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1. INTRODUCTION

Wheat is the cereal that has the largest produetiea. Wheat is produced on almost
one third of the acreage of cereals. In these dalysat, as the most important bread crop, is
grown on nearly 217 million hectares. In 2011, éin(li3%), China (11%), Russia (11%), the
USA (8%), Australia (6%) and Kazakhstan (6%) praglmost of wheat yield. Hungary, in
2011, had the 30th largest acreage of wheat amoungtres. Countries of the European
Union have 12% of the production area of wheatmfrehich France, Germany, Poland,
Romania and the UK have the largest acreage. leupeetof the role of wheat in feeding is
clearly shown by the fact that while in the last fdecades its production area was fluctuating
only in a lower extent, in the last 50 years duethte continuously developing genetic
improvements, agricultural technologies and intemsproduction systems, average vyield
increased by threefold (from 1 t*h&o 3 t hd) in the world, production changed from 200
million tonnes to nearly 700 million tonnes, thaisfying the increasing population of the
world. In our days, in Hungary, production of wheates an average yield of 3-5 thand a
yield of 3-6 million tonnes. Cereals prevail in tbep structure of our country, acreage of
wheat is already beyond the maximum potential inoptimal crop structure, and thus, its
production area cannot be extended further. Comselyy in our country, a proper amount of
wheat and even more its crop of an excellent quahbuld be produced. Climate of Hungary
and characteristics of its relief is very favousldr wheat production. Here, winter wheat is
produced on one fourth of the 4.5 million hectaeble land. As wheat can adapt well to the
environment, winter wheat is produced on the wheleitory of the country. Due to the
guantity and distribution of precipitation, and gasoil conditions, production results in good
yields with excellent quality of crop. To developronvheat production, for the future, as a
basic condition, its yield has to be increased Jevjield stability and crop quality have to be
improved. The quality of wheat is determined togethy a number of ecological, biological
and agricultural factors, thus determination of ijitg and models of quality requires a
complex research, where the effect and also tleefarence of those factors can be analysed.
New varieties of wheat got into production showngigant differences not only in yield,
yield stability and agronomic characteristics bisban wheat dough performance and bread
quality. For quality wheat production it is essahtd choose the right varieties. At the same
time, it is also important, how stable those gexadlyy determined characteristics are and how
they can be realized in practice, in different egatal and agricultural conditions.



2. RESEARCH OBJECTIVES

In our research we examined nutrient uptake artdiZer response of wheat varieties of
different genotypes with different dosage of fezéts. In the analyzed crop years we were
searching for answers to how different climate armp year conditions effect crop quality
and yield, and with the results, we aimed to creat®odel which helps us to be able to
forecast the expectable yield and crop quality trigefore harvesting. Among agricultural
factors, nutrition played the main role, and alacgmeterization of how certain physiological
plant parameters (SPAD, LAI, and LAD) affected gli@nd quality parameters. We analysed
the classical quality parameters of wheat (flowtg@n content, wet gluten content, wet gluten
extension, valorigraphic value, Hagberg'’s fallingnber), and that how they affect each other
with crop year conditions, agricultural and physgital properties.

3. MATERIALS AND METHODS
3.1.Experimental site, soil of the experimental area

The small-plot experiment took place on the Lat6Kemerimental Station of the
Institute of Crop Sciences, University of DebrecEne experimental station is located 15 km
from Debrecen to the west, along main road No.83pess soil in Hajdusag. Soil of the test
area is calcareous chernozem soil formed on loeisls,deep humus layer, and is in good
condition. Physically it is loam soil category, iasticity index according to Arany is 43, the
cultivated layer has nearly neutral pH (it variesveen pH 6.3 - 6.5 (KCI)). The thickness of
the humus layer in the soil of the test area iIB®@BO cm, the thickness of the layer in which
humus is spread evenly is of 40-50 cm, with an ayerof 2.8% of humus content. The lime
layer, which appears in the form of plaque on paitticles, occurs in depth of 75 cm. The
lime content in that layer is 10-13%. The soil lné¢ test area has a medium Nitrogen supply,
and its total nitrogen concentration is 0.12-0.1%%the upper soil layer of 0-50 cm.
Phosphorus supply of the soil is medium-high, thesaluble BOs concentration is 133 mg
kg’ of, the AL-soluble KO content shows a good supply (240 mg)kdhe soil of the area
is of category No. IV according to Varallyay’'s ddgation system, which is characterized
by moderate water absorbing capacity and good vgtweage capacity. Useable water is 50%
of water absorbing capacity. The water table dep8i5 m, it does not rise above 2 m even in

rainy crop years.

