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Abstract

The yield components participate in the formation of the overall yield and
vary within the genotype and environmental factors. The aim of this research was
to evaluate yield components of spelt genotypes originating from different Western
Balkan countries. Spelt genotypes were examined during two growing seasons
2015/16 and 2016/17 in the agro-ecological conditions of Banja Luka. Nine spelt
genotypes were used, i.e. landrace Sitnica from Manja¢a mountain (the Republic of
Srpska, B&H), seven Montenegrin landraces KP34LJ5-1/34 (SP1), KR16LJ5-1/16
(SP2), KR29LJ5-1/29 (SP3), KR12LJ5-1/12 (SP4), KR15LJ5-1/15 (SP5), LJ5-1/9
(SP6), KR20LJ5-1/20 (SP7) and cultivar Nirvana from Serbia. Standard production
practices were applied for these spelt genotypes. Five traits were analyzed: the
number of spikes m?, plant height, spike length, the number of grains spike™ and
spike index. A two-factorial analysis of variance was performed and significant
differences between treatment means were tested by the Fisher's LSD test at
P<0.05 and P<0.01 significance level. Genotypes SP4 (140.38 cm), SP5 (138.82
cm), Sitnica (137.66 cm) and SP6 (135.65 cm) showed tendency of forming a
relatively higher plants. Sitnica had the longest spikes (14.07 cm), while
Montenegrin genotypes had relatively shorter spikes of 6.79 ¢cm on average.
Genotypes SP2, SP4, SP5, SP6 and SP7 obtained the highest number of grains per
spike while the highest average spike index was obtained in SP7 (0.81).
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Introduction

Spelt (Triticum aestivum ssp. spelta), with genomic constitution of 2n =
6x =42, AABBDD, has the same genome as bread wheat. Today, in the around
the world spelt production is recognized as a low-input agriculture, as this crop
can grow without pesticides on marginal lands (Bonifacia et al, 2000; Cubadda
and Marconi, 2002), which is the reason why spelt is often recommended for
organic production. (Lacko-Bartosova and Korczyk-Szabo, 2011). Spelt is
often used as a substitute for wheat flour in making bread, pasta, cakes as well
in production of bear, gin and vodka. Spelt is also used as an additive in animal
feed products. The yield and quality of spelt wheat were subject of numerous
studies (Troccoli and Codianni, 2005; Zecevi¢ et al., 2008; Konvalina et al.,
2014; Longin et al., 2014; Ugrenovi¢ et al., 2018) which reported variation of
productive and quality traits affected by genotype and environmental
conditions.

Nutritional value of spelt is considered based on the content of
carbohydrates, proteins, lipids, vitamins and minerals. Spelt flour is
characterized by high water solubility, which probably makes it easier to digest.
The total protein content varies from 13.0 to 16.5% depending on climatic
conditions in the production area (Capouchova, 2001). Spelt is an important
source of genetic diversity for endosperm proteins, associated with bread-
making quality in wheat (Zhi-En et al., 2007). Spelt wheat has been proved to
be a rich-source of useful genes associated with tolerance to biotic and abiotic
stress, and grain quality. But this crop plant has some undesirable traits
including glume tenacity and brittle rachis (Onishi et al., 2006). Spelt
production has been neglected very long, which is one of the main reasons for
insufficient supply of its products at the domestic market (Vukoje et al., 2013).

The aim of this research was to evaluate yield components of spelt
genotypes originating from different Western Balkan countries.

