into our inbred lines which will
be used for the creation of white kernel hybrids.

Keywords: Gametophytic Factor 1-S, Maize, Molecular markers, Foreground selection,
Background selection.

Introduction

The inability of certain maize genotypes to successfully pollinate other genotypes is attributed
to genes known as gametophyte factors (ga). Gametophyte factors regulate the success of
pollen-pistil interactions and affect the success of fertilization by causing the aberrant
Mendellian genetic ratios in certain crosses (Nelson, 1994). These genes have two functions
associated with them: a female function that produces a barrier to non-self-type pollen and a
male function that enables self-type pollen to overcome that barrier (Lu et al., 2014). When
present in pistil, they discriminate against or completely exclude pollen lacking the same
allele (Nelson, 1994).

The Gal was the first characterized gametophyte factor (Mangelsdorf and Jones, 1926) and
has been intensively studied. It was mapped to the short arm of chromosome 4 in maize
(Bloom and Holland, 2011; Lausser et al., 2010; Liu et al., 2014; Zhang et al., 2012). Gal-s is
considered the “strong” variant of Gal. In the Gal-s barrier, pollen tubes do not grow straight
and demonstrate heavy accumulation of clustered callose plug deposits (Lu et al., 2014). The
homozygous Gal-S/Gal-S genotype confers complete nonreciprocal cross-incompatibility (or
unilateral cross-incompatibility) with gal pollen (Kermicle and Evans, 2010; Zhang et al.,
2012).
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Various strategies (e.g. physical barriers, temporal and spatial isolation) have been taken to
reduce and avoid cross-fertilization among adjacent maize fields. Specialty types maize, such
as sweet and waxy maize, popcorn, as well as the white kernel maize, are required to be free
from foreign pollen due to the xenia effect. Seed production and non-GM maize fields require
foreign- and GM-free pollen to maintain high hybrid purity and avoid contamination. The
Gal-S might be used as a biological reproductive barrier for the containment of gene flows
between different types of maize (Liu et al., 2014).

The incorporation of Gal-S from popcorn to non-crossable maize elite lines has been
performed using marker assisted selection (MAS) that greatly improve the efficiency and
reliability of the backcrossing process by eliminating difficulty of phenotyping of the
segregating population (Zhang et al., 2012). Also, Gal-S was introgressed by MAS into
parental lines of an elite white waxy maize hybrid by six generations of backcrossing and one
generation of selfing (Liu et al., 2014). Maize Research Institute "Zemun Polje" (MRI) has a
breeding program aimed at incorporation of the incompatibility gene Gal-S into parental
components of the hybrids with specific traits (white kernel). The main objectives of the
research presented herein were to identify: 1) the SSR marker specific to the Gal-S gene that
will be used in foreground selection and 2) the set of SSR markers polymorphic between
parental lines that will be used in background selection.

Material and Methods
Plant material
Two inbred lines (provided by the gene bank in Illinois, USA) were used as the donor parents
(D1 and D») of the favourable allele of the Gal-S gene. Three MRI commercial inbred lines
adapted to the local environmental conditions in Serbia were used as the recurrent parents (R,
R, and R3). These lines are components of the white kernel MRI hybrids.

DNA extraction
Total DNA was isolated from the kernel bulk according to Doyle and Doyle (1987). Bulks
were prepared by pooling an equal amount of flour obtained by grounding 10 kernels per
sample. The DNA was quantified using biospectrometer BioSpetrometer kinetic (Eppendorf,
Germany) and diluted to a working concentration of 20 ng/uL.

Identification of molecular markers for foreground selection

Twelve gene-specific primers were chosen according to Liu et al., (2014) and Zhang et al.,
(2012). Polymerase chain reaction was carried out in 25 pL reaction volume containing:
I1xDreamTaq Green Buffer (Thermo Scientific, USA), 100 uM dNTP (Thermo Scientific,
USA), 0.5 uM of each primer, 1U DreamTaq DNA Polymerase (Thermo Scientific, USA) and
20 ng DNA template. Amplifications were performed in thermocycler Biometra TProfessional
Standard 96 (Biometra, Germany) with the following program: an initial denaturation at
95°C/5min, followed by 35 cycles each of denaturation at 95°C/1min, annealing at 55°C/30s
and extension at 72°C/1min with final elongation at 72°C for 10 min. The amplified fragments
were separated by electrophoresis on 8% polyacrylamide gel in 1XTBE buffer. Gels were run
on small format vertical gel system (Mini Protean Tetra-Cell, BioRad, USA), at 80 V for 1.5
h. After staining with ethidium bromide, they were visualized under UV transilluminator and
documented in gel documentation system BioDocAnalyze (Biometra, Germany). Allele
designations were made and approximate size range for the amplification products for each
SSR locus was determined based on the positions of the bands comparing to the 100 bp
molecular weight ladder (Thermo Scientific, USA).
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Identification of molecular markers for background selection

Simple sequence repeat (SSR) analysis was done with 42 primer pairs spanning over the
whole genome, selected from the maize database (www.maizegdb.org). Polymerase chain
reaction (PCR) was carried out in 25 pL reaction volume containing: 1xDreamTaq Green
Buffer (Thermo Scientific, USA), 200 uM dNTP (Thermo Scientific, USA), 0.5 uM of each
primer, 1U DreamTaq DNA Polymerase (Thermo Scientific, USA) and 20 ng DNA template.
The following touch-down program in the thermocycler Biometra TProfessional Standard 96
(Biometra, Germany) was performed: an initial denaturation at 95°C/5min, followed by 15
cycles each of denaturation at 95°C/30 s, annealing at 63.5°C/1min (-0.5°C/cycle) and
extension at 72°C/1min; another 22 cycles of 95°C/30 s, 56°C/1min and 72°C/1min with final
elongation at 72°C for four min. The PCR products were separated by electrophoresis on 8%
polyacrylamide gel, with 20 bp molecular weight ladder (Thermo Scientific, USA) as a
marker. After staining with ethidium bromide, they were photographed under UV light using
BioDocAnalyze gel documentation system (Biometra, Germany). SSR profiles were
converted into a binary matrix based on the presence (1) or the absence (0) of a specific allele.
Genetic similarity (GS) was calculated in accordance with Dice (1945): GS;j = 2a/2a+b+c;
where: a is the number of fragments present in both variety i and j (1,1), b is the number of
fragments present in i and absent in j (1,0), ¢ is the number of fragments absent in i and
present in j (0,1). Marker data analyses were performed using statistical NTSY Spc2 program
package (Rohlf, 2000).

Results and Discussion

The main advantages of the marker assisted selection for simply inherited traits are direct
selection of target gene with specific SSR markers (foreground selection) and fast recovery of
recurrent parent's genome (background selection). Properties such as high polymorphism, co-
dominant inheritance, random and frequent distribution throughout the genome, simple
detection at any stage of plant development, independence of environmental conditions, high
reproducibility, as well as cost-effectiveness, characterize SSR markers suitable for wide
implementation into modern grain breeding programs (Semagn et al., 2006).

In our research, 12 gene-specific markers were tested on parental lines. Ten markers failed to
give scorable bands due to absence of amplification product or poor amplification, while two
markers showed distinct polymorphism for Gal-S (Tablel). The PR1 amplified ~410 bp
fragment in donor parents (DPs) and ~390 bp fragment in recurrent parents (RPs). The PR2
amplified ~550 bp fragment in DPs and ~450 bp fragment in RPs. Amplification with these
gene-specific SSR markers is given in Figure 1. These markers will be used as foreground
selection markers for the incorporation of Gal-S into our inbred lines which will be used for
the creation of white kernel hybrids.

Table 1. Primers identified for foreground selection for the Ga-1 gene

Primer Reference Sequence
PR1F ID2 Fin Liu et al., (2014) 5'-CAAATTGAGCCCATTACC-3’
PR1R ID2 R in Liu et al., (2014) 5'-TTCATTCTATTGCGGGTC-3'

PR2F SD9FinZhangetal., (2012) 5-GAGAGCTACGCACGACTTAT-3'
PR2R SD9RinZhangetal., (2012) 5-CAAGACTTGCACAATCGAGG-3'
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Figure 1. Parental polimorphism with the Ga-1-specific markers. M: 100 bp DNA ladder, 1-2:
donor parents D; and D», 3-5: recurrent parents R, R, and Rs.

Genetic variability between two donor and three recurrent parental inbred lines was analyzed
with 42 SSRs distributed over the maize genom. Total number of alleles detected with 30
informative markers was 83, average being 2.77, which is similar to those previously reported
in maize inbreds (Bante and Prasanna, 2003; Legesse et al., 2007; Kostadinovic et al., 2018).
These SSR markers that showed polymorphism between parental lines will be employed for
identification of the genotypes with the highest proportion of recurrent parent’s genome in
BC, generation. The genetic similarity values calculated on Dice coefficient ranged from 0.47
to 0.71 (Table 2). These results can be useful for identifying the most appropriate parental
lines to be crossed, i.e. predicting the yields of crosses between lines (Ribaut and Hoisington,
1998).

Table 2. The pairwise genetic similarity values calculated on Dice coefficient between donor
(D; and D) and recurrent parent lines (R1, R; and Ry).

D, D,
R 0.52 0.47
R2 0.56 0.49
R3 0.71 0.56

As concluded by Zhang et al., (2012), the introduction of Gal-S performed by backcrossing
without markers is laborious, lengthy and inefficient because of the difficulty of phenotyping
of the segregating population. Since 50% individuals of the backcrossing population do not
contain Gal-S allele, the tightly linked markers can greatly improve the efficiency and
reliability of the backcrossing process by eliminating those without Gal-S allele prior to
pollination, reducing the size of the breeding population and saving both time and money.
Also, background selection accelerates recovery of the recurrent parent’s genome. According
to Hospital et al. (1992), two generations can be saved by conducting marker assisted
background selection.

Conclusions
Among 12 gene-specific SSR markers tested on parental lines, two markers showed distinct
polymorphism for Gal-S. These markers will be used as foreground selection markers for the
incorporation of Gal-S gene. Also, the set of 30 SSR markers polymorphic between parental
lines is chosen for the background selection. The identification of these markers represents the
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first step towards the incorporation of the incompatibility gene Gal-S into parental
components of the white kernel hybrids.

Acknowledgement
This research was supported by the Ministry of Education, Science and Technological
Development of Republic of Serbia, through the project TR31068 Improvement of maize and
soybean characteristics by molecular and conventional breeding.

References

Bantte, K., Prasanna B.M. (2003). Simple sequence repeat polymorphism in quality protein
maize (QPM) lines. Euphytica, 129: 337-344.

Bloom J.C., Holland J.B. (2011). Genomic localization of the maize cross-incompatibility
gene, Gametophyte factor 1 (gal), Maydica, 56: 379-387.

Dice L.R. (1945): Measures of the amount of ecologic association between species. Ecology,
26: 297-302.

Doyle J.J., Doyle J.L. (1987). A rapid DNA isolation procedure for small quantities of fresh
leaf tissue. Phytochem Bull, 19: 11-15.

Hospital F., Chevalet C., Mulsant P. (1992). Using markers in gene introgression breeding
programs. Genetics, 132: 1199-1210.

Kermicle, J.L., Evans M.M.S. (2010). The Zea mays sexual compatibility gene ga2: Naturally
occurring alleles, their distribution, and role in reproductive isolation. J. Hered. 101: 737-749.

Kostadinovic M., Ignjatovic-Micic D., Vancetovic J., Ristic D., Obradovic A., Stevanovic M.,
Mladenovic drinic S. (2018). Parental polymorphism analysis in marker assisted selection for f3-
carotene rich maize. Proceedings of the IX International Agricultural Symposium “Agrosym
20187, Jahorina, Bosnia and Herzegovina, October 4-7, 333-338.

Lausser A., Kliwer I., Srilunchang K.O., Dresselhaus T. (2010). Sporophytic control of pollen
tube growth and guidance in maize. Journal of Experimental Botany 61(3): 673-682.

Legesse, B.W., Myburg A.A., Pixley K.V., Botha A.M. (2007). Genetic diversity of African
inbred lines revealed by SSR markers. Hereditas, 144: 10-17.

Liu X., Sun H., Wu P., Tian Y., Cui D., Xu C. et al., (2014). Fine Mapping of the Maize
Cross-Incompatibility Locus Gametophytic Factor 1 (gal) Using a Homogeneous
Population. Crop Science, 54: 1-9.

Lu Y., Kermicle J.L., Evans M.M.S. (2014). Genetic and cellular analysis of cross-
incompatibility in Zea mays. Plant Reproduction 27: 19-29.

Mangelsdorf P.C., Jones D.F. (1926). The expression of Mendelian factors in the
gametophyte of maize. Genetics, 11: 423-455.

Nelson O.E. (1994). The gametophyte factors of maize. In: Freeling M, Walbot V, editors The
maize handbook. Springer-Verlag, Berlin. p. 496-503.

Ribaut J.M., Hoisington D.A. (1998). Marker assisted selection: new tools and strategies.
Trends Plant Sci, 3: 236-2309.

Rohlf F.J. (2000). NTSYS-pc Numerical Taxonomy and Multivariate Analysis System
version 2.1. Owner’s manual.

Semagn K., Bjornstad A., Ndjiondjop M. (2006). An overview of molecular marker methods
for plants. African Journal of Biotechnology, 5 (25): 2540-2568.

Zhang H., Liu X., Zhang Y., Jiang C., Cui D., Liu H., Li D., Wang L., Chen T., Ning L., Ma
X., Chen H., (2012). Genetic analysis and fine mapping of the Gal-S gene region
conferring cross-incompatibility in maize. Theoretical and Applied Genetics, 124: 459-
465.

95



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

EFFECT OF CULTIVAR ON THE YIELD AND ANTIOXIDANT ACTIVITY OF
OKRA (Abelmoschus esculentus L. Moench) GROWN IN SLOVAK REPUBLIC

Miroslav SLOSAR®", Ondrej HEGEDUS?, Ivana MEZEYOVA?!, Alzbeta HEGEDUSOVA?,
Jan FARKAS?

!Department of VVegetable Production, Faculty of Horticulture and Landscape Engineering, Slovak University of
Agriculture in Nitra, Slovak Republic
2 Department of Management, Faculty of Economics, Janos Selye University in Komarno, Slovak Republic
*Corresponding author: miroslav.slosar@uniag.sk

Abstract

The okra (Abelmoschus esculentus L. Moench.) is less-known vegetable species in Slovak
Republic. The goal of experiment was to evaluate the yield potential and antioxidant activity
of okra grown in conditions of Slovak Republic. The field experiment was established at the
Slovak University of Agriculture in Nitra in 2018. Within experiment, seven okra cultivars
with different fruit color were tested (Cajun Delight F1, Clemson Spineless, Burgundy,
Blondy, Baby Bubba, Jing Orange, Pure Luck F1). Okra seedlings (18 of each cultivar) were
planting in spacing 0.60 x 0.40 m on 23" May 2018. The harvest of okra fruits was realized
according to fruit production from 3 July 2018 to 27" August 2018. The antioxidant activity
was measured in fresh pulp and seeds of okra fruits by method of DPPH. The yield of okra
fruits per plant were ranged from 293.2 (Burgundy) to 470.7 g (Clemson Spineless). The
average weight of okra fruits was varied from 25.6 (Cajun Delight F1) to 36.1 g (Jing
Orange). The okra yield per hectare, counted according to yield per plant, was ranged from
12.22 (Burgundy) to 19.61 t.ha™ (Clemson Spineless). The antioxidant activity of okra fruit
pulp was ranged from 77.9 (Clemson Spineless) to 84.2 %DPPH (Baby Bubba). The
antioxidant activity of okra seeds was only slightly varied, concretely from 98.3 (Cajun
Delight F1) to 99.0 %DPPH (Pure Luck F1). Obtained results indicate that okra can be
considered as a crop with good yield potential in the Slovak Republic. The important factor,
influencing on the yield and quality of okra, is its cultivar.

Keywords: Okra, Cultivar, Yield, Antioxidant activity

Introduction

Okra (Abelmoschus esculentus (L.) Moench., syn. Hibiscus esculentus L.) belongs to the
Malvaceae family (George, 2011). The exact origin of okra is unknown, but it is thought to
have come from Africa, where it has been grown as a crop for centuries. Some evidence
suggests it was grown in Egypt as long ago as 2,000 BC (Chanchal et al., 2018). Okra is
known and marked by various names in the world (Singh et al., 2014), e. g. lady's fingers
(English speaking countries), bhindi (India), krajiab kheaw (Thailand), ochro, okoro,
quingumbo, kacang bendi (South East Asia), bamya (Middle East), quiabo (Angola),
guimbombo (Cuba), gombo, gumbo (France), mbamia, mbinda (Sweden), okura (Japan) or
giu kui (Taiwan). According to the database of Faostat (2019), average world production of
okra in period 2008-2017 was 8.682 mil. tonnes. The highest share of okra was produced in
Asia (69.18%) and Afrika (30.06%); Europe production of okra was presented only by 0.1%
share from total world production. The highest okra producers are India, Nigeria, Sudan,
Pakistan or Ivory Coast.

Okra is an annual or perennial, dicotyledonous plant related to species such as cotton, cocoa
and Hibiscus (Jain et al., 2012). According to Singh et al. (2014), okra plays an important role
in the human diet - it is a food source of protein, carbohydrates, vitamins, calcium, potassium
and enzymes which are often lacking in the diet, mainly in developing countries. Its medicinal
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value was reported in curing of ulcers and relief from haemorrhoids. Okra has found
medicinal application as a plasma replacement or blood volume expander and it is also useful
in genito-urinary disorders, spermatorrhoea and chronic dysentery.

Okra is a multi-purpose crop due to its various use of fresh leaves, buds, flowers, pods, stems
and seeds. Young, immature fruits can be used in salads or soups. Fruits offer a mucilaginous
consistency after cooking (Gemede et al., 2015). Okra mucilage has the potential for use as
food, non-food products and medicine (Haruna et al., 2016). It is used to modify the food
quality in terms of food stability, texture, and appearance properties by acting as an
emulsifier, thickener, gelling agent, or texture modifier (Noorlaila et al., 2015). Okra
mucilage also contributes to improved functionality, especially water-binding, emulsifying,
and foaming properties of food products (Jideani and Bello, 2009). Okra seeds may be roasted
and ground to form a caffeine-free substitute for coffee (Calisir et al., 2005). Okra leaves can
be harvested and used as a cooked green vegetable (George, 2011). The okra plant consists of
stalk fibre and bast fibre and it can be an effective alternative for paper production (Jahan et
al., 2012).

The goal of experiment was to evaluate the yield potential and antioxidant activity of okra
grown in conditions of Slovak Republic. This study was supported by the grant VEGA
1/0087/17.

Material and Methods

The field experiment was established at the Slovak University of Agriculture in Nitra in 2018.
The climate of experimental area is characterized by warm and dry summer and slightly
warm, dry or very dry winter. According to the climatic normal 1951 - 2000 for Nitra, annual
mean temperature is 9.9 °C and mean rainfall total is 548 mm (Slosér et al., 2016). Within
vegetation period (May - August), the average air temperature was 18.1 °C and the rainfall
total was only 89 mm. Individual experimental month were evaluated as hot-very hot and dry-
extremely dry.

Within experiment, seven okra cultivars with green (Baby Bubba; Cajun Delight F1, Clemson
Spineless; Pure Luck F1), red (Burgundy; Jing Orange) and creamy (Blondy) fruit colour
were tested. Okra seedlings were planting in spacing 0.60 x 0.40 m on 23" May 2018. The
variant of each okra cultivar was divided to three plots with 6 plants, thus, 18 plants of all
okra cultivars were planted. Within fertilization strategy, nitrogen was only applied because
phosphorus and potassium content in soil before experiment establishment was evaluated as
sufficient for okra production (Table 1).

Table 1 Agrochemical soil characteristics before experiment establishment in 2018
Nutrient content (mg.kg™ of soil)

Nmin. P K Ca Mg S
7.04 N 329G 6.4L | 1405H | 368.0H | 6350.0H | 763.4VH | 26.3 M
Note: Npin - N mineral (N inorganic); N - neutral; G - good; L - low; M - medium; H - high;
VH - very high.

PHkc Humus (%)

The harvest of immature okra fruits was realised according to fruit production from 3 July
2018 to 27" August 2018 (12 dates). The yield of okra fruits per hectare was (t.ha™) was
calculated according to the yield of okra fruits per one plant. Within calculation, density of
41667 plants per hectare was used. The plant density was calculated according to the plant
spacing (0.6 x 0.4 m) used in this experiment.

The antioxidant activity of okra was determined in fruits harvested on the 10" August 2018.
After harvest, seeds were divided from okra fruits. The antioxidant activity was separately
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measured in fresh pulp and seeds of okra fruits by method of DPPH (Hegediisova et al.,
2018).
The statistical analysis of obtained results was performed by using of the Statgraphic
Centurion XVII (StatPoint, USA). Results were evaluated by analysis of variance (ANOVA)
and average values were tested by LSD test performed at the significance level of 95% (p
<0.05).

Results and Discussion

Yield per plant

Most of differences in the yield of fruit per plant among tested okra cultivars were evaluated
as statistically significant (table 2). The yield of okra fruits per plant was ranged from 293.2
(Burgundy) to 470.7 g (Clemson Spineless). Similar values of okra yield per plant (320.0 -
433.3 g) were showed in the field experiment in Bangladesh (Saha et al., 2016a). Saifullah
and Rabbani (2009) realised the extensive study focused on the effect of genotype to the yield
of okra fruit per plant in Bangladesh. Values of okra yield per plant in 121 genotypes were
ranged from 92.16 to 641.42 g. Singla et al. (2018) also presented significant variability of
okra yield per plant (299.1 - 496.7 g), dependent on cultivar, in the field experiment realised
in India. Results of our experiment are in the range found by mentioned authors.

Table 2 Yield parameters and antioxidant activity of okra

Cultivar Yield/plant (g £SD) | Average weight (g £SD) | Yield (t.ha™ +SD)
Baby Bubba 396.2 +8.8° 29.6 +0.7° 16.51 £0.37°
Blondy 467.7 +7.8° 32.0 +0.5° 19.49 +0.33°
Burgundy 293.2 £7.7° 32.9 +0.9% 12.22 £0.32°
Cajun Delight F1 307.6 +8.4° 25.6 +0.7° 12.82 £0.35"
Clemson Spineless 470.7 +£9.2° 33.4+0.7° 19.61 +£0.38°
Jing Orange 462.6 £5.4° 36.1 £0.4' 19.28 £0.22°
Pure Luck F1 398.3 +8.2° 27.3 +£0.6° 16.60 +£0.34°

Note: SD - standard deviation; Note: Values with different letters among rows are
significantly different at p <0.05 by LSD in ANOVA.

Average weight of fruits

The statistical analysis of obtained results showed statistically significant differences of
average fruit weight among tested okra cultivars (table 2). The average weight of okra fruits
was ranged from 25.6 (Cajun Delight F1) to 36.1 g (Jing Orange). Saha et al. (2016b) found
weight of okra fruits in the range from 19.0 to 24.4 g in Bangladesh. Within another study in
Bangladesh (Saifullah and Rabbani, 2009), the weight of fruits was also influenced by okra
cultivar (15.3 - 26.2 g). Singh et al. (2018) examined the effect of cultivar on the okra fruit
weigh in India. Authors found variability of its values from 11.68 to 14.09 g. In mentioned
studies, values of fruit weight were lower in comparison with results found in our experiment.
In US Virgin Islands, Nandwani (2012) found comparable weight of okra fruits in cultivar
'Clemson Spineless' (32.6 g) to our experiment.

Yield per hectare

The statistically significant differences of yield per hectare among tested okra cultivars were
found. The yield per hectare was ranged from 12.22 (Burgundy) to 19.61 t.ha™ (Clemson
Spineless). According to Chanchal et al. (2018), value of 10 t.ha™ can be considered as a good
yield and yield over 40 t.ha™ can be reached only under optimal conditions. According to
Faostat database (2019), average yield of okra in the world during 2008-2017 was 4.81 t.ha™.
It is significantly lower value compared to results of our experiment with okra.
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In Bangladesh experiment, Saifullah and Rabbani (2009) compared the yield of okra fruits in
121 cultivars and its values were ranged from 2.76 to 19.24 t.ha™. The yield of okra fruits,
reached in our experiment, was varied in the range presented by authors. Similarly, the
significant variability of okra yield, dependent on its cultivar, was also presented by Singh et
al. (2018) in India (8.18 - 13.67 t.ha™). On the contrary, Saha et al. (2016a) found lower yield
of okra fruits per hectare (9.28 - 12.56 t.ha™) in Bangladesh. Abubaker et al. (2012) tested the
effect of plant density on the yield of okra fruits in Jordan. In 'Clemson Spineless' okra
cultivar and comparable plant density (40000 per hectare), the significantly lower yield (2.57
t.ha™) was found compared to the same okra variety tested in our experiment.

Antioxidant activity (AOA)

The statistical analyses of AOA values in pulp or whole fruit were showed among tested okra
cultivars. The AOA of okra pulp was ranged from 77.9 (Clemson Spineless) to 84.2 %DPPH
(Baby Bubba). The average AOA value of whole fruit (pulp+seeds) was ranged from 88.0
(Cajun Delight F1) to 91.6 %DPPH (Baby Bubba). Differences of AOA in okra seeds among
tested cultivars were evaluated as a statistically non-significant.

Ahiakpa et al. (2013) analysed AOA in whole fruits of 25 okra cultivars in Ghana and its
values were ranged from 16.74 to 55.97 %. In okra cultivar 'Clemson Spineless', AOA of
fruits was 45.27 %. All okra cultivars were showed by lower AOA compared to cultivars
tested in our experiment. Petropoulos et al. (2018) determined the AOA of fruits in eight okra
cultivars by method of DPPH and results were expressed in EC50 values (sample
concentration providing 50% of AOA or 0.5 of absorbance in the reducing power assay).
Authors found significant variability of AOA in dependency on the okra cultivar. The AOA
was ranged in the interval 0.66 - 1.27 (small fruits) or 0.70 - 1.18 mg.ml™ (large fruits).
Differences between the lowest and highest AOA were presented by 92.4 % or 68.6 %.

The antioxidant activity of okra seeds was only slightly varied, concretely from 98.3 (Cajun
Delight F1) to 99.0 %DPPH (Pure Luck F1). Graham et al. (2017) found significantly lower
AOA of seeds in six okra cultivars (36.9 - 60.4 %) in comparison with cultivars tested in our
experiment.

Table 3 Antioxidant activity of okra

Cultivar Antioxidant activity of okra (%DPPH +SD)
pulp seeds fruit
Baby Bubba 84.2 +0.7° 98.9 £0.4° 91.6 +0.4°
Blondy 80.4 £0.6" 98.4 +0.4° 89.4 +0.2°
Burgundy 80.6 +0.7" 98.7 +0.5° 89.7 £0.5"
Cajun Delight F1 79.3 £1.2%° 98.3 +0.4° 88.0 £0.7%
Clemson Spineless 77.9 £1.2° 98.9 +0.5° 88.4 £0.7°
Jing Orange 83.0 +0.6° 98.7 +£0.5° 90.9 +0.3°
Pure Luck F1 83.2 +0.7° 99.0 +£0.4° 91.1 +0.6°

Note: SD - standard deviation; Note: Values with different letters among rows are
significantly different at p <0.05 by LSD in ANOVA.

Conclusions
The okra is less-known vegetable species in Slovak Republic, or Middle Europe generally.
The goal of experiment was to evaluate the yield potential and antioxidant activity of okra
grown in conditions of Slovak Republic. Results of this study indicate that okra has a
promising yield potential in Slovak Republic, despite of its tropic origin. The okra cultivar
'Clemson Spineless' was expressed by the highest yield of okra fruits per plant or hectare.
Generally, all tested okra cultivars were showed by yield quantity comparable to studies
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realized in countries where its cultivation has a long-term tradition. The okra fruits and seeds
were also showed by high antioxidant activity which was significantly influenced by tested
cultivar.
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Abstract

The main goal of sowing the narrow-row crops is to make the seed distribution even more
uniform in the vegetation space. Specifies of sowing the narrow-row crops in interaction with
the effects of sowing aggregate operations significantly influence the profitability of
production, bearing in mind the fact that failures in the sowing process cannot later be
corrected. The paper presents the results of testing the quality of work of various sowing
aggregates on two tillage systems during sowing of narrow-row crops. The tests were carried
out in the vicinity of Knjazevac, and the quality of sowing aggregates effects included the
determination of the longitudinal, transverse and seed distribution along the depth of the seed
bed in the sowing of winter wheat of the Sosthena variety on the reduced tillage of the
Amazone D9 4000 Super sowing machine, and on the conventional tillage of the seedling
machine OLT Gama 18. The obtained results showed that the planting aggregate Amazone
D9 4000 Super performed better and achieved a more even seed arrangement. The highest
content of grain in the transverse distribution of 67% was grouped at a group distance of
120.1 - 140 mm, while the longitudinal seed content of over 64% was in the group distance of
40.1-60 mm. The second tested aggregate obtained the uneven distribution of seeds, bearing
in mind that in the group distribution 120.1 - 140 mm there were 45% of the grains, while in
longitudinal 55% of the grains were within the group distance of 40.1 - 60 mm. Distribution
of seed at depth with both sowing aggregates was moderately satisfactory.

Keywords: Sowing aggregate, Quality, Seed, Distribution, Wheat.

Introduction
Wheat production can be carried out by using conventional and conservational tillage, as a
substitute for classical tillage due to numerous advantages, especially in sowing the winter
crops (Kovacevic et al., 2005; Rusu et al., 2011; 2013). The basic goal of wheat sowing is the
balanced seeding to optimal depth and even distribution in vegetation, which is not
satisfactorily obtained with the existing solutions of universal wheat sowing machines and
tillage systems (Sumanovac et al., 2005). Successful sowing in precise agriculture is difficult
to achieve without the use of appropriate sowing aggregates, and knowing their performances
(Auernhammer, 2004; Wiesenhoff and Koller, 2004). The performance of aggregates for
sowing is significantly influenced by crop remains (Doan et al., 2005). Conventional tillage
does not provide a good soil structure, so the quality of sowing is inadequate. Distribution of
wheat seeds at the soil surface in different tillage systems and direct sowing was not
satisfactory, while the distribution results were satisfactory in depth (Sumanovac et al., 2006).
At the planned depth by wheat sowing machine "Vederstad Rapid 400S Super XL", 75% of
the plants were analysed, and 15% at depths bigger or smaller than 1 cm from the set depth,
while the seeders "Lemken Solitaire 9" and "Amazone RP AD 403" set depth of seeding
achieved in 85% of analyzed plants (Mehandzi¢ et al., 2006). Choosing the wrong tillage
system and seeding aggregate adversely affects moisture conservation, yield and production
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costs (Boydas et al., 2007; Farkas et al., 2009; Sarauskis, 2009). The assessment of the quality
of the work of the seeders is being reflected in the fulfillment of the requirements related to
the achievement of the desired sowing norm and the uniform distance of seeds in a row
(Markovi¢ et al., 2009). Seed drills are equipped with sowing devices for every row or central
sowing device that distributes seed to all drill's depositors. In comparison with individual
metering, the central metering apparatus has higher values of non-uniformity coefficient over
seed depositors and higher values of variation coefficient (i.e. more expressed non-
uniformity) of longitudinal and transverse seed distribution over the plot (Malinovi¢ et al.,
2001; 2003; Bara¢ et al., 2015). The research was carried out in order to determine the effects
of labor and qualitative indicators of the work of various sowing aggregates in the reduced
tillage and winter wheat sowing under the test conditions.

Material and Methods

In the conditions of production in the vicinity of Knjazevac 43°35'30.2"N 22°12'56.0"E
during 2017/18 we examined sowing aggregates for reduced tillage and seeding the winter
wheat of the Sosthena variety. The tests included an assessment of the quality of the work of
two types of seeding aggregates: Amazone D9 4000 S with RoTeC-Control applicators (Type
A) in the variant of reduced tillage and sowing and seeding aggregate OLT Gama 18 (Type B)
in the variant of conventional tillage and sowing. Seedlings were distinguished by the
construction of the seeding device, the installed seed applicators as well as by the additional
equipment for the soil preparation for winter wheat seeding. The Type A seeder was equipped
with a seeding device for single seeding, combined with multiple working devices groups of 4
m the working width. The first working organ is a rotary harrow with the pins, the next
working is a steel-toothed roller, and behind the bladed barriers for seeds covering, and its end
with pressing wheels. The Type B seeder was a standard seed drill with a central seeding
device for seeding and standard discs. The seeders were aggregated with tractors of an
appropriate power of 147 kW, or 46.5 kW. In both tillage varieties, the pre-culture was corn.
In the conventional tillage variant, plowing was done with ram plows, then harrowing and
pre-sowing preparation, after which seedlings with OLT Gama 18 were done. In the variant of
reduction tillage, the plate was made at an angle of 10° in relation to the direction of the pre-
culture lines, and then the preparation of the soil and sowing was done with the Amazone D9
4000 S. Seed quantity was 220 kg ha ™, the planned distance in the row was 5 cm, and sowing
depth 3-5 cm, and inter-row distance 12 cm. The analysis of the effects of the seedlings was
done after the wheat crop, and it was introducing and including the assessment of the
longitudinal, transversal as well as the seed distribution by depth. The longitudinal seeds
arrangement was determined when the plants had 2-3 leaves, by counting the plants in every
second row at 3 m in length, while the transversal distribution of wheat seeds was determined
by measuring the spacing between the rows on the working width of the seeders. The depth of
sowing was determined by picking up the plants and measuring the etiolated part of the plants
up to the transition to dark green color. Taking into account the slipping of the soil, and all the
values were read in 5 repetitions. The obtained results were processed using the Microsoft
Office Excel 2007 package.

Results and Discussion
Figure 1, 2 and 3 show the results of the longitudinal and transversal distribution as well as
the one by the depth of winter wheat seeding of the Sosthena variety according to the treated
variants of reduced and conventional tillage (Type A and Type B).
The obtained results show that the Amazone D9 4000 S sowing aggregate has a higher
operating quality and has achieved more even distribution of the seeds compared to the
second sowing aggregate. Analysing the longitudinal distribution of wheat seeds by group
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spacing, it is observed that in the first variant (Type A) the highest average grain content of
wheat grains of 64% was in the group spacing of 40.1 - 60 mm, which was considered very
satisfactory, while in the other variant type B), in the group distance of 40.1 - 60 mm, the
share of grains was significantly lower and amounted to an average of 55%.

It is important to note that in both examined variants there was no higher presence of wheat
grains in the group distance of 0-10 mm, which was 2% - Type A and 3% - Type B, while in
group distance 10.1 - 20 mm it was recorded 5% of winter wheat seed in both tested variants.
In the group spacing 30.1 - 40 mm, wheat grain content ranged from 14% (Type A) up to 23%
(Type B). In the other group intervals, there were no major deviations between the examined
variants (Figure 1).
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Figure 1. Relative frequency of longitudinal distribution of wheat seed by group
spacing and examined variants

Figure 2 shows the results of cross-distribution of wheat seed according to treated variants.
The results shown in Figure 2 indicate that the Amazone D9 4000 S seeder obtained more
uniform cross-section density of wheat grain compared to the second variant. Thus, for variant
A, in the group distance of 120.1 - 140 mm, there were 67% of wheat grains, which can be
considered very satisfactory, while at the same group distance, for variant B, 45% of wheat
grains were recorded, which is not within satisfactory limits. In the group distance of 0-100
mm, a negligible share of wheat grains was recorded. Namely 1% - Type A and 2% - Type B.
The wheat grain content in the group spacing of 110.1-120 mm ranged from 7% in the Type
A seeder up to 9% in the Type B seeder. At a group spacing of 140.1-150 mm, 15% of wheat
grains (Type A) or 21% (Type B), while in the group distance of more than 150 mm, the
content ranged from 6 to 20%.
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Figure 2. Relative frequency of cross-seed distribution by group intervals
and examined variants

More evenly longitudinal and transversal arrangement of wheat seed with seeder Amazone
D9 4000 S is primarily explained by the characteristics of the seeding device that performs
better seeding and RoTeC-Control seeding depositors in comparison to the seeder OLT Gama
18 with a central sowing machine that achieves unsatisfactory seeding as it groups seeds into
piles and standard disc depositors, as well as pre-seeding soil preparation..
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Figure 3. Relative frequency of seed distribution in group distances by the depth

Figure 3 shows the results of wheat seeding by depth, depending on the variants of the seeders
aggregates examined. On the basis of the results shown, it can be noticed that in terms of the
depth of winter wheat seed of the Sosthena variety, significant differences were not observed
at the analyzed group intervals in both types of tested seed aggregates. Thus, the type A
seeder, in the group spacing of 10.1-20 mm, sowed 11% of the seed, while in the group
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distance 20.1-30 mm, 15% of wheat seed was seeded. In the group spacing of 30.1 - 50 mm, a
total of 70% was seeded, while at a depth of more than 50 mm, only 4% of wheat was seeded.
During the examination of Type B seeders, similar values were obtained for observed group
intervals. Within the group distance from seeding depth of 10.1 - 20 mm was recorded 10%,
while 17% of wheat seeds were sown within a depth of 20.1-30 mm. 65% of wheat seeds
were sown on the depth of sowing of 30.1 - 50 mm (Figure 3).

Other authors came up with similar results in their research (Malinovi¢ et al., 2003;
Wiesenhoff et al., 2004; Sumanovac et al., 2006; Mehandzi¢ et al., 2006; Markovi¢ et al.,
2009; Rusu et al., 2013; Bara¢ et al., 2015).

Conclusions

Based on the obtained results, it can be concluded that the examined seed aggregates obtained
the different quality of work on two tillage systems during winter wheat sowing. The sowing
aggregate of type A, operated better and achieved an evener distribution of wheat seed in
relation to the second seeding aggregate, since in the longitudinal distribution at group
intervals the highest average grain content of wheat grain from 64% was in the group distance
of 40.1 - 60 mm which is considered to be very satisfactory, while in the other examined
variants - type B in the group distance of 40.1 - 60 mm the grain share was significantly lower
and amounted to an average of 55%. It is important to note that in both examined variants
there was no higher presence of wheat grains in the group spacing of 0 - 10 mm, which was
2% - type A and 3% - type B. In the case of an aggregate type A, it was more uniform than
the transversal distribution of wheat grains compared to the second variant, while for the total
examined variant in the group distance of 120.1 - 140 mm, which is very satisfactory, while
for the same group distance, for wheat variant B, 45% of wheat grains were recorded, which
is not within the satisfactory values. In the group spacing of 0 - 100 mm, a negligible share of
wheat grains was recorded, namely 1% - Type A and 2% - Type B. The more uniform
longitudinal and transversal distribution of wheat seeds with the Amazone D9 4000 S seeder
is explained by the characteristics of the planting apparatus that carries higher quality seed
deposers, and RoTeC-Control seed depositors compared to the OLT Gama 18 seeder with a
central sowing device that achieves unsatisfactory sowing because it drops seeds into piles,
and standard disc deposers as well as pre-seeding soil preparation. In terms of the depth of
seeding the winter wheat, the examined seed aggregates did not obtain significant differences
in analyzed group distances so that seed distribution by depth can be considered relatively
satisfactory. The seeding aggregated Type A, in a group spacing from 30.1 - 50 mm seeded
70%, while the Type B seeding aggregate at a depth of sowing of 30.1 - 50 mm sowed 65% of
wheat seeds.
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Abstract

Yields of wheat and rapeseed in the Republic of Serbia in the period 2011-2018 were
analyzed on the basis of data on sown areas and yield taken from the Statistical Yearbook of
the Republic of Serbia. The trends of planted areas and yields in the Republic of Serbia and
by region of analyzed meteorological stations (Novi Sad, Kraljevo, Negotin, Valjevo, Vranje
and Kragujevac) have been determined, in order to analyze the impact of climate on yields of
crops. The average sown area of wheat in the period 2011-2018 was 558,823 ha, and of
rapeseed 12,679 ha. A slightly better eight-year average yield of wheat was achieved in
Region | (4.76 t ha™); while in Region Il the yields were 3.5 t ha. The average yield of
rapeseed from one hectare of sown area on the basis of the eight-year production in Serbia
was 4.27 tha.

Keywords: climate, wheat, areas and yield, rapeseed

Introduction

Primary The climate is variable in its nature and this variability has been increasing in recent
years. Climatic extremes are becoming more and more frequent, more intense and more
costly. In addition to the significant impact on yield, they significantly affect both the sown
area and the total quantities produced. However, science and the profession in agriculture are
working to improve new technologies. Breading by creating stress-tolerant varieties also tries
to reduce the impact of climate variability on yields. However, in the changing climatic
conditions, a different response to the yield of certain species should be expected, which will
also condition the cultivation perspective.

Wheat belongs to the family Poaceae genus Triticum. Over 70% of the population of the globe
is fed with wheat bread making it world's most important bread plant. At the same time, Europe
is the main production center where the highest yields per unit area are achieved. In the
agroecological conditions of Serbia, the sensitive stages in the production are germination and
grain-filling. The germination process requires a minimum temperature of 1°C, but under such
conditions germination runs slowly, while the optimal temperature for germination is 15-20°C.
During the grain-filling process, the grain passes through the milk and dough state. In the milk
state, the grain reaches its full length, the color is green, and the plants at that time have their
green color, with the lower leaves fading. In the dough state the grain is full and glossy; the
plants at that stage become more yellow, although the green color is mostly preserved only by
the peak leaves. In agroecological conditions of Serbia the grain filling lasts 16-22 days. The
wax maturity phase lasts 6-8 days and sometimes more and grain moisture is 35-25%. Plants at
the end of waxy maturity become yellow, leaves die off, and grain moisture is 21-24%. The
duration of this phase differs from 3-4 days in arid conditions, while in humid conditions it can
be extended to about 20 days, which can significantly affect the yield mainly through the
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hectolitic weight of the grain. Full maturity occurs at a moisture of 16-17%, which can be
reduced to 14-15%. All these stages of wheat development and growth are followed by climatic
conditions. From the phase of filling the grain to the maturation in the wheat vegetation,
temperatures ranging from 25 to 30°C are considered high. Temperatures above 30°C are
considered high and harmful to wheat. A very high temperature above 35°C in the presence of
dry winds destroys photosynthesis in plants, slows the growth, and can cause death of plants,
but in agroecological conditions this is characteristic of the ripening phase. High temperatures
combined with low relative humidity lead to poor grain fulfillment, i.e. its leanness and
premature maturation. This is then called a forced maturation that inevitably leads to low yields
(Statistical Yearbook of the Republic of Serbia 2012-2018).

Rapeseed belongs to the family Brassicaceae, the genus Brassica. Rapeseed is grown for seeds
that contain 40 to 49% of oil, and 18 to 25% of protein. The refined oil is used for food or
technical purposes for the production of lubricants, biodiesels or as a raw material in
pharmaceutical, textile and others industries. In Central and Western Europe, rapeseed is
increasingly important for the production of bio-diesel. The largest producers of rapeseed in the
world are the European Union, and China as an individual country. The optimal period of sowing
of rapeseed is at the end of August-early September, with enough moisture in the soil, there are
seedlings appearing in 4-6 days (Crnobarac et al., 1999). But in this period, there is often a lack
of precipitation which in some years prevents successful germination where in addition to the
temperature soil moisture is needed in order to initiate the metabolic processes necessary for
germination. In the dry autumn conditions characteristic for rapeseed, is that even during the
sowing the insufficiently humid soil germination is lagging till the rain falls, and the sprouted
seedlings enter the period of autumn frosts in the phase of the cotyledon, which can cause the
uneven germinated crops or complete destruction of newly-formed crops (Gasparov et al., 1988).
The uniformity of germination of rapeseed may also be affected by the color of the seed (Knezevi¢
et al., 2019). In the production of rapeseed, the collecting-harvesting process belongs to a more
fragile phases since involves at this stage fruits of rapeseed are prone to cracking and seed
dispersal, which is particularly pronounced in combination with weather conditions such as winds
with periods of rainy and sunny weather.

