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Abstract

Under the intention to obtain knowledge about the effect of organo-mineral fertilizers and
different tillage methods on the yield and yield components within the rationalization of cultivation
technologies of winter barley we established a field polyfactorial trial in war corn production area of
Slovakia in years 2007-2010. The negative effect of less favourable year was at the selected yield
components partially eliminated by fertilization, tillage and variety. The use of organo-mineral
fertilizers positively effected the formation of number of plants and spikes, number of grains per spike
and yield. The yield increased significantly in comparison with control variant (by 1.11 to 1.23 tha”).
The yields on the fertilized variants were balanced. We achieved a significantly higher number of
plants (by 12.16 grains.m) and spikes (by 31.56 grains.m) at minimized tillage in comparison with
conventional method. There was no significant difference among tillage methods for grain yields. The
three year average showed that Graciosa reached a higher grain yield by 0.68 t.ha” compared to
Malwinta.
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INTRODUCTION

The global climatic changes causing rapid fluctuations of weather
are forcing us to monitor their impact on the crop production also. The
impact of weather conditions on the growth and plant development is
obvious, but less on nutrition and nutrient uptake through intensity of
photosynthesis. The study of plant productivity in based on a conception,
that production is a result of dynamic structure formation and optimal
course of physiological processes. A basic physiological process, on which
the phytomass production depends, is photosynthesis, respiration and
growth (Kostrej, 1992). Growth and development is influenced along the
right agrotechnics (soil condition, nutrition, variety selection and seed
quality) mostly by temperature and precipitation, and not only during
germination, but also through the entire growing season (Prasilova, 2001)
and significantly affects the formation of yield components. For the most
three important yield components Biberdzi¢ et al. (2010) indicate the
number of plants, number of grains per spike and thousand grain weight.
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According to Molnarova and Kufelj (2000) the new biological material of
winter barley forms yield through offshoot ears. The number of spikes is
affected by moisture and nutrition level at the beginning of stem elongation,
which determinates the intensity offshoot reduction and the rate of further
evolving stems. This moisture certainty is often higher in conditions of
maritime climate (Fazekasova, 2003), therefore we must place a greater
emphasis to ensure a sufficient number of spikes and grains per area unit in
conditions of continental climate (Macék et al., 2009).

Molnarova (1995) states, that the main tool of self-regulation of
canopy density is the shooting, by which the consequences of adverse
weather conditions are eliminated, but also the mistakes in agrotechnics. In
addition to its self-regulation ability many external factors affect, whose are
able to reduce some of the yield components, what can be ultimately
reflected in the amount of grain yield (Zembery. 1997). Molndrovd and
Kufelj (2000) on the model characteristic of structural component of
production and accumulation potential of winter barley for 8 t.ha” grain
yield achieved states number of plats per m? 250-254, number of productive
offshoots per m? 471-492, number of spikes per m?*734-747, number of
grains per spike 21.05-21-70, grain weight per spike 0.97-1.09 g. The
adverse effects of weather conditions can be partially eliminated by some
actions of agrotechnics, such as nutrition and fertilization, tillage, variety
selection and others. Optimal nutrition is a base for good growth and
development of plants, its good health and sufficiently high final product.
Unbalanced and insufficient nutrition has a result of adverse plant
metabolism, which negatively effects the formation of yield components,
amount of grain yield and yield quality. Different strategies of fertilization
are based on the differences in nutrient requirements, which concludes form
the modified yield potential of the varieties (Pan and Hopkins,
1991).Nitrogen is the nutrient, what barley takes up the most, then
potassium and phosphorus (Kovacik, 2010). All measures at the canopy
establishment should be aimed primarily at water management. Besides the
conventional tillage system (with ploughing) we can use minimized
technologies as well (Mi¥a, 2001; Kovaé and Zak, 2000).

The aim of the article is to evaluate the basic indicators of
accumulation potential and grain yield of two winter barley varieties
depending on year, two tillage methods and different fertilization treatments
and relationship among grain yield and indicators of accumulation potential.