3.2. Experimental setup and the agrotechniques apglin the experiment
The long-term experiment was started in autumn9&3] and from 1984, after the first

year’s so-called blind test, it was continued asegular experiment. The small-plot field



experiment was set up in a split-spot design im feplications. The gross area of parcels was
18.0 nf. The forecrop in the experiment was sweet correach year, which is a good
forecrop of winter wheat. The applied fertilizer sv&emira Optima complex fertilizer
(10:15:18), that was spread on the area, thus, &0&e nitrogen and 100% of phosphorus
and potassium was distributed in the autumn. Ferwimter wheat stands, in the spring, as
head fertilizer, 50% of nitrogen was distributedti® form of ammonium nitrate (34% N).
Nutrient dosages had been modified since crop y&8e6-1997, previously distributed

fertilizer dosages had been halved, and varied uypwvadays as shown Trable 1.

Table 1. Fertilization treatments applied in the long-term eperiment

(Debrecen, chernozem soil)

N | P,0s | K,O
Treatment kg hat

Control 0 0 0
NctPK 30 225 26.5
Ngct+PK 60 45 53
NgctPK 90 67.5 79.5
N1o+PK 120 90 106
Nisc+PK 150 1125 132.5

3.2.1.Winter wheat varieties tested in the experiment
In the experiment five different genotypes of winteheat were examined: GK

Othalom, Lupus, Pannonikus, Mv Toldi, Genius.

3.2.2. Agrotechniques applied in the experiment

In the experiment, we tried to perform agrotechinagzerations in optimal times. Soil
tillage methods have been combined in a way thatntaiaed a favourable condition of the
soil, and which damaged the soil structure asdsgsossible. We tried to adjust the method of
preparation of the soil to moisture status offriigl & possible, to replace plowing with another
basic form of tillage. The autumn fertilizer waphed prior basic tillage, and the spring head
fertilizer was spread in early spring to ensurepprautilization. In the long-term experiment,
during plant protection treatments, for comparigmrposes, the same broad-spectrum
herbicides and fungicides were used each yeart pPtatection treatments were applied at the
beginning of the appearance of diseases, at thed}8l stage and during flowering. Pests did
not appear in the stands, therefore plants werdraated against them. Crop in the stands
were harvested in full maturity, in order to avady loss of quality. In the long-term
experiment, uniform previous cropping, optimizedtigation and agricultural techniques

were used. In order to have the differences betweaotypes and nutrition treatments as the



main factors to be analyzed, we tried to performodgchnical operations in coordinated and

at appropriate points of time.

3.3. Evaluation of the weather of the tested craays

Due to the dry weather of the first half of Octoliercrop years 2009/2010, wheat
sprouted very slowly, its shooting remained hetenegus Table 2.). From mid-October
precipitation was above average, and temperatues® \fiavorable for development and
firming of the wheat stands. This favorable weatlkentinued also in November and
December. In January and February, the amount etiptation exceeded and average
temperature was milder than the average of mangsy@aecipitation was less only in March.
During the months in the spring and the summerctmsiderable amount of precipitation had
a negative effect for the generative processesmkewwheat, and it caused significant extent
of lodging and yield loss. 229.6 mm more rain ten the average of many years (400.9
mm), and the average temperature of the growingoseaas 1.5 °C higher than the average

of many years (6.9 °C).

Table 2. Main meteorological data of the tested crop years
(Debrecen, 2010-2012)

Total/

Oct. Nov. Dec. Jan. Feb.| Marc| Apr. May | Jun. Average

Precipitation (mm) 2009/2010 79.3 78.3 54.9 48.8 58.6 14.4 83.9 111.4 | 100.9 630.5

