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Abstract

The aim of this study was to analyze the spike length, number of grains
per spike and grain weight per spike of winter wheat in agro—ecological
conditions of Banja Luka at different sowing densities. Three winter wheat
varieties (NS 40S, Prima and Nova Bosanka) were examined at seven sowing
densities (384, 424, 451, 504, 544, 588 and 604 seeds/m?) in two growing
seasons (2013/14 and 2014/15). Experimental design was a completely random
system with four replications. In all wheat varieties, sowing was carried out
from the 6™ to 8" November in 2013/14 and from the 3 to 5" November in
2014/15. Sampling of plants was done in the first decade of July in both
experimental years. Factorial ANOVA 2x8x3 and LSD-test were performed,
with year, sowing density and variety as main factors. For different varieties,
the average number of grains per spike ranged from 34.53 to 38.19 while the
average grain weight per spike (g) ranged from 1.58 to 1.73 g. The spike length
ranged from 7.58 to 8.20 cm for varieties with statistically significant
interaction effect variety x year at P < 0.01. Spike parameters were generally
higher in the second experimental year (2014/15).
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Introduction

Production of sufficient amounts of food is a global challenge now and
in the future, which will obviously be characterized by a world population
increase and climate change.

In 2050, when the human world population is expected to stabilize, 65%
of world population will live in urban areas, and increasing of sufficient food
quantities is possible only by increasing plant productivity per unit area (Conor
and Minguez, 2012). It is clear that a global aim is the production of sufficient
amounts of crops, including wheat, to provide enough food for the human
population. In order to increase wheat production appropriate plant density
should be chosen among other things (Li et al., 2016). Also, for 2050 rising of
average global temperature for 1 to 8°C is predicted (Meehl et al., 2007).

The response of crop species to temperature primarily reflects on their
development stages (Hatfield and Prueger, 2015). Plant density is an agronomic
important factor that manipulates micro environment of the field and affects the
growth, development and yield formations of crops (Caliskan et al., 2007).
Plant density, which is determined by the sowing rate, provides the living space
for the plant, as well as the availability of water and mineral nutrition. The
recommended planting density usually does not take into account the varietal
differences, respectively tillering and the ability for survival, in particular agro—
ecological conditions (Valerio et al., 2009). Wheat rows—spacing also affect
wheat yields (Sandler et al., 2015). Due to the abovementioned issues, and
taking into consideration interaction of variety and environmental conditions, it
is necessary to examine the response of varieties in specific ecological
conditions.

Several studies were done in order to investigate wheat spike
parameters, such as number of grains per spike (Lloveras et al., 2004, Duri¢ et
al., 2016, Stojkovi¢ et al., 2004, Guberac et al., 2000), grain weight per spike
(Knezevi¢ et al., 2015, Bari¢ et al., 2008, Proti¢ et al., 2013, Zecevi¢ et al.,
2010, Gaile et al., 2017) and spike length (Banjac, et al., 2010; Kobiljski and
Denci¢, 1997; Shankarrao et al., 2010; Petrovi¢ et al., 2007; Petrovi¢ et al.,
2000; Zecevic et al., 2004). It is also widely known that the obtained yield in
specific environmental conditions is affected by the realization of yield
components.

Studying the yield components enables a plant breeder to breed for
high—yielding genotypes with desired combinations of traits (Khan and Dar,
2010). The aim of this research was to evaluate the effect of sowing density,
variety as well as specific agro—ecological conditions on different spike
parameters of winter wheat.
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Materials and Methods

Three winter wheat varieties (NS 40S, Prima and Nova Bosanka) were
examined at seven different sowing densities (384, 424, 451, 504, 544, 588 and
604 seeds/m?).

The experiment was set up in the region of Banja Luka (44°46° N;
17°11” E) during two growing seasons: 2013/14 and 2014/15 growing season.
Each experimental unit was 1 m? in size, with four replications. From each
replication 30 wheat spikes were taken for analyses. Sowing was carried out
manually at 4+1 cm depth in all combinations. Experiments were placed on the
Cambisol (Dystric) soil.

Standard agronomic practices for winter wheat were performed. Sowing
was carried out from the 6™ to 8" November in 2013/14 and from the 3" to 5%
November in 2014/15 growing season. Wheat plants were sampled in the first
decade of July in both growing seasons for morphological analysis of spike.
Three spike parameters were analyzed: spike length (cm), number of grains per
spike and grain weight per spike (g).