MATERIAL AND METHODS

The polyfactorial field trials were established on the experimental
base of the Faculty of Agrobiology and Food Resources SAU in Nitra in
years 2008, 2009 and 2010. Experimental base is classified and
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characterized according to Spanik, Repa and Sigka (2002) as a macroregion
- warm, region - mostly warm and subregion - very dry. The average total
annual rainfall is 561 mm, for vegetation period 333 mm. The average
annual temperature is 9.7 °C. Trials were conducted on orthic luvisoils. The
soils phosphorus content was 48 - 64 mg.kg"' and potassium content was
206-345 mg kg, with active pH 5.9 - 6.5 (Tobidsovéd, Simansky, 2009).
The trials were established by split plot method in three repetitions. After
white mustard as a preceding crop, we monitored two winter barley
varieties: Graciosa, Malwinta; four variants of nutrition and fertilization: a =
unfertilized control, b =Condit mineral at the doses of 1 t.ha’ (organo -
mineral fertilizer), c = 60 kg N as saltpeter nitrate with limestone + leaf
fertilizer (Hakofyt extra)+ P (22,7 kg), K (36 kg), d = 60 kg N as NH4NO3 +
leaf fertilizer (Hakofyt extra) + P (22,7 kg) and K (36 kg); two soil
cultivation methods: conventional tillage (ploughing to the depth of 0.20
meters) and minimized tillage (disk harrowing to the depth from 0.10 to
0.12 meters). Soil samples were taken to determine the Nan, P and K
content before fertilization. Doses of P and K of fertilizers were calculated
according to substitution system for yield level of 7.0 t ha™.

The trial was set in split plot method in three replications. The size
of each plot was 14 m*. After harvesting, grain yield was measured in each
plot, and standardized at moisture content of 14 %. To determine number of
plants per m?, numbers of spikes per m”, number of grain per spike, grain
weight per spike samples were taken at full maturity before harvest of two
lines of length 1 m. The obtained results were evaluated by analysis of
variance in Statistica 8, and the differences were compared with Tukey —
test.
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Fig. 1 Average monthly temperatures in seasons 2007/2008, 2008/2009 and 2009/2010 at
Dolna Malanta
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Fig. 2 Monthly amount precipitations in seasons 2007/2008, 2008/2009 and 2009/2010 at
Dolnd Malanta

RESULTS AND DISCUSSION

The results showed a significant effect of year, as a dominant source
of variability, on number of plants before the harvest, number of spikes per
area unit, grain weight per spike, thousand grain weight (TGW) and final
grain yield. Similar results were found in our trials from previous years with
spring barley (Liska, Zembery and Molndrova, 2003). Variety had a
significant effect on the grain yield, number of spikes per unit area, number
and weight of grain per spike. Tillage method had a significant effect on the
number of plants and spikes per unit area. Fertilization had a significant
effect on the grain yield, number of plants per unit area and number of
grains per spike (Table 1).

From the results achieved (Table 2) significant yield differences
between varieties are obvious in year 2007/2008. Graciosa variety achieved
higher yield by 2.8 t.ha” compared to Malwinta. The highest grain yield
during three monitored years was achieved in year 2009/2010 for both
varieties 10.75 t.ha™! for Graciosa, 1.05 tha! for Malwinta). In comparison
with year 2008/2009 they are significantly higher values for both varieties
by 3.34 and 3.19 tha, respectively. In comparison with year 2007/2008 a
significant difference was found only at Malwinta with yield difference of
3.26 tha'. The three year average shows, that significantly higher grain
yield was achieved with Grasiosa by 0.68 t.ha’ compared to Malwinta
(Table 3). According to Zembery (1995), Sachs et al. (1999) the selection of
variety for the given region is the most important step to successful
cultivation.
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Table 1

Analisys of variance for grain yield, number of plants per m?, number of spikes per m’,
number of grains per spike, grain weight per spike and TGW

D.f. | Grain yield | No. of plants | No. of spikes No. of gramns Grain w.elgh oW
per spike per spike g
Year (A) 2 ok ek sk NS ek ek
Variety (B) 1 Hk # NS ok wok NS
Tillage method (C) | 1 NS * * NS NS NS
Fertilization (D) 3 * * NS * NS NS
AxB 2 *ok sk £ ok % ok
BxC 1 NS NS NS NS NS NS
AxD 6 ok ok * ok * NS
B xD 3 NS NS NS NS NS NS
CxD 3 NS NS * NS NS NS

d.f — degree of freedom, NS-not significant, *-significant at level of a=0.05-0.01,
**- significant at level of 0<0.01