30 year's average 30.8 45.2 43.5 37.0 30.2 33.5 42.4 58.8 79.5 400.9
Difference +48.5 | +33.1 | +114 | +11.8 | +284 | -19.1 +41.5 | +52.6 | +214 | +229.6
Precipitation (mm) 2010/2011 || 22.8 529 | 1042 19.2 16.8 35.1 15|6 52.3 22.0 340.9
30 year's average 30.8 452 | 435 37.00 30.7 33p 42/4 58.8 79.5 400.9
Difference -80 | +7.7 | +60.7 | -178 | -134 | +16 | -268 | -6.5 | -57.5 -60.0
Precipitation (mm) 2011/2012 || 18.1 0.0 711 28.0 17.8 14 207 7119 91.7 320.7
30 year’s average 30.8 452 | 435 37.00 30.7 33p 42/4 58.8 79.5 400.9
Difference -127 | -452 | +276 | -9.0 | -124 | -321 | -21.7 | +13.1 | +122 | -80.2
Temperature (°C) 2009/2010 11.4 7.6 23 -1.1 0.5 7.6 11.6 16.6 19.7 8.47
30 year's average 10.3 4.5 -0.2 -2.6 0.2 5.0 10.7 15.8 18.8 6.94
Difference +1.1 +3.1 +25 | 415 | 403 | +26 | +09 | +0.8 | +09 +1.5
Temperature (°C) 2010/2011 6.9 7.7 -1.7 -1.2 -25 5.0 12.2 16.4 20(5 7.08
30 year's average 10.3 4.5 -0.2 -2.6 0.2 5.0 10.y 15,8 188 6.94
Difference -34 | +32 | -15 | +14 | -27 0.0 +15 | +06 | +17 +0.1
Temperature (°C) 2011/2012 8.6 0.6 15 -0.6 -5.7 6.3 11.7 164 209 6.4
30 year's average 10.3 4.5 -0.2 -2.6 0.2 5.0 10.y 15,8 188 6.9
Difference -1.7 -39 | +1.7 | +20 | -59 | +1.3 | +10 | +06 | +21 -0.3

In crop year 2010/2011, due to the colder weath&dtober, shooting of winter wheat
stands was drawling, but the warmer weather in Ndar had a positive impact on the
development of the stand. The snow provided enqargkection against winter frosts for
wheat stands. The favorable warm spring weather gusitive impact on the stands, and

accelerated their growth. The low rainfall in Jum&d an adverse effect on grain filling



processes. In early July, rainy and cool weathgrelethe translocation processes, but had
delayed the harvest. 60 mm less rain fell tharatrerage of many years (400.9 mm), and the
temperature of the growing season was 0.1 °C hitjfaer the average of many years (629.

Crop year 2011/2012 was extreme for winter wheatpction. Due to dry months of
October and November in 2011, shooting and ind&telopment became drawling. In the
wetter winter months, winter wheat varieties welpéedo gain strength, but the subsequent
dry and warmer than average spring had a negatipgadt on vegetative development of
wheat. In early summer, May and June, the rairdall favorable temperatures positively
affected the grain filling processes. 80.2 mm lIess fell than the average of many years
(400.9 mm), and average temperature of the growmmson was 0.3 °C lower than the
average of many years (6.9 ° C).

3.4. The method of the measurements and the evabmabdf the results
3.4.1. The physiological measurements conductethie long-term experiment

In crop years 2011 and 2012, we performed physicdbgneasurements in the winter
wheat stands. With physiological measurementstivelahlorophyll concentration, leaf area
index and leaf area duration were investigated. fidlative chlorophyll concentration of
wheat leaf was measured with Konica-Minolta SPALR B0us portable chlorophyll meter,
and the leaf area index (LAl) was measured withS8am Canopy Analysis Systems (SS1)
portable leaf area meter. The measurements wenedaut in the untreated control plots and
at Nsg+PK and NogtPK nutrient levels. They were performed during ¢fnewing season in

different phenological stages, the dates of whiehshown inTable 3.

Table 3. The date of physiological measurements conductethia long-term experiment
(Debrecen, 2011-2012)

Tillering - 2012.03.29. BBCH 22
Shoot formation 2011.04.18. 2012.04.19. BBCH 29
2-3 nodal stage 2011.05.03. 2012.05.09. BBCH 32

Flowering 2011.05.23. 2012.05.23. BBCH 65

Milky maturation 2011.06.14. 2012.06.08. BBCH 73
Wax-ripening 2011.06.20. 2012.06.19. BBCH 80

The SPAD value of early phenological stages wassored on the youngest fully
developed leaves, and then on the flag leaf. Takedeea durationdLAD ;) was calculated

from the LAI values, based on the data gained feanng to wax-ripening.



3.4.2. Quality measurements

The quality parameters were measured in the atecedientral Laboratory of the
University of Debrecen CAAES FAFSEM. The tests wessried out according to the
following standards: the wet gluten content MSz IS&81:1993, the wet gluten extension
was tested according to MSz ISO 6369-5:1987, therigaaphic value was tested according
to MSz 1SO 5530-3:1995, the Hagberg’s falling numb&ue was tested according to MSz
ISO 3093:1995, the flour protein content was testedording to ICC 159:1995 standard.
Quality parameters of winter wheat were testechatdontrol, at by+PK and at Npg+PK

nutrient levels.

