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Effect of fertilization and conditions of year on ®me
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Abstract. Spring wheat and barley are the most cultivatethgmereals in Estonian farming.
Six-year (2003-2008) field trial was conducted la t06geva Plant Breeding Institute to
estimate the effect of fertilization and weathenditions of the tested years on characteristics
of spring wheat and barley. Four levels of fersition (NO — untreated controloRK, kg hat;

N1 — NsgP13Kos; N2 — NiggPooKsg; N3 — NiyoPa:1Kss) were applied using the complex fertilizer
Kemira Power (WP4K-). The weather data during the tested years wamiable. Year as factor
influenced the length of growing period of botheads the most (wheat 98.0%; barley 98.5%).
Wheat had longer growing period than barley (défere 11 days)Spring wheat was more
sensitive to environmental conditions; its yieldswaore affected by year (32.3%) than barley
(3.3%). Moreover, from variation of yield of barl®2.0% was explained by fertilization and
the same for wheat was 52.9%. The lodging resistasfcboth crops was influenced by
fertilization, year conditions and their interactigY x F). The year conditions and Y x F
interaction influenced 1000 kernel weight of bo#treals, but fertilization had only a marginal
effect on this parameter. The protein content dhlmwops depended on the fertilization and year
as factor. Wheat showed higher level of this chargstic in all the years and fertilizer doses.
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INTRODUCTION

Spring wheat and barley are the most cultivatedngpcereals in Estonian
farming. High grain yield and quality are importdior food and feed production,
where wheat is used for food and feed, barleydedfmostly.

The yield of wheat and barley is influenced by emwimental conditions during
vegetation period, particularly light interceptiaaiy and soil temperature, plant water
stress and the available nutrient absorption (Ar2082; McMaster & Wilhelm, 2003).
Furthermore, the crop management effects have bwastigated for purpose to
increase yield capacity and achieve better quafitypring cereals (Metho et al., 1997;
Peltonen-Sainio et al., 1997; Oscarsson et al.8;198rmuss & Vigovskis, 2008). In
recent years, there has been major interest foamsddng-term investigations about
the effect of climate changes on crop adaptatioth productivity (Marton, 2008;
Peltonen-Sainio et al., 2009).
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The aim of this work was to estimate the influenédertilization and weather
conditions of the years on some characteristicspahg wheat and barley during six-
year period.

MATERIALS AND METHODS

The trial was carried out at the Jogeva Plant Bngethstitute during the years
2003-2008. The soil of the experimental site Wadcaric (Eutric) Cambiso(FAO
classification), with pl 5.5, C organic content 1.8%, available P 200 my kg219
mg kg* and Ca 1669 mg Kg The field trial was established on ¢ plots in three
replications using a randomized block desibine plots were sown with two wheat and
barley varieties at density of 600 (wheat) and @20ley) germinating seeds pef n
early May. Four levels of fertilization (NO — unated control BWPK, kg ha'; N1 —
NgoP13Kos; N2 — NigoP2oK 30, N3 — NigoPs1Ks4) Were applied using the complex fertilizer
Kemira Power (NsP,K7) before sowing.

The length of growing period, grain yield, lodgiresistance, 1000 kernel weight
and protein content were measured as the chasditteriGrain yield (kg hg of dried
and cleaned seeds was weighted and expressed badiseof 14% moisture content.
Lodging resistance was evaluated in the field ustaje of 1-9 points, where 9 points
means no lodging. Grain protein content was detexthiby total nitrogen using the
Kjeldahl method (N x 6.25).

Data were analyzed by factorial analysis of vamamsing the Agrobase I
statistics software. The significance of the ddferes between the averageSh, p <
0.05), variation and coefficients were calculatdthe correlations between the
characteristics and fertilizers doses were found.

Field meteorological station Metos Compact recorthedveather data
during the six-year period. The weather data wareable (Table 1). In 2004
and 2005 the weather conditions were quite favderalo cultivating spring
cereals. The average air temperature during thetaggn period (May—
August) of 2004 was close to the long-term averbgethe sum of
precipitation somewhat higher.

Table 1.The average temperature and sum of precipitatiogrimving seasons 2003—
2008 and long-term average (1922—-2008) at J6geva.

Avg. air temperature °C Sum of precipitation mm

Year Month v Month v

May June July August August May June July August August
2003 11.3 13.0 195 15.0 14.7 100 59 53 187 399
2004 10.0 13.1 16.3 16.5 14.0 16 183 68 113 380
2005 10.6 140 178 16.0 14.6 80 51 60 116 307
2006 105 16.0 181 16.8 154 36 40 10 74 160
2007 11.7 157 16.8 17.6 155 61 43 85 64 253
2008 104 142 156 153 13.9 21 107 56 195 379
Long-
term 10.3 145 16.7 153 14.2 55 75 88 95 313
average*

* — average of the years 1922—-2008
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Monthly period of early drought before heading waserved in 2006 and 2007.
The average temperature of these years was higdesuan of precipitation lower than
average. The grain harvest period was wet and raig903 and 2008. The average air
temperature in 2008 turned out to be somewhat Itrear long-term average.