Table 2

The interaction effect of year and variety on grain yield, number of plants per m?, number
of spikes per m?, number of grains per spike, grain weight per spike and TGW

Year Variety Grain yjeld No. of , No. o .No. Qf ; Grain Yveij;ht TGW
(t.ha™) plants (m™~) | fspikes (m™) | grain (spike™) (g.spike™) (2)

2007/2008 Graciosa 10,59 b 163,17 be 492,33 ab 25,01 ¢ 1,15a 46,13 a
Malwinta 7,79 a 152,50 b 484,08 ab 2195a 1,28 b 59,10 cd

2008/2009 Graciosa 741a 175,67 cd 472,00 b 20,75 a 1,28 b 61,92d
Malwinta 7,86 a 201,88 a 545,58 ac 26,34 d 1,46 ¢ 55,35 bc

2009/2010 Graciosa 10,75b 190,00 ad 543,17 ac 23,29b 1,19 ab 51,42b
Malwinta 11,05b 206,75 a 584,67 ¢ 24,15 be 1,12a 46,29 a

Mean values followed by the same letter within columns do not differ significantly
Table 3

The effect of variety on on grain yield, number of plants per m?, number of spikes per m>,
number of grains per spike, grain weight per spike and TGW

Variety Grain ylield No. of , No. o No. of Grain weight | TGW
(tha™) plants (m?) | fspikes (m?®) | grain (spike”) | (g.spike™) (2)

Malwinta 8,90 a 176,28 a 516,33 a 23,01 a 1,21 a 53,16 a

Graciosa 9,58 b 187.04 b 524,28 a 24,14 b 1,28 b 53,58 a

Mean values followed by the same letter within columns do not differ significantly

The higher grain yield for Graciosa in comparison with Malwinta
was contributed by higher number of plants (by 10.67) and spikes (8.25) per
unit area and by higher number of grains per spike (by 3.06) in year
2007/2008. Greater number of plants and spikes, as well as greater number
of grains per spike was reached by Malwinta in following years, thus
achieved higher grain yield. Significant differences among varieties in
number of grains per spike was found in year 2007/2008, where Graciosa
reached 25.01 grains per spike and Malwinta 21.95 grains per spike, as well
as in year 2008/2009, where significantly higher values were found at
variety Malwinta (26.34 grains per spike) in comparison with Graciosa
(20.75 grains per spike). There was no significant difference found among
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varieties in year 2009/2010. There was a significant difference found also
among varieties for grain weight per spike in years 2007/2008 and
2008/2009. Higher values of grain weight per spike was found at variety
Malwinta in year 2007/2008 1.28 g.spike™, in year 2008/2009 1.46 g.spike’
! Significant difference among varieties was not found in year 2009/2010

(Table 2).
Table 4
The effect of tillage method on grain yield, number of plants per m*, number of spikes per
m’, number of grains per spike, grain weight per spike and TGW

Tillage method Grain ylield No. of . No. o .No. qf 1 Grain WeL]ght TGW
(t.ha™) plants (m™) | fspikes (m™) | grain (spike™) (g.spike’) (g)
Conventional 931 a 176,62 a 504,53 a 23,36 a 124 a 53,59 a
Minimized 9,17 a 186,69 b 536,08 b 23,80 a 1,26 a 53,15a

Mean values followed by the same letter within columns do not differ significantly

We found significant differences among tillage methods for number
of plants per unit area (conventional tillage (CT) - 174.06 plants.m'z,
minimized tillage (MT) - 186.22 plants.m’z) and for number of spikes per
unit area (CT - 174.06 plants.m’z, MT - 536.07 plants.m’z) in favour of MT.
There was no significant difference found among tillage methods for grain
yield in three years average. Our findings suggests, that MT, which has
lower energy and economic demands can be used within rational cultivation
technologies of winter barley, which is proposed by MiSa (2001), Kova¢ and