3.4.3. Evaluation methods of the experimental retsul

The experimental data were evaluated by progranihesosoft Excel 2010, andSPSS
17.0 for Windows. Results were analyzed by two-way analysis ofarare@ based on the
method of Svab (1981). Relationships between diséetl parameters were analyzed with
Pearson's correlation analysis, regression analgsd Kang's stability analysis. Impact of
genotype, nutrient management and crop year om,ywmlorigraphic value, wet gluten

content and flour protein content was determineg@adayitioning variance components.

4. RESULTS, MAIN STATEMENTS OF DISSERTATION
4.1.The effect of the crop year, the fertilization amggnotype on thehysiological properties
of the winter wheat

We investigated the relative chlorophyll contenPA® value), leaf area index and
duration of different phenophases in crop year 22001 and 2011/2012. We tried to find an
answer to how the examined physiological properiesrelate to genotype, nutrient
management, and the crop year.

In 2011, from shoot formation (BBCH 29) to floweginBBCH 65) the relative
chlorophyll content values increased in every vgrig-igure 1.). The effect of nutrient
treatments and nutritional response of varieti@svstthat during shoot formation (BBCH 29)
compared to values of the control treatment, tHaegof chlorophyll content of all the five
tested varieties were significantly higher at thesNPK nutrient level. On this same nutrient
level, the maximum SPAD values could be measurathglulowering with variety GK
Othalom (BBCH 65) and at the 2-3 nodal stage withdther four varieties (BBCH 32). After
flowering, at the phenophases of grain filling,rthevas a decrease in SPAD values. In the
control treatment, variety Mv Toldi showed a 75%r@ase (10.4) in the chlorophyll content

at the beginning of wax-ripening (BBCH 80), whileNy,¢+PK nutrient level, during wax-



ripening (BBCH 80) it showed a 59% decrease (21A9)the beginning of we-ripening
(BBCH 80), incase of GK Othalom variety (5,5) 86%, and Lupusietarto (4,4) 90%
relative reduction in chlorophyll content was obveer in the control treatment. At;,¢+tPK
nutrient dose, at the beginning of the -ripening (BBCH 80) the rate of decrease ' GK
Othalom was (4,2) 91%, and with Lupus it was (8%%6. In contrast with this, Pannonik
and Genius varieties showed a significantly smalleecrease even during v-ripening. At
the beginning of waxipening (BBCH 80) variety Pannonikus showed a5) 48% decrease,
and variety Genius had a (19.7) 59% loss in it®rcghyll content. At I,¢+PK nutrition
level, the extent of the decrease during -ripening (BBCH 80) was (41.8) 26%, with varie
Pannonikus and it was (35.6) 41% with variety Gs.

In 2012, at the control andsgtPK nutrient levels, the varieties reached theikimam
chlorophyll content at the 2-nodal stac (Lupus 45.151.2, Pannonikus 4¢-53.3, Genius
53.5-58.6, Mv Toldi 44.%1.5), except variety GK Othalom, which reachedniteximum
SPAD values (48.33.3) during flowering. At l»¢+PK nutrition level, varieties GK Othalo
(58.2), Pannonikus (56.3) and Genius (62.2) shothedmaximum valueof chlorophyll
content at the beginning of the milky maturaticags
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Figure 1. Effect of the genotype and the fertilization on theelative
chlorophyll content of the winter wheat varietie:
(Debrecen, 2011-2012)



Variety Lupus showed the highest chlorophyll cohi@5.9) during flowering, while variet
Mv Toldi reached (52.9) at th2-3 nodal stageDecreasement in the SPAD values !
significantly higher in the control plots than iase of the nutrient treatments. The exter
the decrease during waipening (BBCH 80) was different with each variety. GK Otbail
lost 80%, Lupus lost 66% of its lorophyll content. In case of Mv Toldi, 50% decre
occurred in the SPAD values. At;»gtPK nutrient dose, in case of varieties Pannon
(20%) and Genius (21%) reduction in chlorophyll teorh was significantly lower in the gra
filling stages.