Material and Methods

A field experiment with different winter spelt genotypes was conducted
in two growing seasons: 2015/16 and 2016/17 in the area of Banja Luka (44°46'
N; 17°11' E, and 164 m altitude). A total of nine spelt genotypes were used, i.e.
landrace Sitnica from Manjac¢a mountain (the Republic of Srpska, B&H), seven
Montenegrin landraces KP34LJ5-1/34 (SP1), KR16LJ5-1/16 (SP2), KR29LJ5-
1/29 (SP3), KR12LJ5-1/12 (SP4), KR15LJ5-1/15 (SP5), LJ5-1/9 (SP6),
KR20LJ5-1/20 (SP7) and cultivar Nirvana (the first Serbian spelt cultivar).
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All spelt genotypes are stored in the Gene bank of the Institute of
Genetic Resources, the University of Banja Luka. The examined spelt
genotypes were sown manually, with equal sowing density of 424 seeds m™.
Standard production practices were applied for these spelt genotypes. Sowing
was carried out in the first decade of November and the spelt genotypes were
harvested in the first decade of July in both examined years.

The following characteristics were analyzed: the number of spikes m,
plant height (cm), spike length (cm) and the number of grains spike™, by using
standard measurement methods as well as spike index, determined by using the
following formula:

grain mass per spike

Spike index =
pte tndex mass of spike

Experimental arrangement was completely randomized design, with 4
replications. A total of 30 spikes were tested in one replication.

Data were analyzed by a two-factorial analysis of variance, with
genotypes and growing seasons (years) as main treatments. Significant
differences between treatment means were tested by the Fisher's least
significant difference test (LSD) at P<0.05 and P<0.01 significance level.
Statistical analyses were done in IBM SPSS Statistics 22.0 statistical software.

The analysis of meteorological data is presented in Graphs 1 and 2.
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Graph 1. The average temperatures (°C) in the 2015-2017 period in Banja Luka
Ilpocjeune memnepamype y barwoj Jlyyu y nepuody 2015-2017
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Graph 2. The total precipitation (mm) in the 2015-2017 period in Banja Luka
Cyma naoasuna y barwoj Jlyyu y nepuoody 2015-2017

Based on the data from Graph 1, it is evident that the average annual
temperature during the experimental years was higher by 2 °C in comparison to
the reference period (10.6 °C). Also, the average monthly temperatures in the
growing period were higher in all months in comparison to the reference
period. Total annual precipitation in the examined years was similar to the
reference period (1030.8 mm), with the exception of 2015, which had the total
precipitation of 868.3 mm.

According to the De Martonne Aridity Index [DI = (12xQ) / (t+10)],
where Q is the total monthly precipitation and t is the average monthly
temperature). In all experimental years November (sowing period) had an index
greater than 20, thus we can conclude that germination of spelt plants was not
affected by drought, as well as during the whole spring period until June.

Results and Discussion
The number of spikes m™

The average number of spikes m? of different spelt genotypes in two
growing seasons is shown in Table 1. The analysis of variance of average
number of spikes m indicated statistically significant difference between spelt
genotypes at P<0.001. The difference between growing seasons (years) was
statistically significant at P<0.05. However, the interaction genotype x year was
statistically significant at P<0.05.
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Sowing density is very important in cultivation practices, as it directly
affects the number of spikes, and thus the final yield (Beres et al., 2012;
Zecevic et al., 2014). In conditions of equal sowing density in our research (424
seeds m™), two years average number of spikes m? varied between 313.75 in
Sitnica and 702.25 in SP1 genotype (Table 1). Spelt genotype SP1 obtained the
highest number of spikes m? in both experimental years, with an increase of
this trait in second year. Genotype SP3 had similar tendency, with higher
number of spikes m? (570.50) in 2016/17. The remaining spelt genotypes
showed different tendency, with lower number of spikes m? in both
experimental years in comparison to SP1, generally lower values in 2016/17,
and noticeable stability of this trait throughout the experiment.

Spelt genotypes Nirvana and Sitnica showed a decrease in the average
number of spikes m? in 2016/17, with evident stability of this trait, similar to
genotypes SP2, SP4, SP5 and SP6 but different from genotypes SP1 and SP3
(Graph 3).