74k (2000) at winter wheat also (Table 4).
Table 5
The effect of tillage method on grain yield, number of plants per m?, number of spikes per
m’, number of grains per spike, grain weight per spike and TGW

Fertilization Yield No. of No. o No. of Grain weight | TGW
variants (tha') | plants (m?) | fspikes (m?) | grain (spike”) | (g.spike™) (2)

Control (a) 8,36 a 170,00 b 509,14 a 23,35a 1,23 a 53,17 a

Condit 1 tha (b) 947b 184,14 ab 508,75 a 24,63 b 1,28 a 52,62 a

SNL+Hakofyt extra (c) 9,59b 186,56 a 531,14 a 23,46 a 1,23 a 52,80 a

NHNO; +Hakofyt extra (d) | 9,55b 185,94 a 532,19 a 22.88 a 1,24 a 54,89 a

Mean values followed by the same letter within columns do not differ significantly

In terms of fertilization significant differences were found for grain
yield among fertilized treatments and unfertilized control. The yields on the
fertilized variants were almost stable with no significant difference (from
9.74 t0 9.59 t.ha™"). The values of grain yield significantly higher (from 1.11
to 1.23 tha') in comparison with control variant ( 8.36 t.ha'). The
monitored varieties responded positively on the different forms of
fertilizers. We found in our trials with spring barley, that Condit has a
favourable effect on the grain yield in humid years and significantly reduces
the yield in dry years (Kupecsek and Molnarovd, 2010). The values of
number of plants were lower on the control variant (170.00 plants.m’z) by
14.14 - 16.56 plants.m'2 compared to fertilized variants. The differences
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among the fertilized variants were minimal. Gouis et al. (1999) states, that
the number of spikes per m* was affected with fertilization the most, number
of spikes are increasing with increasing N rate. Condit had a positive effect
on the number of spikes, whereby the differences among the other variants
of fertilization were significant (1.17-1.75 grain.spike™). There were no
significant differences found among the fertilization variants for number of
spikes per unit area, grain weight per spike and TGW.

The importance of yield components in terms of yield are confirmed
by correlation relationships, according to which we found a significant
relationship among grain yield, number of plants (0.21%*), number of spike
(0.26**) and number of grains per spike (0.22**). Among grain yield, grain
weight per spike(-0,52***) and TGW (-0,61***) an indirect relationship
was proved (Table 6). As the relationship among yield component and grain
yield is closer, the greater attention should be given to its formation

respectively to its reduction during vegetation.
Table 6
Correlation coefficients among grain yield, number of plants per m’, number of spikes per
m’, number of grains per spike, grain weight per spike and TGW

No. of No. o No. of Grain weight TGW
plants (m?) | fspikes (m?) | grain (spike™) (g.spike™) (2)
Grain yield 0.21°%* 0.26%* 0.22%* -(,52%%* -0,61%%%
No. of plants (m?) 0,75%** 0,43%%* 0,15 -0,21%*
No. of spikes (m?) 0,37%** 0,04 -0,26%*
No. of grain (spike'l) 0,24%% -0,56%%:%
Grain weight (g.spike™) 0,66+

Represents significant level of *0.05-0.01, **0,01-0,001, ***<0,001
CONCLUSION

Significant relationship from the monitored indicators on
accumulation potential of grain was found among grain yield and number of
plant and spikes per m?, as well as number of grains per spike. The year
appeared as a dominant source of variability, which significantly affected
the number of plants and spikes per unit area, grain weight per spike and
grain yield also. Negative effect of less favourable year was at the
development of selected indicators of accumulation potential partially
eliminated by fertilization, tillage and variety. The elements of accumulation
potential and grain yield were positively influenced by application of
different forms of organo-mineral fertilizers (Condit and Hakofyt extra),
which was reflected mainly at the increase on number of plants and number
of grains per spike. The results confirmed the possibility of the use of
economically favourable MT for winter barley also, at which significantly
higher number of plants and spikes per unit area was found and thus in
comparison with the arduous CT there was similar grain yield achieved.
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The difference among the monitored varieties in three year average was
0.68 t.ha in favour of Malwinta.
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