As thephenological stages were progressing and nutriesagbs were increased, in cas:

all the five varieties, the leaf area index waseasing until floweringFigure 2.).
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Figure 2. Effect of the genotype and the fertilization on thdeaf area index(m? m?)
of the winter wheat varieties
(Debrecen, 2011-2012)

Varieties produced leaf surfaces of different sizelsile GK Othalom (1.-3.9 nfm?) and
Genius (1.8-3.8 im™) reached lower maximum values of leaf area intleyus reached &
intermediate value (1.8-2 m“m?), Pannonikus (2.0-4.9 /m?) and Mv Toldi (2.0 to 4.i
m’m™?) showed larger leaf area maximum. As a result wifitional treatment at ;.¢+PK
nutrient dose, varieties showed the following iasein leaf area: GK Othalom 38%, Luj
57%, Pannonikus 63%, Mv Toldi 52%, and Genius 53%hk grain filling stages, leaf ar
of all the five winter wheat varieties decreasetie Treduction in the control plots w



significantly greater than with nutrient treatmextthe N,g+PK nutrient dose, except with
GK Othalom, which had a decrease of 32% in therobmteatment and a 41% decrease at
N120tPK nutrient level. Variety Lupus showed a decreas82% in the control treatment,
while showed only 14% decrease with nutrient trestinin case of variety Pannonikus the
decrease was 35% in the control treatment, whiteag 20% at maximum nutrient dose. In
case of variety Mv Toldi, the 45% decrease in thetol treatment reduced to 31% with
nutrient treatment. The nutrient treatment hagnbst considerable impact on variety Genius,
where the 39% reduction measured in the contraltrivent decreased to 18%. In 2012,
greater increase in the leaf area values was wiben May. Varieties reached their
maximum leaf area at the 2-3 nodal stage and ddiongering, which was due to the rainy
weather in May and June as well. After creatingrtteximum leaf area, it showed a slighter
decrease compared to the previous year, nutrieatnent only slightly reduced the extent of
the fall. In case of GK Othalom 25-22%, Lupus 32431Pannonikus 21%, Mv Toldi 30%
decrease was detected. The effect of nutritioredttnent was the most conspicuous on
variety Genius again. The 25% reduction observeithencontrol stand decreased by 19% in
the nutritional treatment.

Analyzes of leaf area duration (LAD) values revetilat the leaf area duration is
significantly affected by not only the genotype ahd nutrient supply, but also by the crop
year {Table 4.). In 2011, in case of winter wheat varieties tleaflarea duration was
significantly higher, while in the drier crop yea012, lower values were determined. The
drier crop year has a particularly adverse effectGiK Othalom and Lupus varieties, while

Pannonikus, Mv Toldi, and Genius varieties haddvé#taf area duration values in both years.

Table 4. Effect of genotype and fertilization on leaf arealuration
(m?* m? day) of winter wheat varieties
(Déebrecen, 2011-2012)

2011 201z
%) NgctPK | Nipc+PK %) NgotPK | Ny +PK
GK Othalom 42.2 65.€ 94.C 51.¢ 72.7 74.5
Lupus 46.5 77.¢ 110.2 55.€ 85.¢ 88.2
Pannonikus 49.¢ 90.1 128.: 64.2 | 106.% 107.2
Mv Toldi 43.4 83.¢ 120.S 72.5 93. 101.2
Genius 45.€ 71.1 103.2 63.€ 98.5 101.¢
LSDs0s Genotype 15.8 12.1
LSDS% Fertilization 19.0 14.5
LSDS% Interaction 42.5 32.5

Effect of the nutrient treatments on physiologigmbperties were analyzed using

Pearson's correlation analysigalfle 5.). Between nutrient supply and the SPAD values, it



was a strong positive significant relationship frehoot formation till flowering (BBCH 29-
65). In the phenophases of grain filling (BBCH 7B-&orrelation was only a moderately
strong significant (0.358-0.431). The leaf areaeaalues had significant strong correlation
(0.654-0.646) with nutrient supply from shoot fotroa till the 2-3 nodal stage (BBCH 29-
32), they were in strong correlation (0.734 to 0)74vith LAl values during flowering
(BBCH 65) and the stage of milky maturation.

Table 5. The result of the Pearson’s correlation analysis lieeen the fertilization and the
physiological properties of winter wheat
(Debrecen, 2011-2012)

SPAD LAI
BBCH 29 | BBCH 32 | BBCH 65 | BBCH 73 | BBCH 80 | BBCH 29| BBCH 32 | BBCH 65 | BBCH 73 | BBCH 80

Fertilization | 0.572** | 0.563** | 0.627* | 0.358** | 0.431** | 0.654** | 0.646** | 0.734** | 0.740** | 0.688** | 0.778**
** gignificant at P<0.01 level, * significant at P<0.05 level

LAD

LAI values measured during grain filling were imostg significant correlation (0.688-0,740)
with the nutrient management. The leaf area durahiad a strong correlation with the
nutrient supply (0.778).

