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Abstract

Wheat overwintering ability affects the final number of plants that are
able to continue their growth and development when necessary conditions are
established. This research was conducted to study the overwintering ability of
winter wheat cultivars (NS 40S, Prima and Nova Bosanka) under different
sowing densities during 2013/14 and 2014/15 in agroecological conditions of
Banja Luka. Standard agronomic practices for winter wheat were performed.
Wheat cultivars were sown manually, under sowing densities with different
seed arrangements: 384, 424, 451, 504, 544, 584, 588, and 604 seeds m™.
Counting of wheat plants in both examined years was carried out in the second
decade of February. Statistical analysis was performed using factorial analysis
of variance 2x8x3, while significant differences between treatments were tested
by LSD test. The average overwintering plants percentage for all three
examined wheat cultivars was 50.06%. Sowing density of 588 seeds m stands
out as the density with a tendency of the highest percentage of overwintering
plants in both years.
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Introduction

Wheat (Triticum aestivum L.) as the main bread cereal is sown at
around 40 000 hectares, or 7% of total arable land of the Republic of Srpska.
During the winter period, wheat plant is exposed to the winter stresses, as well
as to the influence of low temperatures, the more in absence of snow cover.
Nevertheless, differential performances of cultivars regarding tiller formation
and survival as well as the crop environment, should be taken into account for
achieving proper seed densities (Valerio et al., 2013). Overwintering ability of
wheat plants depends on various factors, not only on their ability to tolerate low
temperatures, but it is a combination of response to winter stresses that includes
weather, soil properties and applied cultivation practices affecting the plant’s
potential to survive (Fowler & Gusta, 1978). According to Poltarev et al. (1992)
influences of all factors are not equally important; therefore prevalent factor
which has an impact on winter kill is low soil and air temperature. Winter kill
of wheat was caused by low temperatures in 35% cases, by alternate freezing
and thawing in 26% cases, and by ice encasement in 22% cases in years when
significant winter damage occurred. Also, Barlow et al. (2015) said that the
impact of low temperatures during winter is the occurrence of frost (t < 0 °C)
which affects crop production and represents a significant risk which needs to
be managed to maintain profitable production.

Low temperature tolerance in cereals is dependent upon a highly
integrated system of structural, regulatory, and developmental genes (Fowler et
al., 2001). Frost during vegetative growth affects seedling survival (Fuller et al.,
2007) and causes leaf damage resulting in the scorched appearance of leaves
(Shroyer et al., 1995). While there is a distinct impact on crop yield with
seedling death, other frost damage during the vegetative stages has a small
potential impact on yield as the growing point of wheat is located in the soil
typically protecting it from damage (Shroyer et al., 1995; Porter & Gawith,
1999). In addition to temperature, the duration of freezing temperatures is
important in determining the damage that occurs (Al-Issawi et al., 2012).

Finally, the effect of low temperatures on wheat development is in
interaction with pedo-climatic conditions such as soil type, soil moisture and
soil fertility, but also with the plant density and level of the plant development.
According to Préasilova & Prasilov (2001) the average WHS degrees (winter
hardiness scale) classified wheat cultivars from different countries of Europe:
2.8 for cultivars from Italy, 4.7 for Austria, 5.7 for Czech Republic, 5.7 for
Poland, 5.8 for Denmark, 5.9 for Sweden and 7.0 for Finland.
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The effect of geographical origin of cultivars on the degree of winter
hardiness is evident as the average hardiness increases from south to north. It is
also possible to deduce that a certain degree of winter hardiness is typical for
certain areas. According to Chipilski & Uhr (2014) the main purpose of any
breeding program is the creation of cultivars combining high productive
potential and good quality under different environmental conditions. However,
Braun & Saulescu (2002) concluded that little progress has been made in
breeding for increased tolerance to low temperature compared to old landraces
such as Minhardi, and the lack of sufficient winter hardiness remains a problem
mainly in areas with very severe winters, such as the Great Plains of North
America, the Russian Federation and Ukraine. For the majority of winter wheat
breeding procedures, the main breeding objective is to maintain rather than
increase the winter hardiness level present in commercial cultivars. The aim of
this study was to examine the ability of winter wheat cultivars for
overwintering under different sowing densities in existing agroecological
conditions in Banja Luka region.