Tab. 1. The average number of spikes m? of the examined spelt genotypes
Ilpocjeuan 6poj knacosa M2 ucnumuganux 2enomunosa cnenme

spelt 2015/16 2016/17 average
genotypes for genotypes
SP1 51950 + 66.20 885.00 + 61.81 702.25
SP2 40450 + 1594 45850 + 98.75 431.50
SP3 349.75 + 4233 57050 +  84.75 460.13
SP4 45850 + 19.89 458.75 + 10540 458.63
SP5 42425 + 9.58 405.25 + 78.85 414.75
SP6 416.75 + 2459 41400 + 56.96 415.38
SP7 356.25 + 31.27 41175 + 100.90 384.00
Nirvana 42250 + 21.32 34975 + 5154 386.13
Sitnica 333.00 + 1243 29450 +  59.06 313.75
fa"erage 409.44 472.00
or years
factors / A B AB
interaction (genotypes) (years) (genotype x year)
F calculated 6.2567 4.7482" 2.7005"
LSD 0.05 — — 172.67
LSD 0.01 - 229.95

Note: ns = not significant, * significant at P<0.05, ** significant at P<0.01, ***
significant at P<0.001.
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Graph 3. The analysis of the genotype x year interaction effect for the
average number of spikes m™ of different spelt genotypes
AHanuza uHmepaxKyujckoe egpexma 2eHomun X 200uHa 3a npocjeuan o6poj
xnacosa m’ pasiudumux ceHomunoea cneime

The seeding rate generally had no effect on yields, but had an effect on
yield components; increasing seeding rates slightly increased the number of
spikes per square meter and decreased the number of grains per spike (Dorval
et al., 2015). Sowing density, as well as the tillering potential of genotypes,
affects the obtained number of spikes m?, so recommended wheat sowing rates
should be confirmed in the specific area of production and for a specific
genotype (Kondi¢ et al., 2017).

According to Troccoli and Codianni (2005), the highest productivity in
the experiment with different spelt genotypes was achieved in variant with
sowing density of 200 viable seeds m™, in comparison to variants with 100 and
150 viable seeds m™.

Plant height

The plant height is an important trait, since it is in direct correlation
with the grain yield. Compared with bread wheat, spelt is taller and can reach
up to 200 cm height (Onishi et al., 2006). In this study the average plant height
ranged from 119.21 cm (SP1) to 140.38 cm (SP4).

The two-year results obtained for the average plant height of different
spelt genotypes are presented in Table 2.
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The average plant height obtained in all spelt genotypes was lower in
comparison to the results obtained by Jankovi¢ et al. (2015) with plant height
ranging from 146.08 cm to 156.08 cm, but higher in comparison to results
obtained by Konvalina et al. (2010) with plant height of 113,0 cm on average.

Tab. 2. The average plant height (cm) of the examined spelt genotypes
Ilpocjeuna eucuna bumaka (CM) uCNUMUBAHUX 2eHOMUNOBA CHeNime

spelt average
gengtypes 2015/16 2016/17 or geno%/pes
SP1 11455 + 7.19 123.87 + 433 119.21
SP2 13465 + 857 12642 + 2.00 130.54
SP3 12643 + 6.60 12772 + 3.47 127.08
SP4 13876 + 271 14200 + 4.10 140.38
SP5 13741 + 586 14023 + 1.70 138.82
SP6 13863 + 257 13266 + 2.80 135.65
SP7 12519 + 5.14 11711 £+ 295 121.15
Nirvana 12269 + 5.62 12242 + 549 122.55
Sitnica 13498 + 576 14034 + 457 137.66
average
o yegrs 130.37 130.31
factors / A B AB
interaction (genotypes) (years) (genotype x year)
F calculated 5.5864 0.0006 ™ 0.7963™
LSD 0.05 9.80 - -
LSD 0.01 13.05 - -

Note: ns = not significant, * significant at P<0.05, ** significant at P<0.01, ***
significant at P<0.001.

The analysis of variance of average plant height indicated the difference
between spelt genotypes at P<0.001. The difference between growing seasons
was not significant as well as the genotype x year interaction effect.