4.2. The effect of the crop year, the fertilizati@md the genotype on the yield of the winter
wheat

During our research our aim was to investigateetifiect of genotype, nutrient supply
and crop year separately and together.

In crop years 2009/2010 the lowest yield was gaifreth varieties GK Othalom
(2896 kg ha) and Lupus (3110 kg H while with varieties Pannonikus (3850 kg*hand
Mv Toldi (3812 kg h&) good yield was measured. In the control treatmestety Genius
(4275 kg hd) had the maximum yield. Maximum vyields were reatdizat lower nutrient
levels. The optimal nutrient level in case of vae® GK Othalom (5175 kg Hj Lupus
(5675 kg h#) and Mv Toldi (5196 kg HY was Ng+PK. In case of Pannonikus
(5271 kg h&) and Genius (5986 kg Hadose of Ng+PK was the best in crop year 2010.

In crop year 2010/2011 in the control plots variégnius (4019 kg h3 had also good
results as well as variety Pannonikus (4719 kd).haupus (3102 kg h9, GK Othalom
(3019 kg hd) and Mv Toldi (3316 kg H3 had low average yield. The lowest maximum
yield (6150 kg hd) was obtained with variety Lupus atgdPK nutrient level. Variety GK
Othalom also had low yield maximum (6819 kg‘havariety Mv Toldi reached good yield
maximum (7620 kg hHY. The highest maximum yields were reached with n@aikus

10



(8224 kg hd) at NigtPK nutrient level, and with variety Genius (8468 ta) at optimal
nutrient level (NsgtPK).

In crop year 2011/2012, varieties Lupus (3132 kg feamd GK Othalom (3176 kg Hx
had the lowest control yield. Mv Toldi (3607 kghaand Genius (3610 kg Hahad nearly
the same average yield. The highest yield in thetrob plots was achieved by variety
Pannonikus (4210 kg Hx The lowest yield maximum was gained with GK (tina
(6175 kg hd). Lupus (6408 kg h§ and Mv Toldi (6868 kg hY reached a medium yield
maximum. The best yields also in this crop yearenamhieved by Pannonikus (7880 kg-ha
and the Genius (7127 kg Haat Niog+PK nutrient level.

Evaluating the three crop years togethieb(e 6.), in average of the varieties it can be
concluded that natural nutrient assimilation cagyaof the varieties was the best in 2011

(3635 kg hd), while the relatively lowest average vield (354g ha') was gained in the
control treatment in 2012.

Table 6. Effects of fertilization on the yield and the fertlizer utilization capacity
in the average of varieties
(Debrecen, 2010-2012)

Crop year Contr(_)ll I_\/Iaximum_l Yield incre_lment NPK dose_ of | Specific s_urplus
kg ha yield kg ha kg ha maximum yield | of max. yield kg
201( 3601 5461 185¢ N3gectPK 15.70
2011 3635 7455 3820 Noc.15c+PK 11.14
2012 3547 6960 3413 N1oc15c+PK 13.42
Average 3596 6625 3029 -- 13.42

The varieties reached the lowest maximum yield (5§ ha') in rainy year 2010,
while the best yield (7455 kg Hrcould be measured again in the average crop 3@Ht.
Yield increment of the varieties was the lowes2810 (1854 kg HY), it was moderate in
2012 (3413 kg h3, while in 2011 it was the highest (3820 kg'haThe optimal levels of
nutrient supply was low (].so+tPK) in 2010, then due to the extreme wet weatine2011,
they varied between dyli156tPK levels, while in 2012, this level was #lisotPK, probably
due to the lower fertilizer utilization caused bradight and disturbances in nutrient uptake
caused by water shortages. The yield incrementapplied 1 kg of NPK active ingredient
was the highest (15.70 kg) in 2010, it was mediti 14 kg) in 2011, and it was the lowest
(8.64 kg) in 2012.

Analyzing the nutritional response of varietiesthinee-year averagd-igure 3.) it can
be concluded that varieties can be classified inm groups. GK Othalom, Lupus and Mv

Toldi had a poor response to extreme and diffeceoyt years, they performed a poor natural
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nutrient utilization and weak capability of fertdir utilization. In contrast, varieties Gen
and Pannonikus had a good natural nutrient utibpatharacter and had good respons

fertilizers in each of the three years, in spitearfying crq year effects.

7400 Good natural nutrient utilization
and excellent fertilizer response
7200 - Bad natural nutrient utilization 1K Genius A

and excellent fertilizer response Pannonikus

Bad natural nutrient utilization
and weak fertilizer response
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I
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Yield in optimal NPK supply treatment (kg ha'!)