Statistical analysis was performed in MS Office Excel 2013 using
factorial analysis of variance 2x8x3 [factorial design: year (2) x sowing density
(8) x variety (3)] while significant differences between treatments were tested
by Fisher's least significant difference test (LSD—test).

Based on the climate diagram shown in Figure 1 it can be seen that the
seeding period (November) in 2013 was not stressed by drought, while a
relatively short period of drought appeared in December, when the wheat crop
was in winter dormancy.
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Wheat vegetation period in 2014 was characterized by a relatively high
precipitation, until June when a short period of drought appeared. Seeding
period during November in 2014 was stressed by relatively short periods of
drought, which could have an impact on the process of germination and plant
emergence. Drought period occurred again in April 2015 when the wheat crop
was in the intensive growth and development phases.

Results and Discussion
Spike length. Table 1 presents the average spike length (cm) for winter
wheat varieties NS 40S, Prima and Nova Bosanka at different sowing densities

in the 2013/14 and 2014/15 growing seasons.

Tab. 1. The spike length (cm) for NS 40S, Prima and Nova Bosanka varieties
Ilyarcuna xknaca (cm) sa copme HC 40C, npuma u nosa 6ocanka

. Variety / =
Sowing Y XxSD
. Copma . Nova .
density ——-——— NS40S Prima for sowing
2 Year / Bosanka -
(seeds/m?) densities
Toouna
2013/14 7.01+044 7271040 6.8110.38
384 7.8710.14

2014/15 8401024 9291025 8411023

2013/14 7261040 7401031 7.03+0.20
424 7.841 0.
2014/15 8331020 9.02+022 7.98%0.29 84008

2013/14 7251026 7431032 7.3810.16
451 7.8110.24
2014/15 8.01+022 8851026 7.95+0.21 810

2013/14 7.09£027 745+025 7.05%0.31
504 7.711£0.30
2014/15 8.04£0.10 9.00£0.15 7.64%+0.12

2013/14 7321028 748+034 7.3510.28
544 7.8910.25
2014/15 8.15+0.17 8.841+021 8221025

2013/14 733£035 7561022 7411018
588 7.91%+0.27
2014/15 7952020 9.12+012 8.06+0.25

2013/14 6981011 7241014 7281024

604 7661 0.2
2014/15 8.10+0.17 8.83£0.19 750+ 0.14 66+0.28
= .. 7.66 8.20 7.58
X + SD for varieties +0.14 +0.22 +013

F variety = 27.612**, F sowing density = 0.917"; F year = 223.595 **;
F variety x sowing density = 0.348"; F variety x year = 10.845**; F sowing density x year = 1.827 ™

F variety x sowing density x year = 0.362™.
ns — not significant (P > 0.05), * (P <0.05), ** (P <0.01)
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The spike length ranged from 7.58 to 8.20 cm for varieties and from
7.66 to 7.91 cm for densities. ANOVA indicated that variety and year, as the
main effects, were statistically significant at P < 0.01. Interaction variety x year
was statistically significant at P <0.01 (Table 1).

Kobiljski and Denci¢ (1997) obtained spike length ranging from 6.6 to
12.5 ¢cm in 100 tested high-yielding genotypes and from 5.0 to 16.8 in 100
tested low—yielding genotypes. A total of 22 wheat genotypes from different
parts of the world obtained spike length ranging from 7.9 to 11.3 cm (Petrovic¢
et al., 2000).

According to Zecevi¢ et al. (2004) fifty wheat varieties from different
countries had the average spike length of 11.0 cm. In Petrovi¢ et al. (2007), the
average spike length ranged from 7.1 to 9.7 cm for 10 winter wheat varieties,
with significant differences between varieties at both LSD levels. The average
spike length ranged from 6.45 to 8.31 cm for eight wheat varieties in three
years (Banjac, et al., 2010).

In order to achieve maximum wheat grain yield, it is necessary to
achieve the spike length of 15 cm with a high value of grain weight (Borojevi¢,
1990). In the study of 30 wheat genotypes Shankarrao et al. (2010) obtained an
average spike length of 16.5 cm. Therefore, tested wheat varieties in our study
can be characterized as having a relatively short spike length.

