Original scientific paper University of Banjaluka, Faculty of Agriculture

Opueunanan HayyHu pao A gro-

UDC: 633.11:631.15

DOI: 10.7251/AGREN1604345K knowledge
Journal

The Rate of Productive Tillers per Plant of Winter Wheat
(Triticum aestivum L.) Cultivars under Different Sowing Densities

Danijela Kondi¢!, Maja Bajié¢!, Purad Hajder?, Borut Bosangi¢?

'Faculty of Agriculture, University of Banja Luka, Republic of Srpska, BiH
Abstract

The aim of this two—year research was to determine the rate of
productive tillers per plant of different winter wheat cultivars under different
sowing densities in the agroecological conditions of Banja Luka. NS 40S,
Prima and Nova Bosanka wheat cultivars were sown at eight different sowing
densities: 384, 424, 451, 504, 544, 584, 588 and 604 seeds m™. The experiment
was set up in the open field, and each wheat cultivar was sown at different
sowing density in four replications. Statistical analysis was performed using
factorial analysis of variance 2x8x3 while significant differences between
treatments were tested by LSD test. The highest average rate of productive
tillers per plant was achieved for the winter wheat cultivar NS 40S (2.29). The
highest average rate of productive tillers per plant was achieved at sowing
density of 384 seeds m and the lowest at sowing density of 588 seeds m™.
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Introduction

As one of the primary food crops, wheat feeds more than a half of the
world population (Long and Ort, 2010). Numerous researches have been
conducted with the ultimate aim of increasing wheat productivity. At present,
improved wheat yield mainly relies on the increase in yield per unit area. The
wheat yield per unit area depends on various factors, but primarily on the
parameter such as the number of spikes per square meter, which is directly
dependent on the genotype ability for tillering under certain conditions, and the
ability for forming specific number of productive tillers per plant.

Tillering may affect wheat yield positively or negatively depending on
the availability of natural resources such as water, light and nutrients (Elhani et
al., 2007). Tillering refers to the growth of lateral shoots from axillary
meristems at the plant base in Poaceae species such as wheat (Assuero and
Tognetti, 2010). Grasses have different tendency to develop tillers. The Pooid
and Erhartoid cereals such as wheat (Triticum aestivum L.) and rice (Oryza
sativa L.) have multiple basal tillers, while Panicoid cereals such as maize (Zea
mays L.), sorghum (Sorghum bicolor (L.) Moench) and millets have few tillers
or even only a single main stem (Doust, 2007). A grass plant can be considered
as a collection of tillers that arise from a single primary tiller or crown (Skinner
and Nelson, 1992).

Wheat population is directly affected by the growth and development of
an individual plant. The quality or structure of wheat population is significantly
affected by the compositions of tillers (Xu et al, 2015). Therefore, the
development of productive tillers in wheat is very important. According to
Thiry et al. (2002) and Fisher (2008) up to 70% of the grain yield comes from
tillers. On the other side, up to 60% tillers can abort and die under normal field
conditions (Sharma, 1995; Moeller et al., 2014). Tillering is regulated
genotypically, but is also influenced by the environment. The number of
productive tillers depends on genotype and environment and is strongly
influenced by sowing density (Acevedo et al., 2002). Plant density is especially
important in wheat because it influences final yield and yield components
(Ozturk et al., 2006). Genotypic variation in the degree of tillering expressed as
a phenotype has been documented in wheat (Duggan et al., 2005). Nutrient
deficiency can have a direct impact on tiller initiation (Rodriguez et al., 1998).
Also, tiller emergence and development are influenced by the hormonal balance
of auxins and cytokinins. The influence of these hormones is related to apical
dominance and dormancy breaking of lateral buds (\alerio et al., 2009; Veit, 2006).
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The aim of this study was to determine the rate of productive tillers per
plant of different winter wheat cultivars under different sowing densities in the
agroecological conditions of Banja Luka region.

Material and Methods

The experiment aimed at studying the rate of productive tillers per plant
of three winter wheat cultivars under different sowing densities was set in the
agroecological conditions of Banja Luka (44°46° N; 17°11° E) during two
experimental years of 2013/14 and 2014/15. NS 40S, Prima and Nova Bosanka
wheat cultivars were sown at eight different 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 grains 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
m2 (classical arrangement of seeds in rows).