Material and Methods

Experiment was conducted at eight different sowing densities in an
open field during 2013/14 and 2014/15. The overwintering ability of plants
were studied for three winter wheat cultivars: NS 40S, Prima and Nova
Bosanka. Research was conducted in agroecological conditions of Banja Luka
(44°46> N; 17°11° E). Wheat cultivars were sown under sowing densities: 384
seeds m? (arrangement of seeds in the honeycomb), 424 seeds m? (classical
arrangement of seeds in rows), 451 seeds m (classical arrangement of seeds in
rows), 504 seeds m? (classical arrangement of seeds in rows), 544 seeds m
(classical arrangement of seeds in rows), 584 seeds m (classical arrangement
of seeds in rows), 588 seeds m (arrangement of seeds in the honeycomb) and
604 seeds m? (classical arrangement of seeds in rows). The soil where the
experiments were conducted belongs to the degraded eutric cambisol.

Standard agronomic practices for winter wheat were performed. Sowing
was carried out manually where wheat seeds were sown on 4 + 1 cm depth (Fig.
1 and Fig. 2). The experimental unit size was 1 m?, with four replications, and
there was a total of 96 experimental plots.

Sowing was carried out from 6™ to 8" November in 2013 and from 3"
to 5" November in 2014. Wheat was harvested on the 14™ of July in the first
experimental year, while in the second experimental year on the 10" of July.
Counting of wheat plants in both examined years was carried out in the second
decade of February.
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Fig. 1. and Fig. 2. Manually sowing of winter wheat using
pattern with a determined sowing density
Pyuna cjemsa ozume nuenuye kopuwheroem
wabnouHa ca oopelheHom eycmunom cjemee

Overwintering plants percentage (%) was calculated as the ratio of the
number of overwintering plants and the number of sown seeds (determined
sowing density) in each experimental unit.

Tab. 1. The average monthly air temperatures and total monthly precipitation for the
region of Banja Luka in period 2013-2015
Ilpocjeune mjeceune memnepamype u yKynHe mjeceyne KOIuYuHe nadaguna Ha
noopyuyjy Barve Jlyke 3a nepuoo 2013-2015

| 1 111 A% \Y Vi Vil VI IX X Xl X1

°C 2.8 2.3 6.1 134 16.6 | 204 | 23.0 235 16.7 131 74 25
mm | 937 | 1158 | 885 | 629 | 1196 | 543 | 274 36.3 69.7 67.6 | 156.0 | 0.6
°C 5.6 6.5 9.6 131 158 | 203 | 217 20.6 16.4 135 8.9 4.0
mm | 52.0 735 | 90.6 | 214.0 | 2178 | 97.0 | 139.3 | 276.3 | 284.0 | 117.3 | 418 | 826
°C 3.4 2.4 7.3 11.8 174 | 209 | 25.2 24.0 183 115 71 35
mm | 1112 | 911 | 79.0 | 541 | 1176 | 605 | 205 22.8 750 | 1427 | 857 8.1

2013

2014

2015

According to Table 1. the average temperature for the period
November—February was 5.5 °C in 2013/14 and 4.7 °C in 2014/15, therefore
the examined period November—February in 2013/14 was warmer by 0.8 °C
compared to the same period in 2014/15. The average temperature from
November to February in 1981-2000 period was 2.3 °C, which is significantly
lower than these examined periods.

Statistical analysis was performed using factorial analysis of variance
2x8x3 [factorial design: year (2) x sowing density(8) x cultivar (3)], while
significant differences between treatments were tested by Fisher's least
significant difference test (LSD). Analysis of interaction effects was graphically
determined.
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The two-year results of the study on the overwintering ability of three
winter wheat cultivars originating from the region of the Western Balkans,

Results and Discussion

under different sowing densities, are shown in Table 2.