The aim of this paper was to analyze the impact of climatic conditions that accompany
production by regions, areas under cultivation and yield per unit area of wheat and rapeseed in
Serbia for the period from 2011 to 2018.

Material and Methods

Yields of wheat and rapeseed in the Republic of Serbia in the period 2011-2018 were
analyzed on the basis of data on sown area and yield taken from the Statistical Yearbook of
the Republic of Serbia (G2012, G2013, G2014, G2015, G2016, G2017 and G2018). Trends in
planted areas and yields in the Republic of Serbia and by regions (Region | - North of Serbia
and Region 1l - Sumadija, western, southern and eastern Serbia) were determined. In order to
analyze the influence of observed climate change trends on yields of examined cultures,
average annual temperatures and precipitation amounts in the Republic of Serbia and at
regions in which the analyzed meteorological stations are located (Novi Sad, Kraljevo,
Negotin, Valjevo, Vranje and Kragujevac) are calculated.

Results and Discussion
Graph 1 shows the average annual air temperature in Serbia in the period from 2011 to 2017.
The average air temperature in Serbia during the seven-year period was 12°C and was higher
by 0.95°C compared to 2011, by 0.18°C compared to 2012, by 0.21°C compared to 2013 and
by 0.43°C compared to 2016 year, while it was lower by 1.5°C compared to 2017. The
average air temperature in 2014 and 2015 was approximately the average for Serbia. The
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highest average seven-year temperature value was established in Negotin (13°C) and the
lowest in Vranje (11.9°C). Based on the data from Graph 1, it can be concluded that two years
ago, out of seven tested, had a slightly higher average temperature than the perennial average
for Serbia. Various stress abiotic factors (high and low temperatures, drought, acid and saline
soil) in various stages of wheat development limit the expression of maximum genetic
potential. Drought has become the main limiting factor in global plant production reducing
yields in developed agricultures in the world. The drought-stress is usually followed by high
temperatures, which additionally increases the effect of stress (Pekic et al., 2017, Terzié¢ et al.,
2018). Global climate changes condition increasingly warmer summers and milder winters,
which in the future will shift the dates of sowing and spiking, as well as the growing areas of
stubble grain cereals (Pekic et al., 2019).
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Graph 1. Average annual air temperature in Serbia (2011-2017)

The data shown in Graph 2 for the studied vegetation period clearly indicate that the average
annual rainfall varied from the seven-year average for Serbia. The average annual rainfall was
lower than the seven — year average of 233.44 mm, in 2012, 106.31 mm, in 2013, 28.58 mm
in 2015 and 95.82 mm in 2017 while the distribution of rainfall was uneven. The average
rainfall was greater by 322.59 mm in 2014 and by 141.59 mm in 2016. The average amount
of precipitation compared to the studied cities was 40.33 mm higher in Kraljevo, 125.33 mm
in Valjevo and 16.3 mm in Kragujevac. Slightly lower than seven-year average values for
precipitation compared to Serbia were in Novi Sad, Negotin and Vranje. The average yield of
wheat above 4 t ha™ was achieved in 2013, 2015, 2016, 2017 and 2018 (Table 1), which
shows that they were favorable both for wheat and rapeseed cultivation. Deki¢ et al., (2017)
and Terzi¢ et al. (2018) pointed out that the total amount of precipitation is important at the
annual level, but the arrangement of it, especially in critical phases of plant development, is
significantly disturbed. The same authors point out that in addition to the necessary reserves
for the spring part of the vegetation, winter precipitation greatly influences the distribution of
easily accessible nitrogen in the soil. In terms of wheat growing fields, wheat is the second
crop in Serbia. Rapeseed is highly variable by the areas on which it is grown. Wheat and
rapeseed are botanical and usable cultures, but they are very competitive in the areas they
occupy.
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Graph 2. Average annual precipitation in Serbia (2012-2017)
Table 1. Areas and realized yields of wheat and rapeseed in Serbia
Wheat Rapeseed
. Region IT Sumadija, . . Average in
Region I north g : Average in Serbia g
Serbia western, southern Region | + 11 Serbia
Year and eastern Serbia Region | + 11
Areas . . Areas . Areas .
Yieldt | Areas Yield Yield Yield
sown sown sown

hal | sownha | tha' that that

ha ha ha

2018 363570 | 5.42 284513 3.64 648083 4.74

2017 314480 | 4.62 245222 3.40 557702 4.08 19934 | 4.11

2016 329187 | 5.78 265931 3.69 595118 4.85 13476 | 4.83

2015 325766 | 4.79 363997 3.29 589763 4.12 12226 | 4.12

2014 308398 | 4.30 240334 3.49 548732 3.94 9815 3.96

2013 320923 | 4.64 236473 3.55 557396 4.18 9686 4.33

2012 268241 | 4.33 214372 3.52 482613 3.97 8258 4.01

2011 270514 | 4.17 220660 3.39 491174 3.82 15357 | 4.23

Average | 312635 | 4.76 258938 3.50 558823 3.84 12679 | 4.27

(CV) 9.377 11.93 17.40 3.819 9.11 8.979 31.77 | 6.949

For the analyzed period and both regions, wheat was grown on the smallest areas in 2012
(482,613 ha) and also in 2011 it was grown on the areas of less than 500,000 ha. In the
remaining of the analyzed years, it was cultivated on the areas greater than 500,000 ha. For
the analyzed period for wheat in both regions, the area variability expressed in the coefficient
of variation (CV%) was 9.11%, while for the rapeseed the area variability was much higher
(CV=31.77%). (Table 1).

In the analyzed period, wheat produced the total yield per unit area of 3.82 t ha™ (in 2011) to
4.85 t ha (in 2016) (the region average | + 11) with the variability expressed in the coefficient
of variation CV=8.979%, In rapeseed the corresponding values ranged from 3.96 t ha™ (in
2014) to 4.83 t ha™ (in 2016) and with lower variation (CV=6.949%).

Observing the achieved yields of wheat by years and regions in all the years north of Serbia
(Region 1 Belgrade and Vojvodina) compared to the south of Serbia (Sumadija, western
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Serbia, southern Serbia and eastern Serbia) generated higher yields of 1.26 t ha™, the yield
variability was higher in the region | (CV=11.93%) than the variability in the region II
(CV=3.819%), (Table 1).

Dekié et al. (2019) and Terzic et al. (2018) point out that grain yield shows a tendency of
growth in years with higher intensity and better precipitation patterns during critical stages of
plant development. They also concluded that the sowing structure should be based on more
than one variety in order to reduce the risk bearing unpredictability of each vegetation,
regardless to the reliability of the selection criteria for the seed sorting in a particular year of
research.

Conclusions

The paper presents an analysis of the production of wheat and rapeseed in the Republic of
Serbia in the period 2011-2018. With regard to the yield of wheat and rapeseed, the record
year for the period 2011-2018 was 2016, with an average wheat yield of 4.85 t ha™ and a 4.84
t ha™ of rapeseed. In 2016, the largest production of wheat and rapeseed in the last decade was
recorded. When it comes to total production, it can be said that there is a tendency of growth
with smaller fluctuations. Grain yield shows a growth tendency in years with higher levels
and better rainfall pattern during critical stages of plant development.
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Abstract

Grain yield and quality components were evaluated in four (‘Novosadski 448', 'Novosadski
456', 'Dinarac’ and 'Dunavac’) two-row spring barley cultivars. Comparative studies were
conducted during the 2008-2010 year period on the experimental field of the Small Grains
Research Centre, Kragujevac. The experiment was laid out in a randomized block design with
three replications on a Vertisol soil. At tillering, 50 kg ha™ nitrogen was applied. Calcium
ammonium nitrate (CAN) with a nitrogen content of 27% was used for top dressing. The cultivars
showed significant differences in grain yield, thousand kernel weight and germination energy,
and no substantial differences in protein contents. Grain yield was highest in cv. Dinarac and
lowest in cv. Dunavac. The analysis of the effect of the cultivar-year interaction reveals a
specific response of each cultivar to germination energy. All cultivars were found to have
germination energy of above 90%. Environmental conditions had no significant effect on
grain protein content. This suggests that all of the tested cultivars can serve as equally
valuable raw materials in the brewing industry.

Keywords: Spring barley, grain yield, thousand kernel weight, germination energy, protein
content

Introduction

The most important traits that a barley genotype should possess is the yield and quality of the
grain. Grain yield has changed during the last century, with yield increases mostly resulting
from the development of plant selection and breeding techniques that lead to the genetic yield
potential of newly created spring barley cultivars of above 11 t ha™ (Przulj et al. 2010).

Yield increase is associated with improvement of the genetic basis of cultivars and use of
adequate production technology. Temperature and rainfall are not necessarily the most
important factors that govern the level of production and grain quality in malting barley, since
the harvested grain is often of poor quality when these factors are close to optimal (Przulj et
al. 2014).

Apart from high yield, thousand kernel weight and good biotic and abiotic stress resistance,
malting barley cultivars should have a low content of chaff and proteins and a high starch
content. Thousand kernel weight is not just a component of yield, but also a very important
component of quality malting barley grains (Ullrich, 2002; Madi¢ et al. 2016). Przulj and
Momcilovi¢ (2008) stated that the brewing grain quality should have a mass of thousand
grains of 45 to 50 g. Grains of greater weight usually has more starch and less protein
(Lagassé et al. 2006; Marquart et al. 2007). Thousand-kernel weight and test weight are
among initial major indicators of grain quality (Fox et al. 2006, Fox et al. 2007). The malting
barley varieties divided into groups on the basis of 1000-kernel weight: >45 g large grain, 41
to 44 g medium grain, 37 to 40 g small grain (Malcev, 1967). Protein content is the initial
indicator of qualitative analysis of barley grain. Malting barley should have a low content of
proteins (below 11.5 %), soluble ones in particular, since a high content of soluble proteins

113


mailto:mmadic@kg.ac.rs

Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

gives a saturated taste to the beer produced and makes the colour and taste of beer difficult to
control.

Apart from the genetic factors (choice of cultivar), an increase in protein content was
substantially affected by environmental factors such as inadequate use of nitrogen fertilisers,
water deficiency, high temperatures during the kernel filling stage, etc. (Maksimovi¢ et al.
2001). Furthermore, many studies suggest differences in grain yield stability and adaptability
of cultivars to environmental and growing conditions, as well as different cultivar responses
to biotic and abiotic stresses (Mirosavljevi¢ et al. 2015).

Production technology should be strictly applied adhered to in order to fully implement the
genetic potential for grain yield and quality in malting barley (Przulj and Momcilovi¢ 2002;
Madi¢ et al. 2006; Paunovi¢ et. al. 2008).

Materials and Methods
Four cultivars of two-row spring barley, (Novosadski 456, Novosadski 448, Dinarac and
Dunavac) were analysed for grain yield and quality components. The research was conducted
during the 2008-2010 year period on the experimental field of the Small Grains Research
Centre, Kragujevac, on a Vertisol soil. According to the analysis, this is a soil of medium acid
reaction (pH ke 4.9), poor in organic matter (2.68 %), very poor in readily available
phosphorus (P,0s < 1 mg*100™ g soil), and medium provided with easily accessible
potassium (KO 10.5 mg*100™ g soil).
The experiment was laid out in a randomized block design with three replications. Each
treatment was planted in plots of 5.0 m? area, consisting of ten 5.0 m long rows, spaced 0.1 m
between rows, 0.5 m between plots and 1.0 m between blocks.
Seeds were sown by hand into the experimental plots in all three years on mid-March, at a
seed rate of 450 germinating seeds m™. Maize was the preceding crop in each experimental
year. During the growing season the standard measures of plant protection were used. At
tillering 50 kg ha™ nitrogen was applied. Calcium ammonium nitrate (CAN) with a nitrogen content
of 27% was used for top dressing.
Grain yield was determined on each plot and expressed in t ha™ at 14% moisture content.
Thousand-kernel weight, germination energy (%), protein content was assessed four months
upon harvest under laboratory conditions.
Grain protein content (% d.m.) was determined by Kjeldahl method. Results were subjected to
a two-way ANOVA (year, cultivar) for the experimental period using the statistical package
SAS/STAT, 2000. User's Guide, Version 9.1.3. The significance of difference between the
means was assessed by LSD test at the 95% level.

Results and Discussion

Grain yield of barley is a complex trait of tremendous economic importance resulting from
the effect of genotype and the environment during the entire plant life cycle. It is difficult to
create a variety that has all the positive properties in different cultivation conditions and
resistant to biotic and abiotic stress factors (Przulj et al. 2010; KneZevi¢ et al. 2015; Madi¢ et
al. 2016). The analysis of variance for grain yield showed significant differences among the
cultivars, with the highest and lowest yields being obtained with cvs. 'Dinarac’ and 'Dunavac’,
respectively (Table 1).

The yield was significantly influenced by the conditions of growth (years), and there was also
a significant interaction effect between the genotype and the year.

An analysis of the interactive effects between genotypes and year reveals a similar tendency
of cvs. 'Novosadski 448', 'Dinarac' and 'Dunavac'. The variety 'Dunavac' had a significantly
lower grain yield in the first year. In the third year the yield of cv. '‘Dunavac' was at the level
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of the second year, so it can be concluded that the cv. '‘Dunavac' does not react to improved
environmental conditions (Table 1).

Table 1. Grain yield (t ha™), 1000-kernel weight (g), germination energy (%) and grain
protein content (%) of barley cultivars over a three-year period

Grain 1000-kernel  Germination  Grain protein

yield weight energy content
Cultivars Novosadski 456  5.3ab” 39.8bc 93.9b 10.84
(A) Novosadski 448  5.2ab 39.6¢ 95.6a 10.44
Dinarac 5.5a 45.3a 93.6b 11.31
Dunavac 4.8b 41.7b 92.8b 10.48
Years 2008 4.1c 40.5b 93.7 -
(B) 2009 5.5b 43.8a 93.3 10.92
2010 6.3a 44.2a 93.7 11.22
Novosadski 456 2008 4.79 37.7gh 91.0fg -
2009 5.6cde 41.9ef 94.3cde 10.90
2010 6.7a 40.6f 96.6a 11.18
Novosadski 448 2008 4.29 36.3h 95.7abc -
2009 5.4cde 41.5def 94.6abc 10.40
2010 6.4ab 41.1ef 96.3ab 10.67
Dinarac 2008 4.29 44.3bc 90.59 -
2009 5.7b-e 45.6a 94.3cde 11.39
2010 6.8a 45.1a 95.9abc 10.83
Dunavac 2008 4.0fg 38.9fg 94.7abc -
2009 5.0ef 42.8ab 92.8ef 10.49
2010 5.3cde 44.1a 90.6fg 10.23
ANOVA Cultivar (A) * e e ns
Year (B) ** ** ns ns
AXB ** ** ** ns

"Means followed by different lowercase letters in columns for cultivars and years indicate significant
differences according to LSD test (P <0.05).
*NS - non-significant; ** F - test significant at the 99% level; * F - test significant at the 95%

Thousand kernel weight is not only a yield component, but also a very important component
of grain quality in malting barley. Malting barley is of good quality if its 1000-kernel weight
is above 38 g (Gacesa et al. 1992). The analysis of variance for 1000-kernel weight suggested
significant differences among cultivars (Table 1). The highest 1000-kernel weight had cv.
‘Dinarac’ and the lowest cvs. 'Novosadski 448 and 'Novosadski 456'. Environmental
conditions over the years also produced statistically significant effect, with significant
interaction effects between cultivar and year being observed. Thousand kernel weight was
substantially lower in cvs. 'Novosadski 456', 'Novosadski 448" and 'Dunavac' during the first
year of the study as compared to cv. '‘Dinarac’, but showed an increasing tendency in the
second and third years. Cultivar 'Dinarac' had a significantly larger thausand kernel weight in
all years in relation to other varieties (Table 1).
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The strongest response to variable environmental conditions was exhibited by cv. 'Dunavac’,
whereas the least variations, irrespective of the conditions, were observed with cv. 'Dinarac'.
Substantial effects of production conditions on technological quality parameters were reported
by Lookhart et al. (2001), Knezevi¢ et al. (2004) and Przulj et al. (2014). Malt is defined as
the germinated barley, and the maltsters expect the bar to be 365 days regardless of the
storage conditions (Przulj et al. 2000).

The grain yield of barley can be improved by selecting plants of medium plant height with
thousand kernel weight above 41.0 g and grain protein content of about 11.0 g 100™ g dm
(Mirosavljevi¢ et al., 2015). Certain grain traits, such as dormancy and hydrosensibility, are
desirable agronomic traits though undesirable in technological terms; therefore, breeders are
required to satisfy production and storage requirements, on the one hand, and malting
requirements, on the other (Przulj et al. 2010). The highest germination energy had cv.
'‘Novosadski 448'. Between the varieties there was no difference in the energy of germination
except in cv. 'Novosadski 448', also the impact of the year did not have a significant effect.
All cultivars were found to possess the required germination energy of above 90%. The
lowest variation across years was observed in cv. 'Novosadski 448'. Conversely, cvs. 'Dinarac’
and 'Novosadski 456' exhibited significantly higher values in the second and third years. The
analysis of the cultivar-year interaction effect indicates a specific response of each cultivar to
germination energy.

Grain protein content of barley grains is one of the limiting parameters of malting barley. To
be good raw material for beer industry, barley grains should be balanced uniform in size, with
the absolute weight over 40 grams and with the total protein below 12% (MaleSevic et al.
2010). The cultivars tested did not significantly differ in the grain protein content, nor did
environmental conditions produce any significant effect (Table 1). This suggests that all of the
tested cultivars can serve as equally valuable raw materials in the brewing industry. The
choice of the most favourable cultivar can be determined by other production traits.

Conclusion

The grain yield of all of the cultivars tested was above 6 t ha™, being the highest in cv.
'Dinarac' and lowest in cv. 'Dunavac'. The environmental conditions (year), as well as the
genotype-year interaction significantly influenced the grain yield and thousand kernel weight.
All cultivars in the first year had significantly less thousand-kernel weight, compared to the
second and third year. The strongest response to variable environmental conditions was
exhibited by cv. 'Dunavac’, whereas the least variations, irrespective of the conditions, were
observed with cvs. 'Dinarac’ and 'Novosadski 456'. All cultivars were found to have
germination energy of above 90%. The analysis of the effect of the cultivar-year interaction
reveals a specific response of each cultivar to germination energy. Environmental conditions
had no significant effect on grain protein content. This suggests that all of the tested cultivars
can serve as equally valuable raw materials in the brewing industry.
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Abstract

Crop rotation is considered to be an instrument of sustainable cropping system assisting in
varying the set of soil nutrients. Thereby reducing the likelihood of soil erosion, building soil
organic matter, increasing carbon sequestration, improving soil quality, water holding
capacity, nutrient availability, soil structure and minimizing greenhouse gas emissions.
Additionally, reducing the outbreak of pests, weeds and other diseases on the farmland,
reducing the reliance on chemical fertilizers, minimizing agricultural crop production dangers
and heighten crop yield in comparison with monoculture practices. Crop rotation is an
agricultural practice of growing different or non-similar crops on the same farmland in
different seasons. Also, this cropping system has the potential to increase the diversity of
cropping systems, to maximize resiliency of the cereals-based system under variable weather
conditions. Higher cereal yields have been gained by including legumes in the rotations.
Legume crops could play an important role by delivering multiple services in line with
sustainability principles. Crop type can impact soil temperature and water content by
affecting shade intensity and evapotranspiration. Crop residues returned to the soil are the
main input in maintaining soil organic carbon (SOC), which generally seems to increase with
the diversified crop rotation compared to the mono-cropping. Especially, crop rotation and
grazing system can affect crop residue mineralization, root and microbial respiration, so as to
play a major role in regulating soil surface GHG emissions.

Keywords: rotation, legumes, cereals, productivity.

Introduction

Rotations are an important part of any sustainable agricultural system. Yields of crops grown
in rotations are typically 10% higher than those of crops grown in monoculture in normal
growing seasons, and as much as 25% higher in droughty growing seasons. When you grow a
grain or vegetable crop following a forage legume, the extra supply of nitrogen certainly helps
(Chuan, 2013; Paul et al., 2014). However, yields of crops grown in rotation are often higher
than those of crops grown in monoculture, even when both are supplied with plentiful
amounts of nitrogen. Research in lowa found that even using 240 pounds of N per acre when
growing corn after corn, yields were not as good as corn grown following alfalfa with little or
no N applied. In addition, following a non legume crop with another non legume produces
higher yields than a monoculture using recommended fertilizer rates. For example, when you
grow corn following grass hay, or cotton following corn, you get higher yields than when corn
or cotton is grown year after year. This yield benefit from rotations is sometimes called a
rotation effect. Another important benefit of rotations is that growing a variety of crops in a
given year, spreads out labor needs and reduces risk caused by unexpected climate or market
conditions. Other benefits may occur when perennial forages (hay-type crops) are included in
the rotation, including decreased soil erosion and nutrient loss (Craig et al., 2006; Abdul
Quddus et al., 2017).

In Mediterranean-type ecosystems, given the low rainfall, the practices followed in the
context of modern agriculture have often led to a deterioration in the quality of resources. Soil
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quality must be maintained and resource exhaustion limited. Consequently, the adoption of
multiple crop systems, such as the economy, continued productivity and environmental
security, must be a primary objective of the corresponding agricultural policy. Among these
systems, rotation and green fertilization of legumes, contributing to plant health, controlling
the population of enemies, pathogens and weeds, the availability of nutrients, the
improvement and rational use of soil, the protection of flora and fauna and, more generally,
their impact on future crops. (Bao-Luo, 2016; Lampurlanes et al., 2009).

It is known that 75% of the nitrogen contained in legume biomass comes from conventional
nitrogen sequestration (Grath and Wohlrab 1992, Wendland et al., 1993). Beans and peas are
always associated with a significant nitrogen gain. Legumes fix the atmospheric nitrogen,
release in the soil high-quality organic matter in the soil and facilitate soil nutrients’
circulation and water retention (Neugschwandtner et al., 2015; Ghanem et al., 2011).
Legumes could be competitive crops and, due to their environmental and socioeconomic
benefits, could be introduced in modern cropping systems to increase crop diversity and
reduce use of external inputs. Field pea and faba bean accumulate about 130 and 153 kg
Nha™ in their aboveground biomass, respectively and significant quantities (30—60% of the
accumulated total N) may also be stored in belowground biomass. Faba beans can contribute
large amounts of nitrogen to the soil (up to 100kg N/ha over an extended period), while
helping to control crown rot and improving overall soil health. Field pea varieties developed
provide a viable pulse alternative for grain growers. (Sallaku et al., 2016; Denton, 2013).

The purpose of this article is to present a brief review about the advantages and applications
of the crop rotation technique, so that restoring this ‘old” method which has been forgotten
despite the great prospects in both agronomic and environmental science.

Literature review
Literature review is a thorough study into the already existing knowledge of a topic selected
by researchers. This literature search concerns the Crop rotation. The information was
obtained from the main online scientific sites including Science Direct, Google Scholar and
Scopus. Searches were also undertaken in the University of Thessaly library, dissertation and
thesis search engines like ProQuest, Open-thesis and National Documentation Centre.

Experimental results

The switching of fallow crops is considered the oldest and most basic agricultural practice of
payment for agriculture, basic procedures before the emergence of modern cultivation
techniques. The final succession option is a management decision based on the desire to
optimize economic, agricultural or environmental goals. The key to economic goals is to
optimize profit, for agricultural purposes, maximize production from a variety of crops, and
for the environment, minimize the use of chemical inputs.

The succession of a row of crops in crop rotation is likely to face problems with government
regulations - or regulations agro - ecological conditions (such as climatic conditions,
topographical and climatic conditions) soil), the presence of insects, weeds, diseases or their
varieties cultivation and available mechanical equipment (Castellazi et al., 2008).

According to Tillman et al. (2004) winter crop rotation with spring crops helps to preserve
biodiversity by offering shelter and food to a beneficial effect insects. Also, the use of
legumes and soil cover plants in general crop rotation systems reduce the likelihood of crop
failure by diseases and enemies, due to lack of insults or reduction of numbers of the
pathogens during their development.

Crop rotation combined with reduced soil treatment (or non-cultivation) increases the
population of worms and therefore improves the quality of the soil, reduces oxidation rates,
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improves the percentage of organic matter so long-term availability and supply of macro- and
micro-elements in crops (Francis, 2005).

A modern rotation system was first applied in England in the 18th century, in Rothamsted,
England, for 100 years (since 1843). Some of experiments are still ongoing. In addition, 30-
year experiments in America showed that the yield of wheat increased by three years crop
rotation corn and oats by 140%, 86% and 64%, respectively on the above species (Karlen et
al., 1994).

The results showed that wheat as monoculture is lagging behind in crop yield over two years
crop rotation and especially those that included legumes. Of these, pea (Pisum sativum)
helped to obtain higher yields of wheat without the addition of any chemical fertilizer while
the use of chemical fertilizers gave higher yields on cereals. There are very few long-term
studies which have quantified the effect of different crop systems in soil conditions. One of
these studies in Cyprus showed that long-term crop rotation leads to impeccable,
environmental cultivation system perspective, with higher productivity (Papastylianou, 1993),
better income for farmers (Papastylianou & Panayiotou, 1993), as well as lower nitrogen
fertilizer requirements (Papastylianou, 1993).

Unless chemical fertilizers are used, green lubrication, using in particular the pea incorporated
in the soil, is considered to be the most productive crop rotation for wheat, because it achieves
rapid stability of its yields at high levels. "Maintenance is used in almost 40% of cultivated
area in the South US, while winter plant, cover crops play an important role in farming
systems with regard to the protection against erosion as well as the improvement of the soil
productivity (CTIC, 2004).

In an experiment in Alabama, US three-year crop rotation: cessation - corn and tropical
legumes (sunny hemp) — corn found that N content in maize seed was much higher in the
yields followed by the legumes after the set-aside. Or the contribution of nitrogen fertilization
to the segments that received it and preceded the pulp, ranged around 58 kg N ha™ based on
biomass production and about 33 kg N ha™ (16.3 kg N ha™ higher than set-off) based on the
seed content. Maize production after oil compared to set-aside was 85% higher (Balcom &
Reeves, 2005).

A rotational experiment with legumes was conducted in the southwest England. The results
showed that the organic matter of the soil was maintained, improving both its physical and
chemical characteristics, providing the soil with additional N and reducing surface erosion
due to intense winter rainfall (Boquet & Dabney, 1991). Also, Oyer and Touchton (1990)
have shown experimentally that an increase in N after winter-leguminous cultivation has led
to an increase in successive cotton and sorghum crops without fertilization in spring crops but
a decrease in organic soil content.
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Table 1. Comparison of Monoculture, Fixed-Sequence Rotations, and Dynamic Cropping Systems (Source: Modified from

Hanson et al., 2007).

Monoculture

Fixed-Sequence Rotations

Dynamic Cropping Systems

Numbers and Single crop Multiple crops: number depends on Multiple crops: number depends on

types of crops regionally adapted species, regionally adapted species, economics,
economics, farmer knowledge, farmer knowledge, infrastructure.
infrastructure.

Crop diversity N/A Diversity depends on length of Diversity high due to annual variation

Crop-sequencing N/A

fixed sequence.

None, although fixed-sequence

in growing conditions and marketing
opportunities, as well as change in

producer goals.

High. All crops, in essence, are

flexibility cropping systems that incorporate opportunity crops.

opportunity crops increase

flexibility.
Biological and Basic knowledge of Some knowledge of crop Extended knowledge of complex,
ecological agronomy interactions is necessary. multiyear crop and crop-environment
knowledge interactions.
Management Generally low, though Complexity variable depending on Complexity inherently high due to
complexity variable depending on length of fixed sequence and annual variation in growing conditions,

crop type diversity of crops grown. markets, and producer goals.
Advantages

The advantages of such a farming system are related to:

e Maintaining or increasing soil fertility, which is achieved through more efficient use
of soil nutrients, increased organic matter and nitrogen (N), erosion protection and
preservation or improvement of the physical composition of the soil.

e The fight against plant pests, which in combination with other factors combat weeds,
pets and plant diseases.

¢ Increasing performance, qualitatively and quantitatively.

e Addressing economic and technical problems (Selim, 2019).

The rotation system that we will follow and maximize our profit over a period of many years
depends on the following factors:
e The species and varieties included in the crop rotation, as well as the crop rotation
cycle (number of years).
e The ratio of the total area to be occupied by each crop.
e The succession of crops in the crop rotation cycle (Chongtham et al., 2016).
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Conditions for successful crop rotation
In determining the above factors, account should be taken of the following:

e the adaptability of plants to the soil and climate conditions of each region, as well as
the economic and technical conditions determining the competitiveness of crops
(product prices, cost, demand for products, allocated production facilities and capital);
the existence of water resources and their better management,
the presence of pests (weeds, enemies and diseases) and the possibility of dealing
with them,
the existence and distribution of working hands and mechanical equipment,
the effect of one crop on the next. (Bulldock 1992; Charles et al., 2009).

Examples of crop rotation

A simple rotation of a broadleaf and a narrow-leaf is a two-year crop rotation.

Potatoes - Winter rye

Sugar beet - Summer barley

Cotton - Winter wheat

Tobacco - Winter wheat

Under certain conditions of the regions we can make three-year, four-year and five-year crop
rotation, consisting of a broad leaf and two consecutive narrow-leafs, etc.

Three-years

Corn - Winter wheat - Winter barley

Cotton - Winter wheat - Oats

Sugar beet - Summer wheat - Winter barley

Four Years

Potatoes - Winter wheat - Winter barley - Oats

Corn - Oats - Winter wheat - Summer Barley

Potatoes - Potatoes - Winter wheat - Winter barley - Oats - Winter rye

Five Years

Potatoes - Winter wheat - Winter barley - Summer rye - Oats

Beans - Winter wheat - Summer wheat - Summer barley - Oats

Dual plant rotation can be made from two broadleaves and two narrow leaves:

Potatoes - Sugar beet - Winter wheat - Summer wheat

They can be grown for two consecutive years of broadleaf leaves and followed by a narrow
leaf:

Sugar beet - Potatoes - Oats

Corn - Corn - winter wheat

It is reported that diversified crop rotations have also greater energetic productivity from
above-ground biomass (grain / seed yield and by-products) if compared with crops grown in
repeated sowings or in monoculture. Crop rotation in combination with different tillage
methods (conventional tillage, reduced or minimum tillage and no-tillage) is the way to
improve soil quality, but it is not clear whether the soil treatment method has a significant
impact on the overall crop rotational energy productivity.

The most nitrogen-demanding crop, corn, followed the pasture, and grain was harvested only
two of every five to seven years. A less nitrogen-demanding crop, oats, was planted in the
second year as a “nurse crop” when the grass-legume hay was seeded. The grain was
harvested as animal feed, and oat straw was harvested to be used as cattle bedding; both
eventually were returned to the soil as animal manure. This rotation maintained soil organic
matter in many situations, or at least didn’t cause it to decrease too much. On prairie soils,
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with their very high original contents of organic matter, levels still probably decreased with
the below rotation.

Year 1. Corn Year 2. Oats (mixed legume—grass hay seeded) Years 3, 4, and 5. Mixed grass—
legume hay Years 6 and 7. Pasture (Hanson et al., 2007).

There are literally dozens of rotations that might work well on a particular farm. The specific
selection depends on the climate and soils, the expertise of the farmer, whether there are
livestock on the farm or nearby, equipment and labor availability, family quality-of-life
considerations, and financial reality (potential price minus the cost of production). (However,
vegetable farmers will sometimes include low-return crops in their rotations because
customers expect to find them in the mix at a farm stand or farmers’ market.)

Conclusions

The introduction of new cultivation techniques has enabled the same field to be cultivated
continuously refined with the same crop culture. This practice leads to the loss of fertility in
the fields, increases weed problems and diseases, thereby augmenting the cost of producing
more fertilizers and pesticides. This concomitant waste of natural resources as well as the
uncontrolled use of chemicals are leading ecosystems to environmental degradation. The
concept of crop rotation is known to farmers from the earliest stages of agricultural
development on the planet. As has been the case with many practices, industrialization and
changing lifestyles have made producers withdraw from this environmentally beneficial of
this cultivation technique. Crop rotation is a method that begins to be applied again after a
year of negligence. The advantages of crop rotation systems can help solve some of the major
problems of modern agriculture such as maintaining or increasing soil fertility to improve
plant health, increase yields and income for farmers in combination with environmentally
friendly practices. Agriculture is one of the most anthropogenic activities with the greatest
negative environmental impacts, so scientific research on methods that reduce contamination
is imperative in order for agriculture to become environmentally friendly sector.
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Abstract

Intercropping is known as the achievement of a high and stable production that not only raises
complementary products in the area but also reduces the harmful effects of diseases and pests,
prevents pollution and results in effective use of resources. Intercropping is an agricultural
practice of cultivating two or more crops in the same place of land at the same time which is
commonly practiced in many parts of the world in order to increase the productivity per unit
area of the land. The crops are not necessarily sown at the same time and their harvest time
may be quite different, but they are simultaneously grown for significant growing periods. In
this review study, we are informed about the use and importance of the intercropping system
which is mainly based on very old ones and which is of great importance in recent years in
agricultural production. There are several intercropping systems such as mixed, strip and row
intercropping patterns. Supplemental effects in models of resource use should be taken into
consideration so as to get better yield and quality in intercropping systems. Cereal/legume
intercropping increased dry-matter production and grain yield more than their monocultures.
The N transfer from legume to cereal increased the cropping system’s yield and efficiency of
N uses. The taller cereal reduces biological N fixation and yield of the associated legume.
Also, intercropping can be a method of improving diversity in agricultural ecosystem. It
provides farmers with the chance to simulate natures” principle of diversity on their farms.
Complementarities in models of resource use should be considered to get better productivity
in intercropping systems.

Keywords: intercropping, productivity, legumes, agricultural practice.

Introduction
As a result of the rapid population growth, the demand for food production is increasing, but
unfortunately the availability of cultivated land remains the same or decreases. Thus, the only
way to increase agricultural output is to increase yields per year (Odedina et al., 2014).
Intercropping has a very old history and it is define as the agricultural practice of cultivating
two or more plant species in the same area at the same time. Sowing time and harvest time
may not be the same but most of the times are time-matched (Ghanbari and Lee, 2003; FAO,
1983). In an intercropping system it is possible to combine annually with annual plants,
annual with perennials and perennials with perennial plants without any problem (Eskandari
et al., 2009; Mousavi and Eskandari, 2011).
The intersection provides territorial coverage throughout the year or at least for longer than
monocultures in order to protect the soil from dehydration and erosion. By cultivating more
than one crop at a time in the same field, farmers maximize the efficiency of water use,
maintain soil fertility and minimize soil erosion, which are serious disadvantages of
monoculture. It also reduces the peak of seasonal work as a result, of different planting and
harvesting time between crops. In addition, it could serve to increase production per unit area,
in particular with low levels of external input, since a mixture of species better uses the
available nutrients and water in the soil(Waktola, 2014).
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Several scientific studies have been carried out on cereals and legumes interconnection
systems and prove their success compared to monocultures. Some studies have shown that
intercropping culture was more productive than the monoculture due to the complementary
effect of the intercrops of such studies included, cucumber-cowpea, amaranth-cowpea (Bhatti
et al., 2013) cowpea-corn (Waktola, 2014) and cowpea mushrooms (Gomez and Gomez,
1983).

In this review study, we are informed about the use and importance of the intercropping
system which is mainly based on very old one practices and which is of great importance in
recent years in agricultural production.

Mechanisms

Complementarity is a general term describing the positive effects that can result from
intercropping. There are two mechanisms that contribute to complementarity: resource
allocation and facilitation. Resource allocation, also known as segregation and position
differentiation, describes the fullest use of available resources from combining crops
compared grown separately. The choice of plants for the method of mating depends on the
depth of rooting, phenology and plant architecture between the cultivated species at a junction
can minimize competition and increase resource allocation. A classic example is the
combination of corn seeds (Zea mays L., Phaseolus vulgaris L. and Cucurbita pepo L.
respectively) (Litrico and Violle, 2015). In this case, the allocation of resources depends on
the differences in the characteristics between the beans that determine the nitrogen, the low
growth of bean which covers the soil and suppresses the weeds and the tall corn that serves as
a pergola for the beans (Pleasant and Burt, 2010).

The facility refers to processes whereby one type of crop provides a limiting resource or
improves the environmental status of another crop. A classic example is the supply of
nitrogen from legumes to the soil. Another example is when a deep-rooted species provides
water to species difficult to absorb groundwater by hydraulic lifting. As an indirect
facilitation, you also consider the beneficial change in the rhizosphere through the terrestrial
microorganisms that can grow a plant species thus improving the availability and transport of
nutrients from one plant to another (Brooker et al., 2015).

Types of intercropping

Cultivations can be grown together in a variety of ways. Mixed intercropping is the practice
in which two or more species simultaneously develop in a field without the use of any
particular spatial configuration. In this type of intercropping, there are no distinct rows of
plant species.

Opposite, the strip intercropping is the practice of cultivating two or more crops in separate
but adjacent rows at the same time close enough to each other to interact. While these types of
intercropping vary depending on spatial configuration, crops can also be inserted in different
ways that change in time. The relay intercropping comprises the step-by-step planting of two
or more cultivations together so as to overlap only parts of their life cycles (Altieri, 1995;
Brooker et al., 2015).
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Figure 1. Presentation of the distinction according to degree of both spatial (x-axis) and
temporal separation (y-axis) two (or more) cultivars using different intercropping types
(Brooker et al., 2015).

Advantages of intercropping

Intercropping is used to gain the most benefit. The advantage of intercropping is that increases
productivity by reducing external inputs. It has a low cost that’s why is very useful for low
income farmers (Eskandari, 2012). There are many reports on the positive results and the
superiority of intercropping than the monoculture. The most important advantages of
intercropping are:

e Increased crop production
One of the main reasons for the use of intercropping is that increased crop production more
than a pure cropping(Caballero and Goicoechea, 1995).Intercropping has been shown to
reduce the risk of crop failure by increasing crop yield stability over time and in all locations
(Bybee et al., 2016; Raseduzzaman and Jensen, 2017). Sustainability of crop yield can be
increased by decreasing the variation of years at the same site or the increase of production
coherence across the region year (Williamson, 2018).For example, experiments have
determined that the wheat and bean combination increases production and stability as
compared to pure culture (Ghanbari and Lee, 2002). We also, obtained the same results from
the bean stew with barley (Martin and Snaydon, 1982).

e Better resource management
Increased crop productionoften seen at intercropping compared to unique crops was
the result of the full exploitation of natural resources such as solar energy, soil nutrients and
water (Szumigalski and VVan-Acker, 2008).

e Management of weeds
It is known that weeds interact with crops, causing problems through competition (for light,
water, nutrients and space) or allopathy. Intercropping is more effective than monoculture to
suppressing weeds, but their efficacy varies greatly (Girjesh and Patil, 1991). The benefits of
weed control over pure cultivation are two ways. First, there may be weed suppression or may
provide yield advantages without suppressing weed growth below the levels observed in net
harvesting of components, if the intersections use resources that are not exploitable by the
weed (Matt and Dyck, 1993; Hauggaard et al. 2003).
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e Reduction of pests, diseases
An important advantage of the interaction is that it mitigates harmful organisms and diseases
(Willey, 1990). Generally strategies to reduce pest infestations can be divided into three
groups:
1) By breaking down the ability of a pest to attack the host due to the many existing
cultivations(Watiki et al., 1993).
2) Residual trapping of parasitesor pathogens to prevent damage to the main species.
3) Remediation of parasites from natural enemies present in the species (Danso et al., 1987).
Though the junction does not happenalways reduce parasites or pathogen, most reports delay
the reduction of parasite and disease populations in the region(Fujita et al., 1992).

Example of successful intercropping (Panicum miliaceum — Pisum sativum)
Panicum miliaceum, also known as proso millet, belongs to the family of Poaceae, and it is
considered one of the oldest domesticated plants. Nowadays, the Panicum miliaceum is
mainly grown in India, China, Russia, USA (McDonald and Dowey, 2003). It has a
superficial root system. The height of plants ranges from 30 to 100 cm depending on genotype
and environmental conditions. Its stems are internally hollow and the stem diameter ranges
from 20 to 50 mm. Oftenlaterally branches develop at asufficient height from the ground
surface. The leaves are lanceolate, about 30 cm long, with a small tongue. Strains and leaves
are covered with light fluff (Chai, 1999). It does not have high nutrient requirements,
withstanding drought and high temperatures with low water requirements compared to cereal
crops (Lyon et al., 2008; Rajput et al., 2016).

Pisum sativum is an annual herbaceous plant. It is known fresh as vegetable and dryas
legume. It thrives in cold areas of the beloved areas up to 670 north width and height up to
2,000m. The root system consists of a strong pile root and a rich networklateral roots. The
root can reach a depth of 1m or more. The stem is thin, tender, has an angular or round cross
section and is hollow internally.

The length of the shoots ranges from 45 to 120cm, but the plants usually do notshow this
height because they are sloping. The pea can be adapted to a variety of soils, however it
prefers fertilizer clay with very good drainage pH 5.6 -7.5 (Pavek, 2012).

Generally, the intercropping of cereals and Pisum sativum L. leads to the reduction of external
inputs. The nitrogen produced by the plants covers some of the grain needs, resulting in
greater productivity and growth of plants by reducing the use of compound fertilizers. In
addition, the combination of the two plant species improves plant health (Jensen et al., 2006;
Kadziuliene et al., 2011).

Intercropping had increase in the protein content of cereals, increasing their nutritional value
to a high level (Sarunaite et al., 2012). This is also shown by experiments carried out by
intercropping millet with Fabaceae family species like (cowpea) which have an increase in
protein content compared to monocultures. The content of crude fiber are lower in
intercropping experimentthe fiber content is low in intercropping system in relation to
monocultures which areconsidered positive because it facilitates the digestion of lives.
Percentof ash is higher in sole millet (Islam et al., 2018). Finally,intercropping helps to
control weeds because the combination of plant species gives very good results having a
suppressive effect on weeds (Bellwood, 2005).

Conclusions
Intercropping is a useful tooland has been recognized through numerous scientific studies.
Farmers can achieve an increase in production of the main crop combined with additional
income from the second or third crop, making maximum use of agricultural land. The
concentration does not only increase the farmer's revenue due to the increase in production
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but also reduces his costs in fertilizers, herbicides and water. This is a major asset and can
improve the financial situation of small farmers in particular. Finally, it is a friendly method
for environments that reduces the negative impacts of modern agriculture and can contribute
to sustainable intensification of industrialized agricultural landscapes.
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Abstract

Grain legumes, also called pulses, are crops of the botanical family Fabaceae.Genus
Lupinusspp. isalso included in this family. There are over 150 different species of lupines.
Some of them are ideally suited to agricultural production due to their nature as nitrogen
fixing grain legumes that develop seeds with high protein and high energy contents, which
can be grown effectively in northern and southern climates. There are three lupine species of
agricultural significance at present: narrow-leafed (L.angustifolius), white (L. albus) and
yellow (L. luteus).The inclusion of lupine in crop rotation positively influences biodiversity
and soil fertility as the bacteria at the root of lupine symbiotically absorb nitrogen (N) from
the air. Lupine plant residues provide the next culture with 32-96 kg N/ha, while the
accumulation of nitrogen in lupine biomass ranges from 199-372 kg N/ha, 86% of which is
the result of symbiotic fixation.Lupine can be grown on less fertile, acidic and sandy soils
where other crops produce lower vyield. This is also very important for crop rotation,
especially in organic agricultural production, due to its positive impact on the yield of
subsequent crops, mainly cereals.Lupine seeds are of low price and non-genetic modified
ingredients that constitute of good protein sources (ca. 40%), fiber (ca. 28%), healthy fatty
acids, vitamins, minerals and other metabolites with recognized antioxidant properties (e.g.,
polyphenols). Despite the low European production of grain legumes, European countries
exhibit suitable soil-climatic conditions in order for this crop to be cultivated.Measures
towards increasing their local production have already been purposed by the European
Commission as a way of decreasing the external dependence on soybeans.