Experimental unit size was 1 m?, with four replications, and sowing was
carried out manually on 4 £ 1 cm depth. The soil on which the experiments
were conducted was eutric brown degraded soil. Standard agronomic practices
for winter wheat were performed. The sowing of winter wheat cultivars was
carried out from 6 to 8 November in 2013 and from 3 to 5 November in 2014.
Counting of wheat plants during both years was carried out in the second
decade of February. Samples of wheat plants within the area of 1 square meter
per plot were taken on 14 July in the first experimental year, and on 10 July in
the second experimental year.

According to Table 1, the annual average temperature in the 2013 was
12.3 °C and a total amount of precipitation was 892.4 mm, while in the annual
period of 2014, it was 13.0 °C and a total amount of precipitation was 1686.2
mm. The average annual temperature in 2015 was 12.7 °C and a total amount
of precipitation was 868.3.

Accordingly, all three observed years were relatively consistent when it
comes to the average annual temperature, while the same cannot be said for the
total amount of precipitation. Thus, we can conclude that the total annual
amount of precipitation in 2013 and 2015 were relatively similar, while the
amount of precipitation in 2014 was almost twice as high as in the two
observed years.
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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 yKynie mjeceyne KOIUYUHe nadaeuna Ha
noopyyjy 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
2013

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

2014
mm | 52.0 735 | 90.6 | 214.0 | 2178 | 97.0 | 1393 | 276.3 | 284.0 | 117.3 | 418 | 826

°C 3.4 2.4 7.3 11.8 174 | 209 | 252 24.0 18.3 115 7.1 35
2015

mm | 1112 | 911 | 79.0 | 541 | 1176 | 60.5 | 20.5 22.8 75.0 | 1427 | 857 8.1

The rate of productive tillers per plant (RPTP) was calculated by the
following formula:

RPTP = number of productive tillers m2/ number of overwintered plants m

Statistical analysis was performed using factorial analysis of variance
2x8x3 [factorial design: year (2)xsowing density(8)xcultivar (3)] while
significant differences between treatments were tested by Fisher's least
significant difference test (LSD). The effect of sowing density levels on the
RPTP was determined by the second degree polynomial regression (quadratic
model), with function equation and coefficient of determination presented.

Results and Discussion

The rate of productive tillers per plant of NS 40S, Prima and Nova
Bosanka wheat cultivars at eight sowing densities in the experimental years of
2014 and 2015 is shown in Table 2.

According to Table 2, the average RPTP ranged from 1.32 to 2.83.
Factorial analysis of variance 2x8x3 showed that all main effects were
statistically very significant (P < 0.01). There were no statistically significant
interaction effects (P > 0.05).

The effect of different wheat cultivars on the average RPTP was very
significant. Regardless of the different sowing densities and years, the average
RPTP was 2.29 for NS 40S cultivar, 1.97 for Nova Bosanka cultivar and 1.92
for Prima cultivar.
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Tab. 2. The rate of productive tillers per plant of winter wheat cultivars under diferent
sowing densities for 2013/14 and 2014/15
bpoj mnpodykmuenux uzdawaxka no Ouwmyu 3a o3umMe copme nuleHuye y
yenoguma paznuyume eycmune cjemee 3a 2013/14 u 2014/15

Number of  Cultivar X+s,
seeds m2 Copma for sowing
— . densities
Bpoj Year NS 40S Prima Nova Bosanka (sa eyemune
cjevernu/m? Loouna cjemee)
2014 2521024 237%0.14 214102
384 5210 870 0.25 2.4110.09
2015 2811052 2321 0.26 2.3110.39
2014 2211 0.22 1.881+0.18 1.9710.23
424 2.1910.10
2015 2561 0.34 2271034 2241037
2014 201+ 0.11 1.67%0.03 1.68% 0.24
451 219+ 0.22
2015 2.8310.37 2.1210.16 2.8310.60
2014 1.82%0.14 1.45+0.10 1.68+ 0.09
504 1.9710.18
2015 2551 0.06 2411027 1.9110.26
2014 1.76 £ 0.12 1.3810.03 1.72%0.09
544 2.0310.19
2015 2551 0.40 24471 0.06 2.3110.18
2014 1.73%0.15 1501 0.11 1.61%0.13
584 2051 0.21
2015 2.76+0.29 229+ 0.19 2431031
2014 157%0.18 1.46% 0.04 1.32%0.11
588 1.781+0.18
2015 2511044 1.891 0.08 1.95+ 0.07
2014 1.80F 0.32 1511+ 0.14 1.40%0.13
604 1.8510.18
2015 2.6410.37 175+ 0.13 2.0010.33
X+s,
for cultivars 2291 0.11 1.92%0.10 1.97%0.10
(3a copme)