Tab. 2. The percentage of overwintering plants (%) for wheat cultivars NS 40S, Prima and

Nova Bosanka under diferent sowing densities for 2013/14 and 2014/15
Lpoyenam npezummasarsa buvaxa (%) 3a copme nuernuye NS 408, npuma u
HO6a bOCaHKa y ycioeuma paziudume 2ycmune cjemeey 2013/14 u 2014/15

Number of  Cultivar X+ts,
seeds m Copma for sowing
_— . densities
Bpoj Year NS 40S Prima Nova Bosanka (sa zyemune
cievenxu/m? 1t 0ouna cjemse)

2014 50.00 * 5.55 48.447F 381 4753+ 3.10

384 4739+ 1.89
2015 4447+ 4.37 53.65F 4.99 40.23 1 9.55
2014 57.08 % 2.92 58.90 t 2.83 52541 2.07

424 52.241 2.07
2015 47.64 1 3.50 51241531 46.05 1t 4.96
2014 53.82 % 3.42 65.08 £ 4.27 50.22 % 2.99

451 4959+ 4.43
2015 40.91 t 4.47 53.33Ff2.42 34.09% 5.42
2014 55.80 + 1.71 67.06 3.35 48.07  2.65

504 50.63* 3.76
2015 44301t 2.62 43.95% 4.39 4459t 6.85
2014 59.83 1 6.16 68.57 1 4.22 55.06 t 9.60

544 5140t 4.77
2015 43611 5.81 43291 0.77 38.05t 271
2014 53.72%+1.30 59.89 % 3.02 48.97+ 1.37

584 4425+ 4.77
2015 33.60  3.69 38481 2.10 30.82 % 3.00
2014 64.67 % 2.06 6450 % 3.23 61.18t 6.18

588 54.87 % 3.97
2015 43541 6.76 50.17 % 1.61 4515+ 321
2014 60.18 1t 4.76 6453t 5.27 56.83 1 0.69

604 50.151 4.82
2015 38911653 4350 10.25 36.92 1 7.43

X+s,
for cultivars 49511219 54661241 46.02t 2.24
(3a copme)

Folocking = 0.531"; Feuttivar = 13.655**; Fsowing density = 2.754**; Fyear = 110.009**;
Feultivarxsowing density = 0.377"; Feultivarxyear = 0.193", Fsowing densityxyear = 2.813**,
Feultivarxsowing densityxyear = 0.590™. ns (P > 0.05), * (P < 0.05), ** (P <0.01)
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Wheat sowing in this experiment was carried out during the first decade
of November in both experimental years, which belongs to the fourth sowing
period (1% to 10" of November) in our agroecological conditions.

Nevertheless, according to Fowler (1982) general recommendation for
optimum time of wheat sowing, regarding plant preparation for overwintering,
should be 4 to 6 weeks before the winter onset. In this study, regardless of
delayed sowing, wheat plants still had enough time to prepare for the
overwintering.

Factorial analysis of variance 2x8x3 showed that all main effects were
very significant. However, interaction between sowing density and year was
very significant (P < 0.01), according to Table 2.

Observed regardless of the different sowing densities and years, cultivar
Prima had the highest average overwintering plants percentage (54.66%), and
LSD test showed that this was very significantly higher in comparison with
cultivars NS 40S (49.51%) and Nova Bosanka (46.02%). Also, cultivar NS 40S
had significantly higher overwintering plants percentage in comparison with
cultivar Nova Bosanka (Tab. 3).

Tab. 3. Multiple comparison LSD - test for significant main effect of cultivar
LSD mecm euwecmpykux ynopehersa 3a sHauajHocm 2nagnoe paxmopa copme

Cultivar average overwintering plants (%)
Copma npocjeuar 6poj npe3umwbeHux oubarKa
Prima 54.66
NS 40S 49.51
Nova Bosanka 46.02
LSD test 0.05 3.29
(Feuttivar) 001 434

However, the average overwintering plants percentage for three
examined wheat cultivars was 50.06%. This is in accordance with the research
of Prasilova & Prasilov (2001) who found that wheat cultivars originating from
the Western Balkan countries had a relatively small average percentage of the
overwintering plants of only 39.80%.