The average spike length was the highest in Prima in 2015 (8.992 cm),
which was statistically significant at LSDo.o1 in comparison with all other tested
combinations (Table 2).

Tab. 2. LSD test for significant interaction variety x year — spike length (cm)
LSD mecm 3a 3nauajan unmepakyujcku egpexam copma X 200una — 0yscuna kiaca (Cm)

variety x year average spike length (cm)
copma X 200und npocjeuna oyscuna kiaca (CM)
Prima in 2015 8.992
NS 40S in 2015 8.140**
Nova Bosanka in 2015 7.966**
Prima in 2014 7.404**
Nova Bosanka in 2014 7.186**
NS 40S in 2014 1.177**
LSD test 0.05 025
(F variety x year) 001 034

** significant at LSDo o1
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Figure 2 presents the analysis of detected significant interaction effect
variety x year. According to data, in 2013/14 growing season, the highest
average spike length was achieved in Prima variety (7.40 cm), followed by
Nova Bosanka (7.19 cm) and NS 40S (7.18 cm) varieties. In 2014/15 growing
season, the highest average spike length was also achieved in Prima variety
(8.99 cm), followed now by NS 40S (8.14 cm) and Nova Bosanka (7.97 cm)
varieties. All winter wheat varieties achieved higher average spike length in the
second growing season (2014/15). This increase was intense in Prima variety
while other two varieties had mutual and less intense increase. It can be said
that Prima variety was dominant regarding average spike length.

9.50

9.00 8.992

- 8.140 ===-N5405
= Prima

----- Nova Bosanka

2013/14 2014/15

Fig. 2. Significant interaction effect variety x year for the spike length (cm)
3nauajan unmeparkyujcku eqpexam copma X 200urHa 3a Oydrcuny kiaca (CmM)

Number of grains per spike. The number of grains per spike ranged
from 34.53 to 38.19 for varieties and from 34.56 to 37.97 for sowing densities.
According to ANOVA, main effect variety was statistically significant at
P<0.01 (Table 3). This is in accordance with some studies (Knezevi¢ et al.,
2012; Guberac et al., 2000), whereas the effect of different years was also
statistically significant. Similar results are confirmed by other authors
(Shankarrao et al., 2010; Tahmasebi, 2013; Racz et al. 2015).

The number of grains per spike ranged from 33.9 to 40.8 for different
wheat varieties in Lloveras et al. (2004) and the effects of variety, sowing
density and year were significant at P < 0.01, as well as their two—factor
interactions. Stojkovic¢ et al. (2004), who investigated 20 winter wheat cultivars
found that this parameter ranged from 37 to 54 in the first year, with average of
44 grains per spike and from 21 to 31 in the second year, with average of 26
grains per spike, while significant differences at both LSD levels for year and
variety were present.
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In Puri¢ et al. (2016) the number of grains per spike ranged from 68.84
to 68.97 for varieties, with no significant differences (< LSDoes) and from
67.02 to 71.02 for years, with significantly (> LSDo.01) higher number of grains
per spike in the second year (2010). In our study, sowing density and year had
no significant effect on the number of grains per spike, and none of the
interaction effects were statistically significant (P > 0.05).

Regardless of sowing density and year, the average total number of
grains per spike was highest in NS 40S variety (38.19). However, based on LSD
test (Table 3) this was not statistically significant in comparison to variety Nova
Bosanka (36.75), but was statistically significant at LSDoo: in comparison to
variety Prima (34.53).

Tab. 3. The number of grains per spike for NS 40S, Prima and Nova Bosanka varieties
bpoj 3pna y knacy 3a copme HC 40C, npuma u Hosa bocanxa

Sowing Variety / X+5SD
. Copma . Nova .
density —————— NS40S Prima for sowing
2 Year / Bosanka e
(seeds/m?) densities
Toouna
2013/14 37361501 33781318 33.18%13.84
384 37151 1.28

2014/15  3979F 162 37731 149 41031 261

2013/14 3837+ 423 33141181 3319F 308
424 36151 1.11
2014/15 3968+ 261 35241134 3726F 238

2013/14 3970t 292 35321286 39.70% 2.11
451 37971 0.70
2014/15 3834+ 297 36691 210 38.05F 167