Folocking = 2.533"; Feuttivar = 10.485**; Fsowing density = 4.027**; Fyear = 71.496*%;
Fcultivarxsowing density = 0_323ns; Fcultivaerear = 0-685ns; Fsowing densityxyear = 1.591"™
Fcultivarxsowing densityxyear = 0.510™. ns (P > 005), * (P < 005), ** (P < 001)

Statistical differences between the average RPTP for the three analyzed
wheat cultivars are presented in Table 3. The highest average RPTP was
achieved for the winter wheat cultivar NS 40S (2.29). However, LSD test
showed that this was significantly higher in comparison with Nova Bosanka
(1.97) and Prima (1.92) cultivars. The difference between Nova Bosanka and
Prima cultivars was not significant.

Agro-knowledge Journal, vol. 17, no. 4, 2016, 345-357 349



Tab. 3. Multiple comparison LSD test for a significant main effect of cultivar
LSD mecm suwiecmpykux ynopeliera 3a 3Ha4UajHocm 2nasHoe ghakmopa copme

Cultivar Rate of productive tillers per plant
Copma bpoj npodyxkmuenux uzoanaka no ousyu
NS 40S 2.29
Nova Bosanka 1.97
Prima 1.92
LSD test 0.05 0.17
(Feuttivar) 001 023

However, the effect of different sowing densities on the rate of
productive tillers per plant was very significant. Observed regardless of
different cultivars and years, the average RPTP was the highest at the sowing
density of 384 seeds m™ and the lowest at the sowing density of 588 seeds m™.
Statistical differences between the average RPTP at eight analyzed sowing
densities are presented in Table 4.

Tab. 4. Multiple comparison LSD test for significant main effect of sowing density
LSD mecm quwecmpyxux ynopehersa 3a 3HauajHocm 21asHoe (paxmopa 2ycnune cjemese

Sowing density Rate of productive tillers per plant
Tyemuna cjemee  bpoj npodykmuenux uzoanaka no ouvyu

384 seeds m 2.41

424 seeds m2 2.19

451 seeds m2 2.19

584 seeds m 2.05

544 seeds m2 2.03

504 seeds m 1.97

604 seeds m2 1.85

588 seeds m2 1.78

LSD test 0.05 0.28

(Fsowing density) 0.01 0.37

According to LSD test, the difference between average RPTP at the
sowing density of 384 seeds m and the sowing densities of 424 and 451 seeds
m? was not significant. However, the average RPTP at the sowing density of
384 seeds m was significantly higher in comparison to the sowing density of
584 seeds m? and very significantly higher in comparison to the sowing
densities of 504, 544, 588 and 604 seeds m(Table 4).

350 ArposHame, Boit. 17, 6p. 4, 2016, 345-357



These results are in accordance with numerous researchers (Evers et al.,
2006; Assuero and Tognetti, 2010) who investigated relations between tillering
and sowing densities. This study also reveals a general tendency of decreasing
the average RPTP by increasing the sowing density. This can be due to the fact
that at lower sowing densities, plants can use different resources (sun radiation,
water, soil nutrients etc.) more efficiently, and also competition among tillers is
reduced (Thiry et al., 2002; Lloveras, 2004; Pankovi¢ and MaleSevi¢, 2006;
Evers et al., 2006).

The effect of experimental years on the average RPTP was statistically
very significant. Observed regardless of different varieties and sowing
densities, the average RPTP was 1.76 for 2013/14 and 2.36 for 2014/15. The
difference between the average RPTP throughout experimental years is
presented in Table 5.