Graph. 1. shows a significant interaction effect between sowing density
and year. Analysis of interaction indicated different tendencies of average
overwintering plants percentage. All tested sowing densities showed decrease
in average overwintering plants percentage in 2014/15, possibly caused by the
average temperature from November to February in 2014/15, which were for
0.8 °C lower than in the same period in 2013/14.
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Average monthly temperatures in the reported period in both
experimental years were above 0 °C, and according to Jame et al. (1999) it is

well known that the wheat development can already begin at a temperature
from0to 5 °C.
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30 4

2013-2014 2014-2015

Growing season

Graph. 1. Effect of different sowing densities and years on
average overwintering plants percentage
Ymuyaj paznuyumux eycmuna cjemse u 200una na
npocjeyuHu npoyeHam npe3uMbeHUx OUbaKa

However, there were different tendencies considering wheat
overwintering ability at tested years. Sowing densities of 384 and 424 seeds m™
showed a tendency of overwintering stability. Sowing density of 384 seeds m™
(arrangement of seeds in the honeycomb) showed the smallest variation of the
average overwintering plants percentage in the observed periods (from 48.65%
to 46.12%), but it is the only examined density with overwintering below
50.00% in both periods. Sowing density of 424 seeds m had slightly different
tendency, with overwintering plants percentage from 56.17% to 48.31%.
Contrary to abovementioned tendency, sowing densities of 451, 504, 544, 584,
588 and 604 seeds m™ showed noticeable decrease in average percentage of
overwintering plants in 2014/15. The most evident decline was detected for
sowing density of 584 seeds m with overwintering ranging from 54.20% in
2013/14 to 34.30% in 2014/15 (Graph. 1). Generally, wheat plants behavior
during the overwintering in this experiment can be explained by the fact that
plant overwintering is strongly influenced by climatic conditions.
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Differences in overwintering plants percentage, considering different
sowing densities and years in interaction, were analyzed by LSD-test (Tab. 4).

Tab. 4. Multiple comparison LSD-test for significant interaction effect sowing
densityxyear
LSD mecm euwecmpykux ynopehera 3a 3HAYAJaH UHMEPAKYUJCKU
ehexam 2ycmuna cjemee X200uHa

Sowing densityxyear interaction mean (%)  Sowing densityxyear interaction mean (%)
2YCMUHA CJemBeX200UHA  UHMEPAKYUJCKA CPEOUHA  2YCIMUHA CJemBeX200UHA  UHMEPAKYUJCKA CPeOUHA

588 x 2013/14 63.45 424 x 2014/15 48.31
544 x 2013/14 61.15 588 x 2014/15 46.29
604 x 2013/14 60.51 384 x 2014/15 46.12
504 x 2013/14 56.98 504 x 2014/15 44.28
451 x 2013/14 56.37 451 x 2014/15 42.78
424 x 2013/14 56.17 544 x 2014/15 41.65
584 x 2013/14 54.20 604 x 2014/15 39.78
384 x 2013/14 48.65 584 x 2014/15 34.30
LSD — test 0.05 7.60
(Fsowing densityxyear) 0.01 10.03

The highest average overwintering plants percentage, regardless of the
cultivars, was achieved at sowing density of 588 seeds m? in 2013/14 (63.45%).
However, this was not significantly higher in comparison with average percentage
of overwintering plants achieved at sowing densities of 544, 604, 504, 451 and 424
in 2003/14, but was significantly higher in comparison with sowing density of 584
seeds m? in 2013/14 and very significantly higher in comparison with sowing
density of 384 seeds m? in 2013/14.

In the 2014/15 experimental year, overwintering values had different
gradation, considering sowing density, which caused interaction effects. The
highest average overwintering plants percentage in 2014/15, regardless of the
cultivars, was achieved at sowing density of 424 seeds m? (48.31%), which was
not significantly higher in comparison with sowing densities of 588, 384, 504, 451
and 544 seeds m?, but was significantly higher in comparison with sowing density
of 604 seeds m?, and very significantly higher in comparison with sowing 584
seeds m?.