The LSD-test performed indicated that the highest average plant height,
obtained in genotypes SP4 (140.38 cm), was not statistically significant in
comparison to genotypes SP5 (138.82 cm), Sitnica (137.66 cm) and SP6
(135.65 cm), but it was significantly higher at P<0.05 in comparison to SP2 and
at P<0.01 in comparison to remaining genotypes. The plant height of examined
spelt genotypes was very similar in two successive years (130 cm on average).
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Spike length

The average spike length of different spelt genotypes in two growing
seasons is shown in Table 3. The spike length is a genetically controlled trait,
but highly dependent on environmental factors (Zecevi¢ et al., 2008). The
analysis of variance of the average spike length indicated that the difference
between spelt genotypes was statistically significant at P<0.001, while the
difference between years was statistically significant at P<0.05. The genotype x
year interaction effect for the average spike length was not significant.

According to the LSD-test, the highest average spike length was
obtained in genotype Sitnica (14.07 cm), and it was statistically significant at
P<0.01 in comparison to remaining genotypes. In Sitnica the longest spikes in
both tested years were obtained. In cultivar Nirvana the average spike length of
11.60 cm was obtained, which is similar to the results obtained by Konvalina et
al. (2010). Montenegrin spelt genotypes had relatively shorter spikes of 6.79
cm on average. Also, the average spike length was significantly higher (at
P<0.05) in the second year (8.34 cm) than in the first year (7.93 cm).

Tab. 3. The average spike length (cm) of the examined spelt genotypes
Ipocjeuna oyorcuna knaca (CM) UCNUMUBAHUX 2EHOMUNOBA CHENIME

spelt average
genotypes 2015/16 2016/17 for geno?ypes
SP1 647 + 025 6.15 + 0.12 6.31
SP2 6.96 + 0.36 6.79 + 0.24 6.87
SP3 586 + 042 655 + 0.25 6.21
SP4 6.75 + 0.19 745 + 0.22 7.10
SP5 691 + 0.08 761 + 0.30 7.26
SP6 683 + 021 6.82 + 0.14 6.82
SP7 669 + 0.14 721 + 0.20 6.95
Nirvana 1143 + 041 11.77 + 0.23 11.60
Sitnica 1343 + 0.32 1471 + 1.05 14.07
average 7.93 8.34
for years
factors / A B AB
interaction (genotypes) (years) (genotype x year)
F calculated 122.4207 " 6.1466 1.0421"™
LSD 0.05 0.71 0.33 —
LSD 0.01 0.94 0.44 -

Note: ns = not significant, * significant at P<0.05, ** significant at P<0.01, ***
significant at P<0.001.
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The number of grains per spike

The number of grains spike™ of nine spelt genotypes in two examined
years varied from 19.49 (SP1) to 30.34 (SP5), as presented in Table 4. Spike
characteristics are always observed with particular attention, because they
directly affect plant productivity. The analysis of variance of the average
number of grains spike™ indicated the difference between genotypes at
P<0.001, while the difference between growing seasons was not statistically
significant, as well as the genotype x year interaction effect.

According to the LSD-test, the highest number of grains spike™,
obtained in genotype SP5 (30.34) was not statistically significant in comparison
to genotypes SP7 (29.62), SP4 (28.71), SP2 (28.30) and SP6 (27.85), but it was
significantly higher at P<0.05 in comparison to cultivar Nirvana (27.00) and at
P<0.01 in comparison to the remaining genotypes. The obtained average
number of grains spike™ are in accordance with Konvalina et al. (2010).