2013/14 38831283 32591t 211 36.01F 266
504 36.331 0.84
2014/15 37031t 114 3645t 195 37051 1.25

2013/14 3983+ 253 3551+ 286 39.17F 1.98
544 36771 1.13
2014/15 38231+ 173 32651166 3521F 187

2013/14 3892+ 293 3339t 154 36.99F 1.16

588 36541 0.85
2014/15 3550+ 174 35761157 38647F 1.07
2013/14 3526+ 200 30.681F 119 34.697F 338
604 34561 0.94
2014/15 37881174 3454t 119 34281 257
38.19 3453™ 36.75"™

X+SDf ieti
+ oD forvarieties +0.40 +051 + 065

F variety = 8.750**; F sowing density = 1.209™; F year = 2.017";
F variety x sowing density = 0.224™; F variety x year = 0.908™; F sowing density x year = 1.601"™
F variety x sowing density x year = 0.411",
ns — not significant (P > 0.05), * (P < 0.05), ** (P <0.01)
. 0.05 1.74 ns — not significant
LSD (variety) 0.01 2.31 ** significant at LSDo.n
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Grain weight per spike. According to Table 4 the grain weight per spike
ranged from 1.58 to 1.73 g for varieties and from 1.54 to 1.72 g for sowing
densities. According to analysis of variance, main effects variety and year were
statistically significant at P < 0.01. There were no statistically significant
interaction effects (P > 0.05).

Tab. 4. The grain weight per spike (g) for NS 40S, Prima and Nova Bosanka varieties
Maca 3pna no rknacy (g) 3a copme HC 40C, npuma u nosa bocanka

Sowing Variety / X+5SD
. Copma . Nova .
density ear/ NS 40S Prima Bosanka for sowing
(seeds/m?) densities
Toouna
2013/14 1.53+0.23 159+0.17 1.51%0.20
384 1.69+0.14

2014/15 1.70£0.10 1.78£0.09 2.0410.18

424 2013/14 1.56+0.19 1.53+0.11 1.49+0.14 165+ 0.1
2014/15 1.77£0.19 1.71£0.10 1.82%0.12 T

451 2013/14 1.58+0.13 1.65%£0.14 1.80%£0.09 1724 0.10
2014/15 1.63+£0.15 1.77£0.11 1.89+0.14 T

504 2013/14 153+0.15 156+0.13 1.60+0.13 160+ 0.0
2014/15 1.5310.08 1.68+0.11 1.68%0.04 T

544 2013/14 1.60+0.12 163+0.17 1.811£0.12 1664 0.09
2014/15 1.61+£0.08 154+0.09 1.74%0.10 T
588 2013/14 155+0.15 157+0.09 1.68+0.08 1664 0.09
2014/15 1.54+0.08 1.69+0.09 1.89+0.06 T
2013/14 1.36+0.13 1.44+0.08 1.56%0.15
604 2014/15 1.62+0.09 164+0.07 1.64%0.12 1541010
= L 1.58 ™ 1.637 1.73
X £ SD for varieties 10.03 +0.03 +0.04
F variety = 5.040**; F sowing density = 1.343™; F year = 11.611 *,
F variety x sowing density = 0.335"; F variety x year = 0.413"; F sowing density x year = 1.316 ™
F variety X sowing density x year = 0.349™,
ns — not significant (P > 0.05), * (P <0.05), ** (P <0.01)

. 0.05 0.09 ns — not significant
LSD (variety) 0.01 0.12 % significant at LSDoos
LSD (year) 88? 823 ** significant at LSDo o

These results are in accordance with Knezevi¢ et al. (2015), who
concluded that genotype and environment cause the variation of values for
grain weight per spike. This parameter was found to be highly dependent on
genotype (Sabo et al., 2002).
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In Bari¢ et al. (2008), grain weight per spike ranged from 0.63 to 1.12 g
at density of 420 seeds/m? and from 0.60 to 1.03 g at 600 seeds/m? with
significant differences between sowing densities at LSDogs. Zecevi¢ et al.
(2010) found significant differences and high variability of grain weight per
spike (ranging from 2.0 to 2.9 g) in different varieties. In Proti¢ et al. (2013)
grain weight per spike in the period 2004—-2006 varied from 1.89 to 2.58 g for
analyzed wheat varieties and significant differences at P < 0.01 were present
considering variety, year and their interaction effect.