Tab. 5. Multiple comparison LSD test for significant main effect of year
LSD mecm suwecmpyxux ynopeheroa 3a 3HauajHocm 21asHoe axmopa 200uHe

Year Rate of productive tillers per plant
Toouna bpoj npodyxmusenux uzdanaka no ousyu
2014/15 2.36
2013/14 1.76

LSD - test 0.05 0.14
(Fyear) 001 0.19

The average RPTP was very significantly higher in the experimental
year of 2014/15 (2.36) compared to the first experimental year. Although the
analyzed wheat cultivars were sown at approximately the same time, tillering
can be influenced by the environmental conditions, which can affect the
number of productive tillers per plant. Precipitation during November (sowing
period) in 2013 was 156.0 mm which was extremely high, while the same
cannot be said for the same period in 2014 when the precipitation was 41.8 mm,
which could have an impact on the plant emergence and preparation for the
winter. Also, precipitation in the period of January—March in 2014 was 216.1
mm, while in the same period in 2015 year it was 281.3 mm, or 65.2 mm higher
than in the same period of the previous year, which could have had an impact
on tillering in that year. The sum of the average temperatures in the period
January—March in 2014 was 21.7 °C, while in the same period in 2015 it was
13.1 °C, which is 8.6 °C less than the previous year.
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Graph 1. Regression analysis of the rate of productive tillers per plant for the winter wheat
cultivar NS 40S under different sowing densities in 2013/14 and 2014/15

Pezpecuona ananuza 6poja npodykmugnux uzoanaxa no busyu 3a 03umy copmy
nwenuye HC 40C y paznuuumum eycmunama cjemee 3a 2013/14 u 2014/15

The conducted regression analysis showed that a variation of average
RPTP for the NS 40S cultivar was 95.89% determined by the different sowing
densities (R? = 0.9589) in 2013/14 (Graph 1.) According to regression equation,
if the sowing density for NS 40S cultivar increases for 10 seeds m?, the
average RPTP, in conditions like those in 2013/14, will decrease for 0.2676 on
average to the point of 571.07 seeds m?, while the further increase of the
sowing density (until 604 seeds m?) will increase RPTP for the same amount.
In 2014/15 a variation of the average RPTP for NS 40S wheat cultivar was
25.43% determined by the different sowing densities (R? = 0.2543) and if the
sowing density increases for 10 seeds m, the average RPTP will decrease for
0.0931 to the point of 533.55 seeds m, while the further increase of the sowing
density will increase RPTP for the same amount.

The variation of the average RPTP for the Prima cultivar (Graph 2) was
99.18% determined by different sowing densities (R?> = 0.9918) in 2013/14.
According to regression equation, if the sowing density for the Prima cultivar
increases for 10 seeds m, RPTP will decrease for 0.4270 to the point of 540.10
seeds m, while the further increase of the sowing density (until 604 seeds m)
will increase RPTP for the same amount. In 2014/15 a variation of the average
RPTP for the Prima cultivar was 46.68% determined by the different sowing
densities (R? = 0.4668) and if the sowing density increases for 10 seeds m?,
RPTP will increase for 0.2473 to the point of 471.16 seeds m?, while the
further increase of the sowing density will decrease RPTP for the same amount.
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Graph 2. Regression analysis of the rate of productive tillers per plant for the winter wheat
cultivar Prima under different sowing densities in 2013/14 and 2014/15
Pezpecuona ananuza 6poja npodykmuerux uzo0anaxa no ousyu 3a 03uUMy copmy
nueHuye npuMa y pasaunumum eycmunama cjemee sa 2013/14 u 2014/15

The variation of the average RPTP for the cultivar Nova Bosanka
(Graph 3) was 86.15% determined by different sowing densities (R? = 0.8615)
in 2013/14.