Keywords:lupine, cultivation, animal feed, nutritional value.

Introduction

The value of lupine in recent centuries has grown considerably over the past few years. As a
legume, Lupine provides nitrogen to the soil by setting a very good choice for crop rotational
systems.Legumes are a very promising category of plants that grow without the need of
special irrigation, which fits perfectly mainly in the dry-heat conditions of the less fertile areas
(Naumkin et al., 2015). Although humans have been consuming lupines for many years,
beneficial properties in human and animal body have become known in recent years through
scientific research. The lack of knowledge regarding the great benefits of lupines for dairy
products has led to a global decline in world production (Naumkin et al., 2015; Tan et al.,
2014).

Nowadays, lupine cultivation has begun to grow again by creating new varieties that eliminate
the disadvantages of cultivation. Lupine plant residues contain about 32-96 kg N/ha, while in
its biomass the nitrogen content is 199-372 kg/ha. (Unkovich et al., 1994).

Lupine is one of the best choices for animal feedingdueto the high protein and carbohydrate
content and the low starch levels. Soluble and insoluble non-starch polysaccharides positively
influencefood quality, allowing proper absorption of other nutrients. In terms of seed
composition, lupine has a high level of protein (40%), fat (28%), antioxidants and vitamins
that increase their nutritional value (Curtiet al., 2018; Melde et al., 2016). However, some
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varieties contain alkaloids which can cause stomach upsets in animals and humans (Magalha
eset al., 2017).

In addition, production costs in relation to other feeds are particularly competitive, making it a
good choice for a ruminant. Finally, the lupine is easy to store and manage so it can be easily
used by livestock units.

Although the lupine is one of the best choices as a feed with nutritional value equals and
sometimes can be better than other feeds.lIt is not used widely due to lack of knowledge and
information. The purpose of the work is to inform the scientific community about the
advantages of lupine and to try to solve some misunderstanding of previous years.

Climate, Soil, Yield and Cultivars
Despite the low European production of grain legumes,European countries present suitable
edapho-climatic conditions to cultivate lupines. Guidelines toincrease local production have
already been proposed by the European Commission as a way to reduce soybean external
dependence.
Yellow lupine (L. luteus) breeding is restricted in Europe. Despite the fact that it is extremely
resistant to drought and that it can withstands pH=4, due to the low resistance to diseases,it is
not cultivated.In Poland, the yields of this variety were 1.5-2.5 t/ha on sandy soil(Gresta et al.,
2017).
Narrow-leafed lupine (L. angustifolius) is grown in northern Europe and requires a wide range
of pH values between 5 and 6.8(Gresta et al., 2017).The largest yields in Germany over the
period 2009-2011 were 3.5-5 t/ha and related to the ‘Boregine’, ‘Haagena’ and ‘Sonate’
varieties. On the other hand, the cultivation of the same varieties on sandy soil produced 2-3.5
tn/ha (Guddat et al., 2011).
White lupine (L. albus) is well adapted to different soil types, with greater preference for
loamy and light clay soils. Furthermore, lupine has excellent calcium resistance and a
biological cycle of many days (140-200 days; Gresta et al., 2017).

Sowing time

In Mediterranean areas,lupines’ sow is usually carried out in autumn as to be able to get
higher yields compared with yields of different sowing time (Annicchiarico and Carroni,
2009). White lupine has a temperature resistanceup to -8 °C while the narrow-leafed lupine
can withstand up to -10°C. Therefore, narrow-leafed lupinehas a higher temperature resistance
and is recommended for early sowing in spring. In North areas, sowing is not recommended
in autumn, as the prolonged low temperaturesof winter have negative effects on growth
(Prins, 2014).

Fertilization

Potassium sulphate fertilization in Dutch had a positive effect on the final quality of the lupine
and reduced the levels of alkaloids, while there was not observed any differences on the
harvested yield (Prins, 2014; Prins and Nuijtnet, 2015). Finally, nitrogen fertilization had not
any effect on crops in northern Europe (Prins, 2014).

Weed Control

There is a high competition between weeds and lupines. Weed control or restriction can be
achieved in two ways; either by applying high planting density (Herbert et al., 1978; Isaac et
al., 2000) or by using chemical-mechanic weed control. The application of chemical control is
limited to lupine cultivation (Prins, 2014) due to its sensitivity to herbicides.Weed population
decreased significantly with grubbing 4-5 times in the first two months (Jensen et al., 2004a).
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Irrigation
According to previous studies, irrigation (at the required levels) increased crop yield, while
Botrytis cinerea Pers. infestation has led to a yield decrease (Jensen et al., 2004b).

Alkaloids in lupines

Lupines contain nine alkaloid compounds with quinolizidine: lupinine, sparteine,
angustifoline, a-isopolinone, lupanine, 11,12-dehydrolupanine, 13a-hydroxylupanine,
piperidine (smipine) and indole (gamine). Sparteine is the most dominant alkaloid of the
mentioned above in Yellow Lupine, while in White and Narrow-leafed lupines lupanine is the
major one (Magalhaes et al., 2015).

Lupine is used extensively in livestock farming. According to its high protein content,lupine
is used for the nutrition of the ruminants and the monogastric animals. The prolonged use of
such foods for ruminants increases the resistance to the harmful effects of alkaloids. However,
lupine varieties with alkaloid content greater than > 1000 mg/100 g dry matter must be
avoided (Magalhaes et al., 2015).

Consequently, sweet white and yellow lupine are suitable for animal feeding, while in case of
other varieties a debittering process before using these is necessary (Magalhaes et al., 2015).

Tolerance to biotic stress

White lupine is predominantly attacked by an insect called Phorbiaplatura. The infestation
occurs in the roots and hypocotyls of the larvae have a higher incidence during autumn
sowing. The control can be done in two ways, either by application of soil insecticides or by
coating of systemic seeds insecticides. Regarding fungal diseases, white lupine is affected by
3 fungi (Huyghe, 1997). Pleiochaetasetosa is characterized mainly by the appearance of
brown spots on the leaves of the plant and, secondly, by the destruction of the roots of L.
angustifolius. The use of winter-hardy progenitors had positive results on increasing the plants
resistance to fungi (Cowling, 1988).

Uromyceslupinicolus occurs in hot and dry periods such as in summer period. The reduction
in biomass production and leaves premature fall can be
treatedby the application of triazole group fungicides (Huyghe, 1997).

Colletotrichum gloeosporioides, known as Anthracnose, primarily affects the seed.
Consequently, the appearance of the symptoms (cankers on the stems) occurs in the early
stages of the plant's life cycle resulting in its destruction before flowering (Von Baer and
Hashagen, 1996)

Tolerance to abiotic stress

Abiotic stress is mainly due to drought, high pH and frost (Huyghe, 1997). The varieties sown
in autumn are highly resistant to frost (Huyghe and Papineau, 1990).Primarily, when sowing
takes place in the early autumn, the plants have a better developed and larger root system and
therefore have greater resistance to soil cooling.White lupine is cold-tolerant, but
temperatures of -6°C to -7°C are harmful at germination. Cool temperate weather conditions
are important during the vegetative stage. Temperatures lower than 10°C and short days are
required to induce flowering (Putnam, 1993). It appears that bitter cultivars tolerate cold and
disease stress better than sweet ones.(Jansen, 2006). Finally, it has been found that the
resistance is inherited (Huyghe, 1997).

A second abiotic factor is water logging, which can cause root damage resulting in Fusarium
and Botrytis cinerea infection. The solution to this problem is the early sow (Huyghe,
1997).White lupine thrives on soils with pH ranging from 4.5-7.5. However, aluminium
toxicity and iron chlorosis have been observed at valuesbelow 4.5 and above 7.5.Lupine is
susceptible to alkalinity due to free lime. In high alkaline, L. pilosus has shown high
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resistanceto other white lupine varieties. This sensitivity is mainly due to the mechanisms of
phosphorus and iron uptake by the roots (Gerke et al., 1994).Plant nutrition becomes
impossible (Huyghe, 1997) as calcium citrate is destroyed in the presence of free lime
(Dinkelaker et al., 1989).

Drought remains an abiotic stressor. It is important during the blooming and the formation of
the pod to avoid droughtand to complete its flowering. Consequently, the completion of the
biological cycle of lupine must be completed before drought period. The choice of autumn
sowing and early flowering varieties contributes significantly to this. In Western Europe, the
choice of such varieties results in reduced photosynthetic ability. However, temporary stresses
may occur during the development of the pod (Rodrigues et al., 1995; Chaves, 1994).

Conclusions
Lupine is a plant that has long been known for its nutritional potential and its cultivation is
gaining ground throughout Europe.Lupine is a promising crop of livestock legumes for world
livestock. It is a low cost crop with a protein content equal to that of soy (30-42%), making it
one of the best animal nutrition options.
The process of converting raw materials into alternative animal feeds has become imperative
because of global concern over genetically modified products.Lupinecould be a solution in
GMOs problem by limiting the production of soybean, due to its advantages.
Finally, further research for the creation of new varieties as well as cultivation processing
practices should be carried out in order to improve the efficiency of the lupine.
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Abstract

Because of the various environment conditions yield, quality and other agro-physiological
parameters in cereal species vary based on genotype, environment and its interaction. The
experiment was carried out to assess bread wheat, durum wheat, barley and triticale cultivars
for grain yield, agronomic parameters, physiological and quality parameters under rainfed
conditions. In this experiment a total of 17 cultivars (5 bread wheat, 4 durum wheat, 4 barley,
and 4 triticale) were evaluated during 2017-2018 growing season. The experiment was
conducted in the randomized completely blocks design with four replications. Grain yield,
days of heading, plant height, number of spike per square meter, aboveground biomass
(NDVI), chlorophyll content (SPAD), canopy temperature, 1000-kernel weight, test weight,
and protein ratio were investigated. Analysis of the variance revealed that there were
significant differences among cereal species and cultivars for the parameters tasted. Mean
grain yield for bread wheat was 6643 kg ha™, for barley 5588 kg ha™, for durum wheat 5193
kg ha™ and for triticale 4914 kg ha™. According to results, bread wheat cultivars had higher
grain yield and aboveground biomass, barley cultivars had higher number of tiller per square
meters, and chlorophyll content. Triticale cultivars had higher plant height and barley had
short plant height. Barley cultivars had higher 1000-kernel weight followed by bread wheat.
Bread wheat had higher test weight and durum wheat had higher protein ratio. Result of the
study showed that bread wheat had higher grain yield and desirable parameters tested than
durum wheat, barley and triticale cultivars, so bread wheat has more advantageous than the
other cereals crops.

Keywords: Cereals species, cultivars, yield, agro-physiological traits

Introduction

Almost all breeding programs in the world aim to improve varieties with stable yields. The
yield stability is generally grouped as static or dynamic stability (Pfeiffer and Braun, 1989).
Cereals crops play an important role in the agricultural system. Its grain yield and quality
varies based on environment factors, agronomic practices and cereals crops. Various factors
are considered responsible for better yield. Selection of improved and high yielding genotypes
of different cereals having a wide range of adaptation to agro climatic conditions is essential
to increase the yield (Shah et al., 2002). Different varieties of cereals respond differently to
agro-climatic conditions of a particular area (Behara, 1994). Apparently, morpho-
physiological traits of growth and development have the greatest impact on the adaptation of
plants to the target environments with the aim of achieving a maximum productivity.
Selection criteria based on morphological, physiological and biochemical traits have been
suggested for screening drought tolerance in wheat (Araus et al., 2002). The adaptation
strategies of the plants to drought stress include drought escape, drought avoidance and
drought tolerance. Among these strategies, escaping drought involves the completion of the
life cycle before the onset of the drought period. Therefore, early maturity has been known as
a major drought escaping mechanism, particularly in terminal drought stresses (Levitt, 1980;
Chaves et al., 2002).
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Bread wheat (Triticum aestivum L.) and barley are the most important and widely producing
cereal crops throughout the Thrace region of Turkey (Oztiirk and Korkut, 2017). Although the
amount of the rainfall during growing season is enough for wheat production, the distribution
of this rainfall is not regular. This fluctuation of rainfall causes reducing grain yield and
quality in cereal crops (Oztiirk and Korkut, 2018). Therefore, the objective of this study was
to evaluate the performance and compare of the cereal crops cultivars to investigate their yield
quality and agro-physiological character under rainfed condition in Trakya region, Turkey.

Material and Methods
The experiments were conducted during 2017-2018 growing years in Edirne locations,
Turkey. Five bread wheat, four durum wheat, four barley and four triticale cultivars were
studied in a randomized complete block design (RCBD) with four replications. Each plot was
6 meter long and had 6 rows, spaced 0.17 meters apart. A planting rate of 500 seeds m? was
used. In this experiment a total of 17 cultivars were evaluated during 2017-2018 growing
cycle. The experiment was conducted in randomized completely blocks design with four
replications. Grain yield, days of heading, plant height, number of spike per square meter,
1000-kernel weight, test weight, and protein content were investigated. The Zadoks Decimal
Code (Z) was used to describe plant growth stages (Zadoks et. al., 1974).
Grain vyield, days of heading, plant height was taken from plot in each replication. In the
experiments, 1000-kernel weights and test weight (Blakeney et al., 2009), protein ratio,
(Koksel et al., 2000; Perten H, 1990; Pena, 2002) were determined. In the research; biomass
(Gutierrez-Rodriguez et al, 2004), canopy temperature (Babar et al, 2006; Blum 2000;
Jackson et al, 1981; Reynolds et al., 2001), chlorophyll content (Babar et al, 2006; Adamsen
et al., 1999) were investigated. Physiological characters canopy temperature (CT),
chlorophyll content (SPAD), and aboveground biomass (NDVI) were measured at heading
stage of the plant development. Canopy temperature measurements were taken when the sky
was clear and there was little or no wind and plant surfaces are dry. Canopy temperature
measurements were made between 11:00h to 14:00h (Pask et al., 2012).
The analysis of variance for each character was measured followed by LSD to test
significance difference between means (Steel and Torrie, 1980), and simple correlation
coefficient and path analysis, which is the direct and indirect effects of each character was
performed as per method of Dewey and Lu (1959). Data were analysed statistically for
analysis of variance following the method described by Gomez and Gomez (1984). The
significance of differences among means was compared by using Least Significant Difference
(L.S.D. at a %5) test.

Results and Discussion

Trakya region has various environment conditions, so mainly issue for plant breeders in
improving yield across variable environments. The analysis of variance for yield and quality
components was performed and given in Tables 1 to 6. The results of variance analyses
showed that there were significant differences (P<0.01) among genotypes based on locations.
Grain yield in bread wheat ranged from the highest 6948 kg ha™ to the smallest 6535 kg ha™
Table 3. The mean grain yield was 6645 kg ha™. The highest grain yield performed by
cultivar Gelibolu. Mean aboveground biomass of the cultivars was 0.74, 0.79 and 0.75 at Z30,
Z45 and Z55 growth stages, respectively. Mean chlorophyll content of the cultivars was 46.9,
and cultivar Tekirdag had higher chlorophyll content. Canopy temperature was measured at
Z55 growth stages and cultivar Gelibolu had the lowest canopy temperature under rainfed
condition.
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Table 1. Combined analysis of variance for bread and durum wheat cultivars for yield
Bread wheat Durum wheat

Source of variation

DF MS  Fvalue DF MS F value
Replication 3 1433.50 1.09 3 6007.58 12.29**
Cultivars 4 1217.64 0.93 3 2946.40 6.03*
Error 12 1310.55 9 488.62

Note: *, ** Significance at respectively 5% and 1% level probability. Bread wheat: CV (%): 5.4, Durum wheat
CV (%): 4.2

Table 2. Combined analysis of variance for barley and triticale cultivars for yield

Source of variation Barley Triticale

DF MS  Fvalue DF MS F value
Replication 3 2051.44 1.55 3 6881.08 3.24
Cultivars 3 9472.99 7.17%* 3 6333.46 2.98
Error 9 1321.58 9 2123.57

Note: *, ** Significance at respectively 5% and 1% level probability. Triticale: CV (%): 9.3, Barley CV (%): 6.5

Selimiye was the early cultivars, while Pehlivan was late. Cultivars Gelibolu and Pehlivan had
higher tillering capacity. Cultivars Selimiye and Pehlivan had higher thousand kernel weight
and test weight (Table 3). Grain protein content is among the key determinants affecting of
both end use and market value in wheat (Pena, 2002) also, protein quality and quantity is the
most important components of wheat grains governing end-use quality (Pena, 2008; Niu et al.,
2010). In the research cultivar Saban had higher protein ratio.

Table 3. Mean performance of physiological and quality parameters in bread wheat

No Cultivars GY NDVI Z30 NDVI Z45 NDVI Z55 SPAD 7Z55 CT Z55
1 Selimiye 6535 a 0.78a 0.79 ab 0.74 bc 47.7 a 29.3ab
2 Pehlivan 6628 a 0.77 a 0.80 ab 0.75b 443 a 28.2 ab
3 Gelibolu 6948 a 0.67c 0.78 b 0.72c 479a 26.6 b
4 Tekirdag 6549 a 0.73b 0.82a 0.81a 48.7 a 30.6 a
5 Saban 6553 a 0.77 a 0.77b 0.74 bc 459a 29.3 ab

Mean 6643 0.74 0.79 0.75 46.9 28.8

No Cultivars PH DH SNM TKW TW PRT
1 Selimiye 96.5b 112.5d 4155a 41.8 83.1 9.9
2 Pehlivan 101.8 a 116.5a 429.0a 457 82.0 9.8
3 Gelibolu 87.3¢c 112.8 cd 429.5a 375 81.6 8.4
4 Tekirdag 84.3¢c 1145b 391.8a 38.0 77.9 9.5
5 Saban 825¢ 114.0 bc 4115a 40.1 78.4 10.1

Mean 90.5 114.1 415.5 40.6 80.6 9.5

Note: **: P<0.01, *: P<0.05, ns: not significant, GY: Grain yield (kg ha™), NDVI: Aboveground biomass,
SPAD: Chlorophyll content, CT: Canopy temperature (°C), PH: Plant height (cm), DH: Days of heading, SNM:
Spike number per square meter, TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%)

Grain yield in durum wheat ranged from the highest 5589 kg ha™ to the smallest 4990 kg ha™.
The mean grain yield was 5193 kg ha™. The highest grain yield performed by cultivar C1252.
Mean aboveground biomass of the cultivars was 0.64, 0.68 and 0.57 at Z30, Z45 and Z55
growth phase. Mean chlorophyll content of the cultivars was 46.9, and cultivars Eminbey and
Mirzabey had higher chlorophyll content. Canopy temperature was measured at Z55 growth
stages and cultivar Mirzabey had the lowest canopy temperature. With regard to genotypic
effects, cultivar C1252 exhibited the highest plant height (95.3 cm), on the other hand,
Mirzabey, which was showed the lowest plant height (88.3 cm). Cultivar Kiziltan had higher
spike number per square meter and C1252 had higher 1000-kernel weight (TKW) and test
weight (TW) (Table 4).
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Table 4. Mean performance of physiological and quality parameters in durum wheat

No Cultivars GY NDVI Z30 NDVIZ45 NDVIZ55 SPADZ55 CT Z55
1 Kiziltan 4990 b 0.65a 0.67 a 0.54a 452 a 30.0a
2 Eminbey 5143 b 0.64a 0.70 a 0.58a 48.8 a 30.2a
3 Mirzabey 5050 b 0.63 a 0.65a 0.59 a 48.6 a 295a
4 C1252 5589 a 0.66 a 0.72a 0.57a 449a 29.7 a

Mean 5193 0.64 0.68 0.57 46.9 29.8

No Cultivars PH DH SNM TKW T™wW PRT
1 Kiziltan 93.0ab 124.5ab 308.0a 38.2 79.5 9.4
2 Eminbey 89.8b 124.3b 295.0a 34.5 78.1 10.7
3 Mirzabey 88.3b 125.3a 271.8a 38.6 78.3 10.5
4 Cl1252 95.3a 1225¢ 289.3a 41.5 82.7 10.3

Mean 91.5 124.1 291.0 38.2 79.7 10.2

Note: **: P<0.01, *: P<0.05, ns: not significant, GY: Grain yield (kg ha™), NDVI: Aboveground biomass,
SPAD: Chlorophyll content, CT: Canopy temperature (°C), PH: Plant height (cm), DH: Days of heading, SNM:
Spike number per square meter, TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%)

Grain yield in barley cultivars ranged from the highest 6256 kg ha™ to the smallest 5199 kg
ha™. The mean grain yield was 5589 kg ha™. The highest grain yield performed by cultivar
Hasat. Cultivar Hasat had also higher biomass (NDVI) at Z30, Z45 and Z55 growth stages.
Mean chlorophyll content of the barley cultivars was 50.4, and cultivars Sladoran had higher
chlorophyll content. Cultivars Hasat and Bolayir exhibited the highest plant height and, also
Cultivar Bolayir and Hasat had higher spike number per square meter. Among cultivars 1000-
kernel weight ranged from 40.0 g to 45.7 g and, mean was 42.0 g. Cultivar Harman had the
highest 1000-kernel weight. Test weight varied among cultivars from 72.9 kg to 74.9 kg and
the highest test weight was determined in cultivar Harman (Table 5).

Table 5. Mean performance of physiological, yield and quality parameters in barley

No Cultivars GY NDVI Z30 NDVI zZ45 NDVI Z55 SPAD Z55 CT Z55
1 Sladoran 5199 b 0.56 b 0.58b 0.58 a 519a 26.0a
2 Bolayir 5257 b 0.60b 0.61 ab 0.63a 48.3b 26.3a
3 Harman 5643 b 0.63 ab 0.63 ab 0.63a 50.8 ab 26.0 a
4 Hasat 6256 a 0.71a 0.72a 0.67 a 50.8 ab 25.9a

Mean 5589 0.62 0.63 0.63 50.4 26.1

No Cultivars PH DH SNM TKW T™W PRT
1 Sladoran 80.5b 107.5a 385.0b 41.0 74.1 8.8
2 Bolayir 88.8 a 106.8 a 498.3a 40.0 74.4 9.4
3 Harman 87.0a 105.3 b 413.5ab 457 74.9 10.4
4 Hasat 92.0a 105.3 b 496.3 a 41.3 72.9 9.5

Mean 87.1 106.2 448.3 42.0 74.1 9.5

Note: **: P<0.01, *: P<0.05, ns: not significant, GY: Grain yield (kg ha™), NDVI: Aboveground biomass,
SPAD: Chlorophyll content, CT: Canopy temperature (°C), PH: Plant height (cm), DH: Days of heading, SNM:
Spike number per square meter, TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%)

Based on grain yield in triticale cultivar MIKHAM had the highest (5312 kg ha™) yield and
followed by Tatlicak-97. The mean grain yield was 4913 kg ha™. The highest biomass was
performed by cultivar Tatlicak-97. Cultivar MIKHAM had the highest chlorophyll content
and lower canopy temperature. Cultivars Presto and Tatlicak-97 had the highest spike number
per square meter. The highest thousand kernel weight was determined in cultivars MIKHAM
(Table 6).
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Table 6. Mean performance of physiological, yield and quality parameters in triticale

No Cultivars GY NDVI Z30 NDVI Z45 NDVIZ55 SPAD Z55 CT Z55
1 Tatlicak-97 5199 ab 0.75a 0.79 a 0.59 a 48.9 bc 275a
2 MIKHAM 5312 a 0.71ab 0.76 ab 0.48Db 52.6 a 26.6b
3 Presto 4578 ab 0.65b 0.74b 0.50b 50.8 ab 27.5a
4 Truva 4564 b 0.71 ab 0.73b 0.52b 47.3¢c 28.2a

Mean 4913 0.70 0.75 0.52 49.9 27.5

No Cultivars PH DH SNM TKW T™W PRT
1 Tatlicak-97 118.3a 119.3b 372.8a 29.1 70.5 10.5
2 MIKHAM 116.8a 109.8 ¢ 337.0b 334 69.1 9.6
3 Presto 118.3a 109.5¢ 383.8a 30.4 68.2 9.1
4 Truva 1138 a 120.8 a 308.0c 29.7 65.4 9.3

Mean 116.8 114.8 350.4 30.7 68.3 9.6

Note: **; P<0.01, *: P<0.05, ns: not significant, GY: Grain yield (kg ha-1), NDVI: Aboveground biomass,
SPAD: Chlorophyll content, CT: Canopy temperature (°C), PH: Plant height (cm), DH: Days of heading, SNM:
Spike number per square meter, TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%)

Table 7. Coefficients of correlation between grain yield and tested parameters in bread wheat,
durum wheat, barley and triticale cultivars

Traits Bread wheat Durum wheat Barley Triticale
GY GY GY GY
NDVI (Z30) -0.875* 0.683 0.977** 0.640
NDVI (Z45) -0.314 0.833 0.979** 0.812
NDVI (Z55) -0.536 0.155 0.858 0.188
SPAD (Z55) 0.144 -0.456 0.180 0.509
CT (Z55) -0.891* -0.226 -0.650 -0.770
PH -0.085 0.679 0.745 0.384
DH -0.259 -0.931* -0.840 -0.142
SNM 0.617 -0.129 0.453 0.113
TKW -0.372 0.614 0.213 0.469
TW 0.289 0.872 -0.691 0.776
PRT -0.930** 0.287 0.368 0.717

Note: **: P<0.01, *: P<0.05, GY: Grain yield (kg da™), NDVI: Aboveground biomass, SPAD: Chlorophyll
content, CT: Canopy temperature (°C), PH: Plant height (cm), DH: Days of heading, SNM: Spike number per
square meter, TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%)

Correlation coefficients based on the investigated parameters for bread wheat, durum wheat,
barley and triticale were determined by Pearson’s correlation analysis (Table 7). In bread
wheat, it was found significant negative correlation between grain yield and NDVI at Z30
growth stage (r=-0.875*), canopy temperature at Z55 (r=-0.891*) and protein ratio (r=-
0.930**). Grain yield was positively correlated with number of spike per square meter and
slightly correlated with test weight. Correlation coefficients for durum wheat cultivars showed
that, it was found positive correlation between grain yield and NDV1 at Z30 growth stage, and
Z45 growth stage. There was a negative relation between grain yield and days of heading (p=-
0.931*) in durum wheat. Grain yield was positively correlated with plant height, TKW and
TW. In the research, in barley cultivars it was found positive association between grain yield
and biomass (NDVI) at Z30 (r=0.683) and Z45 (r=0.833). Grain yield was slightly positively
correlated with plant height, 1000-kernel weight and test weight. There was a negative
relation with grain yield and days of heading (r=-0.931%*). In triticale cultivars, it was found
positive association between grain yield and biomass (NDVI) at Z30 (r=0.640) and Z45
(r=0.812). Grain yield was positively correlated with chlorophyll content at Z55, 1000-kernel
weight and test weight. There was a negative relation with grain yield and canopy temperature
(r=-0.770).
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Conclusions

Because of the various environment conditions yield, quality and other agro-physiological
parameters varied in cereal crops based on genotype, environment and its interaction.
Analysis of the variance revealed that there were significant differences among cereal crops
and among cultivars for the parameters tasted. Bread wheat had the highest grain yield than
other cereal crops. According to results, bread wheat cultivars had higher biomass, barley
cultivars had higher number of tiller per square meters, and chlorophyll content. Triticale
cultivars had higher plant height and barley had short plant height. Barley cultivars had higher
1000-kernel weight followed by bread wheat. Bread wheat had higher test weight and durum
wheat had higher protein ratio. Result of the study showed that bread wheat had higher grain
yield and desirable parameters tested than durum wheat, barley and triticale cultivars. Results
also showed that physiological parameters such as biomass and canopy temperature could be
used in cereal breeding programs for selection of the higher yielding genotypes.
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Abstract

The experiment was established at the experimental field of the Small Grains Research Centre
in Kragujevac (Serbia) during the two growing seasons. The objective of the research was to
evaluate the effect of fertilization and the environment on the yield of winter barley. The
following characteristics were analysed: grain yield, 1000 grain weight and test weight. The
average grain yield and 1000 grain weight of all treatments in 2010/11 growing season was
significantly greater than in 2009/10, mostly as the result of highly favourable weather
conditions at major stages of plant development. The grain yield of the barley was significant
lower in control (treatment without fertilizer). Barley yield was the highest in the NP;K and
NP,K (4.199 and 4.290 t/ha) treatments. Variance analysis showed statistically very
significant differences for grain yield, 1000 grain weight and test weight between the
vegetation seasons and very significant differences for grain yield and 1000 grain weight
between the effects of fertilization. Variance analysis showed very significant differences for
1000 grain weight between the interaction of the vegetation seasons and variants of
fertilization.

Keywords: barley, fertilization, nitrogen, yield

Introduction

Barley is one of the oldest agricultural species, which has gone through genetic alterations
during the process of domestication. The basic purpose of the barley usage has been changed
during thousands of years of the cultivation, i.e. from the main grain in the human diet to the
very important animal nutrient. The grain quality of barley is affected by genetic and
environmental factors as well as their interaction. Because of this, the same cultivar in
different years can behave like brewing or feeding barley, according to the content of grain
nutrients, which determines end-use (DPekic et al., 2017). It is known that individual or mutual
influence of abiotic stress factors (high and low temperatures, drought, acidic and saline soil)
in different barley growth stages limited expression of the maximum grain yield potential
(Peki¢ et al., 2019). The length and intensity of the stress period vary from the environment
to the environment, as well as between years in the same environment (Bratkovi¢ et al.,
2018).

Cultivars of the new generation exhibit the high degree of the tolerance against temperatures shocks
during the phase of the forming and filling of grain as well as against drought. To achieve high and
stable grain yields, newly cultivars are demand more precisely and more complex NPK nutrition (Jeli¢
et al., 2015). The role of the fertilization before basic tillage become more important in the global
warming condition. Furthermore, a good soil supply with P,Osand K,O is very important, since barley
need to absorb the same or higher amounts of these elements for a short period of time (Jeli¢ et al.,
2014). Efficacy of the nitrogen utilization from mineral fertilizers is decreasing with
increasing of the nitrogen fertilizing level (Peki¢ et al., 2014; Jeli¢ et al., 2015; Terzic et al.,
2018). Nutrient utilization from fertilizers and yield forming are under the important influence
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of weather conditions and specific characteristics of the location (Popovi¢ et al., 2011; Peki¢
et al., 2014, 2019; Przul;j et al., 2014; Bratkovi¢ et al., 2018; Terzic et al., 2018).

Because of appearance of new demanded cultivars at permanent changes in soil fertility level
and environmental conditions, still exist need to researches fertilization of barley, as well as
determine optimal rates and balanced nutrition ratios in concrete agro ecological conditions.
The main goal of this research was to investigate the effect of long-term applications of
identical amounts and ratios of nitrogen, phosphorus and potassium on the yield components
of winter barley cultivar ,,Grand".

Material and methods
Meteorological conditions
Kragujevac area is characterized by a moderate continental climate, which general feature is
uneven distribution of rainfall by month. Data in Table 1 for the investigated period (2010-
2011) clearly indicate that the years in which the researches were conducted differed from the
typical long-year average for Kragujevac region, regarding the meteorological conditions. The
average air temperature in 2009/10 growing season was higher by 0.37°C and 2010/11 was
higher by 0.16°C than with the perennial average. The sum of rainfall precipitation in 2009/10
growing season was higher by 612.1 mm, where the sum of rainfall in 2010/11 growing season
was 86.2 mm lower than the perennial average and with a very uneven distribution of
precipitation per months. During the April and May in2009/10 growing season it was
142.2 mm and 116.7 mm of rainfall, what was 90.3 mm and 59.1 mm more compared with the
perennial average. During the June in 2009/10 it was 196.7 mm of rainfall, what was 126.3 mm
more compared with the perennial average.
In addition to the necessary reserve for the spring part of the vegetation, winter precipitation
greatly influences the distribution of easily accessible nitrogen in the soil (Jelic et al., 2015;
Dekic¢ et al., 2015; Terzic et al., 2018).

Table 1 Precipitation sum and average monthly temperature in Kragujevac, Serbia
Mean monthly air temperature (°C) The amount of rainfall (mm)

Months 2009/10  2010/11  Average  2009/10  2010/11  Average
X 117 10.2 125 102.6 86.9 45.4
N 8.8 11.4 6.9 775 27.9 48.9
X1 2.6 2.4 1.9 194.2 50.1 56.6
| 0.9 0.9 0.5 57.0 29.1 58.2
I 3.2 0.5 2.4 150.5 48.5 46.6
1l 7.2 7.2 7.1 43.3 20.4 32.4
WY, 12.1 12.0 11.6 142.2 20.8 51.9
Y, 16.5 15.8 16.9 116.7 65.8 57.6
VI 20.2 20.9 20.0 196.7 32.3 70.4
Average 9.24 9.03 8.87 1080.1 381.8 468.0

Experimental design and statistical analysis

Effects of mineral nutrition efficiency of barley have been studied at the stationary field trial
of the Small Grains Research Centre in Kragujevac (Serbia) for two growing seasons
(2009/10 and 2010/11). The experiment was laid out in a randomised block design with five
replications and a plot size of 10 m* (5 m x 2 m). In all years, winter barley was sown in the
second half of October at a row spacing of 12.5 cm. The rate of nitrogen application were 80
kg/ha N. The barley cultivar used in the experiment was Grand. Six variants of mineral
nutrition: control, N (80 kg/ha N), NP; (80 kg/ha N and 60 kg/ha P,Os), NP, (80 kg/ha N and
100 kg/ha P,0s), NP;1K (80 kg/ha N, 60 kg/ha P,Os and 60 kg/ha K,0) and NP,K (80 kg/ha N,
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100 kg/ha P,Os and 60 kg/ha K,0). The following traits were analysed: grain yield, 1000 grain
weight and test weight. Grain yield was measured for each plot and calculated as grain yield
in t/ha at 14% grain moisture. Then, a sample was taken for 1000 grain weight and test weight
determination.

The soil used in the trial was vertisol having a very acid reaction (pH in KCI: 3.92-4.27), the
content of total nitrogen was medium (0.12-0.15%), while the content of affordable
phosphorus (26.9 mg P,Os/100 g soil) and potassium (21.0 mg of K,O/100 g of soil) is high.
On the basis of achieved research results the usual variation statistical indicators were
calculated: average values, standard error and standard deviation. Statistical analysis was
made in the module Analyst Program SAS/STAT (SAS Institute, 2000).

Results and discussion
The average grain yield, 1000-grain weight and test weight of all treatments was significantly
higher in 2010/11 growing season (Table 2).

Table 2 Grain yield, 1000 grain weight and test weight of winter barley

Years
Fertilization 2009-2010 2010-2011 Average
X S SX X S SX X S SX
Grain yield, t/ha
C 0.575° 0.124 0.055 0.909° 0.055 0.024 0.742° 0.198 0.063
N 1.980°  0.889 0.397 3.928° 0.697 0.312 2.954° 1.273 0.403

NP, 2.122°  0.377 0.168 3.660° 0.768 0.343 2.891° 0.991 0.313
NP, 2.322° 0501 0.224 4.060°° 1.117 0.500 3.191° 1.227 0.388
NP;K 3.407*° 0.660 0.295 4.991*° 0.118 0.053 4.199° 0.947 0.299
NP,K 3.378%  0.163 0.073 5.202*° 0.880 0.393 4.290° 1.131 0.358
1000 grain weight, g
C 38.74° 1529 0.684 40.34° 0615 0275 39.54° 1.385 0.438
N 40.22° 1.267 0567 41.48° 0.873 0.390 40.85™ 1.222 0.386
NP, 39.82° 143 0639 41.62° 1266 0.566 40.72° 1587 0.502
NP, 40.22° 1.083 0.484 43.02° 1.443 0.645 41.62° 1.904 0.602
NP;K 4252° 1126 0503 4450° 0561 0.251 43.51%° 1.339 0.423
NP,K 4356%  1.004 0.449 4564° 0472 0211 4460° 1.323 0.418
Test weight, kg/hl
C 61.62° 2.081 00931 61.62° 0.383 0.171 61.62° 1.411 0.446
N 66.15° 1419 0.634 65.85° 1.621 0.725 66.00° 1.445 0.457
NP, 63.66° 1.912 0.855 65.93° 1.830 0.818 64.79° 2.131 0.674
NP, 64.26®° 1538 0.688 65.33° 1.136 0508 64.79° 1.393 0.441
NP;K 62.28"° 1.192 0533 66.06° 2.039 0.912 64.17% 2539 0.803
NP,K 63.84%° 1926 0.861 68.41° 1.166 0521 66.12° 2.836 0.897

The highest grain yield had application of NP,K in a quantity of 80 kg/ha N, 100 kg/ha P,Os
and 60 kg/ha K,0 (4.290 t/ha). The grain yield of the barley was significantly lower in control
(treatment without fertilizer). Average grain yield of treatments ranged from 0.575 t/ha
(control) to 3.407 t/ha (NP1K) in 2009/10 growing season and 0.909 t/ha (control) to 5.202
t/ha (NP,K) in 2010/11 growing season. In all years, NP;K and NP,K treatments produced
significantly higher grain yields compared in the other treatments. Considerable variation in
yield depending on years of research have established Popovi¢ et al. (2011), Jeli¢ et al.
(2014), Madi¢ et al. (2014) and Deki¢ et al. (2019).
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The average 1000 grain weight of all treatments in the 2010/11 growing season was significantly
greater than in the 2009/10 growing season, mostly as the result of highly favourable weather
conditions at major stages of plant development. Averaged across years, significantly higher
values for 1000 grain weight were found in NP;K and NP,K treatments (43.51 g and 44.60 g).
During the 2009/10 growing season, test weight was significantly greater in N treatment
(66.15 kg/hl) than in the other treatments. During the 2010/11 year, NP,K treatment (68.41
ka/hl) had significantly higher values for test weight compared to the other treatments.

Table 3 shows the impact of the year, fertilization and interaction of year x fertilization on
yield, 1000 grain weight and test weight. Analysis of variance was found highly significant
effect of year on the grain yield (F=18.358""), 1000 grain weight (F=13.237 ") and test weight
(F=10.234™). Based on the analysis of variance, it can be concluded that there are very
significant differences in grain yield, 1000 grain weight and test weight regard the treatments
of fertilization (Table 3).

Table 3 The analysis of variance for the traits analyzed in Kragujevac, Serbia
Mean sqr  Mean sqr

Effect df Effect Error F p-level
The analysis of variance for grain yield

Year, (Y) 1,58 33.494 1.824 18.358 0.0002

Fertilization, (F) 5,54 16.480 1.054 15.635 0.0000

Year x Fertilization, (YXF) 5, 48 0.865 0.398 2.173 0.0726
The analysis of variance for 1000 grain

Year, (Y) 1,58 55.296 4.177 13.237 0.0006

Fertilization, (F) 5,54 35.945 2.183 16.468 0.0000

Year x Fertilization, (YXF) 5, 48 0.678 1.233 0.550 0.7376
The analysis of variance for test weight

Year, (Y) 1,58 53.941 5.271 10.234 0.0022

Fertilization, (F) 5,54 26.835 4.175 6.427 0.0001

Year x Fertilization, (YXF) 5, 48 9.961 2.536 3.928 0.0046

The grain yield was in a positive correlation with the 1000 grain weight as well as with the
test weight (Table 4). Barley yield in 2009/10 growing season was positively and highly
significant correlated with 1000 grain weight (0.718™), but in the 2010/11 vegetation season
grain yield in was positively and highly significant correlation with the 1000 grain weight
(0.7207) and test weight (0.666 ). The present results confirm the statement of many authors
that the traits analyzed and their correlations are genetically determined but are strongly
modified by the nutrient status of the environment and weather conditions (Popovi¢ et al.,
2011; Madic¢ et al., 2014; Jelic et al., 2015; Deki¢ et al., 2017; Jamil et al., 2017; Terzic et al.,
2018).

Table 5 shows the correlation coefficients between the studied fertilization treatments and
analysed traits. Positive correlations were observed between grain yield and thousand grain
weight in all treatments. Positively and strong correlations were observed between grain yield
and thousand grain weight in the NP, (r=0.725"), in the NP1K (r=0.836 ") and treatment NP,K
(r=0.711"). Positively and medium strong correlations were observed between thousand grain
weight and test weight in the unfertilized control (r=0.669), in the NP;K (r=0.698") and
treatment NP,K (r=0.649").
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Table 4 Correlations between the traits analyzed
Grain yield 1000 grain weight Test weight
Correlations between the traits analyzed in 2009-2010

Grain yield (t/ha) 1.00 0.718" 0.098™

1000 grain weight (g) 1.00 0.041"™

Test weight (kg/hl) 1.00
Correlations between the traits analyzed in 2010-2011

Grain yield (t/ha) 1.00 0.720" 0.666

1000 grain weight (g) 1.00 0.666

Test weight (kg{hl) 1.00

"_non significant; "-significant at 0.05; ~ -significant at 0.01

Table 5 Correlation coefficients for the traits analyzed across treatments
Grain yield 1000 grain weight Test weight
Correlations between the traits analyzed in the unfertilized control

Grain yield (t/ha) 1.00 0.507"™ -0.055™
1000 grain weight (g) 1.00 0.669"
Test weight (kg/hl) 1.00
Correlations between the traits analyzed in the N
Grain yield (t/ha) 1.00 0.496™ 0.153™
1000 grain weight (g) 1.00 0.583™
Test weight (kg/hl) 1.00
Correlations between the traits analyzed in the NP;
Grain yield (t/ha) 1.00 0.349™ 0.122"
1000 grain weight (g) 1.00 0.198"
Test weight (kg/hl) 1.00
Correlations between the traits analyzed in the NP,
Grain yield (t/ha) 1.00 0.725 0.020™
1000 grain weight (g) 1.00 -0.032"
Test weight (kg/hl) 1.00
Correlations between the traits analyzed in the NP;K
Grain yield (t/ha) 1.00 0.836 0.589™
1000 grain weight (g) 1.00 0.698"
Test weight (kg/hl) 1.00
Correlations between the traits analyzed in the NP,K
Grain yield (t/ha) 1.00 0.711 0.842"
1000 grain weight (g) 1.00 0.649
Test weight (kg/hl) 1.00

™_non significant; “-significant at 0.05; ~ -significant at 0.01

Conclusion

As the result of favourable weather conditions i.e. sufficient amounts of precipitation at major
stages of plant development and moderate temperatures at the end of the growing season, the
average grain yield of all treatments was significantly higher in 2010/11 than in 2009/10.
Averaged across treatment, thousand grain weight and test weight were significantly greater
in 2010/11 than in the previous year. Averaged across years, grain yield and 1000 grain
weight was significantly greater in NP;K and NP,K than in the other treatments. Regardless
of year, NP;K and NP;K treatments had significantly higher values for 1000 grain weight
compared to the other treatments. Across years, there was considerable inconsistency in
differences in traits among the treatments (fertilization x year interaction).
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Abstract

The experiment was established at the experimental field of the Small Grains Research Centre
in Kragujevac (Serbia) during the two growing seasons. The objective of the research was to
evaluate the effect of genotype and the environment on the grain yield of winter wheat
cultivars (TakovCanka, Kruna, Planeta and Vizija). The following characteristics were
analysed: grain yield, 1000 grain weight and test weight. The average grain yield of all
cultivars in the 2010/11 growing season was significantly greater than in the 2009/10 year,
mostly as the result of highly favourable weather conditions at major stages of plant
development. Takov¢anka and Kruna gave significantly higher grain yields in all years
compared to Planeta. Averaged across years, significantly higher values for 1.000 grain
weight were found in Planeta and test weight was found in Takov¢anka. Different responses
of cultivars to variable agroenvironmental conditions in terms of grain yield and 1.000 grain
weight and test weight require the use of a number of cultivars in the crop structure.