Tab. 4. The average number of grains spike™ of the examined spelt genotypes
Ilpocjeuan 6poj 3pHa y K1acy UHCRUMUBAHUX 2EHOMUNOBA CHeNme

spelt 2015/16 2016/17 average
genotypes for genotypes
SP1 2033 + 130 1865 + 1.36 19.49
SP2 28.88 + 263 2773 + 131 28.30
SP3 2550 + 217 2380 + 256 24.65
SP4 2844 + 0.67 2898 + 1.22 28.71
SP5 2843 + 0.97 3225 + 154 30.34
SP6 2722 + 053 2848 + 157 27.85
SP7 2993 + 0.58 2930 + 1.86 29.62
Nirvana 2553 + 164 2848 + 1.29 27.00
Sitnica 2310 + 146 2530 + 217 24.20
faverage 26.37 27.00
or years
factors / A B AB
interaction (genotypg) (years) (genotype X year)
F calculated 8.9456 0.6799 ™ 0.8228™
LSD 0.05 3.22 — -
LSD 0.01 4.29 — —

Note: ns = not significant, * significant at P<0.05, ** significant at P<0.01, ***
significant at P<0.001.
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Spike index

The average spike index of different spelt genotypes in two growing
seasons varied in ration from 0.60 (SP1) to 0.81 (SP7). In the first year of
investigation spike index varied in ration from 0.63 (Sitnica) to 0.79 (SP7)
while in the second year spike index varied in ratio from 0.55 (SP1) to 0.83
(SP7), as presented in Table 5.

The spike index was calculated as a ratio between the grain yield and
the biological yield of spike. According to the analysis of variance, the
difference between spelt genotypes was statistically significant at P<0.001,
while the difference between growing seasons was statistically significant at
P<0.05. The genotype x year interaction effect was not statistically significant.

Tab. 5. The average spike index of the examined spelt genotypes
HpocjeuaH UHOEKC KIACA UCNUIMUBAHUX 2eHOMUNOBA CeNme

spelt average
genotypes 2015/16 2016/17 for genotypes
SP1 0.65 + 0.024 055 + 0.014 0.60
SP2 071 + 0.012 064 + 0.021 0.67
SP3 071 + 0.014 0.62 + 0.023 0.67
SP4 071 4+ 0.020 0.66 + 0.006 0.69
SP5 0.67 + 0.009 0.65 + 0.006 0.66
SP6 066 + 0.020 063 + 0.017 0.65
SP7 0.799 + 0.050 083 + 0.133 0.81
Nirvana 066 =+ 0.015 0.64 + 0.027 0.65
Sitnica 0.63 + 0.002 0.62 + 0.008 0.62
average 0.69 0.65
for years
factors / A B AB
interaction (genotypes) (years) (genotype x year)
F caloulated 4.8489 47665 0.6669 ™
LSD 0.05 0.074 0.035 -
LSD 0.01 0.099 0.047 -

Note: ns = not significant, * significant at P<0.05, ** significant at P<0.01, ***
significant at P<0.001.

According to the LSD-test, the highest spike index obtained in spelt
genotype SP7 (0.81) was statistically significant at P<0.01 in comparison to the
remaining genotypes. Also, the average spike index was significantly higher (at
P<0.05) in the first growing season (0.69).
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Conclusion

This study has shown that expression of variation of morphological
traits is in dependence to genotype and environmental factor. The genotype had
significant influence for all analyzed traits and growing season (year)
significantly affected spike length and spike index, while interaction genotype x
year was statistically significant in the average number of spikes m. Certainly,
spelt genotype SP1 obtained the highest number of spikes per unit area in both
experimental years. Genotype SP3 had similar tendency, with higher number of
spikes m? in the second year (570.50). The average plant height of examined
spelt genotypes in two successive years was very similar (130 cm on average).