RESULTS AND DISCUSSION

The presented factors (year conditions, fertilidese, their interaction) affected

the variation of characteristics of spring wheat barley (Table 2).

The length of growing period was influenced by year as factor the most (wheat
98.0%; barley 98.5%). The growing period was thertast for wheat in 2006 (99
days) and for barley in 2003 (85 days) (Fig. 1).

Table 2 The characteristics of wheat and barley at défierariation sources (%).

Source of Growing Grainyield Lodging 1000 kernel Protein
variation period resistance  weight content
Wheat

Year (Y) 98.0*** 32,3+ 20.5%*+* 79.5%** 47 2%
Fert.dose (F) 0.9%** 52.9%** 36.4%*+* 4.0*** 50.9%***
Y xF 0.9%** 12.4*** 34. 1%+ 14.5%** 7.3%*
Barley

Year (Y) 98.5%** 3.3%** 33.5%** 62.6%** 38.6%**
Fert.dose (F) 0.5%** 82.0%** 22 5+ 6.3*+* 51.0%**
Y xF 0.6%** 12.6%** 40.5%** 26.9*+* 8.8%**

*** gignificant atp < 0.001
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Figure 1. The length of growing period at different feréliz doses in the tested years (2003
—LSDy05= 0.7; 2004 LSOy 5= 0.8; 2005 +SDyps= 0.7; 2006 +SDy 5= 0.6; 2007 —
LSDyps= 0.7; 2008 LSOy 0= 0.9; averagel-SDy os= 0.7).
Dominated high air temperature shortened the leafygrowing period of these years.
Furthermore, on the contrary, the cool and wet haratonditions in 2008 prolonged
the length of growing period of both cereals — wHda and barley 108 days.

In average of the years the growing period of wheas 11 days longer than
barley. This is in accordance with the results dfit¢/(1995) concluding that barley
has shorter life cycle than wheat.

The influence of fertilization to the length of gnmg period of both cereals was
low. In six-years average, higher fertilizer doBE) prolonged the growing period of
wheat for two days and barley one day.

Grain yield. Results revealed, that grain yield of barley hyglellated with fertilization
(82.0%), while fertilization (52.9%), year (32.3%nd Y x F interaction (12.4%)
influenced wheat yield. Furthermore, in averagsiof/ear period, the variation of barley
yield was affected by year conditions only by 3.3#6 Y x F interaction was 12.6%.
Somewhat different results were reported by Osoarsst al. (1998), where there was
indicated the major importance of Y x F interactfonyield of barley. Better tillering
capacity made barley less sensitive to growing itimms in different years.

The grain yield of wheat varied in average of wdstears between 3,020—4,930
kg ha' (CV 18.7%) and barley 3,570-4,160 kg'H&V 6.5%) (Fig. 2). Barley showed
higher yield stability than wheat. For both spraegeals the year 2005 was the best for
high yield formation, but unfavourable in 2003 waneat and 2003, 2006 for barley.

7000

Grain yield, kg ha*

ONO ON1 m N2 @ N3 o Avgl

Avgl — average of fertilizer doses

Figure 2. The grain yield at different fertilizer doses hettested years (200BSD os=

331; 2004 LSOy p5= 504; 2005 £SOy p5= 394; 2006 £SOy p5= 357; 2007 £SOy os= 380; 2008 —
LSDy os= 264; averageESDy gs= 268).

In 2006, the drought caused stress-situation imtglaStress can reduce the
duration of photosynthetic area, which limits yiadfl biomass (Araus, 2002). The
contribution of assimilates to final grain yieldpdmds on environmental conditions
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during grain-filling period (Simmons, 1987; Morat al., 2002; Zahedi & Jenner,
2003), but the weather conditions in 2003 wereimfdvour of high yield productivity.
Warm and humid weather conditions during grain &sting caused the sprouting of
kernels in 2003. Lodging contributed the pre-harvesrouting of cereals under
favourable weather conditions (Detje, 2008).

In average the both crops reacted positively tdritbeease of N dose. The lowest
yield of the both cereals was obtained in NO dos® the highest in N3. The biggest
difference appeared in NO dose. In three out ofysiars (2004, 2005, 2006), barley
was less vyielding than wheat. Barley had diffi@gtin booting stage. The ears were
kept in sheath of flag leaf and the length of eanained shorter, which decreased seed
formation. The differences between grain yield$hef crops were small in the rest of
the N doses. In average of years, the both crogssigmificant differencegp < 0.05)
between the yields obtained by different fertilideses.