Keywords: cultivars, grain yield, wheat, quality characteristics

Introduction

Wheat productivity and grain quality in Central Serbia are governed by a range of factors,
notably climate, soil, genetics and crop nutrition. Soil acidity in wheat fields in Central Serbia
has become a severe problem that leads to a significant decline in grain yield and quality of
wheat (Dekic¢ et al., 2013, Jelic et al., 2015). The yield per unit area is the result of the action
of factors of genotypic factors and their interaction with environmental factors. Therefore,
yield is a relative term and is determined by the variety, environmental conditions and the
level of applied technology. Yield is largely dependent on the genetic potential, which could
be defined the yield of variety which was grown in conditions on which it had been adapted,
with adequately amounts of water and nutrients and efficient control of pests, diseases, weeds
and other stresses (Pekic¢ et al., 2014; 2019). Yields considerably vary primarily as a result of
agro-ecological conditions during the growing season (Hristov et al., 2011; Pekic¢ et al., 2012;
Jeli¢ et al., 2014; Djuric et al., 2018; Jordanovska et al., 2018; Terzi¢ et al., 2018b).

In the production of wheat, the correct reonization (regional distribution) of varieties is very
important, and it can contribute to a lesser variation in realized yields and achieving better
average results (Dodig et al., 2008; Lukovi¢ et al., 2014; Jordanovska et al., 2018; Terzi¢ et
al., 2018b; bekic¢ et al., 2019). Bearing all this in mind, it is necessary that climatic conditions
are in accordance with the biological requirements of the plants. In the last few years, extreme
temperatures and disturbances in the amount and distribution of precipitation have
significantly affected the reduction in the total production of organic matter and yield
reduction (Jelic et al., 2015; Perisi¢ et al. (2016). In the continental climate, winter wheat has
long been exposed to the influence of weather conditions, and hence the climate extremes.
Production of winter wheat with high grain yield and appropriate quality is possible only by
choosing varieties of good quality with appropriate cultivation conditions and appropriate
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production technology. The aim of this study was to determine the cultivars and the influence
of ecological environmental factors on differences in stability and adaptability of cultivars
regarding the grain yield, 1.000 grain weight and test weight of tested winter wheat cultivars,
for the production conditions of Serbia.

Material and methods
Meteorological conditions
Kragujevac area is characterized by a moderate continental climate, which general feature is
uneven distribution of rainfall by month. Data in Table 1 for the investigated period (2009-
2011) clearly indicate that the years in which the researches were conducted differed from the
typical multi-year average for Kragujevac region, regarding the meteorological conditions.

Table 1 Precipitation sum and average monthly temperature in Kragujevac, Serbia

Months Mean monthly air temperature (°C) The amount of rainfall (mm)
2009/10 2010/11 Average 2009/10  2010/11 Average

X 11.7 10.2 12.5 102.6 86.9 45.4

Xl 8.8 11.4 6.9 77.5 27.9 48.9

XIl 2.6 2.4 1.9 194.2 50.1 56.6

I 0.9 0.9 0.5 57.0 29.1 58.2

I 3.2 0.5 2.4 150.5 48.5 46.6

i 7.2 7.2 7.1 43.3 20.4 32.4

v 12.1 12.0 11.6 142.2 20.8 51.9

\% 16.5 15.8 16.9 116.7 65.8 57.6
VI 20.2 20.9 20.0 196.7 32.3 70.4
Average 9.24 9.03 8.87 1080.1 381.8 468.0

The average air temperature in 2009/10 was higher by 0.37°C and 2010/11 was higher by
0.16°C than the average of many years. The amount sum of rainfall precipitation in 2009/10
was higher by 612.1 mm, whereas the respective rainfall in 2010/11 was 86.2 mm lower than
the average of many years and with a very uneven distribution of precipitation per months.
During the April and May in 2009/10 there were 142.2 mm and 116.7 mm of rainfall, and this
was 90.3 mm and 59.1 mm higher compared to the perennial average. During June in 2009/10 it
was 196.7 mm of rainfall, and this was 126.3 mm higher compared to the perennial average.
The total amount of precipitation is reflected on the multi annual average, but the distribution,
especially at critical stages of development, is significantly disturbed in the 2009/10 year. In
addition to the necessary reserve for the spring part of the vegetation, winter precipitation
greatly influences the distribution of easily accessible nitrogen in the soil (Peki¢ et al., 2014;
Jelic et al., 2015; Gr¢ak et al., 2018; Milivojevic et al., 2018; Terzi¢ et al., 2018a).

Experimental design and statistical analysis

During the 2009/10 and 2010/11 cropping seasons, four cultivars of winter wheat
(Takovcanka, Kruna, Planeta and Vizija) grown at the experimental field of the Small Grains
Research Centre in Kragujevac (Serbia) were studied.

The soil used in the trial was vertisol having a very acid reaction (pH in KCI: 3.92-4.27), the
content of total nitrogen was medium (0.12-0.15%), the content of affordable phosphorus was
high (26.9 mg P,Os/100 g soil), and the content of affordable potassium was high ranging
from 19.5 to 21.0 mg of K,0/100 g of soil. The climate of the region was characterised by
variable precipitation and an uneven distribution across months. A randomised block design
with three replications and the plot size was 10 m? (5 m x 2 m) was used. In all years, winter
wheat was sown in the second half of October at a row spacing of 12.5 cm. Along with
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primary tillage, 400 kg/ha complex NPK (15:15:15) was incorporated into the soil, while
during the spring fertilization the soil was supplemented with 300 kg/ha (KAN 27%N). During
the growing season, common cultural operations were applied, without irrigation. The
following traits were analysed: grain yield, 1000 grain weight and test weight. Grain yield
was measured for each plot and calculated as grain yield in t/ha at 14% grain moisture. Then,
a sample was taken for 1000 grain weight and test weight determination.

On the basis of achieved research results the usual variation statistical indicators were
calculated: average values, standard error and standard deviation. Statistical analysis was
made in the module Analyst Program SAS/STAT (SAS Institute, 2000).

Results and discussion
Table 2 shows the impact of the year, cultivar and interaction of year x cultivar on vyield,
1.000-grain weight and test weight. The analysis of variance revealded a highly significant
effect of year on the grain yield (F=17.913") and 1.000-grain weight (F=60.540 ). Based on
the analysis of variance, it can be concluded that there are very significant differences in grain
yield and 1.000-grain weight regarding the year of investigation, while among the
investigated wheat cultivars the differences were not significant (Table 2).

Table 2 Analysis of variance of the tested parameters

Sources of df Mean squares

variation Grain yield, t/ha 1.000-grain weight, g Test weight, kg/hl
Year 1 17.9137 60.540" 0.0002™
Cultivar 3 0.787™ 0.132" 0.989™
Year x Cultivar 3 9.340" 1.216™ 0.440"

"~ F —test significant at 0.01; ~ F —test significant at 0.05; ™ —non-significant

As the result of favourable weather conditions i.e. sufficient amounts of precipitation at major
stages of plant development and moderate temperatures at the end of the growing season, the
average grain yield of all cultivars was significantly higher in 2010/11. Significantly lower
yields were obtained in 2009/10 (Table 3).

Table 3 Mean values for the tested parameters at winter wheat cultivars

GY (t/ha) TW (kg/hl) 1.000GW (g)
Years 2009/10 3.897° 71.20° 37.63°
2010/11 4.602° 77.36° 37.64°
Cultivar Takov¢anka 4.3472 75.10% 36.93%
Kruna 4.480% 74.022 37.50°
Planeta 4.075° 73.76° 38.25°
Vizija 4.095° 74.23° 37.87°

“Means within columns followed by different lowercase letters are significantly different according to the LSD test

The average grain yield of wheat cultivars ranged from 3.897 t/ha in 2009/10 to 4.602 t/ha in
2010/11. In all years, TakovCanka and Kruna produced significantly higher grain yields
compared to Planeta. The average two-year value of test weight in Takovcanka cultivars was
75.10 kg/hl. The 1.000-grain weight of winter wheat varied across cultivars, from 36.93 g in
cultivar Takovcanka to 38.25 g in cultivar Planeta. Thousand grain weight and test weight
were significantly greater in 2010/11 than in the previous year.

The differences in the yields that were observed in the tested varieties in our experiment are
the result of varietal specificities, which are mostly genetically conditioned. Thus, by
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analysing the obtained results it can be concluded that there is a significant dependence of
grain quality components on the genotype, and this is in agreement with the results of Pekic et
al., (2014), Perisi¢ et al. (2016) and Terzi¢ et al. (2018b).

Table 4 Mean values for the tested parameters at winter wheat cultivars in two vegetation seasons

Grain yield Test weight 1.000-grain weight

(t/ha) (kg/h) (9)

2009/10  Takovéanka 4273° 72.52° 36.63°
Kruna 4.007? 71.38° 37.10°

Planeta 3.967° 71.08° 38.57°

Vizija 3.340° 69.82° 38.23¢

2010/11  Takov¢anka 4.420 77.68° 37.23°
Kruna 4,953 76.67° 37.90°

Planeta 4.183° 76.442 37.93?

Vizija 4.850% 78.64° 37.50°

“Means within columns followed by different lowercase letters are significantly different according to the LSD test

Averaged across years grain yield was higher in Kruna and Takov¢anka than in the other
cultivars (Table 4). In two cropping seasons the average grain yield of the wheat cultivars
ranged from 4.273 t/ha to 4.420 t/ha in Takov¢anka, 4.007 t/ha to 4.953 t/ha in Kruna, 3.967
t/ha to 4.183 t/ha in Planeta and 3.340 t/ha to 4.850 t/ha in Vizija. Regardless of year,
Takovc¢anka had higher values for test weight compared to the other cultivars. The 1.000 grain
weight was higher at Planeta than in the other cultivars.

Table 5 Correlation coefficients by studied environments in wheat

Grain yield Test weight 1.000 grain weight
Correlations between the traits analysed in the 2009/10
Grain yield 1.00 0.487 -0.366
Test weight 1.00 -0.073
1.000 grain weight 1.00
Correlations between the traits analysed in the 2010/11
Grain yield 1.00 0.127 0.179
Test weight 1.00 0.202
1.000 grain weight 1.00
Correlations between the traits analysed in the 2009/11
Grain yield 1.00 0.708" -0.121
Test weight 1.00 0.001
1.000 grain weight 1.00

“p<0.05;  p<0.01

The average values of the Pearson’s coefficient of correlation (r) of investigated winter wheat
traits are presented in Table 5. The established correlation coefficients between the grain yield
and test weight in both vegetation seasons as well as during the two-year research were
positive. The established correlation coefficients between the grain yield and the 1000 grains
weight in both vegetation seasons as well as during the two-year research were negative,
except in the second year of research in which a positive coefficient of correlation was
noticed. The importance of these components in the formation of grain yield depends on the
climatic conditions during the critical phases of growth and development, the applied agro-
technology and the various combinations and relationships of NPK nutrients (Hristov et al.,
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2011; Dbeki¢ et al., 2014; Jeli¢ et al., 2014; Djuric et al., 2018; Terzic et al., 2018a).
Therefore, it is important to know the effect of these properties, i.e. yield components, as well
as their interdependence on grain yield.

Conclusion

Based on the results during the two-year investigation in four Kragujevac’s winter wheat
cultivars, it can be concluded that the grain yield of wheat ranged from 4.075 t/ha (Planeta) to
4.480 t/ha (Kruna). The highest two-year average value of test weight was found in the
cultivars Takov¢anka (75.10 kg/hl). Winter wheat cultivars had test weight greater than 70
kg/hl. The highest 1.000 grain weight of investigation in winter wheat Planeta cultivar (38.25
g). During 2010/11 cropping season, statistically significantly higher grain yield per area unit,
as well as 1.000 grain weight was obtained, compared to the 2009/10 cropping season.

On the base of studied parameters the wheat cultivars Takov¢éanka and Kruna were more
tolerant to adverse chemical soil characteristics (low pH) and can be recommended as a
suitable genotypes for wheat production on acid soils, especially after liming of soil. Different
responses of cultivars to variable agroenvironmental conditions, particularly in terms of major
grain quality indicators, require the use of a number of cultivars in the crop structure.
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Abstract

The study was conducted in 2015-2017 in order to obtain experimental data on the impact of
soybean protection technologies on the productivity and biochemical composition of soybean
grain. Biological and chemical agents (TMTD, Immunocitofit, Zircon, Bisolbifit, Extrasol,
Nutri-Veit with water softener Spartan, liquid humic fertilizer Optimo) were studied for plant
protection on the example of lvan Karamanov soybean cultivar. The experimental plots were
laid in cereal-soybean crop rotation on meadow-brown heavy loamy soil on the base of the
Far Eastern Agricultural Research Institute (Khabarovsk, Russia). The application of
pesticides and biological agents in soybean crops contributed to a statistically significant
increase in soybean yield compared to control (without treatments): 1.2, 1.03 and 0.8 tons ha™
on the plots where seeds and crops were treated by Zircon, Extrasol and TMTD with Optimo,
respectively. The highest protein contents were observed on plots with the application of
TMTD (35.75 %); TMTD with Optimo (35.72 %); Zircon (35.56 %); Extrasol (35.47 %). The
largest fat content was in grain obtained from plots where seeds and crops were treated by
Zircon (16.5 %).

Keywords: Soybean, productivity, protein, fat, plant protection.

Introduction

“No other plant can compete with soybean by the amount of valuable nutritional products and

substances produced per sowing area unit” — the words of V.A. Zolotnitskiy. Soybean

uniqueness, versatility of use is determined by its chemical composition — the content of

organic and inorganic matters in seeds and green mass (Vashchenko et al., 2010).

This crop plays a special role because of the need of producing high-protein food for the

population. High nutrition value of soybean products is due to the presence of high-grade

protein (30-50 % and more) and oil (15-26 %) in seeds (Dospekhov, 1985). Besides proteins
and lipids, soybean seeds are rich in mineral elements: Fe, I, Cu, Zn, Mn, Co, Mo, Se, Cr, Ni,

Sn, Si, F, V (Shchegorets, 2002).

The use of soybean and its products is carried out in three directions worldwide:

1. The improvement of nutrition and its therapeutic and preventive effects on humans.
Currently, in many countries soybean becomes the main source of protein for the food
industry. Soybean oil takes the first place in global production of all vegetable oils, and
soybean products are classified as “healthy” having a preventive or therapeutic effect on a
number of diseases (Shchegorets, 2002). It is also possible to produce full-fat or low-fat
flour, margarine, mayonnaise, soy milk, tofu, dry soy base, soy sauce, soy mince,
complex of soy milk products from soybean. From soybean seeds of small-seed cailtivars
could be done seedlings, rich in biologically active substances (Shchegorets, 2002).

2. The improvement of productivity and efficiency of animal husbandry. It has been
established that with regular feeding of animals with soybean the average daily gain in
live weight doubles; feed consumption per unit of livestock production is reduced by 30-
35 %; quality of livestock products rises (Shchegorets, 2002).
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3. Industrial production. Construction plates, artificial fabrics and materials, fertilizers and
other goods are produced from raw soybean materials that are not used in the food
industry and animal husbandry (Shchegorets, 2002).

Natural and climatic conditions of the Russia’s Far East are comparatively favorable for the

cultivation of soybean. But the yield in recent years was 1.2-1.5 tons ha™, with a potential of

3.0-3.5 tons ha™. One of the main reasons of low grain yield of soybean is high fungal
diseases occurrence. To reduce this impact we develop and test new strategies for the
protection of this culture.

Materials and methods.
The study was conducted in 2015-2017 in the grain-soybean crop rotation on the experimental
fields of the Department of breeding and seed production (Far Eastern Agricultural Research
Institute, Russia). The soil of experimental plots was meadow-brown, heavy loamy, and has
the following characteristics: humus content (by Tyurin) — 4.8; P,Os (by Kirsanov) — 4.3 mg
per 100 g of soil; K,O (by Maslova) — 20 mg per 100 g of soil. The experiment was held
according to the Methodology of field trials (Dospekhov, 1985) to determine the main
indicators of biochemical composition of soybean (protein, fat). Soybean grain was sent to the
analytical laboratory.
The objects of research were: chemical seed treater TMTD (thiram, 400 g per 1 litre);
biological agents — Immunocytofit (arachidonic acid ethyl ester, 20 g per kg); Zircon
(hydroxycinnamic acid 0.1 g per 1 litre); Bisolbifit and Extrasol (strain of Bacillus subtilis H-
13, 100 millions of CFU per ml); liquid foliar fertilizer Nutri-Veit (28 % of phosphorus in
form of PO; and 26 % of potassium) with water softener Spartan; liquid humic fertilizer
(LHF), as well as the chemical fungicide Optimo (pyraclostrobin, 200 g per 1 litre). The
implementation of different protective schemes was performed by dressing seeds and spraying
plants during the growing season.
The experiment was arranged in a randomized complete block design with four replications
on plots 50 m? in size, with the cultivar of soybean “Ivan Karamanov”. Crops were grown
according to conventional technology generally accepted in a region. Seeds were treated with
water moistening 10 litres per ton, according to the experimental design, the day before
sowing (Table 1).
Soybean seeds were sown on experimental plots in the first decade of June at a rate of
300,000 plants ha™ (70 kg of seeds ha™) in moist well prepared soil to the depth of 3-4 cm on
a profiled surface (ridge 140 cm).

Table 1. Experiment design (treatments of seeds and plants)

Variant Seeds treatment Plants treatment during growing season

1. Control (without | Water moistening 10 I/t

treatment)

2. Standard - TMTD | TMTD 6 I/t

3. TMTD + TMTD 31/t +

Immunocytofit Immunocytofit 1 tab./t

4. Immunocytofit Immunocytofit 1 tab./t | Immunocytofit 1 tab./ha during flowering
stage

5. Spartan + Nutri- TMTD 6 I/t Spartan 0,1 I/ha + Nutri-Veit 0,75 I/ha

Veit during 4-6 trifoliolate leaves and
flowering stages

6. Zircon Zircon 40 ml/t Zircon 10 ml/ha during flowering stage

7. Bisolbifit Bisolbifit 2 kg/t
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8. Extrasol Extrasol 2 I/t Extrasol 2 I/ha during trifoliolate leaves
and flowering stages

9. LHF LHF 0,4 I/t LHF 0,4 I/ha during trifoliolate leaves
and flowering stages

10. TMTD + Optimo | TMTD 6 I/t Optimo 0,5 I/ha with disease symptoms
appearance

During the years of study hydrothermal conditions varied tremendously. During the first
period of growing season of 2015 the weather conditions were unfavorable. Heat supply in
this period was insufficient. Due to the low temperature regime, heat accumulation was slow.
Soybean plants were stunted. Hydrothermal conditions of 2016 were close to average long-
term indicators, but were not evenly distributed during the growing season. The accumulation
of heat was slow, heat supply of plants was insufficient. The weather conditions of June 2017
were unfavorable for the growth and development of soybean plants. Further vegetation of
plants took place under favorable conditions.

Results and discussion
Studied remedies combined fungicidal properties with growth regulating and anti-stress
activity, which had a positive effect on growth, development, structural elements of yield and
productivity of soybean.
Significant increase in yield by 1.2; 1.03 and 0.8 t ha™ comparing to control was obtained by
seed dressing and spraying of growing plants with Zircon, Extrasol, Spartan with Nutri-Veit
(Table 2).

Table 2. The influence of protective measures on the certain structural elements of yield and
the productivity of soybean plants (average for 2015-20107)

Variant Beans per Seeds mass Biological

plant Per plant | 1000 seeds | yield, t ha™
1. Control (without treatment) 23.4 9.1 164.5 2.68
2. Standard - TMTD 24.1 9.5 166.7 2.86
3. TMTD + Immunocytofit 25.4 10.4 172.1 3.12
4. Immunocytofit 24.8 10.2 169.7 3.02
5. Spartan + Nutri-Veit 29.8 12.1 175.2 3.62
6. Zircon 31.4 12.9 173.6 3.88
7. Bisolbifit 25.9 10.6 170.1 3.18
8. Extrasol 26.8 12.4 179.6 3.71
9. LHF 24.6 10.4 172.6 3.13
10. TMTD + Optimo 26.8 11.3 177.4 3.48
LSDg 5 4.4 1.5 12.9 0.42

It is not a secret that agrometeorological conditions of the growing season, system of
treatments and protective measures have the greatest impact on the yield development. Under
favorable weather conditions and high-quality agricultural technology, soybean plants grow
and develop accumulating nutrients, which are later converted into protein and fat. The use of
biological and chemical means of protection smoothed the negative impact of the adverse
meteorological conditions and contributed to an increase in assimilation surface of soybean
plants, which in turn affected the protein and oil content in grain.
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Table 3. The influence of tratments on the protein and lipid content of soybean cultivar “Ivan
Karamanov” (average for 2015-2017)

Variant Protein, % Fat, %
1. Control (without treatment) 35,37 14,8
2. Standard - TMTD 35,75 15,1
3. TMTD + Immunocytofit 33,92 15,0
4. Immunocytofit 35,42 14,7
5. Spartan + Nutri-Veit 34,40 15,2
6. Zircon 35,56 16,5
7. Bisolbifit 35,27 15,0
8. Extrasol 35,47 15,1
9. LHF 35,36 14,7
10. TMTD + Optimo 35,72 14,8

The highest protein content was observed in variants treated with: TMTD — 35.75 %; TMTD
with Optimo — 35.72 %; Zircon — 35.56 %; Extrasol — 35.47 %. The highest fat content was in
grain obtained from dressing seeds and spraying plants with Zircon — 16.5 %.

Conclusion

Among the diversity of cultivated crops, soybean exceeds others by its versatility of use
(Dega, 2012). As a bean crop, soybean nutritionally surpasses all crops and feeds of natural
meadows and pastures (Burlaka, 1965). The biochemical composition of its grain is unique. It
contains 30-50 % easily digestible and balanced in amino acids protein, 16-26 % of oil,
favorable in fatty acids composition, 20-25 % of carbohydrates, 5-6 % of salts and vitamins.
With the improvement of advanced soybean processing technologies, the products made from
it are widely used in bakery, confectionary, canning, meat and dairy, textile, paint and
varnish, soap making, pharmaceutical, automotive, aviation and several other industries
(Dega, 2012).

According to results of our research, significant increase in yield of soybean by 1.2; 1.03 and
0.8 t ha was obtained in variants with seeds and plants treatments with Zircon, Extrasol,
Spartan with Nutri-Veit. The highest protein and fat contents were observed in grain from
plants treated with TMTD, TMTD with Optimo, Zircon, Extrasol; and Zircon respectively.
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Abstract

The Far Eastern region is characterized by difficult soil and weather conditions, which have
no analogues in the Russian Federation and neighboring countries. Currently, only 18
cultivars of spring triticale have been entered into the State Register of Protected Breeding
Achievements and Approved for Use in the Russian Federation, therefore the expansion of the
cultivated biodiversity of this crop in the area of high risk farming is undoubtedly an urgent
task. In this regard, the purpose of research is to study the formation of spring triticale
productivity in a monsoon climate. Field experiments conducted in the 2015-2018 year
period. The object of research is testing of 10 cultivars of spring triticale of various ecological
and geographical origins. The soil of experimental fields is a meadow-brown podzolized-gley
heavily loamy. It was revealed that in the conditions of a monsoon climate, the need for heat
and moisture in certain periods of organogenesis in spring wheat and spring triticale are
diametrically opposed. The correlation dependences between the grain yeld of triticale
cultivars and the parameters of environmental factors are established: the sum of the
temperatures of the surface air layer and the amount of precipitation. Under the conditions of
a monsoon climate, productive and promising genetic sources and donors of various
ecological and geographical origins were identified for their involvement in the breeding
process in order to expand the biological diversity of grain crops and increase the efficiency
of rational use of natural agro-resources.

Keywords: Far East region, crop productivity, crop cultivars, Russia

Introduction

The most promising way of providing the world's population with a sufficient amount of
healthy food can be done by the introduction of highly productive plants with valuable
biochemical composition, which is especially important for Russia, where the variety of crops
available for growing is limited (Kochetov et al., 2012). One of the most important reserves
for increasing gross grain harvest is the use of uncommon for Russia culture in grain
production - spring triticale. Triticale, occupying a certain niche in the structure of cultivated
areas, expands biodiversity, thereby increasing the sustainability of crop production (Tylenko
and Skatova, 2015). It is believed that the growth potential of its yield is significantly higher
than that of wheat. Already at the present time, triticale ranks first in yield among cereal crops
(Aydiev et al., 2016). Studies on the biological basis of triticale productivity and the creation
of high-yielding forms of this promising culture are currently among the most promising areas
in grain breeding (Emelyanova et al., 2018). Due to the specific genome, which includes the
components of wheat and rye, triticale has a high potential for increasing productivity and is
promising in the context of a lack of means of intensifying agricultural production.

Since 2009, triticale has been included in the list of grain crops in the final data of Rosstat.
Amount triticale produced in Russia is insignificant if compared to other types of crops.
According to the data, the share of this crop in the structure of the sown area of the country is
0.2-0.3% and the crops occupy an area of 165 to 251 thousand hectares. The average grain
yield of triticale in the Russian Federation for 2009-2018 period reached 1.8-2.9 t/ha.
Currently, 18 varieties of spring triticale have been entered into the State Register of Protected
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Breeding Achievements and Approved for Use in the Russian Federation, which is not
enough for use in various regions of the country, therefore expanding the varietal biodiversity
of this crop in a monsoon climate is undoubtedly an urgent task.

The climate of the Far East sharply differs from the climate of the main agricultural regions of
the Russian Federation and adjacent states. At the corresponding latitudes of the globe there
are no analogues to it. According to the combination of soil and climatic factors, this region
belongs to the zone of risk farming. Spring in all areas is late, long and cold. Rainfall in the
spring and early summer periods, as a rule, is not enough. The second half of summer, on the
contrary, abounds in precipitation and heat, and the relative humidity of air in this period
reaches 100%. High humidity of the air and soil, combined with a rather high temperature
during the period of ripening of cereal crops, contributes to the mass spread of diseases,
including loose smut, Fusarium, dark brown spot and other diseases. All this has a negative
effect on the realization of the genetic potential of productivity, especially in varieties of grain
crops of foreign and foreign selection, which do not withstand water logging and high
infectious load.

In this regard, the purpose of this research is to study the formation of spring triticale
productivity in a monsoon climate.

Materials and Methods

The field experiments were conducted in the 2015-2018 year period. The object of research is
10 cultivars of spring triticale of various ecological and geographical origin. The standards —
the zoned cultivar of spring soft wheat Khabarovchanka and the cultivar of spring triticale Ukro
recommended for cultivation in this ecological zone. The soil of experimental fields is a
meadow-brown podzolized-gley heavy loamy. Agronomyis common for the conditions of this
region and they include: late autumn plowing, spring cultivation, harrowing in two wakes and
sowing. Sowing of grain crops was carried out by the SSFC-7M seeder on plots with an area
of 4 m” and randomized 3-fold with a seeding rate of 5.5 million viable seeds/ha. Accounting
for the collection of spring triticale samples was carried out by the method of sub-section
continuous threshing with the Hege-125 combine, followed by weighing and reduction to
standard humidity and purity.

Field observations, measurements and biochemical analysis were carried out in full
compliance with the field case methodology (Dospekhov, 1985), the state crop testing method
(1985) and the methods of plant biochemical studies (Ermakov, 1987). Statistical processing
of experimental data was performed using analysis of variance, correlation, and regression
analysis using the Statistics v 10.0 software (Stat Soft, Inc., USA).

Results and Discussion

The Far Eastern region of Russia has sufficient natural and climatic resources for growing
crops such as spring triticale. A main feature of meteorological conditions in recent years is a
shortage of heat in the month of June with sharp amplitude of fluctuations in day and night
temperatures of the surface air layer and rainy weather (Figure 1). Thus, the hydrothermal
conditions during the years of research were diverse, rather fully reflecting the particularities
of the monsoon climate, which made it possible to evaluate with a high level of confidence
the influence of environmental factors on the growth, development and productivity of the
samples of spring triticale under study.
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Influence of surface air temperature (left) and amount of precipitation
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Figure 1. Agrometeorological conditions during research.

Main criterion of the economic value of a specific cultivar is grain yield. Overall grain yield
of spring triticale cultivars AC Certa, Dagvo, Zolotoy grebeshok, Losinovske, Zgurivsky,
exceeded the yield of standard varieties Khabarovchanka (spring wheat) and Ukro (spring
triticale) by 0.1-0.6 t/ha (Table 1 ). Under the conditions of a monsoon climate, cultivar
differences in productivity, according to the data in the table, were significant for triticale
plants.

Table 1. Efficiency of spring triticale cultivars samples.

Cultivar Productivity, | The protein content R Linear regression R’
t/ha in grain, % equation
X lim X lim
Khabarovchanka | 2.2 | 1.5-29 | 155 | 13.9-16.2 | 0.80* | y=10.135+0.232*x | 0.64
Ukro 22 | 1.4-26 | 15.0 | 13.3-15.9 | -0.94* | y=18.665-0.183*x | 0.88

AC Certa 28 | 1.7-36 | 149 | 14.1-15.6 | -0.84* | y=16.511-0.059*x | 0.70

AC Alta 19 ] 1524 | 150 | 13.1-17.0 | -0.63* | y=20.504-0.289*x | 0.40

Dagvo 23| 1.1-29 | 150 | 12.9-18.1 | 0.04 | y=14.767-0.011*x | 0.01

Skoriy 22| 19-23 | 155 | 13.9-16.9 | -0.36 | y=20.435-0.231*x | 0.13

Zolotoy 2.7 | 1.6-3.8 | 149 | 14.0-15.7 | -0.28 | y=15.521-0.024*x | 0.08
grebeshok

Moloc 4 1.7 ] 1.1-26 | 152 | 13.2-16.4 | -0.62* | y=17.134-0.116*x | 0.38

Solovey 19] 1.1-28 | 149 | 13.7-16.9 | -0.84* | y=21.231-0.287*x | 0.71

Losinovske 26 | 1.5-41 | 149 | 14.1-16.4 | -0.60* | y=16.388-0.056*x | 0.36

Zgurivskiy 24 | 1.6-3.2 | 149 | 14.1-155 | -0.62* | y=16.358-0.057*x | 0.38

Brio 21| 0.8-36 | 153 | 14.1-16.4 | -0.69* | y=16.466-0.056*x | 0.48

Note: X is the average value; lim is the minimum and maximum value; R is the correlation coefficient between
yield and protein content in spring triticale grain.
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A grain of valuable triticale class | according to GOST 34023-2016 (Russia) must contain at
least 12% protein. A comparative assessment of quality indicators in the same environmental
conditions shows that the protein content of spring triticale samples averaged 14.0-15.5%,
which is at the level of the standard cultivar of spring wheat Khabarovchanka. Leadership in
protein content in grain was noted in the cultivars AC Alta and Dagvo, in which the
accumulation of protein substances in the grain in optimal hydrothermal conditions reached
17.0-18.0%. Varietal differences in protein content in the grain of spring triticale were
revealed — higher quality grains were formed by the cultivars Skoriy and Brio. The variability
of weather and climatic conditions is the main cause of instability in the quality of grain of
cereals. In cool and wet conditions, the protein in the spring triticale grain accumulates less
than in drier and warmer years. With an increase in yield, the protein content of the grains
significantly decreases (R= -0.52), while the realization of the productive potential depends
on the degree of compliance of the biological characteristics of an individual cultivars of
agroclimatic and weather conditions of the region (Figure 2).
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Fig. 2. The relationship between the yield of triticale and hydrothermal environmental
conditions at different stages of organogenesis (I — Planting-sprouting, Il — sprouting-tillering,
[11 — tillering-jointing, 1V — jointing-heading, V — heading-ripeness)

High temperature regime during the period of sprouting of spring triticale contributes to an
increase of the tillering and the density of the productive stalk, while having a negative effect
on the formation of spring wheat plants. Excessive water logging and the high temperature of
the surface air layer during the period of jointing leads to a further loss of spikelets, higher
levels of sterility and lower amount of grain per ear. Increased summary of temperatures and
abundant rainfall in the reproductive period reduce the yield of triticale , but have a positive
effect on the grain yield of spring wheat plants.

The magnitude of the multiple correlation coefficient indicates a close dependence of the
yield and protein content in the grain of spring triticale on the agro-ecological conditions of
the monsoon climate (R=0.78 and R=0.91, respectively). Combined effect of the temperature
of the surface air layer, the amount of precipitation and moisture supply during the growing
season determines the 61% of the yield variation and 83% of the variation in protein content
in the grain of spring triticale. The remaining 39% and 17%, respectively, are attributed to
factors unaccounted for in the regression model.

165



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

Conclusions

Thus, it has been established that in the conditions of a monsoon climate, different cultivars of
spring triticale use different mechanisms in the formation of productivity. Cultivation of
spring triticale in this ecological zone allows you to successfully harvest 2-3 t/ha of grain, but
when exposed to stressful environmental factors, the yield varies from the average value by 2
times. According to the results of research, it has been established that the need for heat and
moisture in certain periods of plant growth and development in spring wheat and spring
triticale are diametrically opposed. At the same time, the productivity of triticale cultivars is
depends on the cumulative effect of the temperatures of the surface air layer, the amount of
precipitation and the level of moisture supply during the entire growing season.
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Abstract

The soil and climatic resources of the Far East of Russia from all grain crops, to the maximum
extent corresponds to the biological characteristics of oats. Right now soybean prevails in the
structure of sown areas of this ecological zone (72%), while grain crops occupy only 17%,
which leads to possible environmental disaster of the natural environment with constant
monoculture growing. The purpose of this research is to study the influence of climatic factors
on the yield and grain quality of spring oats. The soil of is a meadow-brown podzolized-gley
heavily loamy. The standard — zoned cultivar of spring oats Express in this zone was used.
According to the economically valuable characteristics, 10 cultivars were selected and
analyzed. As a result of research, the correlation between grain quality of different cultivars,
meteorological conditions of the growing season and main phenological phases was
determined in order to improve the adaptability of oats to environmental conditions.
Correlation analysis of the data obtained in the study showed the dependence of the protein
content in the grain of the hydrothermal conditions of the growing season. It was revealed that
in most of the studied cultivars protein content decreases, while overall grain yield increases,
as evidenced by the correlation coefficient (r = —0.99). Most cultivars demonstrated a
significant positive correlation between completeness and grain size (r = 0.95). Grain inner
hull in oat cultivar samples is a genetically determined trait with an indirect contribution of
environmental conditions.

Keywords: Spring oat, grain yield, grain quality, correlation analysis, Russia

Introduction
An adaptive assortment of cultivated crops largely determines the competitiveness of a
particular region and the country as a whole in the world grain market. The soil and climatic
resources of the Far East of Russia from all grain crops, to the maximum extent correspond to
the biological characteristics of oats. The cultivation of grain crops in the region is
insignificant and in the last decade there has been a tendency to increase the acreage of
soybeans. For 2018, soybean prevails in the structure of sown areas (72%), while grain crops
occupy only 17%, which leads to incorrect type of crop rotations and, consequently, to an
environmental disaster of the natural environment. The hydrothermal conditions of the
cultivation zone have a decisive impact not only on the realization of the of the variety, but
also on the quality of the harvest. A distinctive feature of the meteorological conditions in the
Far East of Russia, including in the Khabarovsk Territory, is due to the monsoon nature of the
climate, which is characterized by a significant amount of precipitation in the summer period.
The winter in the region is harsh and long, with little snow, the average January temperature
is -16 to -24 °C, which is why the soil freezes to 2.5-3.0 m. The summer is dry in the first half
and rainy in the second. Over the warm period, the amount of precipitation varies by year
over a wide range, 360-1048 mm. The sum of active temperaturesfor the period varies from
2460 to 2850 "C. Accordingly, the air humidity in summer is much higher than in winter. On
this basis, the study of the influence of the surface layer of air and the amount of precipitation
in the main periods of organogenesis on the formation of yield and grain quality of spring oats
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is especially important in this ecological zone. In this regard, the purpose of this research is to
study the influence of climatic factors on the yield and grain quality of spring oats.

Materials and Methods

Studies were conducted in the 2015-2018 year period in the Far Eastern Scientific Research
Institute of Agriculture of Russia. The soil of crop rotation is a meadow-brown podzolized-
gley heavy loamy. Standard - regionalized the cultivar of spring oats Express. The source
material was taken as 100 samples of oats from the world collection of the Russian Institute of
Plant Genetic Resources. N.I. Vavilova (VIR, Russia, St. Petersburg). According to the
economically valuable attributes, 10 variety samples were isolated and analyzed: 14505 —
Express, 14583 — Flamingsgelb, 15018 — Pg 17, 15053 — Nein, 15065 — Irtysh 22, 13717 —
Alden, 14040 — Aurea 603, 14433 — Orpale, 14271 — Gallop, 14584 — Praefekt. All surveys
and observations during the growing season were carried out in full accordance with the
methodology of the field experiment (Dospekhov, 1985), methods of state variety testing of
agricultural crops (1985) and the International Classification of the CMEA of the genus
Avena (1984). Grain quality was determined using existing methods of biochemical studies of
plants (Kazakov, 1987). Statistical analysis were performed using the >Statistics v.
10.0 software, to assess the influence of climatic factors on the grain quality of oats, a
Spearman and Pearson correlation analysis was used.

Results and Discussion

The agrometeorological conditions in the years of research were varied, rather fully reflecting
the characteristics of the region, which made it possible to evaluate with a high degree of
certainty the influence of hydrothermal conditions on the growth, development and
productivity of the cultivars. With the average long-year period norm of the amount of heat in
April-August 2301.4 °C during the years of research, the amount of heat varied within 2291.2-
2505.1 °C, the amount of precipitation - within 417-620 mm with a norm — 466 mm. A
characteristic feature of meteorological conditions in recent years is a shortage of heat in the
month of June with a sharp amplitude of fluctuations in day and night temperatures of the
surface air layer and rainy weather. Under current hydrothermal conditions, the yield of the
studied varieties during the years of research varied within wide limits — 1.6-6.7 t/ha and
averaged 2.5-4.8 t/ha (Table 1). The highest realization of the productivity potential was
observed in 2017 for the the cultivars Praefekt and Galop— 6.6 and 6.7 t/ha, respectively.

Table 1. Comparative characteristics of oat cultivars by yield and quality indicators.

Catalog Yield (t/ha) Protein, % Filminess, % 1000 grains Test weight, g/l
Number weight, ¢
VIR min {max | X [min|{max | X |min|max | X [min|max| X | min | max | X

14505 | 28 | 54 |39 | 11 | 13 |12 | 25 | 26 | 25| 28 | 35 | 32| 412 | 492 | 422
14583 | 26 | 53 |39 | 12 | 13 |13 | 25 | 26 | 26| 28 | 35 | 31| 442 | 492 | 468
15018 | 22 | 54 |35| 12 | 14 |13 | 25 | 26 | 25| 27 | 32 | 30| 396 | 480 | 427
15053 | 16|39 |25| 11 | 13 |12 | 26 | 28 |27 | 26 | 31 | 29| 400 | 500 | 489
15065 | 24 | 51 |34 | 11 | 13 |12 | 23 | 26 |24 | 27 | 31 | 29| 398 | 440 | 417
13717 | 33|63 |46 11 | 13 |11 | 26 | 29 | 28| 28 | 34 | 31| 448 | 490 | 469
14040 | 31|63 (46| 10 | 12 |11 | 25 | 28 | 27| 31 | 36 |33 |456 | 478 | 469
14433 | 31|63 |46 10 | 12 |11 | 23 | 26 |24 | 27 | 36 |31 |428 | 510 | 471
14271 | 32 | 6.7 |48 | 11 | 12 |11 | 24 | 29 |27 | 34 | 41 |37 | 456 | 499 | 470
14584 | 31| 6.6 |47| 10 | 12 |11 | 25 | 27 | 26| 28 | 34 | 31| 462 | 525 | 483

Note: min is the minimum value of the attribute, max is the maximum value of the attribute, X is the average
value of the attribute.
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As a result of our previous studies, a close relationship was found between the yields of grain
crops and the hydrothermal conditions of the Far Eastern region of Russia not during the
growing season, but during the main periods of growth, development and yield formation
(Aseeva and Melnichuk, 2017). According to Sazonova and Sartakova (2006), the quality
parameters of oat grains are varietal hereditary traits, which makes it possible to further
improve them, but they are subject to strong variability and under the influence of
environmental conditions.

Correlation analysis between the quality indicators of oats and environmental conditions in
certain periods of growth and development revealed a high degree of dependence between
them. It was found that the majority of the studied cultivars, the protein content in the grain
decreases with increasing yield, as evidenced by the correlation coefficient (r=-0.991%).

The varietal specificity of the dependence of the protein content in grain on the hydrothermal
conditions of the growing season (Table 2) was revealed.

Table 2. The relationship of the protein content in the grain of oats with hydrothermal
conditions at different stages of phenological phases

Catalog Sowing — Sprouting — Tillering — Anthesis — Sowing —
Number Sprouting Tillering Anthesis Harvest Ripe Harvest Ripe
VIR I 1 I ] I ] I 1 I 1
14505 013 | 085 | -0.99 | -0.13 | 094 | -0.88 | -042 | -0.46 | 0.72 | -0.34
14583 | 0.99* | 053 | 0.16 | 0.99* | -0.11 | 054 | -090 | 0.89 | 098 | 0.94
15018 | -0.99* | -0.53 | -0.16 | -0.99* | 0.19 | -059 | 047 | -0.82 | -0.90 | -0.92
15053 | -0.38 | 047 | -0.93 | -0.61 | 0.98* | -0.99 | -0.03 | -0.99* | 0.75 | -0.92
15065 | -0.38 | 0.47 | -093 | -061 | 0.82 | -096 | 0.09 | -0.97 | 0.86 | -0.87
13717 0.13 | 0.85 | -0.99 | -0.13 | 0.99* | -0.48 | -0.86 | -0.45 | 0.81 | -0.25
14040 | -0.38 | 047 | -093 | -0.61 | 096 |-0.99*| -0.45 | -0.86 | 0.76 | -0.75
14433 | -098 | 0.78 | -0.18 | 0.89 | 029 | 052 | -0.85 | -0.64 | 0.64 | 0.79
14271 061 | 099 | -0.78 | 0.38 | 032 | -0.71 | -0.63 | -0.15 | -0.43 | 0.09
14584 084 | 096 | -053 | 066 | 0.74 | 0.70 | -0.99*| 0.37 | 0.86 | 0.64

Note: * — 95% significance level, ** — 99% significance level, |1 — the sum of the temperatures of the surface air
layer, 11 — the amount of precipitation.

In most samples, high temperatures of the surface air layer during the periods from sowing to
tillering and at the stage of seed loading and ripening cause a decrease in protein in the grain.
A negative relationship was also found with the amount of precipitation in the period from
sowing to tillering. Only in the period of tillering - heading, high temperatures of the surface
air layer contribute to the accumulation of protein. In the same period, precipitation, on the
contrary, restrain this process.