The spelt genotypes SP4 (140.38 cm), SP5 (138.82 cm), Sitnica (137.66
cm) and SP6 (135.65 cm) showed the tendency of forming a relatively higher
plants. The local landrace Sitnica obtained the highest spike length (14.07 cm
on average), while the Montenegrin genotypes had relatively shorter spikes of
6.79 cm on average. The highest productivity, in terms of the average number
of grains per spike, was obtained in the Montenegrin genotypes SP5 (30.34),
SP7 (29.62), SP4 (28.71), SP2 (28.30) and SP6 (27.85), respectively.
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I'enoTunosu coenre (Triticum spelta L.) 3emama
3anagHor bankana

Jlaunjena Konauh', Bypal) Xajaep®, Harama Iajosuh™?,
bummana KyKaBI/II_IaZ, 3opan J oBosuh®

1YHueep3umem vy barvoj JIyyu, Tlowonpuspeonu paxynmem, Penyonuxa Cpncka, buX
2S/Hueepaumem vy baroj Jlyyu, [pupoono-wamemamuuru gpaxyrmem, Penyonuxa Cpncka, buX
Yuueepzumem Lpne I'ope, Buomexnuuxu paxyimem, L{pna I'opa

Caxerak

KomrioneHnte mnpuHOca y4ecTByjy y (opMupamy KOHa4yHOI TIpUHOCA U
Bapupajy y CKiamy ca (akTopuMa TeHOTHIIA M CIoJjbaliike cperuue. Llumb oBor
UCTpaKKBamba je eBalyalllja KOMIIOHEHTH MPUHOCA TCHOTHIIOBA CIIETE MOPH)jEKIOM
U3 Pa3MYUTHX 3eMajba 3amaaHor bamkana. TOkoM BOTOAMIIEEMX HCTpasKHBamba
2015/16 u 2016/17 roguxe y arpo-eKoJomKnM yciopuMa bame Jlyke ucnutuBanu cy
Pa3IM4MTH TEHOTUIIOBU crienTe. Y pajay je KopuiiheHO JeBEeT TeHOTHIIOBA, JIOKajIHa
NOMyJialfja CIeNTe CHTHUIA nopujekioMm ca Mamaue (Pemyommka Cprcka, buX),
cemam JsiokanHux nomyiaimja w3 Llpae Tope: KP34LJ5-1/34 (SP1), KR16LJ5-1/16
(SP2), KR29LJ5-1/29 (SP3), KR12LJ5-1/12 (SP4), KR15LJ5-1/15 (SP5), LJ5-1/9
(SP6), KR20LJ5-1/20 (SP7) u copta uupBana u3 Cpouje. [IpumjerbeHa je ctanmapaHa
arpoTeXHUYKa TpaKca 3a MPOHM3BOLY CIeNTe. AHAIM3UPAHO je TeT ocoOMHa: Opoj
KJIACOBA 0 M’, BUCHHA OMJbaKa, Ty)KHHA KJIaca, OpOj 3pHa 10 KJIACy U MHJIEKC KIIaca.
CratucTrika o0paja Tojaraka MPOJYKTHBHOCTH T'€HOTHIIOBA CIENTE M3BpIICHA je
JBO(AKTOPHjaJTHOM aHAIIM30M BapHjaHCe, JOK je 3HA4YajHOCT pa3liiKa yTBpheHa
Oummeposum LSD Tectom Ha HHBOY 3HadajHoctu P<0.05 u P<0.01. I'enotunosu SP4
(140,38 cm), SP5 (138,82 c¢cm), curauma (137,66 cm) u SP6 (135,65 cm) ¢y mokasaim
TeHAEHIM]y (opMuparma pENaTMBHO BUIIMX Owibaka. [ €HOTHN CHTHHIA je MMao
npocjedHo Hajayxu kmac (14,07 cm), ok cy reHoTrnoBu nopujexiiom u3 Lpre ['ope
MMaJIi peNaTHBHO Kpahe Kiacose, y mpocjeky 6,79 cm. ['enorunosu cnenre SP2, SP4,
SP5, SP6 u SP7 cy ocrBapunu mpocjeyHo Hajpehin Opoj 3pHa Mo Kiacy, JIOK je
npocjedHo Hajsehu nHaekc kiaca ocreapuo resorun SP7 (0,81).

Krwyune pujeyu: xpynHuk, NpoJyKTUBHOCT, JIOKAJIHA MOITyJIallxja, copTa
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