3.30
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Graph 3. Regression analysis of the rate of productive tillers per plant for the winter wheat
cultivar Nova Bosanka under different sowing densities in 2013/14 and 2014/15
Peepecuona ananusa 6poja npodykmusHux uz0anaxa no Ousyu 3a 03umy COpmy
nueHuye Hoga Oocanka y paziuyumum cycmunama cjemee 3a 2013/14 u 2014/15
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According to the regression equation, if the sowing density increases for
10 seeds m2, RPTP will decrease for 0.2330 to the point of 587.50 seeds m?,
while the further increase of the sowing density (until 604 seeds m?) will
increase RPTP for the same amount. In 2014/15 a variation of average RPTP
for the cultivar Nova Bosanka was 19.22%, determined by the different sowing
densities (R? = 0.1922) and if sowing density increases for 10 seeds m?, RPTP
will increase for 0.0929 to the point of 431.59 seeds m?, while the further
increase of sowing density will decrease RPTP for the same amount.

These results indicate that sowing density had more influence on the
average RPTP in 2013/14, for all the cultivars. On the other side, 2013/14 had
lower average RPTP values for all the cultivars.

Conclusion

Based on the two-year research on the effect of different sowing
densities on the rate of productive tillers per plant for NS 40S, Prima and Nova
Bosanka wheat cultivars we can conclude the following:

- the highest average rate of productive tillers per plant was achieved for
the winter wheat cultivar NS 40S (2.29), and this was significantly higher
in comparison with Nova Bosanka (1.97) and Prima (1.92) cultivars;

- regardless of the different varieties and years, the average RPTP was the
highest at the sowing density of 384 seeds m? and the lowest at the
sowing density of 588 seeds m?;

- in general, with the increase of examined sowing densities the rate of
productive tillers per plant decreased,;

- the average rate of productive tillers per plant was significantly higher in
2014/15 (2.36) in comparison to 2013/14 (1.76);

- the experimental year of 2014/15 had greater values of rate of productive
tillers per plant even though it was less determined by sowing densities
(R%ranged from 19.2 to 46.6) in comparison to 2013/14.
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Bpoj MpoayKTUBHKX M3aHaKa 10 OUJBIM COPTH O3UME IIIEHHUIIE
(Triticum aestivum L.) y yciioBuMa pa3InduTe I'YCTHHE CjETBE

Jaunjena Konauh!, Maja Bajuh?, Bypal) Xajaep?, Bopyr bocarnunh!
Y lomonpuspeonu gpaxynmem, Yuueepzumem y barwoj Jlyyu, Penyénuxa Cpncka, buX
Caxeraxk

[Muss  nBOTONMIIEET HCTPAKUBaKa OHO je na ce yTBpau Opoj
NPOAYKTHBHUX H3JaHaKa MO OWJbLM PA3IMYUTUX COPTH O3UME IIICHUIE Yy
yCIIOBHMA Pa3IMuUTE TYCTHHE CjeTBE y arpOoeKOJIOMKUM ycinoBuma bame Jlyke.
Copre mmenutie NS 40S, nmpuma 1 HOBa OocaHka cy Owie 3acHjaHe y ocaM
pazmuuuTUX TycTHHA cjeTBe: 384, 424, 451, 504, 544, 584, 588 u 604 3pHa mo
m?. EXCIIepHMEHT je TOCTaB/beH Ha OTBOPEHOM IIOJbY, IJje je CBaka copTa
NIIEHHUIIE 3acHjaHa y pas3IMuUTO] T'YCTHHHU CjeTBE y YETHPH IIOHABJbamba.
Cratuctuka oOpajga mojaTaka je W3BpIIeHa KopulnhemeMm (akTopujamHe
aHanM3e BapujaHce 2%8X3, HOK je 3Ha4ajHOCT pasznuka u3Mely TpeTrmaHa
tectupana LSD tecrom. Hajsehu npocjeunn Opoj MpoayKTUBHUX M3JaHAKA 110
owbin umana je copra mmenuiie NS 40S (2,29). Hajsehu npocjeunn 6poj
NPOAYKTHBHUX H3/laHaKa MO OMJBIIM OCTBApEH je MpH T'yCTUHH cjeTBe ox 384
3pHA 10 M, 2 HAjMamHU KOJI I'yCTHHE cjeTBe o 588 3pHa mo m2,

Kmwyune pujeyu: mmennma, 60kopeme, TyCTHHA CjeTBE, TPOYKTUBHOCT
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