The difference between sowing density of 384 seeds m? in 2013/14 and
2014/15 (0.34%) was not significant (X; — X, < LSDogs) Which signifies a
relatively small variation in overwintering values and overwintering stability. The
difference between sowing density of 424 seeds m? in 2013/14 and 2014/15
(7.86%) was significant (LSDoos < X; — X, < LSDoo1). The difference between
remaining sowing densities throughout growing seasons was however very
significant (X; — X, > LSDoo1) (Table 4).

314 Agroznanje, vol. 17, br. 4, 2016, 307-317



Conclusion

The response of different wheat cultivars was different in the studied
2013/14 and 2014/15 experimental years and under different sowing densities,
which caused an interaction effect. Observed regardless of the different sowing
density and year, cultivar Prima had the highest average overwintering plants
percentage (54.66%). The average overwintering plant percentage for all three
examined wheat cultivars was 50.06%. Taking into consideration interaction
between sowing densities and years, the observed sowing densities could not be
considered regardless of the years. All tested sowing densities showed decline
in average overwintering plants percentage in the experimental 2014/15, which
can be explained by the relatively lower average temperatures during the period
November—February in this season. Sowing density of 588 seeds m stands out
as the density with a tendency of the highest overwintering plants percentage in
both years, while the sowing density of 384 seeds m? only had the average
overwintering plants percentage below 50% in both years but showed evident
stability. However, both sowing densities (384 and 588 seeds m?) had the
honeycomb arrangement of seeds.
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[Mpe3umibaBame o3ume mmeHure (Triticum aestivum L.) y
YCIIOBUMA Pa3JIMUUTE TYCTHHE CjETBE

Jannjena Kouauh!, Maja bajuh?, lecumup Knexesuh?, Bypal) Xajnep!

Towonpuepeonu gpaxynmem, Ynusepsumem y bamwoj Jyyu, Penybauxa Cpncka, buX
2[owonpuspeonu gaxynmem, YVuusepsumem y Ipuwmumu, Jlewax, Kocoso u Memoxuja, Cpbuja

Caxerak

CrnocoOHOCT MIIEHUIE 3a NMPe3UMJbaBamkbe yTHYe HAa KOHAYHH Opoj
Omsbaka Koje Cy CIOCOOHE J1a HaCTaBe pacT M pa3Boj Kaja ce 3a TO OCTBape
NOTpeOHN YCIIOBH. EKCIIEpUMEHT je W3BpILIEH C LUJbEM HCTPaKUBamba
CIOCOOHOCTH TIpe3nuMibaBama o3umux copt nmenune (NS 40S, npuma u
HOBa 0OCaHKa) y yCJIOBHMa Pa3IHuUTe I'ycTHHE cjerBe TokoMm 2013/14 u
2014/15 y arpoekosiomkuM yciaoBuMa bame Jlyke. [lpumujemena je
CTaH/JapHa arpOTEeXHHKa 3a MPOU3BOIIbY 03uMe MieHue. Copre MIIeHunIe
Cy 3acHjaHe pyYHO Y yCJIOBHMA Pa3JIMYUTE TYCTHHE CjeTBE, C PA3IUIUTUM
pacniopeiom 3pHa: 384, 424, 451, 504, 544, 584, 588 u 604 3pHa mo m2.
bpojame Ouspaka nieHuIe y 06je eKkcriepuMeHTalIHe TOIMHE je U3BPLICHO Y
npyroj nexanu ¢ebpyapa. Craructuuka o0paja mojaTaka je HW3BpIIeHa
kopuuthemeM (hakTopujaiHe aHaiIu3e BapujaHce 2X8%3, 0K je 3Ha4ajHOCT
pasnuka u3Mmel)y Tpermana Tectupana LSD tectom. [Ipocjeunu mporieHat
Npe3uMJbEHUX OMJbaKka 3a CBE TPH WCHUTHBAHE COpTE MILEHHIE OHO je
50,06%. I'ycTuna cjetse oz 588 3pHa 0 M? 6una je TyCTHHA C TEHIEHIIHjOM
HajBeher mporeHTa npe3nMIbeHUX Ousbaka y o0je rojiuHe.

Kwyune pujeuu: oTIOPHOCT MpeMa 3UMH, TyCTHHA CjeTBE, MIIICHHUIIA
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