All studied cultivars have an inverse relationship between the amount of heat and moisture in
the period of sowing-seedlings (Table 3). For several numbers, this relationship persists until
the heading stage. Only during the period of grain ripening, the increase in heat contributes to
the increase in grain weight. Excessive moisture in fact throughout the growing season
reduces this figure.
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Table 3. The relationship of the content of the natural weight of the grain of oats with
hydrothermal conditions at different stages of development.

Catalog Sowing — Sprouting — Tillering — Grain Sowing —

Number Sprouting Tillering Grain Formation — Harvest Ripe
VIR Formation Harvest Ripe

I 1 I I I I I I I I
14505 -1** | -0.63 | -0.04 | -097 | 0.23 | -0.38 | -0.95 | -0.83 | -0.26 | -0.90
14583 | -0.75 | 0.03 | -0.68 | -0.90 | 0.64 | -0.92 | 0.50 |-0.99*| -0.39 | -0.92
15018 |-0.99* | -0.60 | -0.07 | -0.98 | 0.10 | -0.52 | 0.55 | -0.76 | -0.86 | -0.88
15053 | -0.94 | -0.86 | 0.32 | -0.82 | -0.15 | 0.12 | 0.99* | -0.15 | 0.69 | -0.44
15065 | -0.89 | -0.23 | -0.47 | -098 | 0.25 | -0.90 | 0.72 | -0.89 | 0.32 | -0.98
13717 | -094 | -0.87 | 0.33 | -0.81 | -0.60 | -0.54 | 0.86 | -0.55 | -0.91 | -0.73
14040 | -0.12 | 0.68 |-0.99*| -0.38 | 1** | -0.94 | -0.67 | -0.70 | 0.91 | -0.55
14433 | -0.90 | -0.92 | 042 | -0.75 | -0.53 | -0.29 | 096 | -0.42 | -0.82 | -0.61
14271 | -0.99 | -0.50 | -0.19 |-0.99* | 0.69 | -0.29 | 0.98 | -0.80 | 0.99* | -0.93
14584 | -0.99* | -0.53 | -0.16 | -0.99* | -0.12 | -0.99* | -0.71 | -0.89 | -0.31 | -0.99

Note: * — 95% significance level, ** — 99% significance level, |1 — the sum of the temperatures of the surface air
layer, 11 — the amount of precipitation.

The mass of 1000 grains is one of the most important components of the productivity and
technological value of grain (Batalova et al., 2017). Oat grain inner hull have a low
nutritional value. Therefore, the cultivars of the new generation should combine high particle
size and low amount of grain hull. Most cultivars revealed a significant correlation between
the test weight of the grain and a mass of 1000 grains (r=0.95). The filminess of oat variety
samples is a genetically determined trait with an indirect contribution of environmental
conditions. The content of hull in the Pg 17 cultivar is low (V=0.5%) and the lack of
correlation with hydrothermal conditions indicates intravarietal uniformity.

Conclusions

The formation of qualitative indicators of oat grain, along with genotypic features, is
significantly influenced by climatic conditions of the environment. The characters of
correlation on the formation of quality in the grain of the analyzed cultivars of different
ecotypes with the weather conditions of the vegetation period and the phases of development
with the aim of improving the varietal potential of oats are described. The varietal specificity
of the dependence of the protein content in the grain on the hydrothermal conditions of the
growing season was revealed. Most cultivars revealed a significant correlation between the
test weight of the grain and a mass of 1000 grains. The hull of oat cultivar samples is a
genetically determined trait with an indirect contribution of environmental conditions.
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Abstract

Genotype x Environment interactions for cotton fiber traits are of great importance affecting
quality. The purpose of this study was to evaluate fiber quality traits across four diverse
environments by Advanced Fiber Information System (AFIS) instrument. The five most
cultivated commercial upland cotton cultivars were used and each cultivar was sown in 16
fields (80 fields in total for all cultivars). Four samples from each field were collected for
analysis of nine fiber traits. Many fiber traits exhibited statistically significant differences for
both factors environments and cultivars (genotypes), indicating differences in environmental
conditions and cultivar behavior. Genotype x Environment interactions were not present
except for two traits that were very close to 0.05 significance level. Finess showed the greatest
mean squares, while in most cases, mean squares of the factor environment were greater than
for genotypes (except for IFC and Finess, where genotypes contributed the most in total
variability). Thrace followed by Macedonia, proved to be the best regions in Greece to
cultivate cotton for all fiber traits, except for trait SFC (percent of short fibers by weight).
Cultivar CELIA showed the best measurements for almost all fiber traits across all Greek
regions.

Key words: AFIS, quality, Greek regions

Introduction

Genotype x Environment interactions are of major concern to plant breeders for ensuring
heritability during the process of developing improved cultivars (Cheng and Cheng, 2002;
Kang, 2004; Campbell et al., 2012). Upland cotton (Gossypium hirsutum L.), is one of the
main cultivations in Greece, in four main regions with special environmental characteristics
(Baxevanos et al., 2013; Greveniotis and Sioki, 2017). Improvement in fiber quality is the
primary objective, based on reliable methods that measure fiber traits. Cotton industry needs
suggest breeders to adopt market expectations. More accurate measurements are now
available to handle quality data (Hequet et al., 2007). Now, Advanced Fiber Information
System (AFIS, Uster Technologies, Inc.), is used by textile mills for extensive cotton fiber
quality control (Hardin et al., 2018). Fiber quality is depended on various traits (Poehlman
and Sleper, 2006) that depend on both genetic (cultivars) and environmental factors (Bradow
and Davidonis, 2000). Ghosh et al. proposed at least three specimens for better assensing
quality parameters (1992). McAlister et al. (2003) used AFIS for assessing fiber qulity. They
stated that that the high micronaire cottons exhibited more convolutions and longer fibers
exhibited higher frictional. Kelly and Hequet (2018), implemented a novel statistical model
for better describing quality data retrieved by AFIS measurements. They also used
comparisons to HVI measurements. The purpose of this study was to evaluate fiber quality
traits across diverse environments by AFIS instrument which is used for more accurate quality
estimations. This could lead to both an environment selection for cotton cultivations and also
best cotton cultivars for a specific environment.

172


mailto:vgreveni@mail.com

Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

Materials and methods

Four main cotton-production Greek regions were selected because of their different
environments, i.e. Thessaly, Sterea Ellas, Macedonia and Thrace. The five most cultivated
commercial upland cotton (Gossypium hirsutum L.) cultivars were used, i.e. DP332 and
DP377 (Monsanto Co), ST402 (Pioneer Hi-Bred), CELIA and ELSA (Bayer Crop Science).
These cultivars varied in origin and maturity class. Four fields in each of four regions were
chosen for sowing each cultivar separately, in order to evaluate different soil types and
environmental conditions. During experimental years’ environmental data were monitored
and showed significant differences. Each cultivar was sown in 16 fields and 80 fields in total
were used for all cultivars. Rows spaced 96 cm apart and plant density was on average 15
plants per m® Crop management practices for each location were consistent with typical
agronomic practices. Four samples from each field were collected in random to analyze fiber
quality traits at the accredited laboratory of National Center of Cotton, in Karditsa, Greece.
Before testing cotton samples were conditioned for at least 24 hours at 65 £2% RH and 21 +1
°C (ASTM, 2015).

The cotton traits were measured by AFIS instrument (Advanced Fiber Information System —
AFIS by Uster Technologies AG, Uster, Switzerland) as follows: L-w: Average fiber length
by weight of all the cotton fibers in the sample. L-n: Average fiber length by number of all
cotton fibers in the sample. UQL-w: Upper Quartile Length by weight: length exceeded by
25% of the fibers. SFC-w: Percent of all fibers in a cotton sample that are shorter than 12.7
mm (0.5 in.) by weight. SFC-n: Percent of all fibers in a cotton sample that are shorter than
12.7 mm (0.5 in.) by number. L(n) 5%: 5%-Fiber Length by number IFC: Immature Fiber
Content (%), Percentage of immature fibers. FINE (MTex): Fineness (MTex= in mg/m), fiber
weight per length, estimated from fiber shape and form. MAT: Maturity Ratio, Ratio (%)
based on degree of fiber wall thickness. Factor analyses (ANOVA) for each fiber trait across
environments were performed according to Steel and Torrie (1981). Factors were both
environments (the Greek regions) and genotypes (the five cultivars). Experimental Coefficient
of Variation (CV%) was also computed. Separations of means were based on Duncan’s test.

Results and discussion

As shown in Table 1, many fiber traits exhibited statistically very significant differences for
both factors environments and cultivars (genotypes), indicating differences in environmental
conditions and cultivar behavior (Bradow and Davidonis, 2000; Greveniotis and Sioki, 2017;
Greveniotis et al., 2017). Only fiber traits IFC and MAT showed small differences,
statistically significant for cultivars but not for environments. Genotype X Environment
interactions were not present except for traits UQL-w and Finess, which were found close to
0.05 level. Finess showed the greatest mean squares (up to 770.45), while in general, mean
squares of the factor environment were greater than for genotypes (except for IFC and Finess,
where genotypes contributed the most in total variability). Experimental CV(%) was high for
IFC and SFC, indicating a rather unstable behavior of these fiber traits (Greveniotis et al,.
2018).

In Table 2, Thrace followed by Macedonia, proved to be the best regions in Greece to
cultivate cotton for all fiber traits, except for SFC which is in diverse expression to other fiber
traits by definition (Jin et al., 2016), favored by Thessaly and Sterea Ellas regions. This was in
agreement with the findings of Greveniotis et al. (2018) for other measurements of fiber traits.
Table 3 presents measurements and comparisons between cultivars. Cultivar CELIA showed
the best measurements for almost all fiber traits across Greek regions, followed by ELSA and
ST402. This was also in agreement with the findings of Greveniotis et al. (2018) for other
measurements of fiber traits.
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Table 1. Factor analyses (ANOVA) for each fiber trait (L-w, L-n, UQL-w, SFC-w, SFC-n, L(n) 5%,
IFC, MTex, MAT) mean squares and degrees of freedom, as well as experimental CV(%) are
presented

Source of L(n) FINE

variation df | L-w L-n |UQL-w| SFC-w | SFC-n 506 IFC (MTex) MAT
Environments (E) | 3] 10.29%*| 14.69***| 8.23**| 7.19***| 49.82** 11.16**0.91™ 172.95% 0.001™
Replications/E 36 [1.09 [1.35 1.17  |0.59 5.25 1.26 0.77 [83.33 0.001
Genotypes (G)  [4  [5.99%** [7.08*** [9,18*** |1,.83*** |14,68*** |12.73***[3,19* |770.45***| 0.003**
GxE 12 [0.89™ [0.94™ [1.467 ]0.31™ [1.90™ [1.49™ [0.99™[107.807 | 0.001™
Error 48 [0.55 [0.59 081 [0.30 2.53 1.56 1.39 [61.20 0.001
CV (%) 277 [3.24 288 [1560 [13.10 [3.06 23.53 [3.06 2.89

(*) Significant at p<0.05, (**) Significant at p<0.01, (***) Significant at p<0.001
(ns) non-significant, (non-significant and close to 0.05 significance level (<0.07)

Table 2. Means of all fiber across the four different regions (Thessaly, Thrace, Macedonia and
Sterea Ellas)

: FINE
- - - - - 0,
Variety | L-w L-n | UQLw | SFC-w | SFC-n |L(n)5%| IFC | (\ros | MAT
Thessaly 26.22b] 2266b| 30.73b] 4.14a] 13894 3463b] 5124 1828b] 095a

Macedonia |27.02a |23.89a |31.39ab [3.16b 11.40b |35.27b |5.11a 187.6ab | 0.95a

Thrace 27.68a |2450a |32.06a |2.82b 10.37b |36.19a |5.14a 187.3ab | 0.95a

Sterea 26.19b (2292b |30.72b |3.83a 12.99a |34.58b |[4.70a 189.8 b 0.96 a
Ellas

Table 3. Means of all fiber traits for the five cultivars (DP332, DP377, ST402, CELIA and

ELSA)
FINE

i - - - - - 0
Variety | L-w L-n UQL-w | SFC-w | SFC-n |L(n)5%]| IFC (MTex) MAT

DP 332 25.79¢c| 22.38c| 30.08c 406a 13.74a) 33.90c 5.37a 184.8bc| 0.94b

DP 377 |2659b [23.41b |30.92b [3.48b 11.77b  |3479b [5.33a 189.6 b 0.96 ab

CELIA [27.04ab |23.86ab |31.32ab [3.19b 11.36b |35.13b [451a 1974 a 0.96 ab

ELSA |27.15a [23.74ab |31.89a [343b 12.38b  |35.92a 4.65a 179.1c 0.98a

ST 402 |27.31a |24.06a |31.89a [3.27b 1157b |36.10a |5.27a 183.6 ¢ 0.95b

Conclusions

Many fiber traits exhibited statistically significant differences for both factors environments
and cultivars (genotypes), indicating differences in environmental conditions and cultivar
behavior. Genotype x Environment interactions were not present except for two traits (IFC
and MAT) that were very close to 0.05 significance level. Finess showed the greatest mean
squares; while in general, mean squares of the factor environment were greater than for
genotypes (except for IFC and Finess, where genotypes contributed the most in total
variability). Thrace followed by Macedonia, proved to be the best regions in Greece to
cultivate cotton for all fiber traits, except for SFC a rather unstable trait. Commercial cultivar
CELIA showed the best measurements for almost all fiber traits across Greek cotton regions.
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Abstract

The purpose of the present research was to analyze yields of 24 different genetic materials
(cultivars) of winter cereals under extreme conditions for years (2011 and 2012). For this to
be done, seven breadwheat cultivars (Yecora E, Acheloos, Centauro, Nestos, Vergina, Irnerio,
Yenerozo E.), five durum wheat cultivars (Fenix, Simeto, Bob, Mexicali 81, Athos), five
barley cultivars (Cannon, Plaisant, Sonora, Zotis, Konstantinos) five triticale cultivars
(Catria, Ariti, Niobi, Vrodi, Vrito) and two oat cultivars (Pallini, Flega) were used. The
experimental design was a Randomized Complete Block (RCBD) with four replications.
Bread wheat cultivars exhibited the greater mean values 4.3 Mg/Ha, exceeding the mean
value of the Greek bread wheat cultivars. The best cultivar was Yenerozo E. Reversely to this,
durum wheat cultivars exhibited low yields about 2.7 Mg/Ha, compared to 3 Mg/Ha of the
Greek mean. The best cultivars were Finix, Mexicali 81 and Simeto. The yields for barley
were also low, about 3.8 Mg/Ha, compared to 4 Mg/Ha of the Greek mean. The best barley
cultivars were Zotis and Cannon. Triticale cultivars showed unexpectedly very low yields.
Oat had also very low yields. A Genotype x Year interaction was found statistically
significant, indicating different response of the cultivars in relation to the environmental
conditions.

Key words: Wheat, barley, oat, triticale

Introduction

Commercial cultivars in order to be useful to farmers must incorporate high yield potential
and stability across environments (Stratilakis and Goulas, 2003). Inbred cultivars like wheat
or barley are easily maintained by farmers in Florina, by keeping part of the harvest seed for
the next season but this may result in off-types and reduced field yield (Khan et al. 2007; El-
Kalla et al. 2010). Josephides (1993) analyzed various cultivars of bread and durum wheat
together with barley and triticale, concluding that barley is a more suitable cereal for low
yielding environments. Bread wheat and durum wheat are better performers in medium to
high yielding environments respectively. Lopez-Castaneda and Richards (1994) compared
bread and durum wheat together with barley, oat and triticale for grain yield and biomass.
They concluded that barley was the best yielding cereal among all species. Geveniotis et al.
(2009) compared and analyzed yield components between barley cultivars, in order to reveal
the genetic basis of yield factors.

Florina (Greece) has extreme environmental conditions from October until April especially
during winter, resulting in low vyields for many cereals as reported by farmers and local
authorities. That was the reason for the present research, in order to analyse yields of 24
different genetic materials (cultivars) of winter cereals under extreme conditions.
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Material and methods
The 24 different genetic materials of winter cereals were sown in November in years 2010
and 2011 in the farm of the Technological Educational Institute (TEI) of Western Macedonia
in Florina (40°46° N, 21°22° E; 705 m a.s.1.); the soil was sandy loam: 61.2% sand, 27.6% silt,
11.2% clay, and pH 6.25. Environmental data are presented in Figure 1. For the purpose of the
study, seven bread wheat (Triticum aestivum L.) (Yecora E, Acheloos, Centauro, Nestos,
Vergina, Irnerio, Yenerozo E.), five durum wheat (Triticum durum L.) (Fenix, Simeto, Bob,
Mexicali 81, Athos), five barley (Hordeum vulgare L.) (Cannon, Plaisant, Sonora, Zotis,
Konstantinos), five triticale (x Triticosecale Wittmack) (Catria, Ariti, Niobi, Vrodi, Vrito) and
two oat (Avena sativa L.) cultivars (Pallini, Flega) were used.
A Randomized Complete Block (RCBD) experimental design with four replications was
established. Each plot was 1.5x5 m. Plant rows were 6 in each plot with conventional plant
spacing. All the proper field activities were applied.
Measurements were based on mean grain yield (in Mg/Ha) fixed for moisture, after weighing
by an electronic balance. Factor analysis (ANOVA) was performed according to Steel and
Torrie (1981). Factors were both years (the local environment) and genotypes (five species —
24 cultivars). Experimental Coefficient of Variation (CV%) was also computed. Ranking of
means were based on Duncan’s test.
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Fig. 1. Environmental conditions in Florina, Greece (temperatures and rainfall)

Results and discussion
The different genetic materials showed statistically significant differences within years and
over years (Table 1). Bread wheat cultivars exhibited the greater mean value, that exceeded
the corresponding Greek mean of (4.3 Mg/Ha and 4.0 Mg/Ha respectively, Tavoularis, 2012).
The best cultivar was Yenerozo E with 4.8 Mg/Ha, followed by Irnerio and Centauro. In the
opposite side, durum wheat cultivars exhibited lower yields compared the the Greek mean
(2.7 Mg/Ha and 3 Mg/Ha respectively, Tavoularis, 2012). The best cultivars were Finix,
Mexicali 81 and Simeto. A similar view was noticed in barley (3.8 Mg/Ha, compared to the 4
Mg/Ha of the Greek mean, Tavoularis, 2012). The best cultivars were Zotis and Cannon (over
the Greek mean), while Konstantinos had very low yield and that was one of the reasons for
the low barley mean yields. Triticale cultivars showed unexpectedly very low yields, about
3.9 Mg/Ha, compared to the 5 Mg/Ha of the Greek mean (Tavoularis, 2012) with Catria and
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Niobi to performe better. In oat the view was similar with the mean yield to be lower than the
corresponding Greek mean (2 Mg/Ha, and 4 Mg/Ha respectively Tavoularis, 2012). Cultivar
Flega performed better than Pallini.

Table 1. Mean yield of the 24 cultivars (genotypes), within years and over years

Genotypes 2010-2011 | 2011-2012 | Over years
1 Yecora 3.4 defgh 3.8 cdef 3.6 ef
2 Acheloos 4.2 bc 4 cde 4.1 bed
3 Centauro 4 bed 4.9a 4.4 ab
4 Nestos 4.1 bc 4.6 ab 4.3 bc
5 Vergina 4.5 ab 3.9 cdef 4.2 bed
6 Irnerio 4.3 ab 4.6 ab 4.5 ab
7 Yenerozo E 49 a 4.7 a 4.8 a
8 Fenix 2.1k 3.7 efg 2.9 gh
9 Simeto 2.8 hi 2.81 2.8 h
10 Bob 2.7 ij 2.51j 2.6 hi
11 Mexicali 81 | 3.1 ghi 2.8 hi 2.9 gh
12 Athos 2.1k 2.2 jk 2.2
13 Cannon 3.8 bcdef 4.2 bed 4.0cd
14 Plaisant 3.5 cdefg 3.4 fc 3.5 ef
15 Sonora 4 bed 3.7 defg 3.9 de
16 Zotis 4.1 bc 4.2 bc 4.2 bed
17 Konstantinos | 3.2 fghi 3.2gh 3.2 g
18 Catria 3.9 bcde 4.6 ab 4.3 bed
19 Ariti 3.6 cdefg 3.6 efg 36e
20 Niobi 4.4 ab 4.1 cde 4.2 bed
21 Vrodi 3.3 efghi 3.9 cde 3.6e
22 Vrito 3.9 bedef 4.2 bc 4.0 bed
23 Pallini 1.6 k 2k 1.8k
24 Flega 2.1 jk 2.4 ijk 2.2 ]
CV % 11.8 8.2 10.1

+ | Years - - ns

e Genotypes *k*k *kx *kxk

L GxY _ _ KKk

(***) Significant at p<0.001, (ns) non-significant
Letters determine the statistical differences between means

It is obvious that the extreme conditions in Florina decreased yields except in bread wheat
mean yield. Zotis and Cannon barley cultivars are fully recommended for the area of Florina,
since they produced very satisfactory yields. Oat and triticale are not recommended for the
specific environmental conditions. Factor genotypes found significant indicating differences
between species and cultivars. Genotype x Year interaction was also significant, indicating
different response of the cultivars in relation to the environmental conditions (Greveniotis et
al., 2009). These findings are not in fully agreement with Lopez-Castaneda and Richards
(1994) reports, but they are similar in some cases to Josephides (1993) reports. Mediterranean
conditions are not the same everywhere and, in case of Florina the extreme environmental
conditions favoured two barley cultivars and bread wheat cultivars.
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Conclusions

Bread wheat cultivars exhibited the greater mean values among all cereals. The mean is above
the Greek mean for bread wheat. The best cultivar was Yenerozo E. Reversely to this, durum
wheat cultivars exhibited lower yields, about 2.7 Mg/Ha, compared to the 3 Mg/Ha of the
Greek mean. The best cultivars were Finix, Mexicali 81 and Simeto. Barley also performed
lower than the Greek mean (3.8 Mg/Ha, compared to the 4 Mg/Ha of the Greek mean). Zotis
and Cannon barley cultivars are fully recommended for environment of Florina, since they
exhibited very satisfactory yields. Oat and Triticale are not recommended for the specific
environmental conditions. Extensive research in many diverse environments will enrich our
conclusions.
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Abstract

Two forage pea varieties (Sasa and NS Junior) and three grain varieties (NS Javor, Baccara
and NS Dukat) of field pea were cultivated in 2016 and 2017. The research was conducted at
the experimental field of the Agricultural Institute of Republic of Srpska in Banja Luka and in
the experimental field of the Agricultural Faculty in East Sarajevo to determine the influence
of agro-ecological conditions on the protein content, fat content and ash content of pea grains.
The grain quality of the pea was significantly influenced by the locality, while the interaction
of the variety/location and the year/location significantly influenced the ash content and the
fat content and had a significant effect on the protein content of the pea grain. In the
experiment conducted in Banja Luka, there was significantly higher content of protein
(26.89%) , fat (2.468%) and ash (3.504%) in the pea grain, compared to the quality of the pea
grain produced in East Sarajevo, where the content of protein was (24.88%), fats (2.312%)
and ash (3.10%). The largest amount of protein and ash was found in the variety Sasa, in the
area of Banja Luka. These results can influence the improvement of breeding work at the
Agricultural Institute of Republic of Srpska, stimulating the production of peas and increasing
the area on which this crop will be grown. Special attention should be paid to hilly and
mountainous areas where field peas can be important in providing sufficient quantities of
plant proteins to feed domestic animals.

Keywords: pea, locality, proteins, fats, ashes.

Introduction

Grain pea is an economically important agricultural plant species that is primarily cultivated
due to the high content of protein in the grain. Favorable biological features, including short
vegetation, modest requirements for production conditions, variety of use, high and stable
yield, as well as the quality of biomass and grains, make the field pea significant in resolving
the deficit of plant proteins (Cupi¢ et al., 2010; Cupi¢ et al., 2013). In the organized
production of forage, pea provides rational use of land with relatively small investments
(Cupina et al., 2000; Cupina et al., 2005). Despite the great importance of field pea in the
production of fodder and grain, production in our country is very small and official statistics
do not cover the area of forage pea production and seed yield production. Peas is primarily
grown as a spring plant for grain and for green mass (Cota & Camdzija, 2010).

For the production of green forage production, most commonly used are winter peas varieties,
but there is a need for a new assortment of pea's grain, which can have a dual purpose: the use
of grain, but also the whole plant (Gantner et al., 2014). Spring field pea is usually produced
for the usage of grains and represents a highly concentrated protein feed of high-quality
nutritive values. In comparison to other raw materials, such as soybean, soybean meal, fish
meal, it is a significant source of “"cheaper" proteins.

Therefore, the biological value of peas as a forage crop is very similar to other protein crops
(Mihailovi¢ et al., 2004; Marohni¢, 2006). The protein content of pea seed types depends on
the variety, the year and the region in which it is grown. The content of starch, fat, proteins
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and constituent elements in pea grain vary, and are significantly influenced by variety and
ecological conditions (Santalla et al., 2001; Wang & Daun, 2004).

The aim of this research was to determine the influence of agro ecological conditions and
varieties on the quality of spring field pea. Since the Agricultural Institute of the Republic of
Srpska has an acknowledged variety of common peas (Sasa) it is included in this research.

Materials and methods

The field experiments were cultivated in 2016 and 2017 at two localities: locality 1- in the
vicinity of Banja Luka (experimental field of the Agricultural Institute of the Republic of
Srpska), altitude of 163 m (17°49'19 " latitude and 44°48'13" longitude), and locality 2 - in the
vicinity of East Sarajevo (experimental field of the Faculty of Agriculture in East Sarajevo),
altitude 550 m (43°49'01" latitude and 18°20'57" longitude). The basic soil treatment was
carried out in the autumn, at a depth of 25 cm, and the pre-sowing preparation at a depth of 10
cm. Basic fertilization with 350 kg of ha™® NgP,Kzs was done together with the basic
cultivation of soil. The sowing was done at 12.5 cm spacing and a interspace of 8 cm in the
main plot of 5 m% For sowing, inoculated seed of five spring fodder pea varieties were used:
NS Javor (G1), Baccara (G2), NS Dukat (G3), NS Junior (G4) and Sasa (G5). Three varieties
were cultivated at the Institute for Field and Vegetable Crops in Novi Sad - Republic of
Serbia (NS Dukat, NS Junior and NS Javor), Baccara is a variety cultivated in France while
Sasa is a homemade variety cultivated at the Agricultural Institute of Republic of Srpska in
Banja Luka. In the group of genotypes for combined production (biomass and grain) we
included: NS Junior and Sasa, while NS Javor, Baccara and NS Dukat were used for grain
production. In 2016, the sowing was done on 15 April and harvest on 15 July, while in 2017
the sowing was on 23 March, and harvest on 6 July. In 2016, sowing was late because of bad
weather conditions. Long rainy period did not allow pre-season preparation and the
mechanization to enter the field.

The parameters of the pea's grain quality (chemistry composition) were determined by the
following methods: the crude proteins were determined by the micro-Kjeldahl method, or the
crude protein multiplied by a factor of 6.25; crude fats in plant material, using the Soxhlet
method, and crude ash content in the plant material by annealing at 550°C to a constant
weight. The analyzes were done inat the laboratory of the Faculty of Agriculture in East
Sarajevo. The obtained data were processed by the variance analysis method (MANOVA) and
tested by the LSD test (STATISTICA 7.1 for Windows) (Stat Soft 2005).

The distribution of total monthly rainfall and average monthly air temperature for research
years and the perennial average for Banja Luka and East Sarajevo are shown in Table 1.
Average monthly air temperatures for the locality Banja Luka in both years were higher than
the perennial average, and only in May 2016 the average monthly temperature was slightly
lower than the perennial average. In the period of vegetation, the precipitation varied from
year to year and from month to month. In 2016, the extreme month was April whith only 0.5
mm of precipitation, while in 2017 dry months were June and July. The uneven distribution of
the precipitation affected the yield and the quality of the fodder pea. There were higher
average monthly temperatures, compared to perennial average at the locality East Sarajevo in
2016. The exception was May when the average monthly temperature was lower for 0.9 °C.
The amount of rainfall was lower than the perennial average in April and May. In April and
May 2017, the temperatures were lower than the averages for the given months, while in June
and July they were significantly above the perennial average. The amount of rainfall was
significantly lower than the perennial average for January, March, April, May, June and July.
Analyzing the years, 2017 was evidently more unfavorable. Analyzing the meteorological
conditions during the performance of the experiments in Banja Luka and East Sarajevo, we
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found significantly more favorable meteorological conditions in Banja Luka, especially when
it came to the quantity and distribution of precipitation.

Table 1. Average monthly air temperature (°C), monthly rainfall (mm) and perennial average
for Banja Luka and East Sarajevo

Month I I Il [\ \Y VI VIl
2016. Temperature (°C) 2.3 7.6 80| 135| 16.2| 215| 233
< Precipitation (mm) 109.7 | 108.5| 122.2 0.5| 100.6 | 117.8 | 125.9
= | 2017. Temperature (°C) -3.6 55 97| 118 | 175| 229| 244
po Precipitation (mm) | 87.2| 1004 | 1240 | 1484 | 921| 351 38
= | Average Temperature (°C) 0.6 2.3 68| 115| 165| 19.8| 21.8
m | 1981-2010 Precipitation (mm) 69.7 59.1 87.5 84.3 89.4| 1124 81.4
° 2016. Temperature (°C) 1.2 7.4 71| 129] 139] 195| 211
> Precipitation (mm) 46.6 87 | 1317 60.5 82.1 96.4 | 104.5
‘< | 2017. Temperature (°C) -4.8 5.2 7.9 86| 146| 193| 212
3 Precipitation (mm) 579 | 69.1| 43.6| 1324| 738 55| 66.5
% | Average Temperature (°C) -0.8 1.7 55 10 148 | 17.7| 197
W | 1961-1990 Precipitation (mm) 74 63 73 76 85 94 83

Soil in Banja Luka where the experiments were set has good physical characteristics with a
depth of 35 cm. According to agrochemical analysis done at the Agricultural Faculty in East
Sarajevo, it contains 0.13% nitrogen, 2.05% humus, 40 mg/100 g phosphorus and 38.48
mg/100g potassium. The soil reaction is neutral, pH in nKCI is 6.97. According to the
agrochemical analyzes conducted at the Agricultural Faculty in East Sarajevo, the soil at the
experimental field of the Faculty of Agriculture (Eastern Sarajevo) contains 0.27% nitrogen,
4.12% humus, 40.40 mg/100g phosphorus and 36.41mg/100g potassium. The soil reaction is
moderately acidic, pH in nKCl is 6.39.

Results and Discussion

The locality significantly influenced pea grain quality (Table 2). In the experiments in Banja
Luka, there was significantly higher protein content (26.89%) , fat (2.468%) and ash (3.504%)
in pea grain, compared to the quality of pea grain produced in East Sarajevo, where the pea
grain had a protein content of (24.88%), fats content of (2.312%) and ash content of (3.10%).
Protein content of the pea seed depends on the genotype and the environmental factors during
the filling of the seed (Lhuillier-Soundélé et al., 1999). Research by Santalla et al. (2001) have
shown that there is a significant interaction between the variety and environment that
influenced the protein content. Wang&Daun (2004) determined the protein content varied
depending on the ecological conditions and the variety, the protein content ranged from
20.2% to 26.7%. In extensive researches by Mihailovi¢ (1994), the protein content of the
grains of the pea varieties varied from 23.0% to 26.4%. The protein content, depending on the
locality, varied from 24.26% to 27.90%. The domestic variety SaSa had the highest protein
content in the Banja Luka area, while the lowest varieties of proteins at the locality of East
Sarajevo were found in the French variety Baccara. In all varieties, significantly lower protein
content in pea grains grown in East Sarajevo was determined, compared with the content of
protein in pea grain in all varieties grown in Banja Luka. In both years of research, the protein
content was significantly higher in pea grain grown in Banja Luka.
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Table 2. Quality of grain varieties of peas depending on cultivation location

% of protein % of fat % of ash
Locality (L) Banja Luka 26.89a 2.468a 3.504a
East Sarajevo 24.88b 2.312b 3.100b
Sort (S)
NS Dukat Banja Luka 26.30b 1.943d 3.519a
East Sarajevo 24.93c 2.298¢ 3.116¢
NS Junior Banja Luka 27.33ab 2.420c 3.344b
East Sarajevo 25.07c 1.478e 3.136¢
Baccara Banja Luka 26.17bc 2.609b 3.525a
East Sarajevo 24.26¢ 3.044a 3.053c
Sasa Banja Luka 27.90a 2.741b 3.573a
East Sarajevo 25.30c 2.390c 3.044c
NS Javor Banja Luka 26.77ab 2.629b 3.560a
East Sarajevo 24.85C 2.351c 3.151c
Year (G)
2016 Banja Luka 26.91a 3.349a 3.624a
East Sarajevo 24.50c 2.645b 3.113c
2017 Banja Luka 26.88a 1.588d 3.384b
East Sarajevo 25.27bc 1.979c 3.087c
L ** ** **
LXS * ** **
LXG * ** **
LXxSxG ns ns ns

Values marked by different lowercase letters per column are significantly different at the level P 0.05 according
to LSD—test; * F test significant at P 0.05; ** F test significant at P P0.01; The ns—F test is not significant.

The lowest fat content in pea grains had the variety NS Dukat at the locality of Banja Luka,
and the highest content the variety Baccara at the locality of East Sarajevo (interaction of
variety/locality), which is in agreement with the results of Wanga&Dauna (2004), which
found significant influence of varieties and environmental conditions on the content of starch,
ADF, NDF and fats. The highest variations in fat content, depending on the locality, were
found in the variety NS Junior, and the least in the variety NS Javor. A highly significant
year/locality interaction was also established. The highest fat content had the grain pea
produced in Banja Luka in 2016, while the pea produced at the same location in 2017, had the
smallest fat content.

The location had a significant influence on the ash content of pea grains in all the varieties
studied (interaction of variety/locality), since all varieties grown in Banja Luka had more ash
content in pea grain, in comparison withcompared to East Sarajevo. For the NS Junior
varieties, these differences were significant, but minor compared to other varieties.

Compared to other varieties, this variety had the highest ash content in pea grains (Banja
Luka), but at the site in East Sarajevo, the lowest content of ash was found in this variety,
when compared to other varieties. Significant differences in ash content of the pea grain
during the interaction of years / locality were also found. The pea grain produced in 2016 at
the locality of Banja Luka had significantly higher ash content than grain pea produced in
Eastern Sarajevo in both 2016 and 2017. The season did not have an impact on the ash
content of pea grains produced at the location in East Sarajevo, which is in agreement with the
results of Wang & Daun (2004).
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Conclusion
In two years of quality research of five varieties of peas in the vicinity Banja Luka and East
Sarajevo, we can conclude:
- The locality in the vicinity of Banja Luka has significantly more favorable agro-ecological
conditions compared the locality in the vicinity to East Sarajevo, which has significantly
influenced the better quality of field pea grain;
- Meteorological conditions (temperatures and precipitation schedule) were more favorable in
2016 compared to 2017, which is why pea grains produced in 2016 had higher protein, fat and
ash content compared to 2017,
- The domestic variety SaSa had the highest protein and ash content at the Banja Luka locality,
while the Baccara variety at the East Sarajevo locality had the highest fat content;
- Production of field peas, should be stimulated, due to its characteristics, as well as the work
on pea varieties breeding, at the Agricultural Institute of Republika Srpska, in order to obtain
new varieties that can be grown in different agro-ecological conditions of Republika Srpska
(Bosnia and Herzegovina).
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Abstract

In order to study the effect of the 1BL.1RS wheat-rye chromosome translocation on yield and
physiological traits, three Hellenic spring wheat varieties with (cvs. Acheron, Elissavet and
Orfeas), six cultivars without the translocation (cvrs. Apollonia, Acheloos, Vergina, Doirani,
Nestos and Strymonas) and the Russian cultivar KVZ/Cgn as a check, were evaluated for
three successive years under low input conditions. Total chlorophyll content, chlorophyll
fluorescence, CO2 assimilation rate, stomatal conductance, intercellular CO, concentration
and transpiration rate were measured. Significant differences were recorded in yield and in
two traits, i.e. total chlorophyll content and transpiration rate. Regarding yield, despite the
existing variability between cultivars with and without the translocation, no effect of the
translocation was noticed. The two cultivars with (Elissavet and Acheron) carrying the
translocation performed almost equally with two of the top yielding varieties without the
translocation (Apollonia, and Achellos). Also, the same two wheat cultivars without the
translocation showed high total chlorophyll content but they did not differ significantly from
cv. Elissavet one of the translocation carriers. No positive effect of the translocation was
observed on transpiration rate with the top vyielding cultivar Apollonia without the
translocation differing significantly from the top yielding cultivar Elissavet with the
translocation. When the studied physiological traits were compared to the yield of the
corresponding cultivars it was concluded that the 1BL.1RS chromosome translocation did not
give any significant advantage on the yield potential of the genotypes. Further research is
needed under different environments to confirm the results of the present study.

Keywords: Yield potential, Drought resistance, Chlorophyll content, Transpiration rate.

Introduction
One of the main problems in releasing new cultivars is that this new germplasm will probably
be grown on marginal environments due to the irrational waste of territorial resources noticed
in previous years. The drought conditions prevailing in spring especially in the last decades, is
the main obstacle of agricultural production in the southern regions of Europe (Yau and
Saxena, 1997) complicating the problem of food sufficiency. Thus, one of the most decisive
factors in all breeding programs is the identification and integration of genes into cultivated
varieties that confer resistance or tolerance to drought (Blum, 1988) and avoid mistakes of the
past (Acevedo and Fereres, 1994). This led breeders and especially those working on wheat,
to look for new gene pools to face the problem (Fehr, 1987). According to various reports
bread wheat (Triticum aestivum L. em Thell) cultivars carrying the 1BL.1RS wheat-rye
chromosome translocation are characterized among other by high yield potential (Kim et al.,
2004; Xynias et al.,, 2007) and resistance to drought (Hoffmann, 2008). The 1BL.RS
translocation is originated from cv. Kavkaz/Cgn (Schlegel and Meinel, 1994) and it’s unique
traits are attributed to genes located on the short arm of the first chromosome of rye (Schlegel
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and Meinel, 1994; Xynias et al., 2007). According to Acevedo and Fereres (1994) one crucial
mistake in developing new germplasm was the non-sufficient exploitation of certain
physiological traits, rendering cultivated plants more competitive to weeds. Common
physiological traits used to recognize increased stress tolerance are gas exchange parameters
such as assimilation rate (A), stomatal conductance (gs), transpiration rate (E) and intercellular
CO;, concentration (c;), chlorophyll content and chlorophyll fluorescence (Hura et al., 2007;
Ziveak et al., 2008). The above physiological traits have exhibited a good correlation with
tolerance to stresses and yield parameters with a high heritability and repeatability (Fotovat et
al., 2007; Sayar et al., 2008). In a preliminary report Pankou et al. (2017) stated that no
evidence was obtained to confirm the positive effect of the translocation on relevant
physiological traits.

The aim of the present study was to further investigate the effect of the 1BL.1RS wheat-rye
chromosomal translocation on certain physiological traits and elucidate how they affect yield
and drought resistance.

Materials and Methods

Plant material

For the purpose of the study, nine Hellenic bread wheat cultivars (eg. Acheron, Elissavet,
Orfeas, Apolonia, Acheloos, Vergina, Doirani, Nestos and Strymonas) that were developed at
the Cereal Institute of Thessaloniki (Anonymous, 1985) were used. The Russian cultivar
Kavkaz/Cgn, one of the donors of the 1BL.1RS wheat-rye chromosome translocation (Xynias
et al., 2006; Weng, 2007) was used as check. Three of the Hellenic cultivars were found to
carry the 1BL.1RS wheat-rye chromosome translocation (cvs. Acheron, Elissavet and Orfeas)
whereas the other six cultivars, were lacking the specific translocation (Xynias et al., 2006;
Peros et al., 2015).

Methods

The experimentation applied for three growing seasons. The examined cultivars and the
control were sown in early November 2015 and at the same time in November 2016 and
November 2017, in a field of the University of W. Macedonia Farm in Florina Greece (40°46°
N, 21°22°E, 707 m asl), in a sandy loam soil with pH 6.3, organic matter content 14.0 g kg %,
N-NO; 100 mg kg™, P (Olsen) 50.3 mg kg™ and K 308 mg kg™ and water holding capacity
21.8% (0 to 30 cm depth). Seedbed preparation included mouldboard plough, disc harrow and
cultivator. Nitrogen and P,0s at 80 and 40 kg ha™, respectively, were incorporated into the soil
as diammonium phosphate (20-10-0) before sowing. The crop was kept free of weeds by hand
hoeing when necessary. The Randomized Complete Blocks (RCB) experimental design (fixed
model) was applied, with four replications. The plots were consisted of five rows (plot area 3
m?) of which the three inner were threshed (harvest area 1.8 m?).

The mechanically harvested grain was weighed and a sample of grain was dried in an oven at
105° C for 24 h to determine grain moisture content. Grain yield was referred to 12% grain
moisture. Chlorophyll content readings were taken with a hand-held dual-wavelength meter
(SPAD 502, Chlorophyll meter, Minolta Camera Co., Ltd., Japan). For each plot six fully
expanded flag leaves per plot were used when the plants were at physiological maturity with
six measurements per leaf, a total of 36 readings per plot. A portable photosynthesis system
(LI-6400 XT, Li-Cor, Lincoln, Nebraska, USA) equipped with a 2X6 (12 cm?) open top
narrow leaf chamber was used for determinations of CO, assimilation rate (A), transpiration
rate (E), stomatal conductance to water vapour (gs), and intercellular CO, concentration (C;)
during grain filling period. Leaf gas exchange was measured on the fully expanded flag leaf
during the grain-filling period on six plants from each plot from 09:00-12:00 in the morning
to avoid high vapor-pressure deficit and photoinhibition at midday. The quantum
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photosynthetic yield of photosystem (PS) Il or Y was measured with the portable OS5p
Chlorophyll Fluorometer (Opti-Sciences Inc. Hudson, NH, USA).

The means were compared according to the L.S.D. method. The data obtained were analyzed
statistically with Mstat-C (Freed and Eisensmith, 1986).

Results and Discussion
Significant differences were recorded between the examined cultivars in yield (significant
differences at p=1%, Table 1). Regarding of the physiological traits studied significant
differences were revealed in total chlorophyll content, CO, assimilation rate and transpiration
rate (in the last at p=5%). No differences were observed in the other physiological traits
between the examined cultivars regardless of the presence of the translocation (Table 1).

Table 1. Analysis of variance of bread wheat with and without the 1BL.1RS wheat-rye
chromosomal translocation regarding yield and six physiological traits.

Yield Total Chlorophyll CO; Stomatal Intercellular Transpiration
Source df | (g/plot) | chlorophyll fluorescence | assimilation | conductance CO; rate
content rate concentration
Years (Y) ns *% *%k ns *% ns *x
Cultivars (A) ** ** ns ** ns ns *
(Y) x (A) 18 ** *x ns ** ns ns ns
Error 81
CVv 17.35 10.71 45,73 15,06 74,17 6,01 19,00

Table 2. Ranking of the bread wheat cultivars according to chlorophyll content.