In three tested sowing densities (300, 400 and 500 seeds/m?) the
average grain weight per spike of 1.49 g was obtained (Gaile et al., 2017).

The grain weight per spike in this study was the highest in Nova
Bosanka (1.73 g). Based on LSD-test (Table 4) this was statistically significant
at LSDoos in comparison to Prima (1.63 g), and statistically significant at
LSDo.01 in comparison to NS 40S (1.58 g). The average grain weight per spike
was higher in 2014/15 growing season (1.71 g) which was statistically
significant at LSDo o1 in comparison to 2013/14 (1.58 g).

Conclusion

Analyzed winter wheat varieties in this study achieved higher average
spike length, number of grains per spike as well as grain weight per spike in the
second experimental year (2014/15). Highest average spike length was obtained
in Prima in 2014/15 experimental year (8.992 cm). Nevertheless, tested wheat
varieties in this study can be characterized as varieties with relatively short
spike length.

The average number of grains per spike was highest in NS 40S (38.19),
followed by Nova Bosanka (36.75). Variety and agro—ecological conditions
caused the variation of values for grain weight per spike. The grain weight per
spike in our study was the highest in Nova Bosanka (1.73 g). However,
different sowing densities in this study did not affect examined spike
parameters.
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OcobuHe knaca coptu o3ume mienutie (Triticum aestivum L.)
y arpo—eKoJIOIKUM yciioBuMa bame JIyke

Jannjena Kouauh!, Maja bajuh?®, Bypal) Xajmep?,
Hecnmup Kuexesuh?, Bopyr bocanunh?

Y Vuueepzumem y Bawoj Jlyyu, Iomonpuepeonu gpaxynmem, Penyonuxa Cpncka, BuX
2 Vnusepsumem y Hpuwmunu, Tomonpuspeonu axyrmem, Jlewax—Kocoso u Memoxuja, Cpbuja

Caxeraxk

e oBOr MCTpaxkuBama je aHalu3a AyKUHE Kiaca, Opoja 3pHa MO
KJacy M Mace 3pHa y KJIacy pa3induTUX COPTH O3UME TIIEHHIE Y
arpo—eKOJIOMKNM YyclioBuMa bame Jlyke y pa3nuuuTuMm TyCTHHama CjeTBe
3pHa. McnutuBane cy Tpu copre mienuine (HC 40C, npuma u HoBa O0CaHKa) y
cenmaM rycTuHa cjeTse (384, 424, 451, 504, 544, 588 u 604 3pHa mo M?) u 1BHje
excnepumenTtaite roaune (2013/14 u 2014/15). EkcriepuMeHT je TOCTaBJbeH y
NOTIYHO CIIy4ajHOM pacropeay, ca YeTHpH IOHaBJbama. CBe copre cy
nocujane y nepuoay ox 6. no 8. voemOpa y 2013/14 u y mepuonay ox 3. mo 5.
HoBeMOpa y 2014/15. Busbke Cy y30pKOBaHe y MPBOj AeKaau jyna y obje
ekcriepuMeHTande roauHe. DakropujarHa aHanmu3za BapujaHce 2%X8%X3 u
LSD—tect cy kopumiheHu, ca TOAMHOM, TYCTHHOM CjeTBE M COPTOM Kao
OCHOBHUM (hakToprMa. 3a pazauduTe COpTe, MpocjeyaH Opoj 3pHa y Kiacy ce
kpetao ox 34,53 mo 38,19, nok ce npocjedna Maca 3pHa (g) kperana ox 1,58 mo
1,73 ¢g. Hdyxuna xinaca kperama ce ox /7,58 mo 8,20 cm 3a copre, ca
CTaTUCTHYKU 3HAYajHUM MHTEPAKIHjCKUM edekrom copra X roaumHa mpu P <
0,01. I'enepanHo, mapaMeTpH Kjaca Cy UMald Behe BPHjEAHOCTH Y IPYroj
excriepuMeHTanHoj roaunau (2014/15).

Kwyune pujeuu: copra, rycTiHa cjeTBe, IPOAYKTUBHOCT, CjeMe, MHTEpaKInja
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