Lodging resistance. Our results showed, that the fertilizer dose (89.4Y x F
interaction (34.1%) and year conditions (20.5%)datned the variation of lodging
resistance of wheat. The lodging resistance ofeasas more influenced by Y x F
interaction (40.5%), year conditions (33.5%) andilfeation (22.5%). In three years
(2003, 2005, 2008) out of six, there were significdifferences in lodging resistance
between two cereals. Wheat had 8.5 points andyb@rCepoints in 2005LSD o= 0.3).
Nevertheless this, there was heavy lodging of paoleserved in fertilizer dose N3
(2003 3.0 and 2008 2.5 points). Wheat experienobdrmoderate lodging during these
years. In average of fertilizer doses wheat had&)03), 8.5 (2008) points and barley
6.6 (2003, 2008) points (200BSD ¢s= 0.7; 2008 £SOy os= 1.3), accordingly. Our results
confirmed that wheat was more resistant to loddiraag barley (Berry et al., 2006). In
the years of drought (2006, 2007) no lodging ocirr

1000 kernel weight.Six-year data revealed, that the variation of 1k&®el weight of
wheat and barley was mostly influenced by year adof (wheat 79.5%, barley
62.6%). The impact of Y x F was 14.5% for wheat 26®% for barleyThe influence
of fertilization turned out to be lower. Our resuétgree with those of Oscarsson et al.
(1998), where environmental factor was of specrgartance for 1000 kernel weight
and fertilization had only a marginal effect onstlparameter. As shown in Fig. 3,
generally, there were significant differences<(0.05 in average 1000 kernel weight
of barley between the tested years. Wheat reaciffdremtly — there were no
significant differences between the averages o01k¥rnel weight of wheat in two
years (2005 and 2008). The smallest kernels degdlap 2004 (for wheat 28.3 g; for
barley 38.4 g) and the biggest in 2007 (for wheaD4g; for barley 48.2 g). The
differences between these years in 1000 kernelhweigre 11.7 g for wheat and 9.8 g
for barley. Over the years in average of fertilideses, 1000 kernel weight of barley
had somewhat higher stabilitZ¥ 9.1%) than whealQV 12.7%). 1000 kernel weight
of barley (42.4 g) was significantly higher thaneah (33.7 g) in average of the years
(LSDyos= 1.3). At higher fertilizer doses (N2 and N3), $israkernels of the both crops
were produced. Metho et al. (1997) obtained sintitarclusions.

Protein content. The main significant impact on protein contenboth crops
had fertilization (wheat 50.9%, barley 51.0%) folled by year effect (wheat
41.2%, barley 38.6%). Metho et al. (1997), Oscarsgal. (1998) and Assveen
(2009) found similar result®rotein content was higher at higher fertilizer
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doses (Fig. 4). All the differences between theedasgere significanta(< 0.05).
In average of six-years, the wheat kernels contiacomsiderably more protein
(13.2%) than barley (11.7%), difference was 1.5%0% os= 0.5). The same
results were found in publications of Orth & Sheberger (1988) and Kangor
et al. (2007). The highest average protein corftented in 2003 (wheat 15.4%
and barley 13.5%) and the lowest in 2005 (wheat%Qand barley 10.0%).
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Figure 3.1000 kernel weight at different fertilizer doseghe tested years (2003—
LSD)'05: 1.2; 2004 ‘LSD)’05: 1.7; 2005 4:SD)'05: 1.1; 2006 4:SD)’05= 1.4; 2007 ‘LSD)’05: 16;
2008 LSDy p5= 2.1; Average £SOy o5 = 1.3.
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Figure 4. Protein content at different fertilizer doseshe tested years (200BSDy os=

0.5; 2004 +SDy gs= 0.3; 2005 £ SDy p5= 0.3; 2006 £ SDy 5= 1.0; 2007 £SOy o5= 0.6; 2008 —
LSDy 05= 0.6; Average £SDy os= 0.5).
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The maximum differences between the years were 4(\¥eat) and 3.5%
(barley). The protein contents of wheat and baviaged quite similarly between the
years CV 11.6% for wheat an@V 10.1% for barley).

CONCLUSIONS

The six-year results (2003—-2008) indicate thatitiflelence of fertilization and
year on characteristics of spring wheat and baxlere variable. The impact of year as
factor was the biggest to the variation of lengthgoowing period. Wheat had
considerably longer growing period than barley. @esults indicated that by using
higher fertilizer dose (N3) the growing period dfieat prolonged somewhat more.

We found that the yield of wheat was affected sadislly more by year
conditions than barley. Yield of barley dependederan fertilization.

The variation of lodging was influenced by fertition, year conditionand their
interaction. Wheat had better lodging resistancmn tbarley, especially at higher
fertilizer doses.

The impact of fertilization to 1000 kernel weightsvlower compared to year
conditions and Y x F interaction. Furthermore, &arhad higher 1000 kernel weight
than spring wheat.

The main significant impact on protein content othbcrops had fertilization
followed by year effect. Protein content was higaeihigher fertilizer doses. Spring
wheat had higher protein content than barley.
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