Cultivar Yield Total CO, Transpiration
(g/plot) chlorophyll assimilation rate
content rate
Acherontas* A BC AB AB
Elissavet* A AB CD CDh
KVZ/Cgn* A CD BC AB
Orfeas™ E CD AB BCD
Apollonia AB AB A A
Acheloos A A AB ABC
Yecora E DE D D D
Doerani BC A AB AB
Nestos CD BC BC ABCD
Strymonas BC AB A ABC
LSD 79.56 3.327 1.503 0.6056

*Cultivars carrying the 1BL.1RS wheat-rye chromosomal translocation
The cultivars were classified according to their yield performance (Table 2). Three cultivars
with the translocation (Acheron* Elissavet*, KVZ/Cgn*) and one without (Acheloos) were
ranked in top yielding places, (marked with A). They were followed by three cultivars without
the translocation (Apollonia, Doerani, and Strymonas (marked with AB, and BC) and the last
group was consisted of the cultivars Nestos, Yecora E, and Orfeas* (marked with CD, DE and
E respectively). It is obvious from the above results that there was no particular yield
advantage of the presence of the translocation on the varieties studied. This is in disagreement
with the conclusion of Kim et al. (2004), who reported a positive effect of the translocation on
yield performance. Sufficient yield can be produced by elite cultivars despite the effect of the
translocation. This yield performance supports the view that it is possible that the presence of
the translocation gives some advantage to the host cultivar. However, this advantage is not so
crucial because two other cultivars without the translocation performed equally well. The
results presented in this study are in agreement with the respective stated by various authors
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that in order the translocation to express its valuable genes, the genetic background of the host
cultivar is important (Lazaridou et al., 2017; Xynias et al., 2018).

The insufficient yield performance of cv. Yecora E could be attributed to the very low
temperatures prevailing in Florina during winter. However, there is no explanation for the
inferior performance of cvrs. Orfeas* and Nestos, which are supposed to be resistant to low-
temperatures.

Similar results were recorded and in the ranking of the physiological traits (Table 2). The
cultivars were classified in four groups according to total chlorophyll content and
transpiration rate and in five groups in CO; assimilation rate. For total chlorophyll content,
four cultivars without (cvs. Aheloos and Doerani, Appolonia, Strymonas) and one with the
translocation (Elissavet*) were ranked in the first places. A similar view was found in
assimilation and transpiration rates, where Apollonia was ranked first. Thus, it could be stated
that there is no obvious effect of the translocation on the traits studied. The aforementioned
results support the view of Acevedo and Fereres (1994) who stated that exploitation of certain
physiological traits could be beneficial in producing high yield varieties. Cvs. Apollonia and
Acheloos which were ranked in first places not only in yield but also in all physiological traits
studied are good examples of the former statement.

Conclusions
The results obtained in the present study, supported previous statements that the 1BL.1RS
chromosome translocation does not give any significant advantage regarding the
physiological traits of the host cultivar. The presence of the translocation seems to be
beneficial in the cold area of Florina. However, further research is needed to confirm the
results of the present study.
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Abstract

Agroforestry systems combine two close areas of land use, namely agriculture and forestry.
Agroforestry can provide certain ecological benefits, such as increased biodiversity, reduced
soil erosion, increased land use efficiency and production, and increased carbon sequestration.
The aim of this contribution is the evaluation of species composition of vascular plants in two
woody strips on a field under organic farming. The experiment was established on two fields
near to Starnberg (Germany) in 2014. In May 2019, the evaluation of the vegetation was
carried out using phytosociological plots of size 4 m?. The percent coverage was estimated in
each plot. A total of 36 plant species belonging to 17 plant families occurred in the monitored
area. Woody strips can provide shelter and food for animals, but they can also be a potential
source for weeds spreading to the surrounding land. Our results show whether plants are able
to spread to the surrounding land and whether they are able to affect the vegetation
in agricultural lands.

Keywords: short rotation coppice, agriculture, energy crops, phytosociological methods

Introduction
Humans have altered earth's landscape more than any other species, with agriculture
representing the largest anthropogenic use of land area (Foley et al., 2005; Ramankutty et al.,
2008). Only in Europe is about one half of land is farmed (Kanianska, 2016). Agriculture
is a multifunctional system. It provides economic (private) production and ecosystem services
for public goods. Agriculture characterized appearance of agriculture landscape (Wiggering
etal., 2006). Information on the effects of management on ecosystem processes
is consequently necessary to the development of predictive management models for major
land-use change (Forup et al., 2008). Climate change induced warming is expected to impact
plant diversity and distribution at all levels starting from single species to biomes (Parmesan,
2006). It will also result in alterations in population dynamics of native species that may
enhance climate mediated biological invasion, alter community interactions and structure, and
ecosystems functions (Walther et al., 2002). Biologically-diversified farming can contribute
to ecological intensification of agriculture by providing multiple ecosystem services, such as
the promotion of biocontrol services (e.g., a decrease in pest abundance and an increase in the
abundance of natural enemies of pests) (Harvey et al., 2014). The widening focus from the
traditional tree-based land use practice to more advanced landscape scale agroforestry
approach creates a stronger link between agroforestry and biodiversity conservation (Sanchez,
1995). Agroforestry practices are often part of strategies to improve natural resource
management (Ong and Kho, 2015). Short Rotation Coppice (SRC) is a technique for the
cultivation of biomass, which lies midway between agriculture and forestry. Fast-growing
species of trees (such as poplar and willow) are densely planted in rows and then harvested at
certain intervals. They are planted at a distance of 0.5 - 1 m and are harvested at intervals
of 2 to 8 years (Vanbeveren and Ceulemans, 2019). Changes in species composition resulting
from the transition from arable land to increased cultivation of SRC may have a wider impact
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on ecosystem processes and ecosystem services (Rowe et al., 2013). The objective of the
present contribution is evaluation of species composition of vascular plants in two woody
strips on a field under organic farming.

Material and Methods

The experiment was established on two fields near to Starnberg (Germany) in 2014. Trees
(willows, poplars) were planted on the edge of the plot in four double rows. Rows of trees
were spaced 3 meters and trees were planted with a spacing 50 cm. In the first plot, the
planting of willow and poplar alternated every 50 m. In the second plot, the planting
of willow and poplar alternated every 60 m. In May 2019, the evaluation of the vegetation
was carried out using phytosociological plots of size 4 m? The percent coverage was
estimated in each plot. Three phytosociological relevés were recorded in the woody strips
(willows, poplars) with 10 meter spacing. In addition, four phytosociological relevés were
recorded in the field with a distance of 4 m from each tree species (see Figure 1.).
Phytosociological relevés or also vegetation plots serve to describe the species composition
and diversity of the vegetation of a given site. It is a list with information about certain habitat
species and other relevant data (for example density, frequency, cover, exposure of the given
site...). Another four phytosociological relevés were placed on the opposite edge of the field
without tree rows. The obtained data were processed by multivariate analysis of ecological
data segment analysis DCA (Detrended Correspondence Analysis) and canonical
correspondence analysis CCA. A total number of 999 permutations were calculated in Monte-
Carlo test. Collected data were processed by a computer program called Canoco 5.0
(Ter Braak and Smilauer, 2012).

Tree rows Tree rows Tree rows Tree rows Field
1 2 3 4
Poplars
F4 12
50.0 m 11 4.0 m spacing 4.0m spacing
(60.0 m) =[] [ ]e
10 4 8
Willows
F3 9
50.0 m 8 4. 0m spacing 4. 0m spacing
(60.0 m) g E D ¢
7 3 7
Poplars
F2 6
50.0 m 5 4.0 m spacing 4.0m spacing
<
(500m) H g
4 2 6|
Willows
F1 3
50.0 m 2 4.0 m spacing 4. 0m spacing
> <
(600m) L] O
1 1 5
25.0 m |Edge
3.0m 0.5m3.0m 0.5m3.0m 0.5m3.0m 0.5m

Figure 1 Schema of tooking phytosociological relevés
Results and Discussion

A total of 36 plant species belonging to 17 plant families occurred in the monitored area (see
Table 1). Among the poplars 18 species have grown, among the willows 20. Of these, four
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species were also found on the areas at a distance of 4m from the stripes. In comparison,
13 species were found on the opposite side of the field. Only four of them grown on the areas
with poplars and willows.

Table 1 Number of found species according to their family
Willows | Poplars Distance of 4 m Opposite
edge of the
field

Family Number of found species
Amaranthaceae
Asteraceae
Boraginaceae
Brassicaceae
Caryophyllaceae
Convolvulaceae
Euphorbiaceae
Fabaceae
Geraniaceae
Lamiaceae
Papaveraceae
Plantaginaceae
Poaceae
Polygonaceae
Rosaceae
Rubiaceae
Violaceae

OIFRPININOINIO|IRPIFPIFPIOICOIFR IO |F|IO
OIFRINF OIINOIN|IOIFR|IOIFR| OO |IN|F-

0
2
1
2
1
0
1
0
1
1
0
1
0
1
0
1
1

RlRo|lk|lor|rvo|loR| kNN k| w| -

The obtained data about evaluation of species composition were initially processed by
the DCA analysis which determined the length of the gradient, and it was 7.0. Based on this
calculation for further processing was selected canonical correspondence analysis CCA.
Analysis CCA defines the spatial arrangement of plant species and selected environmental
factors. This is subsequently graphically expressed by the ordination diagram (see Fig. 2)
Species and monitored factors are shown by points of different shape and colour. The species
found can be divided into five groups: species that only occurred in willows, occurrence only
in poplars, occurrence in poplars and willow, species that only occurred in the field and
species that occurred at all sites. The only species found in willow were Poa annua,
Cerastium arvense, Fragaria viridis and Medicago sativa. To species found only in poplars
belong: Convolvulus arvensis, Rubus idaeus and Vicia angustifolia. The ordination diagram
shows that the species from the family Poaceae were found only in poplars and willows.
These species also had the highest coverage in the stripes of trees. The ordination diagram
also shows that the number of found species was higher in the field, at different distances
from woody strips. For example in willow and poplar plantations grown in southern and
central Sweden, species numbers decreased with distance from the edges (Gustafsson, 1987,
Weih et al., 2003). Only four species were found at all sites, namely: Cirsium arvense,
Chenopodium album, Galium aparine and Polygonum aviculare. These species can
be considered as common weeds and results show that sites not influence occurrence of these
species. These species belong to species with C, R and CR strategists and according to the
Ellenberg indicator values for nutrients (value 7 and 8 for these species) belongs to species
occurring at nutrient-rich sites.The found species Chenopodium album is listed as the world's
10th most serious weed and is found in Asia, Europe and North America; as it is adapted to
grow vigorously in many different climates and soils (Holm et al., 1977). This species could
be problematic for the future weed infestation; however, its occurrence is mainly dependent
on the seeds in the soil seed bank.
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There are many factors influencing species cover, species richness and the type of species
occurring in SRC plantations (e.g. light climate and the tree age) (Baum et al., 2009).

Changes in species composition resulting from the transition from arable land to increased
cultivation of SRC may have a wider impact on ecosystem processes and ecosystem services
(Rowe et al., 2013). Depending on the location, SRC plantations can have positive as well
as negative effects on biodiversity (Weih et al., 2003).

According to Baum et al. (2012) is species richness highest in SRC than in agricultural land
and species composition correlated to SRC tree cover, SRC age and coppicing. There are
a several studies assessed influence of a SRC. For example, Vanbeveren and Ceulemans
(2019) conducted overview of the publications. They found out, that more than half relevant
studies (33) assessed biodiversity of a willow SRC, while poplar was the second most studied
SRC genus (20) other SRC genera were only occasionally reported on. The largest number
of studies was performed on SRCs in, and equally spread between, the UK (22), the US (22)
and Sweden (20). The remaining SRCs were mainly situated in Germany, Belgium and Italy.
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CerArv
PoaAnn @
FraViryedsat
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Figure 2 Ordination diagram showing the relationship of found species and different sites
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Legend for abbreviations: Arrhenatherum elatius ArrEla, Capsella bursa pastoris CapBur, Cirsium arvense
CirArv, Cerastium arvense CerArv, Clinopodium vulgare CliVul, Convolvulus arvensis ConArv, Dactylis
glomerata DacGlo, Elytrigia repens ElyRep, Euphorbia helioscopia EupHel, Fallopia convolvulus FalCon,
Fragaria viridis FraVir, Galeopsis tetrahit GalTet, Galium aparine GalApa, Geum urbanum GeuUrb, Geranium
columbinum GerCol, Chenopodium album CheAlb, Lamium purpureum LamPur, Lapsana communis LapCom,
Lolium perenne LolPer, Medicago sativa MedSat, Myosotis arvensis MyoArv, Rumex obtusifolius RumAce
Rubus idaeus Rublde, Papaver rhoeas PapRho, Plantago lanceolate PlaLan, Poa annua PoaAnn, Poa pratensis
PoaPra, Polygonum aviculare PolAvi, Silena noctiflora SilNoc, Stellaria media SteMed, Thlaspi arvense ThlArv
Taraxacum sect. Ruderalia TarRud, Tripleuospermum inodorum Trilno, Vicia angustifolia VicAng, Veronica
persica VerPer, Veronica serpyllifolia VerSer, Viola arvensis VioArv

Conclusions

During botanical monitoring altogether 36 plant species belonging to 17 plant families
occurred in the monitored area were found. Most representatives of the Poaceae family were
found in woody strips. Only four species found at all sites, namely: Cirsium arvense,
Chenopodium album, Galium aparine and Polygonum aviculare. These species can be
considered as common weeds and results show that sites not influence occurrence of these
species. Some of the found plant species are able to enrich the soil seed bank (Chenopodium
album, Capsella bursa-pastoris). Other plant species can spread by anemochoria (Cirsium
arvense). These four species can cause a weed infestation of the area in the coming years. The
results also indicate that areas with fast growing trees (willows, poplars) increase the diversity
of vascular plants and can thus support the diversity of agricultural landscapes. However,
SRC is a relatively new way of management and its influence on vegetation are not yet well
known. Therefore, this topic offers an interesting area for research.
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Abstract

Due to climate change, today, many agricultural areas are affected by drought. It is known
that drought has many effects on plants, morphologically, physiologically and phenologically.
In the study, the effects of drought stress on the fruit and seed color of the pumpkin genotypes
were investigated. For this purpose, in 2017 and 2018, 48 pumpkin genotypes, consisting of
44 inbred lines and 4 commercial varieties, were grown in irrigation and non-irrigation
conditions. The study was conducted by using a randomized block design with three
replicates. Each parcel has an area of 20 m? and consists of 40 pumpkin plant. In this study,
drip irrigation system was used and irrigation was applied ten times with seven days interval.
We recorded fruits and seed color values (L *, a *, b *) with Chroma Meter CR-400, every
two years. As a result of the study, it was determined that drought did not effect on fruit color
values of L * and b *, but it had a significant effect on fruit color value of a* in pumpkin
genotypes. Therefore, as the drought increases, the fruit colors shifted from green to red.
Moreover, pumpkin seed color, which has economic value, was not affected by drought.
When examined on the basis of genotypes, drought has important effects on fruit and seed
colors.

Keywords: drought, pumpkin, fruit color, seed color.

Introduction

In the world, a total of 26 486 616 tons of pumpkin is produced in an area of 1 992 003 ha.
China (7 838 809 tons) takes the first place in this production, while India (5 073 678 tons),
America (3 315 909 tons), Russia (1 224 711 tons) and Indonesia (663 325 tons) make up the
top five countries. Turkey is in area 764 458 da, 489 999 tons with production accounted for
1.84% of world production, it ranks 8th among the world countries (FAO, 2016).
Confectionary pumpkin production in Turkey is approximately 737 891 in the area of 55 043
tons. The production of pumpkin is widespread in the inner regions of Turkey and Kayseri (16
751 tons), Nevsehir (16 403 tons), Konya (8 982 tons), Eskisehir (3 196 tons) and Karaman (1
205 tons) are the five provinces that produce the most (TUIK, 2018).

Pumpkin seeds, in addition to being consumed as an appetizer in human nutrition, are used as
additives for bread, salami, sausage, mayonnaise and many food products because of their
high protein content (Rangahau, 2002). Some researchers have reported that pumpkin seeds
improve the immune system (Chew and Park, 2004), and reduce the risk of stomach, breast,
lung and colon cancer due to they have significant amount of antioxidants (Lelley et al.,
2009). It is also reported that phytosterols in pumpkin seeds play an important role in
lowering cholesterol levels and in the treatment of advanced prostate (Fruhwirth and
Hermetter, 2007).

Pumpkin seeds are among the oilseeds with a protein content of 28-40% (Kirnak et al., 2019)
as well as 35-50% fat content (Seymen et al., 2016). In addition, it is rich in minerals such as
potassium, phosphorus, calcium, magnesium, iron, which are important in human nutrition
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(Erding et al., 2018) and it is known as a good source of vitamin A, C and E (Eleiwa et al.,
2014; Kirnak et al., 2019).

Climate change, rapid population growth, indiscriminate and excessive consumption and a
shortage of fresh and clean water resources have led to irrigation problems (Rijsberman,
2006). Drought is currently one of the most common environmental factor limiting crop
production in the world. Therefore, it is a necessity to make development of species and
varieties which are tolerant to drought or where economic efficiency is achieved with less
water.

With the increase of arid and semi-arid areas in the world, there is an increasing tendency to
grow species such as confectionary pumpkin that can use water efficiently and economically.
Its production has recently increased, due to the reasons such as less water requirement
compared to other agricultural crops, lack of irrigation in some areas with sufficient
precipitation, growing in rotation with field crops, ease of harvesting, the existence of
mechanized cultural processes, the ability to be relatively resistant to diseases and pests, and
the available for storage. Despite the increasing production, reaching commercial varieties in
the market is an important constraint. Due to these reasons, a lot of research is being carried
out, especially on drought studies in confectionary pumpkin, in Turkey (Yavuz et al., 2015a;
Yavuz et al., 2015b; Unliikara and Bakir, 2018; Seymen et al., 2019; Kirnak et al., 2019).
Confectionary pumpkin often exhibits a higher economic yield in arid and semi-arid regions
compared to other agricultural crops such as wheat, barley and chickpeas (Seymen et al.,
2019).

It is well-known drought is cause many morphological and physiological changes in plants.
The objective of the present study was to determine the fruit and seed color through an
experimentation conducted for two years in irrigated as well as non-irrigated conditions with
44 inbred pumpkin lines (G), 2 commercial hybrid cultivars (G1: Mert Bey F1 and G2: Sena
Hanim F1), and 2 local cultivars (G3: Hatun Tirnag1 and G4: Cergevelik).

Materials and Methods
The present study was conducted during the May and Sept. in 2017 and 2018, at the Faculty
of Agriculture, Selcuk University, Konya, located at 38°05'N, 32°36'E at an altitude of 1006
m, in central Anatolia, Turkey. Konya, which accounts for approximately 8% of the total
agricultural area in Turkey and covers an area of 1.9 million hectares of arable land. Konya
Plain has an arid and semi-arid climate, according to long-term climate data. In this region,
the vegetation period (May-September) occurs only 90-100 mm of rainfall, and total annual
precipitation is 320 mm. The soil of the study area has a silty—clayey—loamy texture. The
organic matter content present in 0-90 cm of the soil profile, pH, and the bulk density values
of the soil in the study area ranged from 1.43% to 2.16%, 7.44 to 7.50, 1.28 to 1.32 g/cm?,
respectively.
In this study used plant materials were collected from different regions of Turkey. The 44
confectionary pumpkin genotypes which were purified to the S7 stage by self-pollinated were
used. In addition, two-hybrid (G1: Mertbey F1 and G2: Senahanim F1) and two local cultivars
(G3: Hatuntirnagi and G4: Cercevelik) with high commercial value in the market were used to
serve as a control group.
The present study was conducted by using a randomized block design with three replicates, in
full-irrigated and complete-stress (drought) conditions. Each parcel has an area of 20 m? and
consists of 4 rows of plants. A total of 40 pumpkin seeds were sown by hand with 1 m row
spacing and 0.5 m inter-row spacing within each parcel. In this study, drip irrigation system
was used and irrigation was applied ten times with seven days interval.
On the basis of soil analyses, 10, 10, and 12 kg ha"' of N, P,0s, and K,O were applied before
sowing the seeds, respectively. Throughout the developmental period of the plants, cultural
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practices such as cultivation, weed control, pest and disease management were conducted
regularly. Twenty days prior to the harvest time, irrigation was discontinued in the fully-
watered plots. Post complete drying of the plants, fruits were harvested and mature seeds were
extracted from these fruits.

In both years, 4 fruits obtained from 20 other plants, except edge effects in the plots, were
harvested at harvest maturity stage and L, a *, b * were recorded by chroma Meter CR-400. In
addition, L, a *, b * values from each genotype were determined from a total of 5 seeds.The
fruit and seed color parameters were subjected to analysis of variance, and the results were
considered statistically significant at 5% significance level according to Duncan’s test
(Diizgiines et al., 1987). The analysis of variance and correlation tests were performed by
using the SPSS 22.0 packaged software.

Results and Discussion

Fruit color ’L*¢

The L * value ranges from 0 to 100 and describes the coloration between black (0) and white
(100). In the study, it was found that irrigation and drought conditions had a statistically
significant on the average L * value in different genotypes in 2017 and 2018 at 5 %
significance level (Table 1).In respect to the average L* values of 2017-2018, it was
determined that the drought conditions caused a change in L * values by % according to the
irrigation conditions (Table 1). When the changes were examined, L* values increased in
some genotypes in drought conditions but caused decreases in some genotypes. The average
L* values of the genotypes were found to increase by 1.8 % under drought conditions.
Genotypes 3 (%8.58), 6 (%4.87), 12 (%4.52), 20 (%4.37), 28 (%4.73), 29 (%5.16), 38
(%4.74), 39 (%6.79) and 40 (%4.17) were the highest L* values under drought conditions. On
the other hand, genotypes 11 (5.75%) and 31 (3.31%) had lower L * values under drought
conditions than irrigation conditions.

Fruit color ¢’a*”’

Positive values of “’a*’’ refer red-purple colors while negative values define blue-green
colors. In the study, it was found that full irrigation and full drought conditions had a
statistically significant effect on average “a*’’ value of 2017, 2018 and average of the years
according to 5% significance level in different genotypes (Table 1). Considering of the
average *’a*’’ values of the different pumpkin genotypes in 2017-2018, it was determined that
the stress conditions caused % change in the “’a*’’ values according to the irrigation
conditions (Table 2). When the changes were examined, *> a*’’ values increased in some
genotypes in drought conditions. ’a*’’ value decreased by 14% under drought conditions. 9
(31%), 13 (88%), 39 (18%), 42 (62%) and 45 (25%) genotypes gave higher fruit color “’a*”’
values under stress conditions. On the other hand, 5 (48%), 6 (72%), 21 (66%), 31 (50%) and
41 (48%) genotypes gave lower’’a*’’ values under drought conditions compared to irrigation
conditions.

Fruit color “’b*>’

In b *, positive values are yellow and negative values are blue. In the study, it was found that
the full irrigation and full drought conditions had a statistically significant effect on the
average ’b*’’ values of 2017, 2018 and average of the years in different genotypes at 5%
significance level (Table 1). It has been determined that the drought conditions cause a
variation in “’b*’’ values according to the irrigation conditions (Table 1). “’b*’’ values
increased in some genotypes and decreased in some genotypes under drought conditions.
“’b*’* values of genotypes were found to increase by 2.64 % under drought conditions. When
genotypes were examined, 3 (10.86%), 4 (10.56%), 10 (11.28%), 25 (11.40%), 29 (14.89%),
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37 (11.04%) and 43 (17.14%) had higher “’b*’” values under drought conditions. On the other
hand, genotype 28 (7.93%), 31 (10.17%), 35 (6.39%) and 39 (5.10%) gave lower “’b*”’
values under drought conditions than irrigated plots.

Table 1. Fruit color ©’L*, a*, b*’” under irrigation and drought conditions in 2017 and 2018.

6’L” ‘7a” 6’b77

Gen Average 2017-2018 Average 2017-2018 Average 2017-2018

Irrigation  Drought 9% variation  Irrigation  Drought 9% variation Irrigation  Drought 9% variation
1 7730ab  79.21 abc 2.47 4.13sy 249 q-u -39.71 57.72 c-k 59.29 b-h 2.72
2 7350b-k  74.39 f-m 121 7.60 j-0 5.881-p -22.63 56.19 e-m 57.53 b- 2.38
3 70.181-m  76.20 b-j 8.58 9.86 e-k 4.80 k-t -51.32 55.19 e-m 61.20 abc 10.89
4 76.99ab  77.90a-g 1.18 2.36 xy 3.57 0-u 51.27 53.211-n 58.83 b-1 10.56
5 71.20f-m  70.93 I-r -0.38 12.07 b-f 6.211-0 -48.55 56.95 d-k 57.53 b- 1.02
6 7440a1  78.02 a-f 4.87 5.33 0-u 147u -72.42 60.44 a-e 58.35 b-k -3.46
7 77.25ab 80.14 a 3.69 2.62 wxy 2.40r-u -8.40 59.49 a-g 61.69 abc 3.70
8 74.04b-j  73.71h-o0 -0.45 4.13s-y 413 m-u 0.00 50.50 mno 53.551-1 6.04
9 73.27b-k  71.91k-q -1.86 749 k-p 9.83 c-h 31.24 58.30 b-j 57.53 b- -1.32
10 71.20f-m  73.18j-p 2.78 8.91 h-m 7.44 g-l -16.50 59.49 a-g 66.28 a 11.28
11 69.71 k-0 65.72u -5.75 9.64 f-k 5.88 1-p -39.00 59.39 a-h 54.16 e-l -8.81
12 70.121-m  73.291-p 4.52 9.86 e-k 7.02 g-m -28.80 55.19 e-m 57.53 b- 424
13 78.55a 78.58 a-d 0.04 189y 3.57 0-u 88.89 59.66 a-g 62.11 ab 411
14 68.52 I-p 67.70 r-u -1.20 10.69d-1  11.83abc 10.66 58.54 a-1 57.53 b- -1.73
15 62.86 q 68.65 g-u 9.21 16.14 a 1445 a -10.47 56.19 e-m 58.69 b-j 4.45
16 76.8labc  77.94a-g 1.47 4371y 3.74 n-u -14.42 57.72 c-k 61.19 abc 6.01
17 75.34 a-f 76.03 c-j 0.92 4.13sy 2.96 p-u -28.33 55.19 e-m 55.30 d-I 0.20
18 7745ab  78.58 a-d 1.46 2.79 vy 1.94 stu -30.47 55.19 e-m 60.68 a-d 9.95
19 64.58 pq 65.84 tu 1.95 12.28 b-e 10.70 b-f -12.87 54.07 g-n 54.12 f-I 0.09
20 68.901-0  71.91k-q 4.37 8.91 h-m 7.94 e-k -10.89 57.72 c-k 57.53 b- -0.33
21 76.34a-d  77.90 a-g 2.04 491 g-w 1.66 tu -66.19 57.72 c-k 54.12 f-| -6.24
22 70.43h-m  73.18j-p 3.90 11.00 c-h 9.83 c-h -10.64 57.72 c-k 58.35 b-k 1.09
23 70.02 j-n 7116 I-r 1.63 9.26 g-1 6.87 h-n -25.81 56.19 e-m 57.53 b- 2.38
24 65.75n-g  66.17 stu 0.64 13.34 bc 12.56 abc -5.85 52.36 k-n 54.12 f-| 3.36
25 7471a-h  73.71h-o -1.34 6.34 n-s 5.15 j-r -18.77 52.38 k-n 58.35 b-k 11.40
26 76.56a-d  76.88 a-j 0.42 4.64 g-x 5.09 k-s 9.70 59.07 a-1 61.30 abc 3.78
27 69.71k-0  74.09 g-n 6.28 14.13 ab 11.39 a-d -19.39 63.00 abc 62.17 ab -1.32
28 76.73 abc 80.36 a 4.73 2.29 xy 2.96 p-u 29.26 60.06 a-f 55.30 d-I -7.93
29 74.08b-j  77.90 a-g 5.16 359ty 2.96 p-u -17.55 52.52 j-n 60.34 b-d 14.89
30 76.8labc  77.12 a1 0.40 421sy 3.57 0-u -15.20 54.07 g-n 59.44 b-f 9.93
31 70.02 j-n 67.70 r-u -3.31 11.85b-g 5.881-p -50.38 57.72 c-k 51.851 -10.17
32 7098g-m 7116 I-r 0.25 9.64 f-k 8.57 d-1 -11.10 56.42 d-m 58.35 b-k 3.42
33 72.40 d-1 73.29 1-p 1.23 10.08 e-j 8.57 d-1 -14.98 58.36 a-j 61.06 abc 4.63
34 70.02 j-n 70.93 I-r 1.30 8.28 1-n 7.77 11 -6.16 50.77 I-0 52.95 jkli 4.29
35 72.67 c-l 75.41 c-k 3.77 6.78 n-r 4.66 I-u -31.27 63.98 ab 59.89 b-f -6.39
36 69.71k-0  68.65q-u -1.52 11.85b-g  11.00 b-e -7.17 56.19 e-m 55.30 d-I -1.58
37 68.521-p  68.87q9-u 051 8.91 h-m 7.02g-m -21.21 48.74 no 54.12 f-I 11.04
38 66.93n-qg  70.10 o-r 4.74 10.69 d-1 11.37 a-d 6.36 54.48 f-m 58.87 b-1 8.06
39 65.420pq  69.86 0-s 6.79 7.00 I-q 8.32d-j 18.86 56.45 d-1 53.57 g-I -5.10
40 71.97 e-l 74.97 d-I 4.17 5.33 0-u 3.57 0-u -33.02 53.52 h-n 58.35 b-k 9.02
41 75.01a-g 80.04ab 6.71 3.00t-y 1.55u -48.33 56.19 e-m 59.38 b-g 5.68
42 69.71k-0  70.21n-r 0.72 5.28 0-v 8.57 d-1 62.31 54.07 g-n 58.69 b-j 8.54
43 76.04a-e  78.32a-f 3.00 2.86 u-y 2.03r-u -29.02 45.18 0 52.83 ki 17.14
44 69.71k-0  69.93p-t 0.32 10.20 e-1 9.97 c-g -2.25 56.19 e-m 55.36 d-I -1.48
45 71.20f-m  69.86 0-s -1.88 891h-m  11.15bed 25.14 58.81 a-1 58.35 b-k -0.78
46 7540a-f 77.22a-h 241 4.99 p-w 357 0-u -28.46 53.52 h-n 53.02 jkli -0.93
47 69.71k-0  68.65q-u -1.52 13.01 bced 13.65 ab 492 62.24 a-d 62.30 ab 0.10
48 7479a-g 74.63e-m -0.21 5.44 o-t 6.211-0 14.15 64.29 a 62.39 ab -2.96
Ave. 72.13 73.46 1.84 7.56 6.48 -14.29 56.30 57.79 2.64
LSD 1:4.29 D: 3.92 1: 2.52 D:3.19 1:5.94 D:5.74

In many studies, “’L *, a *, b *’” values of harvested fruits were determined by using Chroma
meter. In our study, vide range of variations in “’L *, a *, b *** color values were observed on
the basis of genotypes. The drought did not have much effect on the “°’L*’” and “’b*’’ color
values, but caused a significant change es in the color “’a*’’. As drought increased, fruit
colors turned from green to red. In other words, the drought caused the fruit color to become
red. Ermis (2010) determined the fruit colors in different pumpkin genotypes and different
locations. He obtained from “’L*’’ values between 63-74, “’a*’’ values between 3.42-19.17
and “’b*’” values between 35-62. As a result of the study, it was reported that fruit colors are
not affected by locations but there are significant differences between genotypes. Different
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researchers have reported that genotype, growing conditions, ripening period and cultural
practices have an effect on fruit colors (Itle and Kabelka, 2009; Gajewski et al., 2008). The
values we obtained were similar to the previous studies, and it was observed that drought had
a significant effect especially on the “’a*’’ value.

Seed color ©’L*”’

In the study, it was found that the full irrigation and full drought conditions had a statistically
significant effect on the average seed color ’L*’” value of the 2017, 2018 and years average
according to 5% significance level in different genotypes (Table 2). Pumpkin genotypes give
an ’L*’” value average of 78.88 in 2017 and 2018 under irrigation conditions. Under stress
conditions, the average “’L*’” value was 78.88 in 2017 and 2018. It was determined that the
drought conditions caused the seed color ’L*’’ values change according to the irrigation
conditions “’L*’* values of different pumpkin genotypes in 2017-2018 (Table 2). When the
changes were examined, seed color “’L*’* values increased in some genotypes in drought
conditions but caused some genotypes to decrease. When the average color “’L*’’ values of
the genotypes were examined, no difference was found. Genotypes 7 (8%), 11 (4%) and 40
(4%) gave higher seed color “’L*¢’ values under drought conditions. On the other hand,
genotypes 2 (4%), 4 (4%), 18 (5%), 31 (5%), 43 (4%) and 45 (4%) had lower seed color
“L**” values under drought conditions.

Seed color ¢’a*”’

In the study, it was found that the full irrigation and full drought conditions had a statistically
significant effect on the average seed color “’a*’” value of the 2017, 2018 and years average
according to 5% significance level in different genotypes (Table 2). It has been determined
that the drought conditions caused by the seed color “’a*’’ values of different pumpkin
genotypes in the 2017-2018 year caused a change in % of seed color “’a*’’ values according
to the irrigation conditions (Table 2). When the average color ‘’a*’” values of genotypes were
examined, it was found that it decreased by about 3.92% under drought conditions. Genotypes
2 (77%), 5 (90%), 6 (103%), 10 (105%), 26 (98%), 28 (82%) and 43 (114%) had higher seed
color “’a*”’ values under stress conditions. On the other hand, 7 (52%), 16 (39%), 25 (42%),
29 (44%), 34 (54%), 39 (58%), 40 (57%) and 48 (53%) genotypes gave lower seed color
“’a*’’ values under stress conditions.

Seed color “’b*”’

In the study, it was found that the full irrigation and full drought conditions had a statistically
significant effect on the average seed color ’b*’’ value of the 2017, 2018 and years average
according to 5% significance level in different genotypes (Table 2). It has been determined
that the drought conditions caused by the seed color “’b*’’ values of different pumpkin
genotypes in the 2017-2018 year caused a change in % of seed color “’b*’’ values according
to the irrigation conditions (Table 6). When the seed color “’b*’’ values of the genotypes were
examined, it was found that it increased by 2.91% under drought conditions. Genotypes 4
(11%), 6 (14%), 17 (12%), 23 (15%), 25 (12%), 31 (30%), 35 (11%) and 46 (11%) gave
higher seed color “’b*’’ values under drought conditions. On the other hand, genotypes 7
(14%), 15 (10%), 40 (10%) and 48 (15%) gave lower seed color “’b*’’ values under drought
conditions.

Using Chroma Meter to determine the color of the seeds, “’L*, a*, b*’’ values give important
information. In this study, although drought did not have much effect on “’L*, a* and b*”’
values, significant changes in “’a* and b*’’ values occurred on the basis of genotypes. It is
preferred to have cream-colored and bright seeds in appetizer pumpkin. Turgut (2015),
obtained from different pumpkin genotypes ’L*’” value between 73-82, “’a*’’ value between
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-0.84-1.1 and “’b*’’ values between 10-17. Our results are consistent with the study. Ermis
(2010), reported that ecology has no significant effect on seed color. In the study, it was
observed that drought did not show differences in seed color in general.

Table 2. Seed color ©’L*, a*, b*’” under irrigation and drought conditions in 2017 and 2018.

G’L” ‘7a” 6’b77
Gen Average 2017-2018 Average 2017-2018 Average 2017-2018
Irrigation  Drought 9% variation  Irrigation  Drought 9% variation Irrigation  Drought 9% variation
1 76.44 h-1 76.71 d-1 0.35 0.741-| 0.72 f-j -2.70 15.50 op 16.45qr 6.13
2 79.65 b-k 76.09 f-1 -4.47 0401 0.71f-j 77.50 18.20 j-m 17.57 n-r -3.46
3 77.63 f-k 74.68 hi -3.80 0.67 1-| 0.98 b-j 46.27 17.81k-n 18.47 j-r 371
4 81.31 a-f 77.57 c-1 -4.60 0.76 h-1 1.30 a-g 71.05 17.88 k-n 21.01c-1 17.51
5 77.48 f-k 78.35 b1 112 0.75 h-l 143 a-f 90.67 18.83 h- 19.91d-o0 5.74
6 77.87 e-k 80.78 a-f 3.74 0.61 jki 1.24a-h 103.28 18.03 k-n 20.59 c-l 14.20
7 73.121 79.45 a-h 8.69 1.34c-h 0.64 g-j -52.24 21.55b-f 18.40 j-r -14.62
8 83.38ab 81.24 a-e -2.57 0.91 - 0.70 f-j -23.08 15.14p 16.10r 6.62
9 77.61f-k 79.95 a-g 3.02 0.88 g-1 0.62 g-j -29.55 16.37 m-p 17.62 n-r 7.64
10 78.79 c-k 80.73 a-f 2.46 0.68 1-| 1.40 a-f 105.88 17.80 k-n 19.51 d-p 9.61
11 76.15 jki 79.22 a-h 4.03 2.15ab 1.39 a-f -35.35 20.30 d-1 19.27 e-p -5.07
12 75.83 ki 76.13 f-1 0.40 1.79 abc 1.24a-h -30.73 22.46 abc 22.65 bc 0.85
13 79.88 b-j 79.24 a-h -0.80 0.80 h-I 0.54 hij -32.50 20.45 d-1 20.24 c-m -1.03
14 82.23 abc 82.01 abc -0.27 0.47 kI 0.39j -17.02 16.51 m-p 17.83 m-r 8.00
15 77.03 g-1 76.61 e-1 -0.55 1.52 cde 112 b-j -26.32 21.50 b-f 19.19 f-p -10.74
16 77.08 g-k 76.54 e-1 -0.70 1.25 ¢c-1 0.76 e-j -39.20 20.38 d-1 18.50 j-r -9.22
17 81.81 a-e 78.69 a-1 -3.81 0.45 kI 0.56 hiyj 24.44 18.99 h-I 21.31c-g 12.22
18 80.28 b-h 75.62 ght -5.80 1.02 e-k 0.86 d-j -15.69 19.49 g-k 20.82 c-j 6.82
19 77.74 f-k 78.40 b-1 0.85 220a 1.60 abc -27.27 23.66 a 24.59 ab 3.93
20 77.92 e-k 77.73 c-1 -0.24 0.99 e-l 1.31lag 32.32 20.07 e-1 19.71d-p -1.79
21 80.64 b-g 81.95 abc 1.62 0.71 1+l 0.97 b-j 36.62 17.79 k-n 17.97 m-r 1.01
22 77.67 f-k 78.16 c-1 0.63 1.16 d-j 1.16 a-h 0.00 19.04 h-l 19.99d-n 4.99
23 78.04 d-k 78.20 c-1 0.21 1.52 cde 1.13 b1 -25.66 21.03 b-g 24.33 ab 15.69
24 78.99 c-k 78.87 a1 -0.15 0.75 h-l 1.14 b1 52.00 19.02 h- 19.14 g-p 0.63
25 76.43 h-1 77.56 c-1 1.48 1.41c-g 0.81d-j -42.55 19.31 g-k 21.69 cde 12.33
26 78.70 c-k 79.73 a-g 131 0.61 jkl 1.21a-h 98.36 20.36 d-1 20.67 c-k 1.52
27 80.16 b-1 81.76 abc 2.00 0.81 h-l 0.74 f-j -8.64 18.79 1-l 18.67 1-q -0.64
28 84.8la 83.35ab -1.72 0.47 kI 0.86 c-j 82.98 15.81 op 18.85 h-q 19.23
29 80.50 b-g 81.34 a-e 1.04 0.75 h-l 0.42 1§ -44.00 20.64 c-h 19.98d-n -3.20
30 76.27 1-1 75.53 ghi -0.97 1.55 cde 141 a-f -9.03 19.19 g-k 19.88d-o0 3.60
31 80.54 b-g 76.45 e-1 -5.08 1.55 cde 188a 21.29 20.29 d-1 26.56 a 30.90
32 78.09 d-k 79.70 a-g 2.06 1.56 b-e 1.02 b-j -34.62 2191 a-e 21.29 c-h -2.83
33 80.65 b-g 83.48a 341 0.73 1-l 0.69f-j -5.48 18.81 h- 18.36 k-r -2.39
34 78.04 d-k 80.99 a-f 3.78 1.12 d-j 0.51 hij -54.46 21.93 a-d 20.95 c-1 -4.47
35 79.34 c-k 79.21a-h -0.16 1.69 a-d 149 a-e -11.83 19.40 g-k 21.61 c-f 11.39
36 78.49 c-k 78.25 c-1 -0.31 0.73 1-l 0.97 b-j 32.88 20.45 d-1 19.74 d-o0 -3.47
37 79.61 b-k 80.48 a-g 1.09 0.73 1-l 0.74 f-j 1.37 20.53 d-1 20.65 c-k 0.58
38 79.50 b-k 76.72 d-1 -3.50 1.01e-k 1.67 ab 65.35 20.47 d-1 21.73 cd 6.16
39 79.71 b-k 79.46 a-h -0.31 1.48 c-f 0.61 g-j -58.78 19.45 g-k 19.92d-o0 242
40 77.44 f-k 81.10 a-f 473 1.72 ad 0.73 f-j -57.56 22.58 ab 20.25 c-m -10.32
41 81.92 a-d 82.52 abc 0.73 0.82 g-1 0.94 b-j 14.63 20.02 f-j 20.99 c-1 4.85
42 78.79 c-k 79.68 a-h 1.13 0.721-l 0.98 b-j 36.11 19.36 g-k 19.61d-p 1.29
43 79.45 b-k 75.57 ght -4.88 0.71 1-l 1.52 a-d 114.08 16.29 nop 17.51 o-r 7.49
44 78.46 c-k 78.35 a-1 -0.14 0.70 1-1 0.62 f-j -11.43 17.28 I-0 17.94 pgr 3.82
45 77.17 g-k 73.991 -4.12 0.85 g-I 0.59 g-j -30.59 20.53 d-1 20.21 c-m -1.56
46 77.33 g-k 77.87 c-1 0.70 0.79 h-l 0.86 c-j 8.86 17.81 k-n 19.77 d-o 11.01
47 83.30 ab 81.71a-d -1.91 0.84 g-1 1.18 a-h 40.48 16.65 m-p 18.14 I-r 8.95
48 77.12 g-k 78.83 a-1 2.22 1.24 c-1 0.58 g-j -53.23 19.63 g-k 16.54 gr -15.74
Ave. 78.88 78.88 0 1.02 0.98 -3.92 19.27 19.83 291
LSD 1:3.95 D: 5.02 1: 0.59 D:0.73 1:5.94 D:5.74
Conclusion

In this study, the effect of drought on fruit and seed color of different pumpkin genotypes was
determined. According to the results, important fruit and seed colors were found among
genotypes. In addition, it was observed that drought did not have any effect on seed color,
while fruit color had a significant effect on *’a* ** value. It was thought that fruit color
became redder in drought conditions and color substances were secreted more in drought
conditions. This is explained as a physiological response of the plant to drought.
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Abstract

As the result of national breeding programmes, three sweet cherry cultivars have been named
and released so far in the Republic of Serbia — ‘Asenova Rana’ and ‘Carna’, developed by
planned hybridization at Fruit Research Institute (FRI), Cacak, and ‘Canetova’, selected from
natural cherry population at Faculty of Agriculture, University of Belgrade. In addition to the
inadequate assortment structure, lacking in well-adapted domestic and introduced cultivars,
sweet cherry production in Balkan region is generally accompanied by insufficient knowledge
on gametophytic self-incompatibility, the fertilization relationship among the cultivars
belonging to certain incompatibility groups, as well as phenological characteristics and
synchronization during the flowering phenophase of the main cultivars and pollenizers. The
assessment of an adequate pollenizer composition for ‘Asenova Rana’, ‘Carna’ and
‘Canetova’ in this research is based on determined S-allele constitution, parameters of pollen
tube growth in vivo in the pistils of these cultivars, and their perennial average flowering
characteristics in relation to the introduced cultivars — potential pollenizers. The research was
conducted in the main sweet cherry growing regions in the Republic of Serbia (West
Serbia/Sumadija and region of Belgrade). It resulted in the development of a pollination
scheme for in total 28 national and introduced cultivars, its application in the plant material
production, and dissemination of quality national sweet cherry cultivars with adequate
pollenizers. The results could also influence sweet cherry breeding work on development of
genotypes with improved biological and productive characteristics, and application of modern
molecular and reproductive biology methods in this research area.