6400 - I
' fertilizer response
6200 ;
Lupus
L 2 "
6000 - GK Othalom
5800 T T T T
2000 2500 3000 3500 4000 4500
Yield in the control treatment (kg hal)
+ GK Othalom Lupus 4 Pannonikus =< Mv Toldi £ Genius

Figure 3. Types of nutrient response of the examined winter aeat genotypes
in the average of the thre¢crop years
(Déebrecen, 2010-2012)

Yield stability of the varieties waanalyzedwith Kang's stability analysi It can be
observed Figure 4.) that varietie: that can be considered as stable, i.e. GK Oth
(b =0.607), Lupus (b = 0.0197) and Mv Toldi (b £¥07), although which reached a lov

yield, they produced similar yields sometimes df#deven by extrerrecological condition

7500
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__ 6000
=
= 5500
£
= 5000
=
=
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4000
3500
3000
3000 3500 4000 4500 5000 5500 6000 6500 7000
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=——GK Othalom = Lupus = ceee Pannonikus = Myv Toldi = =Genius
y=0,607x + 1381,3 y=0,0197x +4933,5 y=1,3964x-2288,6 y=0,5997x + 1960,6 y = 0,7644x + 1451,9
Rz = (,9893 Rz = 0,0164 Rz = 0,9969 R2 = 0,9544 Rz = 0,9986

Figure 4. Yield stability of winter wheat varieties in the tested crop year:
(Debrecen 2010-2012)
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In contrast, variety Genius showed moderately stadsult (b = 0.7644variety Pannonikus
proved to be the least stable (b = 1.3964), froniclwiit can be concluded that in the I
favorable crop years it could only achieve only éowields, but in with this variety, in mo
favorable ecological conditions, higher yield iits could be obtained.

Based on the results of stability analysis of mumfritreatmentsFigure 5.), it can be
stated that stability of the control and o3p.6g+tPK nutrient treatment proved to be the b
but at these nutrient levels relatively lyields were obtained. Nutrient dosige+PK was less
stable (b = 0.9722), but varieties were able taeaehsignificantly higher yields with th

nutrient dose.
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v =0,0002x+ 3595,1 y=-0,104x+ 5681,9 y=0,4355x+ 3256,5 y=0,9722x+ 265,23 y = 1,2324x-1092,5 y = 1,5283x- 2779,8
R*= 2E-05 R?= 0,4327 R*=0,9791 R*= 0,9951 R*= 0,9959 R?= 0,9873

Figure5. Yield stability of winter wheat varieties in different nutrient treatments
(Déebrecen, 2010-2012)

The Nio.150tPK dosages showed a significantly lower stabiliield was varying
depending on these nutrient levels, but the highestimum yields were realized on the
levels. With analyzing the data of the three yéagetherit can be concluded that realizati
of the genetically determined maximum fertility thie investigated five wheat varieties v
strongly affected by the three different crop ye
Among the three crop years, effect of average gegp 2011 the most forable, drought and
warm crop year 2012, although to a lesser extanthbd negative impact on the yields
winter wheat, while the most intense and most a#varfluence the large amounts of rain
on the stands in 2010he ecological impacts affting the wheat crop can be mitigat
because winter wheat reacts positively to fertiBze¢hus, providing the appropriate nutriti
level, negative effects can be reduced to diffeeaténts. The extent to which we can red
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those negative ecological effects depends on raurtak response of varieties, and that to what

extent those ecological factors have influence aneties.

4.3. The effect of the crop year, the fertilizati@md genotype on the quality of the winter wheat

In our study, we wanted to find the answer to thadv intensely the environmental
factors influence the quality parameters and tHagther the negative effects can be reduced
or eliminated with nutrient supply adjusted to tt@p year.Evaluating the collectively
analyzed quality parameters it can be concludeidbidise of differences between winter wheat
varieties were characterized by the genotype. Tdmotype basically determined limits of
maximum quality and created the realized qualityhef variety with its capability to adapt to
agricultural techniques and environmental effects.