Keywords: sweet cherry, cultivars, S-allele constitution, flowering, pollination scheme

Introduction

Sweet cherry (Prunus avium L.) flowers express a self-incompatibility system which is
controlled by the polymorphic S-locus with gametophytic action. The interaction between the
components in the style (S-allele specific ribonuclease — product of the S-RNases gene)
(Boskovi¢ and Tobbut, 1996) and in the pollen (S specific F-box protein, product of the SFB
gene) (Yamane et al., 2003), determines the outcome of fertilization. Furthermore,
fertilization will be prevented if a pollen expresses the same S-allele as one of the two S-
alleles present in the style (Marchese et al., 2007). The other aspects of the reproductive
process, which also affect optimal fruit set and yield are characteristics of flowering and
stable overlap in the full bloom between the main cultivars and pollenizers from year to year,
pollen quality and its transfer, stigma receptivity, ovule longevity etc.

In recent decades, at FRI, Cadak, many research in this area have been done — determination
of S-allele constitution of introduced sweet cherry cultivars (Radicevi¢ et al., 2013, 2015;
Mari¢ and Radicevi¢, 2014; Mari¢ et al., 2015); evaluation of sweet cherry flowering
characteristics in the Republic of Serbia (Radicevi¢ et al., 2012, 2015); investigation of
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climate change effect on flowering characteristics, in sense of earlier flowering onset, the
shortening of the phenophase duration (Wenden et al., 2016; Drkenda et al., 2018), and ovule
longevity (Radicevi¢ et al., 2018); evaluation of pollen viability in vitro in domestic and
introduced sweet cherry genotypes (Cerovi¢ et al., 2005; Radicevi¢ et al., 2012). The previous
research has also revealed the importance of ensuring full-flowering overlap of at least five
days (Cerovi¢ et al., 2005) accompanied by a short range of the flowering beginning, up to 2—
3 days (Radicevi¢ et al., 2015), as well as the advantage of one or two days earlier flowering
pollenizer, which is better than later-flowering (Radicevi¢ et al., 2016).

Up to now, three sweet cherry cultivars have been released in the Republic of Serbia —
‘Asenova Rana’ and ‘Carna’, developed by planned hybridization at FRI, Ca¢ak, and
‘Canetova’, selected from natural cherry population at Faculty of Agriculture, University of
Belgrade. The aim of this paper is to determine the best pollenizers for these national
cultivars, which are recommended for commercial growing in the Republic of Serbia, due to
their good pomological and productive characteristics (Radi¢evic¢ et al., 2017).

Material and Methods
Twenty-eight national and introduced sweet cherry cultivars were used in this study viz. ,
‘Asenova Rana’, ‘Bigarreau de Schrecken’, ‘Bigarreau Jaboulay’, ‘Burlat’, ‘Napoleon’,
‘Bing’, ‘Canetova’, ‘Colney’, ‘Carna’, ‘Ferrovia’, ‘Drogans Gelbe Knorpelkirshe’, ‘Emperor
Francis’, ‘Germersdorfer’, ‘Hedelfinger’, ‘Junska Rana’, ‘Karina’, ‘Kordia’, ‘Lambert’,
‘Lapins’, ‘Merchant’, ‘Regina’, ‘Souvenir’, ‘Stark Hardy Giant’, ‘Stella’, ‘Summer Sun’,
‘Summit’, ‘Sunburst’ and ‘Van’. The trial was performed at two sites — West Serbia/Sumadija
region (sweet cherry collection orchard of FRI, Cagak, Ljubi¢ facility; 43°54' N, 20°21' E,
224 m above the sea), and region of Belgrade (orchard of an individual grower, Grocka;
44°40'N, 20°43' E, 116 m above the sea), which are typical areas for fruit growing.
Young leaves of ‘Asenova Rana’, ‘Carna’ and ‘Canetova’ were frozen in liquid nitrogen and
stored at —80°C until use for the extraction. Genomic DNA was isolated using the CTAB
method (Doyle and Doyle, 1987), with addition of 1% B-mercaptoethanol and 2%
polyvinylpyrrolidone (PVP 40) in the buffer. To identify the S-RNase alleles, polymerase
chain reactions (PCR) were performed with the consensus primers specific for the first and
the second intron (PaConsl-F + -R and PaConsll-F + -R, respectively) and primers specific
for alleles S3 to Sg, as well as for S; and Sq alleles (Sonneveld et al., 2003). PCR products were
separated by electrophoresis in a 1.5% agarose gel (70 V for 3—4 h), visualised by ethidium
bromide staining and sized by comparison with a 1 Kb plus DNA ladder (Invitrogen).
Flowering phenophase was investigated according to Wertheim (1996), in the period of 2000—
2014 (Ljubi¢), i.e. 2004-2015 (Grocka).
Pollination experiment was carried out according to the method described by Radicevic et al.
(2016). Aniline blue staining was used (Kho and Baér, 1968; Preil, 1970), and pollen tube
growth in vivo of the following pollenizers: ‘Asenova Rana’, ‘Burlat’, ‘Carna’, ‘Stella’ and
‘Van’ (in the pistils of ‘Asenova Rana’ and ‘Carna’), i.e. ‘Bing’, ‘Burlat’, ‘Bigarreau
Jaboulay’, ‘Emperor Francis’ and ‘Van’ (in the pistils of ‘Canetova’) was monitored under
UV light on the Olympus BX61 microscope, and analysed by AnalySIS software, using
Multiple Image Analysis. A total of 30 pistils of each treatment (15 combinations) was observed.

Results and Discussion
The results of investigation include: 1) developing of pollenizer composition schemes, in the
main sweet cherry regions in the Republic of Serbia — West Serbia/Sumadija, and region of
Belgrade; 2) defining the general rules for their aplication; 3) creating the list of pollenizers
by priority (the categories of mandatory pollenizers, pollenizers of the second priority,
pollenizers of the last choice, and unsuitable pollenizers), for each national cultivar.
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Graph. 1. The scheme of pollenizer composition for sweet cherry cultivars ‘Asenova Rana’
and ‘Carna’ in agroecological conditions of West Serbia/Sumadija

Besides the research conducted, developing the schemes (Graph. 1, 2) was also based on the
previous results of S-genotyping for introduced sweet cherry cultivars (Bargioni, 1996;
Boskovi¢ and Tobutt, 2001; Wiersma et al., 2001; Kappel, 2002; Sonneveld et al., 2003;
Andersen et al., 2003; Schuster et al., 2007; Schuster, 2012; Radicevi¢ et al., 2013; Mari¢ and
Radicevi¢, 2014; Radicevi¢ et al., 2015).
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Graph. 2. The scheme of pollenizer composition for sweet cherry cultivar ‘Canetova’ in
agroecological conditions of Belgrade region

The research indicates the following:

- For ‘Asenova Rana’ (S3Sg), the mandatory pollenizers are ‘Lapins’, ‘Bigarreau Jaboulay’,
‘Merchant’, respectively; pollenizers of the second priority — ‘Emperor Francis’, ‘Napoleon’,
“Van’, “Stella’, ‘Carna’, respectively; pollenizers of the last choice — ‘Stark Hardy Giant’ and
‘Summit’, respectively; the unsuitable pollenizers are: ‘Souvenir’, ‘Burlat’ and ‘Junska Rana’,
as well as the cultivars from category ‘insufficient overlap’, regardless of incompatibility
group (Graph. 1);

- For ‘Carna’ (S1Ss), the mandatory pollenizers are Stella’, ‘Van’, ‘Napoleon’, ‘Emperor
Francis’, ‘Stark Hardy Giant’, ‘Summit’, ‘Sunburst’, ‘Kordia’, ‘Summer Sun’,
‘Germersdorfer I’, respectively; pollenizers of the second priority — ‘Merchant’, ‘Junska
Rana’, ‘Asenova Rana’, ‘Burlat’, ‘Lapins’, ‘Souvenir’, ‘Bigarreau Jaboulay’, respectively;
pollenizers of the last choice are ‘Bing’, ‘Hedelfinger’, ‘Karina’, ‘Germersdorfer II’,
‘Colney’, ‘Ferrovia’, respectively; the unsuitable pollenizers are cultivars from category
‘insufficient overlap’, regardless of incompatibility group (Graph. 1);

- For ‘Canetova’ (SsSg), the mandatory pollenizers are ‘Burlat’, ‘Lapins’, ‘Souvenir’,
‘Bigarreau Jaboulay’, ‘Emperor Francis’, ‘Napoleon’, respectively; pollenizers of the second
priority are ‘Van’ and ‘Stella’, respectively; the unsuitable pollenizers are cultivars from
category ‘insufficient overlap’, regardless of incompatibility group (Graph. 2).
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Conclusions
Determination of pollenizers for sweet cherry cultivars released in the Republic of Serbia —
‘Asenova Rana’, ‘Carna’ and ‘Canetova’, and developing pollination scheme for in total 28
national and introduced sweet cherry cultivars, are directly applicable in dissemination of
quality national and introduced cherry cultivars, with adequate pollenizers. The results are
also important for developing new sweet cherry cultivars, as well as for further application of
molecular and reproductive biology methods in fruit trees breeding work.

Acknowledgments
This work was conducted under research Project TR-31064, supported by the Ministry of
Education, Science and Technological Development of the Republic of Serbia.

References

Andersen, B., Lang, G., Nugent, J. (2003). Fresh market sweet cherry varieties for Eastern
North America, New York Fruit Quarterly, 11, 11-14.

Bargioni, G. (1996). Sweet cherry scions: Characteristics of the principal commercial
cultivars, breeding objectives and methods. In Webster A.D., Looney N.E. (eds.),
“Cherries: Crop physiology, production and uses”, CAB International, Wallingford,
UK, pp. 73-112.

Boskovié, R., Tobutt, K.R. (1996). Correlation of stylar ribonuclease zymograms with
incompatibility alleles in sweet cherry, Euphytica, 90, 245—-250.

Boskovi¢, R., Tobutt, K.R. (2001). Genotyping cherry cultivars assigned to incompatibility
groups, by analysing stylar ribonucleases, Theoretical and Applied Genetics, 103,
475-485.

Cerovi¢, R., Ruzi¢, D., Radicevi¢, S., Kuzmanovi¢, M. (2005). Determination of the cultivar
composition of pollinators for sweet cherry cv Carna, Journal of Pomology, 39,
347-355.

Doyle, J.J., Doyle, J.L. (1987). A rapid DNA isolation procedure for small quantities of fresh
leaf tissue, Phytochemical Bulletin, 19, 11-15.

Drkenda, P., Musi¢, O., Mari¢, S., Jevremovi¢, D., Radicevi¢, S., Hudina, M., Hodzi¢, S.,
Kunz, A., Blanke, M. (2018). Comparison of climate change effects on pome and stone
fruit phenology between Balkan countries and Bonn/Germany, Erwerbs-Obstbau, 60,

295-304.

Kappel, F. (2002). Stella sweet cherry, Journal of American Pomological Society, 56,
130-131.

Kho, Y.O., Baér, J. (1968). Observing pollen tubes by means of fluorescence, Euphytica, 17,
298-302.

Marchese, A., Boskovi¢, R.1., Caruso, T., Raimondo, A., Cutuli, M., Tobutt, K.R. (2007). A
new self-compatibility haplotype in the sweet cherry ‘Kronio’, Ss', attributable to a
pollen-part mutation in the SFB gene, Journal of Experimental Botany, 58, 4347-4356.

Mari¢, S., Radicevi¢, S. (2014). Application of PCR method in determination of S-genotype in
sweet cherry (Prunus avium L.) at Fruit Research Institute—Cacak, Journal of Pomology,
48, 29-37.

Mari¢, S., Radicevi¢, S., Cerovi¢, R., Vrani¢, D. (2015). Determination of S-allelic
constitution in some sweet cherry (Prunus avium L.) cultivars. Journal of Pomology, 49,
43-48.

Preil, W. (1970). Observing of pollen tube in pistil and ovarian tissue by means of
fluorescence microscopy, Zeiss Information, 75, 24—25.

209



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

Radicevi¢, S., Cerovi¢, R., DPordevi¢, M. (2012). Study of correlations among some
parameters of flowering biology in sweet cherry cultivars (Prunus avium L.), Journal of
Pomology, 46, 121-128.

Radicevi¢, S., Mari¢, S., Cerovi¢, R. (2015). S-allele constitution and flowering time
synchronization — preconditions for effective fertilization in sweet cherry (Prunus avium
L.) orchards, Romanian Biotechnological Letters, 20, 10977-11006.

Radicevi¢, S., Mari¢, S., Cerovi¢, R., DPordevi¢c, M. (2013). Assessment of self-
(in)compatibility in some sweet cherry (Prunus avium L.) genotypes, Genetika, 45,
939-952.

Radicevi¢, S., Cerovi¢, R., Nikoli¢, D., Pordevi¢, M. (2016). The effect of genotype and
temperature on pollen tube growth and fertilization in sweet cherry (Prunus avium L.),
Euphytica, 209, 121-136.

Radicevi¢, S., Milatovi¢, D., Ognjanov, V. Keserovi¢, Z., Fotiri¢-Aksi¢, M. (2017).
Savremena proizvodnja treSnje i viSnje, Zbornik apstrakata Savetovanja ,,Savremena
proizvodnja voc¢a”, Banja Koviljaca (Republika Srbija), pp. 27-30.

Radicevi¢, S., Cerovi¢, R., Pordevi¢, M. (2018). Ovule senescence and unusual pollen tube
growth in the ovary of sweet cherry as affected by pistilar genotype and temperature,
Spanish Journal of Agricultural Research, 16, e0704.

Schuster, M. (2012). Incompatible (S-) genotypes of sweet cherry cultivars (Prunus avium L.),
Scientia Horticulturae, 148, 59-73.

Schuster, M., Flachowski, H., Kohler, D. (2007). Determination of self-incompatible
genotypes in sweet cherry (Prunus avium L.) accessions and cultivars of the German
Fruit Gene Bank and from private collections, Plant Breeding, 126, 533—540.

Sonneveld, T., Tobutt, K.R., Robbins, T.P. (2003). Allele-specific PCR detection of sweet
cherry self-incompatibiliy (S) alleles S; to Sis using consensus and allele-specific
primers, Theoretical and Applied Genetics, 107, 1059-1070.

Wenden, B., Campoy, J. A., Lecourt, J., Lopez Ortega, G., Blanke, M., Radicevi¢, S.,
Schiiller, E., Spornberger, A., Christen, D., Magein, H., et al. (2016). A collection of
European sweet cherry phenology data for assessing climate change, Scientific Data, 3,
d0i:10.1038/sdata.2016.108.

Wertheim, S.J. (1996). Methods for cross pollination and flowering assessment and their
interpretation, Acta Horticulturae, 423, 237-243.

Wiersma, P., Wu, Z., Zhou, L., Hamson, C., Kappel, F. (2001). Identification of new self-
incompatibility alleles in sweet cherry (Prunus avium L.) and clarification of
incompatibility groups by PCR and sequencing analysis, Theoretical and Applied
Genetics, 102, 700-708.

Yamane, H., Ikeda, K., Ushijama, K., Sassa, H., Tao, R. (2003). A pollen-expressed gene for
a novel protein with an F-box motif that is very tightly linked to a gene for S-RNase in
two species of cherry, Prunus cerasus and P. avium, Plant and Cell Physiology, 44,
764-769.

210


https://www.ncbi.nlm.nih.gov/labs/journals/sci-hortic-(amsterdam)/

Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

MOLECULAR CHARACTERISATION OF MAIZE HYBRIDS

Danijela RISTIC, Marija KOSTADINOVIC, Natalija KRAVIC, Anika KOVINCIC, Ana
OBRADOVIC, Milan STEVANOVIC, Jovan PAVLOV

Maize research institute ,,Zemun Polje®, 11185 Beograd, Serbia

*Corresponding author: dristic@mrizp.rs

Abstract

Despite the huge diversity of maize germplasm, modern maize breeding programme and
agricultural practices decrease the diversity of modern hybrids. Genetic characterization of
maize hybrids allows knowledge of the genetic relationship among them, thus preventing the
risk of increasing uniformity. Because of their high reproducibility, informativeness and easey
application of microsatelites are the most frequently used molecular markers in maize genetic
diversity studies. The aim of our work was to evaluate genetic diversity of maize hybrids by
SSR markers and compare results with their pedigre information. Sixteen polymorphic SSR
(Simple Sequence Repeats) markers were used to characterize 14 maize (Zea mays L.) hybrids
belonging to different breeding programs and FAO groups (from 300 to 800). A total of 53
alleles were found, ranging from two to four alleles. Genetic similarities were calculated in
NTSYSpc2 program package using Jaccard’s coefficient based on binary data (presence or
absence of alleles). The highest value of genetic similarity was 0.80 between H1 and H2,
while the lowest value (0.26) was found between H12 and H13. Cluster analysis was done by
unweighted pair group method (UPGMA) on the basis of genetic similarity matrix.
Dendrogram analysis grouped maize hybrids in one cluster (most of the analyzed genotypes),
one smaller cluster and one branch. The results revealed genetic heterogeneity between
analyzed maize hybrids.

Keywords: maize hybrids, genetic similarity, SSR markers, Zea mays L.

Introduction
Maize, wheat and rice are the most important cereal crops grown in the world. Maize is used
mainly for food, feed, as feedstock for food processing and in chemical industry. Due to huge
genetic and phenotypic variability maize is adapted to different agroecological environments,
edaphic and climatic conditions.
Maize has an important role in the field of scientific research such as the application of
molecular genetic techniques and identifying genes and their functions. Maize is biological
model system for genetics, evolution and domestication of cereals of the highest public
interest (Wei et al., 2007). The main characteristic of maize is based on its variability in
morphological traits and the high polymorphism of the DNA sequence (Matsuoka et al.,
2002). During the breeding programs, maize hybrids have narrowed the genetic basis, leding
to a significant reduction in diversity, so maize in commercial use contribute around 5% of
the available germplasm (Carena et al., 2009).
In order to prevent genetic erosion, i.e. loss of individual genes and their combinations, as
well as further narrowing of maize diversity, it is necessary to characterize existing elite lines,
modern varieties and hybrids. Many methodologies are used for the assessment of genetic
diversity in maize such as pedigree data, morphological traits and molecular markers.
Compared with morphological variation, molecular polymorphism is generally considered to
be independent of the environment and they are able to detect differences on DNA level on
different individuals. (Ghebru et al., 2002; O’Neill et al., 2003).
Molecular diversity analyses can be performed using various kinds of methods including
fragment length polymorphisms (RFLPs), amplified fragment length polymorphisms
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(AFLPs), randomly amplified polymorphic DNA markers (RAPD), simple sequence repeats
(SSRs) or single nucleotide polymorphisms (SNPs). SSR markers have been the marker of
choice for assessing maize genetic diversity due to the high level of polymorphism, multi-
allelic nature, random distribution throughout the genome and cost effectivness (Barcaccia et
al., 2006; Mason, 2015). In plant genomes they show an extensive variation in different
individuals and genotypes (Comertpay et al., 2012). Single nucleotide polymorphism (SNP)
are new marker technologies that could also be used for estimating genetic diversity, but they
are still to be adjusted for studies of genetic relatedness in maize (Yang et al.,2011).

In the present work SSR fingerprinting of 14 maize hybrids was done for molecular
identification and assessment of genetic diversity, as well as to compare their clasification
with their pedigre information.

Materials and Methods
A set of fortheen maize hybrids from the Maize Research Institute ,,Zemun Polje* that belong
to different breeding programs were analyzed with molecular markers to evaluate genetic
diversity. These 14 hybrids are covering different FAO groups, in the range from 300 to 800
(Table 1).

Table 1. List of the analyzed maize hybrids and their FAO groups

Hybrid FAQ group Hybrid FAQO group
H1 300 H8 500
H2 300 H9 600
H3 600 H10 700
H4 300 H11 800
H5 500 H12 600
H6 500 H13 400
H7 500 H14 400

Genomic DNA was isolated from kernel using the CTAB (cetyl trimethylammonium
bromide) procedure according to Doyle and Doyle (1987). Simple sequence repeat (SSR)
characterization was done with 18 markers from the maize germplasm bank
(www.maizegdb.org) (Table 1). Polymerase chain reaction (PCR) was carried out in 25uL
reaction volume containing: 50ng of DNA sample, 1xBuffer, 0.8mM dNTP, 0.5uM of each
primer pair and 1U Taq polymerase. The PCRs were performed using the following touch-
down program: an initial denaturation at 95°C/5min. by 15 cycles each of denaturation at
95°C/30 s, annealing at 63.5/1min (-0.5°C/cycle) and extension at 72 °C /1min; and another 22
cycles of 95 °C /30 s, 56°C/Imin and 72°C/Imin. Final elongation was at 72°C for 4min.
Using vertical electrophoresis (Mini Protean Tetra-Cell BioRad) the amplified PCR fragments
were separated on 8% polyacrylamide gel, with 20 bp ladder as a marker. Gels were
photographed under UV light on BioDocAnalyse Biometra after staining with 0.5pg/ulL
ethidium bromide. Data were assembled into a binary matrix after SSR profiles were scored
as presence or absence (1/0) of fragments in each sample. Genetic similarities (GS) between
maize hybrids were calculated in accordance to Jaccard (1908): GSij = a/(atb+c); where a is
number of fragment shared by both individuals; b is number of fragments present in i but not
in j; ¢ is number of fragments present in j but not in i. For marker data analyses statistical
NTSYSpc2 program package (Rohlf FJ, 2000) was applied.
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Results and Discussion

The loss of maize diversity is considered one of today’s most serious problem in maize
production. Genetic biodiversity of maize is crucial for future breeding programmes in
continuing advances in yield, grain quality improvement, disease and pest resistance.

In order to determine genetic diversity between 14 maize hybrids, molecular characterization
was done using 18 SSR markers (Table 2). Two SSRs were not included in data analyses
since they were monomorphic. Total of 53 alleles among the analysed 14 maize hybrids were
identified. The number of alleles obtained with different primers varied from two (nc133) to
four (bnlg1083, phi083, umc1448, umcl1109, bnlg2235, umcl492 and umcl152) with the
average value of 3.31 per locus. Similar number of alleles 3.33 was found in work with 38
Iranian maize hybrids (Shiri et al., 2015). Bantte and Prasanna (2003) reported slightly lower
number of alleles (3.25) with 36 SSR loci. Some other works have shown considerably higher
number of alleles. Nikkhoy and Shiri (2017) obtained 4.2 alleles per locus with 20
SSRmarkers on maize hybrids, while Lu and Bernardo (2001) found 4.9 alleles with 83 SSR
loci, same as Warburton et al. (2002) with 85 SSR loci.

Table 2. List of 16 informative primers, with their chromosome position, repeat motif, number
of alleles and allele range within analyzed maize hybrids

Probe Bin Repeat motif ~ Number of
alleles
1. umcl282 1.00 (AT)6 3
2. phil09275  1.03 AGCT 2
3. bnlg1083 1.02 AG(29) 4
4. umcl122 1.06 (CGT)7 3
5. umc2047 1.09 (GACT)4 3
6. phi083 2.04 AGCT 4
7. umcl448 2.04 (GCT)5 4
8. ncl33 2.05 GTGTC 2
9. umc1109 4.10 (ACG)4 4
10.  umcl1153 5.09 (TCA)4 3
11. phi452693  6.04 AGCC 3
12.  bnlg2235 8.02 AG(23) 4
13.  phi0o80 8.08 AGGAG 3
14.  umcl1492 9.04 (GCM4 4
15. umcl152  10.01 (ATAG)6 4
16.  bnlgl526 10.04 AG(15) 3

Based on presense or absense of alleles in each sample coefficient of similarity was calculated
by Jaccard. The genetic similarities were in range from 0.26 for H12 and H13 to 0.80 for two
pairs of hybrids H1 and H2. Hybrids H12 nad H13 belong to specific types of maize,
popcorne and sweet corn hybrids, respectively. On the other hand, single crosses hybrids H1
and H2 showed the higest similarity, because they have one same parental component and the
other one are highly related inbred lines.

The cluster analysis using UPGMA method, based on Jaccard similarities distributed
genotypes into two clusters (A and B) and one branch (c) showing good separation of hybrids
and agrement with their pedigre data. Hybrids with very similar parental lines were grouped
together within dendrogram. Cluster A contained most of the analyzed genotypes (11),
dividing into subclusters Al and A2. Subclaster Al grouped hybrids with same genetic basis;
hybrids H5 and H7 have one same parental component, and H4 and H6 are three way crosses
and they have one parental line in common. This subclaster contained all hybrids from 300
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FAO group, two from 500 FAO group and one from 600 FAO group. In subcluster A2 were
grouped hybrids from 500 to 800 FAO groups, which have also same genetic basis. H9 and
H10 have very similar parental lines, from te same source. Sweet corn hybrids (H13 and H14)
formed cluster B, while branch ¢ was formed of popcorn hybrid H12.

The average similarity of 0.54 among 14 maize hybrids showed satisfying variability between
hybrids. The lower variability was reported in Bauer et al. (2005) with RAPD markers on
maize hybrids, where Jaccard’s coefficient of similarity ranged from 0.69 to 0.93. Also, Chen
et al. (2008) reported higer genetic similarities with average value of 0.77 among 186 maize
hybrids in China.

—.
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Figure 1. Dendrogram of 14 maize hybrids constructed using UPGMA cluster analysis of
genetic similarity values (Jaccard, 1908) obtained from SSR data.

In his study SSR analysis determined variability among maize hybrids, as well as their
grouping by genetic background. The dendrogram constructed from UPGMA method
distinguishing hybrids to clusters according to their parental lines.

Conclusions
SSR markers is powerful tool for genetic characterization of maize hybrids and their
clasification comparing with pedigree data. In this work 16 polymorphic SSR markers
classified 14 maize hybrids into different groups in accordance to their pedigree data.
Molecular marker could be successful and significant in evaluation of maize diversity
assigned the most of the maize hybrids to their genetic background.
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Abstract

Testing of maize inbred lines distinctness, uniformity and stability was done according to the
UPQV (Union Internationale pour la Protection des Obtentions Végétales) markers. In this
study, three-year field experiment was conducted according to Complete Randomized Block
Design (RCBD), in two densities and sowing data, in two replications. Eleven visual (VG)
assessed traits, eight measured (MS) morphological traits and eight yield components, as well
as grain yield, were evaluated. For this purpose, previously applied Ultra Thin Isoelectric
Focusing marked five inbred lines (L1 — L5) differing in genetic purity, to be evaluated in
field experiment for uniformity and stability. According to visual assessment, all inbred lines
observed exhibited maximum uniformity in anthocyanin coloration of glumes of cob. Poor
uniformity was achieved by all inbreds evaluated for anthocyanin coloration of glume
excluding base and color of dorsal side of grain. L1 inbred expressed the highest uniformity
and stability for most of the traits. Both inbreds with low genetic purity (i.e. L4 and L5)
showed trend of segregation for almost all the traits. Three-way Analyses of Variance
(ANOVA) was used for agro-morphological data analyzing. The best performing line was L3,
as the most stable and uniform. Compared to pure inbreds, results of ANOVA showed more
pronounced variations in morphological traits within lines with low genetic purity. Testing of
inbreds differing in genetic purity by UPOV descriptors confirmed, to a certain extent, the
results considering genetic purity obtained by IEF testing.

Keywords: Genetic purity, Isoelectric Focusing, UPOV descriptors, Zea mays L.

Introduction
Uniformity and stability of maize hybrids depend upon high and stable inbred lines
performance. For both attaining good agronomic performances and encouraging investment
and innovation in plant breeding, a high level of genetic purity in crop varieties have to be
achieved and maintained (Ipsilandis et al., 2005). The ability of a genotype to specify a
phenotype consistently (i.e. the phenotype uniformity) is a key target for selective breeding in
crops (Makumburage and Stapleton, 2011). Distinctness, uniformity and stability (DUS)
testing is one of the important criteria to test inbred lines and it is essential to comprehend
different modes of the traits expression. DUS testing of cultivars is one of the requirements
for granting Plant Breeders Rights (PBR) and it is conducted according to national guidelines
prepared on the basis of UPOV (Union Internationale pour la Protection des Obtentions
Végétales) guidelines (Yadav and Singh, 2010). According to the environmental changes and
low level of polymorphism, low heritability, late expression, limited discriminative power,
and lower potential to measure relatedness and genetic similarity, morphological
characterization has its own disadvantages, it is time-consuming and varies (Babic et al.,
2016). However, morphological traits are still very important in determination of the
agronomic value and in taxonomic classification of plant species, including maize (Ortiz et
al., 2008). Traditionally, morphological comparisons have formed the basis for genetic purity
evaluations. Biochemical assays, including isozymes, can distinguish varieties within species.
Isozymes have been routinely used in checking seed-lot purity in maize. Ultra Thin Isoelectric
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Focusing (UTLIEF) analysis is a standard reference method for testing the genetic purity of
lines and hybrids (Dou et al., 2012). This method consists of extracting seed storage proteins
(aqueous soluble — albumins and alcoholic soluble - zeins) from individual grains and their
separation on a polyacrylamide gel. However, this method is limited due to many factors
affecting isozyme expression, including development of plant tissue and the environment.
Less loci and restricted polymorphism may also affect the utility of these markers. Because
isozymes and genes affecting morphological traits are most usually coded by different and
unlinked loci, a “clean” isozyme profile will not necessarily correlate with morphological
homogeneity. For this reason, the aim of this study was to estimate the efficiency of
morphologycal markers towards genetic purity determination.

Material and Methods

Based on previously conducted UTLIEF method (ISTA, 2005) regarding determination of
electrophoretic patterns for storage proteins (albumines and zeins), five maize inbred lines (L1
— L5) differing in genetic purity were tested. Further on, the inbreds were subjected to
distinctness, uniformity and stability evaluation according to the UPOV markers in three-year
field experiment (from 2016 to 2018), carried out in Zemun Polje, Serbia (44°52'N, 20°19'E,
81 m asl). The experiment was set up according to Complete Randomised Block Design
(RCBD), in two densities (i.e. D-30cm and D-40cm) and two sowing dates (in ten-day
interval), in two replications. Inbreds of different maturity group L1 — L2 (maturity of FAO
300), L3 — L4 (maturity of FAO 400), and L5 (maturity of FAO 600), were sown in the four-
rowed plot, with 10 hills per row and spaced 0.75 m apart. Four seeds per hill were sown and
thinned to two plants per hill. Both visualy scored (VG) and measured (MS) morphological
traits were observed on plants from two central rows, in a particular developmental stage.
Eleven VG traits included eight quantitative (QN) traits (e.g. anthocyanin coloration of
sheath, at base of glume, of glumes excluding base, of anthers, silks, of brace roots and of
glumes of cob, as well as the angle between blade and steam), two pseudo-qualitative (PQ)
traits (e.g. color of top and dorsal side of grain) and one qualitative (QL) trait — type of grain.
In both replications, measuring of morphological traits — plant height (PH), plant hight to
upper most node (PHN), number of leaves above upper most ear (NLAE), leaf length (LL),
leaf width (LW), ear height (EH), length of main axis above the lowest lateral (LALB) and
the highest lateral (LAHB) branch, were conducted on ten representative plants per maize
inbred. After manual harvesting and drying to 14% of moisture content, grain yield (GY) was
calculated per plant basis. For each inbred line, yield components — ear length (EL), ear
diameter (ED), cob diameter (CD), kernel length (KL), width (KW) and thickness (KT),
number of kernels per row (NKR) and number of rows per ear (NRE), were recorded on ten
randomly chosen ears per replication. Three-way analyses of variance (ANOVA) was used for
agro-morphological data analyzing.

Results and Discussion
Genetic homogeneity refers to the presence of identical genotypes, whereas genetic stability
refers to phenotypic uniformity (homeostasis) in different environments (Zivanovié¢ et al.,
2004). When a variety has been shown to be uniform, it can also be considered to be stable by
UPOQV. It has been shown that the uniformity threshold was never surpassed within a single
trial, but discrepancy was observed between three annual scores (Gunjaca et al., 2008). In our
study, all five observed inbreds exhibited maximum uniformity and stability for anthocyanin
coloration of glumes of cob (ACGC). In all inbreds, poor uniformity was evidenced for
anthocyanin coloration at base of glume (ACBG) and color of dorsal side of grain (CDG),
respectively. According to VG traits, L1 expressed the highest uniformity and stability (Table
1). This line showed maximum uniformity (100%) in three observed traits: ACSh, ACBG and
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GT, and close to this rating was ACBR. Lines L2 and L3 also were highly uniform and
stabile. Similar trend in VG traits expression is observed between 2016 and 2017 in L1 and
L2, and between 2017 and 2018 in L3. In L4 and L5, however, segregation was recorded for
most of the observed traits, as well as their higher variation per year basis. Thus, results of
visual assessment by UPQOV descriptors confirmed, to a certain extent, the results obtained by
UTLIEF.

Table 1. Segregation in VG traits according to particular UPOV descriptors scale level (given
in brackets) for five (L1 — L5) maize inbred lines evaluated

L1 L2 L3 L4 LS

VG trait Quantitative traits (QN)
ACSh 1.0 - (1) 51 -5 51 -@13 41 - (1,3) L7:2:2-(1,3)57)
ACBG 10 - (1) 15 -(3 10 - (1) 51 - (1,3 57 - (1,3)
ACGB 21 -(35) 13 -(79 13 -(35 57 - (1,3) 453 - (1,35
ACA 1.5 -(3 51 -@3) 13 -6B7 75 - (@13 L2121 - (135
ACS 15 - (3 13 -(35 31 -@35 141-@357) 291 - (579
ACBR 1:11-(13) 13 -(79 51 -(5,7) 11 - (13 11 - (5,7)
ACGC 15 -@35 1.0 - (5 11:1-G5B7 21 - (7 L0 - 1)
ABS 57 - (35 1.3 -(1,3) 1:.11- (35 651 - (135 75 - (1,3)

Pseudo-qualitative traits (PQ)

CTG 1:3 - (45 11:1-(56) 1.3 - (34 L1 - (34) 57 - (34
CDG 1:3 - (34) 31 -34 75 -(56) 534 -(234) 6:2:31-(1,34,5)

Qualitative traits (QL)
GT 10 - (1) 21 -(12 15 -@B34) 57 - (34 31 - (2,3

ACSh — anthocyanin coloration of sheath; ACBG — anthocyanin coloration at base of glume; ACGB —
anthocyanin coloration of glumes excluding base; ACA — anthocyanin coloration of anthers; ACS — anthocyanin
coloration of silks; ACBR — anthocyanin coloration of brace roots; ACGC — anthocyanin coloration of glumes
of cob; ABS — angle between blade and steam; CTG — color of top side of grain; CDG — color of dorsal side of
grain; GT — type of grain.

The plant morphology depends largely upon environmental conditions, as well as upon plants
traits with their genetic variability (Tardieu, 2013). Since the experiment was conducted in
three year, highly varying in environmental conditions, factor A had the most significant
influence on observed morphological traits for all analyzed genotypes (Table 2). Moreover,
higher plant density impose a variety of stresses on plants, including competition for light,
water, and nutrients (Sher et al., 2017). Factor B showed significant effect on two traits
(NLAE and LW) only in inbred L5. Interaction A x B influenced L4 for PH, PHN and LL,
while L5 varied for PHN. Although pure L1 inbred varied in five out of eight traits observed,
inbreds L2 and L3 exhibited high stability. Inbred L4 was affected the most by factor C for
LL, LW, EH, LALB and LAHB. Considering observed interactions, under A x C, L1
performed the best, however, pure L3 line varied in LW, LALB, and LAHB (the last two are
the most variable traits). Genetically poor inbred L4 varied in NLAE, LW and LAHB, while
L3 varied in PHN and EH. Our findings were in line with the study on four maize inbred lines
under two-year experiment, that LALB and LAHB were considered relatively less stable traits
as compared to other measurable characteristics (Akande and Lamidi, 2006; Olaoye, 2009).
For all inbred lines tested, interactions B x C and A x B x C were insignificant. Similarly, in
study on forage maize, Moosavi et al. (2012) reported insignificant effect of sowing date and
plant density on morphological traits.
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Table 2. Sagnificance for observed morphological traits according to ANOVA for inbred
lines

Inbred PH PHN NLAE LL LW EH LALB LAHB
Factor A (year)
Ll *k*k *k%k ns *k*k **k* *k%k ** *
L2 *k*k *k%k ** ***k **k* *k*k ns ns
L3 *k*k *k%k ** ***k **k* *k%k *k*k ns
L4 **k*x X x ** ** ** **k*k *k*k *
L5 **k*x X = ** *kx *k* *k*k *k*k *kx

Interaction Factor B (plant density)

L1 ns ns ns ns ns ns ns ns
L2 ns ns ns ns ns ns ns ns
L3 ns ns ns ns ns ns ns ns
L4 ns ns ns ns ns ns ns ns
L5 ns ns ** ns ** ns ns ns
Factor C (sowing date)
L1 ns ns ns ns ns ns ** kel
L2 ns ns ns ns ns ns ns ns
L3 ns ns ns ns ns ns ns ns
L4 ns ns ns kel * * kel *
L5 ns ** ns ns ns ns ns ns
Interaction A x B
L1 ns ** * * ns ns ** *
L2 ns ns ns ns ns ns ns ns
L3 ns ns ns ns ns ns ns ns
L4 * * ns alalel ns ns ns *
L5 * ** ns ns ns * ns ns
Interaction Ax C
L1 ns ns ns ns ns ns * *
L2 ns ns ns ns ns ns Fhx ns
L3 ns ns ns ns kel ns ** Fhk
L4 ns ns * ns kel ns ns kel
L5 ns falalel ns ns ns ** ns ns

P — plant height; PHN — plant hight to upper most node; NLAE — number of leaves above upper most ear; LL —
leaf length; LW — leaf width; EH — ear height; LALB — lowest lateral; LAHB — length of main axis above the

highest lateral branch; *,** *** — significant at p < 0.05, 0.01 and 0.001 probability level, respectively; ns —
non-significant.

In comparison with morphological traits, the results of ANOVA for yield components showed
a slightly pronounced effect of observed factors and their interactions (data not presented).
Effect of year (A) had the biggest impact on the observed parameters, similarly as observed
for morphological traits. Factor B had the highest influence on pure L1 and L2 inbreds for

most of the traits. Our results are in agreement with Testa et al. (2016), that plant density decreased
cob diameter (-10.8%) and the number of kernels per row (-10%). Pure L2 inbred was highly affected by A x B interaction

for KW, KT, NKR and CD as the most variable trait, except for L5. Effect of sowing date (factor C) was
observed only for CD in L4 line, opposite to reported significant effects on yield components
(Beiragi et al., 2011). Interactions A x C and A x B x C affected pure L1 line for EL, ED, CD,
KL and NRE. Compared to morphological traits, more pronounced effect of A x B x C
interaction was observed for yield components. In all lines evaluated, interaction B x C was
insignificant for all the traits observed, similar to morphological traits.
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Grain yield and yield stability across multiple years (i.e. weather conditions) are some of the
most important selection targets for plant breeding (Moose and Mumm, 2008). In our study,
the results of ANOVA for grain yield, showed that factor A (year) had highly significant (p <
0.001) effect on all observed inbreds, being the highest in optimal 2018 and the lowest in dry
2017 (Table 3). Opposite trend for plant density (factor B) effect on grain yield was observed
between pure inbreds (L1, L2 and L3) (i.e. p <0.001, 0.001 and 0.01, respectively) and low
genetic purity inbreds (L4 and L5) (insignificant). Sowing date (factor C) was highly
significant for all the inbreds (p < 0.001), except for L4 (p < 0.05). For both L4 and L5 (low
genetic purity inbreds), effect of all interactions on grain yield was insignificant, which was
opposite to pure inbreds (L1, L2 and L3). This could be explain by the presence of genomic
heterozygosity, which plays a significant role in stability level (Ertiro et al., 2015).

Table 3. Three-way analyses of variance (ANOVA) for grain yield achieved by inbred lines
evaluated

Source of variation

Inbred Factor Factor Factor AXBXx
line Repl. A B C AxB AxC BxC C

df 1 2 1 1 2 2 1 2

MS 446 76541 367.4 2288 4899 922 41 225.9

F- 47 8065 387 24177 516 97 04" 2387
L1 value

CcVv

%) 6.39

MS 15.8  7329.7 8249 966.4 155.6 686.9 2529 2195

F- 05 239.777 2707 316 517 2257 83" 7.2"
L2 value

CcVv

%) 14.4

MS 413 3450.0 2154 6689 1217 876 258 131.2

F- 22 17907 1127 347 63 45 13° 68"
L3 value

CcVv

%) 11.14

MS 51.9 7318.6 2013 7426 324 2416 2754 197.7

F- 0.6 85.5  2.4™ 8.7 04" 28" 32™ 2.3"
L4 value

CcV

%) 19.3

MS 0.1 64695 63.4 821340 676 1299 04 20.4

F- 001 169.6™ 17 215 18™  34™ 001" 05"
L5 value

CcVv

%) 16.03

df — degrees of freedom; MS — mean square; CV — coefficient of variation; Factor A — year; Factor B — plant
density; Factor C — sowing date; ****** — significant at p < 0.05, 0.01 and 0.001 probability level,
respectively; ns — non-significant.

220



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

Conclusions

Uniformity and stability largely differed among observed plant traits. High stability of visualy
scored morphological traits was confirmed by estimated good performances of pure L1
inbred, as well as segregation trend for almost all VG traits in low genetic purity L4 and L5
inbreds. A certain level of variability observed in pure L1 inbred performances, followed by
more pronounced variations in morphological traits within lines with low genetic purity,
confirmed the low stability of MS agro-morphological traits. Opposite to pure inbreds, the
presence of genomic heterozygosity contributed to higher level of yield stability in low
genetic purity inbreds.
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Abstract

The paper compares agrochemical and microbiological parameters of arable land (for more
than 50 years involved in agricultural activity) and natural ecosystem never exposed to
anthropogenic impact. The study was conducted during the growing season of 2018 on
meadow brown soil of experimental field of Far Eastern Agricultural Research Institute,
Russia (48°31'05.9"N 135°16"25.6"E). Indicators of soil fertility and biological activity were
determined. Hydrolytic acidity and pH values were measured potentiometrically; aluminium
content was measured colorimetrically with xylenol orange; organic matter (humus), humic
and fulvic acids — according to the methodology of M.M. Kononova and N.P. Belchikova.
The total number of CFU was determined by method of serial dilutions with consequent
spread plating on agar media (nutrient agar, starch-ammonia agar). A rise in exchange acidity
provided an increase in the aluminium content (AI**) in arable horizon. Intensive pressure on
the soil of experimental plots led to a decrease in humus content compared to the soil of
natural ecosystem by 2.69-1.68 times and to an increase in the acidity of the arable horizon by
1.4-1.1. Anthropogenic pressure had a negative effect on the number of microorganisms
inhabiting the soil of agrocenoses: the content of nitrifiers was 50.2 million units / 1 g abs. dry
soil in the meadow versus 11.66 million units / 1 g abs. dry soil of agrocosystem; the content
of ammonifiers - 21.2 million units / 1 g abs. dry soil versus 3.14 million units / 1 g abs. dry
soil respectively.

Keywords: Agrocenosis, Nitrifiers, Ammonifiers, Anthropogenic transformation, Soil
fertility.

Introduction
All the most important soil processes take place with the direct or indirect participation of
organic matter. Nearly all soil organic matter is transformed by microorganisms. The final
products of this activity are minerals. However, in the process of transformation of organic
matter, intermediate complex and diverse organic compounds are formed, which are united by
one common concept - humus. Fulvic and humic acids play a special role in soil formation.
The quality of humus depends on the ratio of humic acids carbon to fulvic acids carbon. All
soils with humate-fulvate (1.0-0.5) and especially with fulvate (<0.5) humus are characterized
as acidic, they urgently need liming.
After the involvement of virgin soils in agricultural activity, the humus content in them
noticeably decrease due to the strengthening of its decomposition processes. The loss of
humus is greatest in the first years after involvement, and then a lower equilibrium content of
humus is established in the soil.
Soil organic matter is a source of nutrition for both plants and microorganisms. Under their
influence it is transformed with the formation of biologically active substances and releasing
the large amounts of carbon dioxide, which is essential for activating photosynthesis in plants.
(Basistiy, 2008)
The content and forms of nutrient compounds in the soil reflect the nature of the soil-forming
process and serve as a diagnostic indicator of the fertility of soil (Sedykh et al., 2014).
However, in modern conditions, natural factors affecting the soil, are combined with
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anthropogenic, affecting, as a rule, the level of soil fertility. Therefore, both natural and
anthropogenic impacts are almost always the cause of changes in soil fertility. The
anthropogenic factors may include (but not limited to) the application of chemicals
(fertilizers, pesticides), soil and plants treatments using agricultural machinery (ploughing,
cultivation, planting, harvesting etc.) with consequent fuel pollution, depletion of nutrients in
soil as a result of continuous agricultural activities.
The anthropogenic pressure also has a significant effect on the soil microbial community,
transforming important ecological functions in the biosphere associated with the cycling of
nutrients, regulation of the atmospheric gas composition and the formation of the soil
structure (Griffiths, 1965; Glazovskaya, 1984; Zvyagintsev, 1992; Conrad, 1996).
Soil microorganisms perform system-forming functions in such processes as soil formation,
decomposition of soil organic matter, growth stimulation for plants and performing protection
from pathogenic microflora (Morris et al., 1998; Raubuch, Beese, 1995).

The purpose of this study was to determine the effect of long-term anthropogenic
stress on the transformation of physicochemical and microbiological properties of soils
involved in agricultural activities.

Materials and Methods
The study was conducted in the fields of the long-term stationary experiments of the Far
Eastern Agricultural Research Institute, Russia (48°31'05.9"N 135°1625.6"E), which had
been cultivated since 1963. The ecosystem that has never been exposed to anthropogenic
pressure (the meadow) was chosen as a control. The region is characterized by meadow-
brown, heavy loamy soils with an acidic soil pH. The sum of surface layer air
temperatures >10°C for the growing season (from sowing to harvesting) was 1793.5 °C; the
amount of precipitation for the period was 297.6 mm. The crop rotation system on
experimental field includes the alternation of oats, soybean and wheat with perennial grasses.
Soil treatment system is conventional for the region and includes ploughing, spring pre-
sowing disking and harrowing in 2 tracks.
The studies were conducted in two directions: 1 — the comparison of the amount of
exchangeable bases (calcium, magnesium), aluminium, hydrolytic acidity and pH values in
soils of agroecosystem (with the application of different doses of mineral fertilizers) and the
natural ecosystem never involved in agricultural activity (meadow); 2 — the comparison of the
content of humus, humic and fulvic acids, their ratio, pH and number of nitrifying and
ammonifying bacteria in soils of agroecosystem (with mineral fertilizers and with the
aftereffect of organic fertilizers and liming) and natural ecosystem (meadow). Samples for
microbiological analyses were taken from plots without any fertilizers.
Soil samples were taken before sowing crops, in the middle of the growing season and before
harvesting. For microbiological analyses, samples were taken with observance of asepsis.
Hydrolytic acidity and pH values were measured potentiometrically; aluminium content was
measured colorimetrically with xylenol orange; organic matter (humus), humic and fulvic
acids - according to the methodology of M.M. Kononova and N.P. Belchikova.
The method of serial dilutions with consequent spread plating on agar media (nutrient agar,
starch-ammonia agar) was used to determine the total number of colony-forming units per 1
gram of absolutely dry soil and quantitative characteristics of two main groups of
microorganisms: nitrifying and ammonifying bacteria. Nutrient agar (NA) was used to count
the ammonifying microorganisms that decompose the nitrogen-containing organic matter in
the soil. Starch-ammonia agar (SAA) - to count the amylolytic microflora, capable of carrying
out the destruction of oligo-, polysaccharides and immobilization of nitrogen.
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Also, the coefficient of mineralization was determined as a ratio of the number of
ammonifying microorganisms to the number of microorganisms that assimilate mineral
nitrogen.

Based on the data on the quantitative composition of microorganisms on different nutrient
media, the conclusion about the level of enrichment of soil with microorganisms was made.
The species composition of soil microorganisms was determined by molecular genetic
methods: DNA was extracted from the most typical microorganisms, the part of 16S
ribosomal RNA gene was amplified using PCR, and the obtained products were sequenced by
Sanger.

Results and Discussion
Long-term use of meadow-brown soils in field crop rotation has led to levelling of zonal
properties, as well as to their unidirectional degradation (Table 1), especially with increasing
anthropogenic pressure. The rise of metabolic acidity provided an increase in the content of
aluminum (AI**) in arable horizon, especially in the variants with high doses of nitrogen
fertilizers. The acidity of the soil solution is an important factor in determining the availability
of nutrients for plants.

Table 1. Transformation of soil properties in agricultural lands.

Variants pH Hydrolytic ca® | Mg® | ca®+Mg* | APY, mg/ 100
acidity g soil
mEq. / 100 g soil
1. Natural ecosystem | 5.6 7.1 8.4 11.4 19.8 0.06
(meadow)
2. Without fertilizers 4.9 3.7 54 114 16.9 0.09
3. N1gP1sKg 4.8 55 6.1 11.8 17.9 0.10
4. N3;P16Ky6 4.7 6.8 8.1 10.7 18.8 0.29
5. NygP16K24 4.8 6.0 9.2 10.0 19.2 0.62
6. N1sP16Ks 4.8 3.4 8.4 10.2 18.6 0.10
7. N1gP3Kyg 4.8 3.0 6.8 12.8 19.6 0.33
8. N1gP4gKoy 4.7 5.0 7.3 10.3 17.6 0.94
9. NsPssKog 4.7 5.1 6.1 11.0 17.0 0.94

On acidic soils, plants lack nitrates. The soil pH has a particularly strong influence on the
phosphate regime of the soil, since as a result of the inhibition of the nitrification capacity, the
binding of phosphates to trivalent forms of iron and aluminium inaccessible to plants occurs.
On acidic soils, the negative effect of aluminium increases. In addition, aluminium forms
insoluble phosphates with phosphorus that are poorly used by plants in an acidic environment
(Sychev et al., 2010). In this case, an excess of aluminium and manganese has a toxic effect
on plants. In addition, the alienation of the overwhelming majority of biomass with harvested
crops violated the biogeochemical circulation, as a result of which the soil supply with
biophilic nutrients decreased.
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The total activity of humus in relation to the mineral part of the soil depends on the ratio and
content of humic and fulvic acids. Due to the strongly acidic reaction (control variant) and
good solubility in water, fulvic acids actively destroy the mineral part of the soil and reduce
humus accumulation. In the variants with mineral fertilizers and with the aftereffect of
organic fertilizers and liming, the ratio of humic acids carbon to fulvic acids carbon Cy/ Cg).
grows, which has a favourable effect on the accumulation of humus in the arable horizon of
the soil, and at a ratio of C/ Cg. more than 1, active humus accumulation occurs and the
mineral part remains almost unchanged (Table 2).

Table 2 - Changes in the content of humus and humus acids with continuous anthropogenic
impact.

Variants Mass fraction of Humic Fulvic acids, % Cul/ Cr pH
organic matter acids, %
(humus), %

Natural ecosystem 5.48 1.17 1.85 0.63 5.6
(meadow)

1. Control (without

fertilizers) 2.79 0.24 0.74 0.32 4.2
2. Peat compost 100 t /

a (aftereffect) 3.15 0.45 0.78 0.58 4.3
3. NgoP3oKse 3.80 0.71 0.72 0.99 45
4 Ca 225 GCK 3.70 1.07 0.76 1.41 45

(aftereffect)

Microflora of areas exposed and not exposed to anthropogenic influence, differed
significantly in the number of microorganisms that decompose mineral nitrogen: an average
of 50.2 - 10° in the meadow versus 4.01 - 10° in agrocenosis; as well as by the number of
organic nitrogen destructors: 21.2 - 10° versus 3.14 - 10° (Table 3).

Table 3. The average number of microorganisms in soils affected and not affected by
anthropogenic factor

Soil type Number of soil microorganisms, million units / 1 g of absolutely
dry soil
NA SAA
Natural ecosystem (meadow) 21,20 50,20
anthropogenically modified soil 3.14 11.66

The number of microorganisms had been increasing during the growing season, but it was
smaller than before the crop was planted. On average, there is a noticeable predominance of
nitrifiers over ammonifiers in areas both influenced and not influenced by agricultural activity
(50.2 - 10° vs. 21.2 10°in the meadow; 11.66 10° against 3.14 10° under oats), the numbers of
these groups of microorganisms differ by 2-3 times.

According to the scale of assessment of the level of soil enrichment with microorganisms
(Table 4), meadow soils not involved in agricultural activity were very rich, while long-term
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anthropogenic impact negatively affected the soil microflora in the experimental plots, thus
transferring these soils into medium enriched group.

Table 4. Scale of assessment of the degree of soil enrichment with microorganisms (according
to Zvyagintsev, 1980)

Level of soil enrichment with microflora number of soil microorganisms determined by cultivation on
various nutrient media,
x10° units / 1 g absolutely dry soil.
NA SAA
| Very poor <1 <2
I Poor 1-2 2-4
Il Moderately enriched 3-5 5-10
v Rich 6-10 11-20
\% Very rich >11 >21

The coefficient of mineralization shows the intensity of transformation of organic matter of
plant and animal residues, as well as applied various organic fertilizers in the soil
(Milashchenko, 1990). It is determined by the ratio of the number of microorganisms that
characterize the process of conversion of ammonia nitrogen, to the number of microbes that
characterize the transformation of protein substances in the soil. This coefficient represents
the degree of development of the amylolytic part of the soil microflora and, accordingly, its
activity in the transformation of soil carbohydrates and the binding of free nitrogen. The
higher it is (> 1), the more immobilization processes take place, which indicates either very
high ammonia nitrogen availability in soil (this may be due to the high amounts of
ammonifiers), or the appearance of organic matter in the soil (straw, bark, etc.). The latter
phenomenon, in turn, can activate the development of oligotrophic and autochthonous groups
of microorganisms, which ultimately leads to an increase in the number of amylolytic
microflora, since a certain amount of ammonia is released into the soil solution as a result of
the activity of oligotrophs. In agrocenosis, an excessively large value of this coefficient (> 3-
5) may indirectly indicate an increase in the rate of decomposition of the specific organic
matter of the soil — humus (Schulz et al., 2013).

Calculated this coefficient for our soils, we obtained the following data: 2.34 for meadow and
3.56 for agrocenosis in average (Fig. 1).
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Figure 1. Dynamics of the mineralization coefficient

According to the sequencing data, the microorganisms most typical for the soils of the region
were identified. The most common microorganisms were representatives of the genera
Flavobacterium, Pedobacter, Bacillus, Enterobacter, Arthrobacter, Streptomyces,
Acinetobacter, Leifsonia, Luteibacter, Burkholderia, Stenotrophomonas, Massilia,
Microbacterium, Aneurinibacillus.

Conclusions
Long-term use of meadow-brown soils in field crop rotation has led to leveling of zonal
properties, as well as to their unidirectional degradation. A rise in the exchange acidity
provided an increase in the content of aluminium (AI**) in the arable horizon.
The involvement of the soil in agricultural activities led to a decrease in the percentage of
humus in the upper arable layer, and it is necessary to consider not only the natural loss of
humus, but also an increase of the treated arable layer with a general decrease in the humus
content due the involvement of the low humus below lying horizons. Extensive pressure on
the soil of experimental plots led to a decrease in the humus content compared to soil of
natural ecosystem by 2.69-1.68 times and to an increase in the acidity of the arable horizon by
1.4-1.1.
In addition to decrease in soil fertility, active involvement in agricultural practices also
significantly reduces the biological activity of the soil. Anthropogenic pressure had a negative
effect on the number of microorganisms inhabiting the soil of agrocenosis: the content of
nitrifiers was 50.2 million units / 1 g abs. dry soil in the meadow versus 11.66 million units / 1
g abs. dry soil of agroecosystem; the content of ammonifiers - 21.2 million units / 1 g abs. dry
soil versus 3.14 million units / 1 g abs. dry soil respectively.
The value of the mineralization coefficient indicates that the rate of transformation of organic
nitrogen in the soils affected by agricultural activity is about one and a half times higher than
in meadow soils. The reason for this can also be the long-term waterlogging of the soil during
the growing season (prolonged flooding contributed to the accumulation of large amounts of
ammonia nitrogen).
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Abstract

Soybean production contributes to the wide range of industries and is one of the main grain
and oilseed crops in global agriculture. The task of increasing its production in Russia is of
great importance. The paper analyzes the results of study of the productivity of soybean
cultivar Batya plants, grown from seeds obtained from different nodes of the parent plant in
Khabarovsk Kray (Russia’s Far East). The yield of offspring, productivity of one plant, mass
of 1000 seeds were considered. The following phenotypic characteristics were determined:
plant height, number of nodes, number of productive nodes, number of pods, bottom pod
attachment point. Parent plants of soybean cultivar “Batya” were characterized by high
productive qualities. The average seed weight per plant was 11.7 grams, and the yield with the
density of 50 plants m™ was 4.67 tons ha™. With an average 1000 seeds mass of 163.8 grams,
the largest mass of 1000 seeds was on 7-16 nodes, and the highest productivity was on 8-15
nodes. Studies have shown that soybean plants grown from the seeds of the lower layer of
parent plants possessed the highest productive qualities. The average number of productive
nodes on plants grown from lower layer seeds was 12.0, and the number of pods was 26.9.
And, as a result, the average yield of plants grown from seeds of the lower layers was 4.86
tons per hectare, which is 0.67-0.7 tons per hectare higher than yield of plants grown from
seeds of the middle and upper layers.

Keywords: Soybean, Parent plants, Productivity, Plant node, Yield structure.

Introduction
Soybean occupies the main areas in the agrocenoses of the Russian Far East. The prevalence
and rapid growth of soybean production is mainly due to the unique biochemical composition
of its grain, which determines its multifunctional (food, feed and technical) use, and the high
profitability of its production (Benkin and Tomilina, 1985; Pavlovskaya, 2004). High and
stable yield is the result of high cultivar adaptability to the conditions of cultivation that vary
in a wide range. For stable maintenance of a sort, it is necessary to have a precise
characteristic of the developmental rhythm due to specific environmental and climatic factors,
and to identify the number of major and related biotypes in it, as well as those that give the
full range of features of this sorting population during reproduction. In order to properly
conduct seed production, it is necessary to know and consider the structure and genetic
features of a particular cultivar, its degree of ecological stability. It should be noted that the
potential achievable productivity of all soybean cultivars, including the most precocious, is
realized only by 30-70% (Ozyakova and Polzukhina, 2014). However, it cannot be denied that
the mechanisms for maintaining high productivity of the cultivated varieties, their adaptation
to growing conditions, and resistance to abiotic and biotic factors remain insufficiently
studied (Belyaeva, 2007). The most important attributes that determine the yield of soybean
varieties include, for example, the number of seeds per pod, the number of pods per plant,
plant height, branching, seed weight per plant, height of attachment of the lower pod
(Vashchenko et al., 2014). A promising, highly productive soybean cultivar “Batya” - middle-
ripe, belongs to the Manchurian type. The vegetation period is 108-118 days, indeterminate
type, the degree of lateral shoots formation is average, the plant is compact. The height of the

230


mailto:aseeva59@mail.ru

Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019

plants is 80-110 cm. The mass of 1000 seeds is 193-270 g. Due to the rapid growth in the
period of germination - flowering and wide leaf plate this cultivar competes well with weeds.
Seed yield is up to 5.4 t / ha. The purpose of this study was to compare the productivity of
soybean plants of the “Batya” cultivar, grown from the seeds of different nodes of the parent
plants.
Materials and Methods

The studies were conducted on the fields of the Far Eastern Agricultural Research Institute in
2017 and 2018. The soil of experimental plot is meadow-brown, heavy loamy, humus content
— 4.1%, pH <4.5, hydrolytic acidity — 10-12 mEqg/100 g of soil, the sum of exchangeable
bases — 15-17 mEq/100 g of soil, the availability of mobile phosphorus is low, and availability
of exchangeable potassium is high to very high. The object of the study was the soybean
cultivar “Batya”. Sowing seeds, treating crops and harvesting experimental plots were
conducted manually. Soybean seeds for the research were taken from soybean plants,
harvested in 2017. The experiment was laid on the ridges with a base of 70 cm. Seeds were
sown in 2 lines, the distance between the lines was 8 cm, the density of standing of the stems
is 50 pieces / m?. The analysis of the yield structure of soybean plants grown from parent
plants’ seeds was performed according to the following parameters: plant height, seed weight
from 1 plant, mass of 1000 seeds, number of productive nodes, number of pods per plant, the
height of attachment point of the lower pod. The protein content in seeds of the plants grown
in 2018 was also considered.

Results and Discussion
Parental plants of soybean cultivar “Batya” possessed high productive qualities. The average
seed mass per plant was 11.7 g, and the yield with a density of 50 plants per 1 m? was 4.67 t /
ha. With an average weight of 1000 soybean seeds of 163.8 g, the largest mass of 1000 seeds
was at 7-16 nodes, and their highest productivity was in nodes 8-15 (table 1, figure 1).

Table 1 - Characteristics of parent soybean plants of the “Batya” cultivar

nﬂ%dbeer Seed, pcs. The mass of seeds in the node, g The mass ofglOOO seeds,
1 - - -
2 0.50 0.07 140
3 1.18 0.18 152
4 1.92 0.32 167
5 2.98 0.51 171
6 4.4 0.77 175
7 5.36 0.96 179
8 6.09 1.06 174
9 6.74 1.16 172
10 6.56 1.18 180
11 6.67 1.14 140
12 5.61 0.96 152
13 5.81 1.04 167
14 5.65 0.96 171
15 4.01 0.69 175
16 2.56 0.42 179
17 1.34 0.20 174
18 0.30 0.04 172
19 0.16 0.02 180
20 - - -
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Figure 1 - Productive qualities of parent plants.

The number of productive nodes on the plant was the most stable feature. The average
number of productive nodes on soybean plants grown from the seeds of the lower level was
12.0, and from the top - 10.4.

The number of pods on a plant is a varying characteristic and one of the most important
elements of productivity, and depends on the biological parameters of the cultivar, soil,
climatic and agrotechnical conditions of cultivation. On average, about 25 pods were formed
on the plants during the study period. At the same time, the highest value of this indicator was
observed in seeds grown from the lower layer — 26.9 pcs., and the lowest value - 23.7 pcs. -
from the top layer. The average yield of plants grown from the upper layers is lower by 0.67-
0.70 tons / ha compared to the yield of plants on the lower layer.

One of the main features in the structure of the plant, which determines the productivity, is the
mass of seeds per plant. Analysis of the productivity indicators of soybean plants (Table 2),
grown from seeds of various nodes of parent plants, showed that from the second to the
nineteenth node, the productivity of soybean plants of the cultivar Batya decreased by 2 g,
which is indicated by the trend line, obtained as a result of approximation and smoothing the
graph and has a polynomial appearance (Fig. 2).

Elements of the yield structure of plants are important indicators. The height of the stem of
soybean plant is genetically determined. Under the same growing conditions, the variability of
this trait in different soybean cultivar samples is on 80-90% determined by the genotype. The
height of plants grown from the lower layers of the parent plant reached 101-109 cm, and the
average height of plants from seeds of the upper layers was 93 cm.
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Table 2 - The productive qualities of soybean plants grown from the seeds of various nodes of
the parent plants

Average productivity of soybean plants grown from seeds of various nodes of parent plants
Node / layer
of soybean
2-7 | lower
layer Numbe Mass
8-13 / middle | Plant | rof Number | Lower Mass of of
laver height, [nodes, | Number of | of pods,| pod Protein,| grain per | Yield, 1000
y cm pcs. |productive | pieces |attachmen| % plant, t/ha | seeds,
14-19 / upper nodes, pcs t point
layer » PCS. p g g
7 108.14 [16.14 [13.43 3257 [3.14 34.5 13.95 5.58 174.7
3 111.2  [148 [111 266 4.2 34.7 11.85 4.74 192.6
4 1026 (142 [12.6 245 [.7 34.8 11.37 4.55 198.4
5 101 13.7 0.6 234 W@ 35.2 10.88 4.35 216.3
6 102.4 (155 [12.2 292 3.9 35.2 12.1 4.84 183.4
7 109 157 |12 249 |44 35.4 12.71 5.08 212
Average 106 150 [12.0 269 [3.9 35.0 12.1 4.86 196
Layer
8 1056 (148 |11 234 W45 35.5 0.76 3.90 183.9
9 08.4 129 [10.1 206 [3.8 36.5 8.33 3.33 197.5
10 09 146 |11.7 272 3.6 36.4 12.11 4.84 179.6
11 97.5 145 115 28.6 [3.7 34.9 11.98 4.79 172.5
12 05.1 13.3  [10.9 26 3.2 36.9 11.38 4.55 169.6
13 08.1 128 9.2 19.7 W2 31.9 9.29 3.72 203.2
Average 09 138 [10.7 242 [3.8 34.9 10.5 4.19 184
Layer
14 101 136 [10.6 236 [3.5 33.2 11.07 4.43 193.8
15 01.9 13.8 [11.8 282 .1 32.8 11.52 4.61 166.7
16 08.5 141 |11 253  [3.8 31.9 11.01 4.40 191.4
17 03.6 14 11.2 254 3.4 31.2 12.16 4.86 197
18 82.1 116 [8.5 188 W 32.0 /.72 3.09 173
19 88.6 11.7 0.4 21 3.2 34.9 8.91 3.56 190.8
Average 03 13.1 [10.4 237 [35 32.0 10.4 4.16 185
Layer

The height of the bottom pod attachment point is a technologically important attribute. The
variability of this trait is only by 28% determined by hereditary factors, 72% fall on the
conditions of cultivation of crop (Babich and Kokhanyuk, 2014). In our experiment, the
attachment point of the lower pod was on the 3 and 4 nodes of the soybean plant.
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Fig. 2. The productivity of soybean plants grown from seeds of various nodes of parent plants.

The correlation coefficient between the mass of 1000 seeds of parent plants and the
productivity of plants grown from these seeds is 0.19, which indicates a small association of
indicators. A more significant connection (r = —0.5) occurs between the node numbers of the
parent plants and the productivity of the offspring. This indicates that the seeds of the lower
nodes of the parent plants are more productive and provide a higher yield than the seeds from
higher layers (Table 2, Fig. 2).

A medium positive correlation was established (r = 0.37) between the mass of 1000 seeds of
parent plants and the mass of 1000 seeds of offspring. There is no reliable connection between
the numbers of the nodes of the parent plants and the mass of 1000 seeds of the offspring; the
mass of 1000 seeds of offspring practically does not depend on which node of the parent
plants the seeds are taken from. A very insignificant association (r = 0.19) was observed
between the mass of 1000 seeds of soybean parent plants and the productivity of the offspring
grown from these seeds. Comparison of the quantity and quality of the crop by the layers of
parent plants showed a significant superiority of the productive qualities of soybean plants
grown from the seeds of the lower layer. Plants grown from the seeds of other layers of parent
plants had slightly different productive qualities, except for a mass of 1000 seeds and plants
height. The mass of 1000 seeds of the upper layer, compared to the mass of 1000 seeds grown
from seeds of the middle layer, decreased by 6 g.

The protein content is a quantitative trait characterized by polygenic inheritance and high
sensitivity to changes in environmental conditions, which often exceed the influence of the
genotype (Petibskaya, 2001). Under favorable conditions of humidity, soybean cultivars
completely support themselves with biologically fixed atmospheric nitrogen, and therefore
can realize their genetic potential - the protein content in the seeds rises to 48% (Posypanov et
al., 2006).

In the experiments, the protein content in the seeds of plants grown from the seeds of the
lower and middle layers was almost the same (35 and 34.9%), and in the seeds of plants
grown from the seeds of the parent plants of the upper layer was 32.0% (3% lower) . The
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correlation coefficient between the numbers of the parent plant nodes and the protein content
in the seeds of the soybean offspring of the “Batya” cultivar was (- 0.87). This convincingly
demonstrates the advantage in protein content of plants grown from seeds of the lower layers
of parent plants.

Conclusion

Studies have shown that soybean plants grown from the seeds of the lower layer of parent
plants possessed the highest productive qualities. The average number of productive nodes on
plants grown from lower layer seeds was 12.0, and the number of pods was 26.9. And, as a
result, the average yield of plants grown from seeds of the lower layers was 4.86 tons per
hectare, which is 0.67-0.7 tons per hectare higher than yield of plants grown from seeds of the
middle and upper layers. In this regard, during the primary seed production of the soybean
cultivar “Batya” in nurseries of individual selection of initial plants, selection should be
carried out and seeds from 2-7 nodes of the lower layer should be used for sowing.
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Abstract

The island of Cyprus - a centre of endemism and a biodiversity “hotspot” - is located in the
Eastern part of the Mediterranean Basin, which comprises one of the largest groups of islands
in the world. This island system has been early and widely colonized by the black rat
Rattus rattus since their spread from the Indian Peninsula. This species is considered one of
the most damaging alien invasive predator to have been introduced on more than 80% of the
world’s major islands and known to negatively affect island biota and agriculture. Although
across the Mediterranean Sea the brown rat R. norvegicus is present along with the black rat,
on the island of Cyprus there were only R. rattus. This study reports the first documented
record of R. norvegicus on the island of Cyprus from two localities, the city of Geri and Neo
Chorio near Kythrea. The species identification was first carried out by morphological
analysis, and then confirmed by molecular evidences inferred by the analysis of mitochondrial
DNA sequences. The implications of the discovery of this new alien invasive species on
agriculture and the local biota of Cyprus are examined.

Keywards: Rattus norvegicus, brown rat, agricultural damages, alien invasive species.

Introduction

According to CABI Invasive Species Compendium, (https://cabi.org.isc/datasheet/46829), the
brown or Norwegian rat (Rattus norvegicus) is globally widespread and costs primary
industry hundreds of millions of dollars per year. It has caused or contributed to the extinction
or range reduction of native mammals, birds, reptiles and invertebrates through predation and
competition. It restricted the regeneration of many plant species by eating seeds and seedlings,
eats food crops and spoils food stores by urinating and defecating in them (ISSG, 2011,
Donahoe, 2016; CABI, 2019). R. norvegicus is found on 36% of the world’s island groups
(Atkinson, 1985) and there is ongoing risk of invasion of new islands. Once an island group is
colonised R. norvegicus is able to widespread throughout the archipelago rapidly through
further hitch-hiking and natural dispersals, including swimming. It is capable of swimming
2.5 km (CABI, 2019). Cyprus is the third largest island in the Mediterranean Basin, however,
until now there is no documented record of R. norvegicus on this island (Krystufek and
Vohralik, 2009; Nicolaou et al., 2016; Hadjisterkotis, 2017). In January 2019 in the City of
Geri (Nicosia district) we observed a female R. norvegicus feeding in a bird feeder, with all
the external characteristics of brown rats described by Qumsiyeh (1996), Yigit (1999),
Nagorsen (2002), Krystufek and Vohralik (2009). Several other rats were seen also in two
other localities on the island. Rattus genus includes 66 species (Musser and Carleton, 2005),
its taxonomy is complex and is further complicated by many synonyms for different species
(Robins et al., 2007). Identification of individuals, even by experts, is often difficult (Taylor
et al., 1982). The analysis of morphological traits combined with the genetic characterization
of molecular markers is the most efficient system for identifying individuals at the species
level (Musser and Carleton, 2005).
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The primary aim of this report is to examine for the first time new molecular and
morphological evidences to establish or reject the presence of R. norvegicus on the island of
Cyprus. In addition, to examine the possible effects which this alien invasive species might
have on agriculture, livestock and the local biota, and to recommend management measures
for the protection of biodiversity, livestock and agriculture.

Materials and Methods
Examination of live specimens and carcasses
In January 2019 a female rat bred in a rock garden next to a bird feeder in the city of Geri in
Nicosia district (Figure 1).

Figure 1. Female Rattus norvegicus in the city of Geri, Cyprus. Photo: E. Hadjisterkotis

Two of the younger animals were captured using snap traps in order to take body
measurements and hairs for DNA analysis. A roadkilled rat with the external characteristics of
R. norvegicus was found at Neo Chorio village near Kythrea, on the 5™ of April 2019, and a
hair sample was collected for DNA analysis. In addition, visual observations at the Mia Milia
sewage treatment ponds indicated the presence of rats having the characteristics of R.
norvegicus, i.e. compared with R. rattus, smaller ears, smaller eye, blunt nose, thick heavy
body, tail shorter than head and body (Qumsiyeh, 1996; Nagorsen, 2002; Krystufek and
Vohralik, 2009). On the skull of R. rattus supraorbital ridges diverged posteriorly along
parietals; close to occipital region they are slightly bent or curved. In R. norvegicus
supraorbital ridges ran mainly parallel along parietals (Qumsiyeh, 1996; Krystufek and
Vohralik, 2009; Nagorsen, 2002). In older individuals, the skull ridges are characteristic in
shape, well-defined, relatively straight and situated close to one another, which gives the
impression of a relatively narrow braincase (Pimsai et al., 2014).

DNA extraction, amplification and sequencing

Genomic DNA was extracted from hair by means of the InstaGene™ Matrix (Bio-Rad)
according to the manufacturer's protocol. Sample quality and DNA concentration were
determined via spectrophotometry using a ND-8000 (NanoDrop Technologies, Thermo Fisher
Scientific Inc., Wilmington, DE). Two pairs of primers were designed by means of the "Web
Primer: DNA and Purpose Entry" bioinformatic  tool available  at
http://www.candidagenome.org/cgi-bin/compute/web-primer (Skrzypek et al., 2017) and used
to amplify two regions of the R. norvegicus mitogenome encompassing the first 434 bp of the
D-loop region (HVS-I domain) and the first 534 bp of the cytochrome ¢ oxidase subunit I (CO
I) gene, respectively. PCR products were purified and then sequenced on an ABI 3130
sequencer. Sequences were compared to GenBank sequence database using BLAST in order
to estimate the statistical significance of matches. Sequences were also aligned with the
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homologous sequences of R. rattus (NC_012374) and R. norvegicus (KM114608) using
Clustal X 2 (Larkin et al., 2007). Further experimental details can be found in the
Hadjisterkotis et al., 2019 (Biolnvasion Records - submitted on 9 July 2019).

Results and Discussion
Observations on dead specimens
The preliminary body measurements and the shape of the skulls of the two juvenile rats
collected in the city of Geri, and the rat found dead on the road in the village Neo Chorio
indicated that all three specimens were R. norvegicus (Table 2). The tail length is less than
head and body in both types wild (Geri) and laboratory (Neo Chorio).
Examining the cranial characteristics, it was observed that the braincase is narrow and
elongated. The parietals and interparietal are bordered by well-defined ridges which are
straight and almost parallel, a diagnostic characteristic of R. norvegicus. In the juvenile
specimen from Geri the skull ridges were not so well-defined as in the older specimens.
For the Mia Milia sewage treatment ponds only visual observations were available, with the
diagnostic characteristic of R. norvegicus, i.e. blunt nose, shorter ear, shorter tail than head
and body, heavy thick body and smaller eyes.

Table 2. Body measurements (mm) of R. norvegicus from Geri, and one adult male from Neo
Chorio, Kythrea.

Geri 1l Geri 2 (juvenile) Neo Chorio Kythrea
Head and Body | 195 149 230
Tail 160 130 205
Hind foot 43.4 32.0 43.0
Ear 20.3 12.31 20.00
Ear bend forward | Just reaching the eye | Just reaching the eye | Not reaching the eye

DNA analysis

The sequences analysis of the D-loop region and the COI gene from two rat specimens
allowed to assess that both samples were R. norvegicus, although belonging to two different
genetic strain. Discrimination was possible due to the variability detected in the D-loop region
which showed a 1.66% divergence between the two sequences. No differences were found at
the level of the COI gene.

Competition with black rats

A problem that this new alien invasive species might face in its dispersal in Cyprus, is
competition with the previously introduced black rat, which occupy just about every rural
habitat (Krystufek and Vohralik, 2009; Hadjisterkotis, 2017). For such a widespread and
damaging pest, with the exception of its damage on carob trees, surprisingly little is known
about its ecology and its impact on Cypriot ecosystems. This makes it even more difficult to
predict and highlight the potential for impacts of R. norvegicus on humans, livestock,
agriculture and wildlife in Cyprus. The black rat eats the eggs of ground nesting birds and the
eggs of woodpigeons nesting on trees (Hadjisterkotis, 2000, 2017). They are a menace for
carob trees (Ceratonia siliqua) plantations, almonds (Prunus amygdalus), pomegranate
(Punica granatum), and other fruits and crops. They feed on carob pods and on the bark,
eventually killing the trees (Hadjisterkotis, 2017). However, brown rats being larger in size,
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on other Mediterranean countries are described as more adaptable and much more aggressive
than black rats (Canale, 2019). Black rats are well adapted to small islands, whereas Norway
rats are mostly observed on the largest islands where humans also occur (Amori et al., 2008;
Canale, 2019). Considering that Cyprus is the third largest island in the Mediterranean,
Norway rats are expected to adapt and to compete well with black rats and to exert a stronger
impact on native species.

Destruction to agriculture, livestock and spreading of zoonoses

Rats are destructive pests particularly in and around farm facilities. This can be especially true
during the winter months, as they seek food and refuge indoors. Rats consume and
contaminate feed, gnaw on structural, mechanical, and electrical components, weaken
concrete slabs and walkways with their burrowing activities and spread diseases to livestock
as well as to wild animals (Donahoe, 2016). Are reservoirs and vectors of pathogens that can
infect livestock, wildlife species and humans. Such infectious zoonotic diseases are the plague
agent Yersinia pestis, hantavirus, leishmania, leptospirosis, scrub typhus, toxoplasmosis viral
haemorrhagic fevers (Herbreteau et al., 2012) and many other. A costly disease that was
found to infect farm animals and rats, is paratuberculosis. This is a chronic, contagious
granulomatous enteritis of farm ruminants characterized by persistent diarrhea (mainly in
cattle and less in sheep), progressive weight loss, debilitation and eventually death. The
etiologic agent is Mycobacterium avium ssp paratuberculosis (MAP). MAP infection results
in significant economic losses for the farm industry with annual estimates of millions of
dollars around the world. In one study it was estimated that paratuberculosis costs the U.S.
dairy industry alone 200 to 250 million dollars annually (Ott, 1999). Viable MAP has been
isolated from Cypriot cattle, sheep and goat populations and dairy food (Liapi et al., 2011,
2015; Botsaris et al., 2013). Several studies revealed MAP isolations from non-ruminant free-
ranging wildlife, such as from tissue samples from foxes (Vulpes vulpes), Norway rats (Florou
et al., 2007) and feral cats (Felis familiaris; Palmer et al., 2005). Infected rats may have the
greatest effect on the epidemiology of MAP infection on farms that have eliminated all
infected livestock from the premises or on MAP-free farms in the same geographic area as
infected farms. Two of the predators of rats on Cyprus are red fox (Vulpes vulpes) which can
be infected by feeding on rats, as well as domestic cats which are kept on farms for the control
of rats and mice. These species may live for several years with home ranges that cover areas
large enough to include more than one farm, spreading the disease from farm to farm, and
reinfecting farms which eliminated all infected livestock.

Conclusions

This study reports the first documented record of an alien invasive species R. norvegicus on
the island of Cyprus and the first breeding record in the wild. On other islands this species has
caused or contributed to the extinction or range reduction of native mammals, birds, reptiles
and invertebrates through predation and competition, is causing millions from damages in
agricultural crops and the spreading of diseases to humans, livestock and wildlife. For the
protection of agriculture, livestock and biodiversity, an extensive study for the dispersal and
habitat selection of R. norvegicus, competition (both within the species and with R. rattus),
predation, zoonoses and effect on agriculture must commence as soon as possible. These
studies should take place in combination with an eradication program, with emphasis on farm
land and livestock premises.
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Abstract

Maize forage is poor in protein content which leads to low quality and nutritive value.
Regarding the high feed costs of protein supplementations, legumes can be used in livestock
nutrition for their high protein content, and thus, provide cost savings. In this study, maize
(Zea mays L.) and cowpea (Vigna unguiculata L.) were intercropped in different sowing
densities and fertilization with naturale zeolite clinoptilolite and their monocropping
equivalents were tested to determine the best intercropping system on forage yield and
quality. Maize was cultivated alone (75 000 plants ha™) and intercropped with cowpea as
follows: 75 000 plants ha™ of maize and 37 500 plants ha™ of cowpea (MC;), 75 000 plants
ha™ of maize and 50 000 plants ha™ of cowpea (MC,) and 75 000 plants ha™* of maize and 75
000 plants ha™ of cowpea (MCs), in rows alternating with maize. The highest dry matter yield
was produced by MC; (23.2 t ha), and the lowest by maize monocrop (20.3 t ha™) in
fertilization with clinoptilolite. All intercropped systems had higher crude protein contents,
MC; (99 g kg DM), MC, (106 g kg DM) and MC; (114 g kg™ DM), than the maize
monocrop (82 g kg™ DM) in fertilization with clinoptilolite. Intercropping of maize with
cowpea and fertilization with clinoptilolite reduced neutral detergent fiber, resulting in
increased forage digestibility. Therefore, maize intercropping with cowpea and fertilization
with clinoptilolite could substantially increase forage quantity and quality, and decrease
requirements for protein supplements as compared with maize monocrop.

Keywords: Intercropping, Natural Zeolite Clinoptilolite, Maize, Cowpea, Yield, Quality.

Introduction
In many regions of Europe, whole-plant maize silage is the basic feed used in feeding cows
and fattening cattle. Despite its high energy content, the protein content is low (88 g kg™)
compared with legumes silage (Anil et al., 2000) and needs to be supplemented with proteins
for better feed quality (Stoltz et al., 2013). Intercropping maize with legumes for silage is a
feasible strategy to improving the level of crude protein (Contreras-Govea et al., 2009).
Javanmard et al (2009), worked on intercropping of maize with different legumes, and
showed that dry matter yield and crude protein yield of forage were increased by all
intercropping compositions compared with the maize monocrop. Dahmardeh et al. (2009)
concluted that intercropping of maize and cowpea resulted in more digestible dry matter and
also crude protein content than maize mono-cropping. Physiological and morphological
differences between intercrop constituents influence their ability to use resources; especially
cereals with legumes, have several advantages such as higher overall yields, better soil
utilization (Dhima et al., 2007), yield stability of the cropping system (Lithourgidis et al.,
2006), better use of light, water and nutrients (Javanmard et al., 2009), improved soil
conservation (Anil et al., 1998), soil fertility through biological nitrogen fixation, increases
soil conservation through greater soil coverage as compared to sole cropping, and ensures
better soil-susceptible crop in monoculture (Lithourgidis et al., 2006), and better control of
pests and weeds (Vasilakoglou et al., 2008). Atmospheric nitrogen fixation using legumes
plants can reduce nitrogen competition in the reciprocal intercropping system of legumes and
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cereals enabling the cereals to use more nitrogen in the soil (Eskandari et al., 2009). This can
affect the quality of the fodder intercrop components because the protein content is directly
related to the content of nitrogen in the forage plants (Putnam et al., 1985). Nutrients use
efficiency can also be achieved through theuse of clinoptilolite zeolite because of the unique
physical and chemical properties of clinoptilolite zeolite coupled with their abundance in
sedimentary deposits and in rocks derived from volcanic parent materials have made them
useful in many agricultural applications (Ramesh et al., 2010). Clinoptilolite zeolite is widely
used in cultivating different crops such as cereals, forage, vegetables, vine, and fruit crops due
to their exceptionally high ion-exchange capacity (Butorac et al., 2002).

This study was designed to determine the influence of different patterns of maize-cowpea
intercropping and fertilization with natural zeolite clinoptilolite on the yield and quality of
forage.

Material and Methods
A field experiment was carried out during the 2018 growing season at experimental fields in
Oborovo (45°40'54"N 16°15'12.5"E), Croatia. Meteorological data of the experimental site
are presented in Table 1.

Table 1. Mean monthly air temperature and rainfall during the 2018 growing season

Meteorological Month
data .
April May June July August September
Air temperature 15.7 19.2 20.9 22.4 23.0 17.2
(°C)
Rainfall (mm) 51.6 50.5 144.4 94.4 66.1 36.4

The experiment was set up as a randomized complete block design with three replicates.
Maize hybrid seed (KWS Kolumbaris) was obtained from Seed Company “KWS”. Seed of
the cowpea cultivar “Dolga vigna” was obtained from Company “Sjemenarna”. The treatment
comprising the individual plot size was 50 m x 2,8 m. The maize population 75 000 plants ha
1 (SM) were spaced at 70 cm x 19 cm and cowpea population 37 500 (MC1), 50 000 (MC)
and 75 000 plants ha™ (MCj;) were spaced at 70 cm x 38.1 cm, 70 cm x 28.6 cm and 70 x 19
cm, respectively, in rows alternating with maize. Basic tillage was carried out by ploughing to
30 cm depth. Presowing preparation was done using a tractor-mounted rototiller. All plots
were fertilized with the same amount of fertilizer before sowing, containing 200 kg of N ha™,
100 kg P,Os ha' and 200 kg of K,O ha™ in variant of control and additionally in the
vegetation of crops (stage six maize leaves) introduced supplementation 300 kg natural zeolite
clinoptilolite ha™. Clinoptilolite used in this work originated from Slovakia, and the particles
size of zeolite ranged in size from 0.5 to 2.0 mm. Maize and cowpea were sown to a depth of
approximately 5 cm by maize drill in May 8, 2018. Herbicide Wing P (active substance 212.5
g/l dimethenamide-p and 250 g/l pendimethalin) was applied pre emergence in intercropping
maize with cowpea at a dose of 4 | ha™. The soil of the research area has an acid pH 4.2
reaction (M-KCI), good humus (3.2%), poorly supplied with physiologically active
phosphorous (4.6 mg P,0s/100 g soil), medium supplied with physiologically active
potassium (20.0 mg K,0/100 g soil) and richly supplied with total nitrogen amounting to
0.17%. The fresh fodders were manually harvested when the maize reached soft dough stage
and cowpea at R8 stage and then chopped into 20 mm size pieces with a chaff cutter. The dry
matter content was determined by drying in an oven at a temperature of 65°C to a constant
mass. Crude protein was measured according to Kjeldah, phosphorus was analysed by
colorimetry (AOAC, 2000) and neutral detergent fibre according to (Van Soest et al., 1991).
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Analyses of variance were made for fresh fodder and dry matter yield and forage quality
parameters (P<0.05), and the Tukey test was used for comparing means (P<0.05). Data were
analyzed using SAS statistical software (SAS Inst., 2002).

Results and Discussion

The diferences in the yield of forage are statistically significantly and yield of dry matter are
not statistically significantly (P<0.05). The yield of forage and dry matter ranged from 77.4 t
ha® (MCs) to 60.1 t ha™ (SM) and 23.2 t ha* (MC3) to 20.3 t ha™ (SM) in fertilization with
n