In crop year 2010 high valorigraphic values weréawied with the examined winter
wheat varieties. In the control treatment valondra values varied between 29.2
(Pannonikus) and 53.2 (Mv Toldi). As an effect afrient treatments, valorigraphic values of
the varieties increased significantly. At #PK nutrient level, values ranged between 56.8
(Pannonikus) and 71.8 (Mv Toldi). Based on its xiglaphic value (71.8), variety Mv Toldi
had an improved quality (A), and also the otherngxad varieties showed substantial
improvement in quality, with milling quality 8 In the control plots in 2011, valorigraphic
values varied between 48.3 (GK Othalom) and 60.8n{@). Milling quality of varieties
varied between B1-B The highest valorigraphic values were gained wéheties Mv Toldi
(66.2) and Lupus (67.1), at;+PK nutrient level. In crop year 2012, valorigrapkalues of
the control treatment ranged between 44.5 (Panoehi&nd 55.0 (Mv Toldi). Varieties had
B, milling quality or a quality close to that, excepriety Mv Toldi, which has milling
quality B;, even in the control treatment. In case of nutrése of NogtPK, valorigraphic
values varied between 69.7 (Lupus) and 54.4 (Pakasn The varieties achieved;B,
milling quality. Variety Lupus had the best valgaghic value (69.7), and similarly high
valorigraphic value was reached by varieties Ge(®3s9) and Mv Toldi (61.2), at nutrient
level of NiogtPK.

In 2010, flour protein content proved to be favdealin the average of the varieties,
values between 11.1% and 15.9% were obtained. dnctimtrol plots Mv Toldi (12.4%)
reached the highest protein content, varieties &akns and Genius reached a flour protein
content of 11.6%. The best results were achievatleatN ,¢+PK nutrient dose, by varieties
Mv Toldi (17.0%), Pannonikus (16.5%) and Genius§¥6). In 2011, flour protein content of

the varieties was below the maximum values expee@nin previous year, they varied
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between 12.0% to 13.8%. In the control treatmevits, Toldi (12.9%), Lupus (12.8%), and
Pannonikus (12.4%) had the highest flour proteinteat. At nutrient level of N¢+PK, Mv
Toldi (15.4%), Genius (14.1%), Pannonikus and Lu@@3s9%) varieties showed high protein
content. In 2012, values ranged from 11.6% to 1510%he average of the varieties. In the
control treatment, difference between the flout@rocontent of varieties was not significant,
we measured values between 12.3% (Mv Toldi) and%1(Pannonikus). At Ng¢tPK
nutrient dose, Mv Toldi (16.2%), Lupus (15.1%), @msn(14.8%), Pannonikus (14.7%), and
GK Othalom (14, 4%) varieties had high flour prateontent.

In crop year 2010, wet gluten content of winter athearieties was good, and in the
control plots the wet gluten content varied betwéér2% (GK Othalom) and 28.0% (Mv
Toldi). The average wet gluten content of varieth&s 24.1%. At nutrient level of pt+PK
values ranged between 31.9% (GK Othalom) and 4@@%Toldi). The highest wet gluten
contents were achieved by varieties Mv Toldi (28.0%0.0%), Genius (26.2% -39.7%) and
Pannonikus (26.2% -39.2%). In crop year 2011, wateg content in the untreated control
plots, was relatively higher than in the previouspcyear, the values were between 22.6%
(GK Othalom) and 30.0% (Mv Toldi). Variety Mv Toldiad the highest wet gluten content
(36.0%) even at nutrient level of;N+PK. Varieties Lupus (32.8%); Genius (32.5%) and
Pannonikus (32.2%) reached relatively high wet gglutontent. In the average of the
varieties, due to fertilizer treatments, wet glutemtent ranged from 27.2% to 32.0%. In crop
year 2012, in the control plots, the lowest wetghucontent was measured, the values ranged
from 18.5% (GK Othalom) to 25.0% (Mv Toldi). At;ps+PK nutrient dose, values varied
between 32.6% (GK Othalom) and 39.8% (Mv Toldi). tWtuten content of the tested
varieties ranged between an average of 20.6 aGda35.

In crop year 2010 wet gluten extension of the ¥esevaried in a wide range. In the
control treatment, variety Pannonikus (6.0 mm) tredhighest wet gluten extension. At the
N1s0+ PK nutrient dose the wet gluten extension of\vhdety GK Othalom was 4.0 mm,
while varieties Genius (5.9 mm), the Mv Toldi (5&m) and Lupus (5.4 mm) showed a
medium wet gluten extension. Varieties showed arage of 2.8 to 5.5 mm of wet gluten
extension, which indicated an improving or goodlimgl quality. In crop year 2011, wet
gluten extension ranged in a narrower intervaly tharied between 2.5 to 3.7 mm in the
average of varieties. Values gained from the comtiats ranged from 1.9 to 2.9 mm. This
value of the varieties was the highest omNPK nutrient level. Mv Toldi (4.5 mm),
Pannonikus (3.9 mm) and Genius (3.8 mm) had thiegsigvalues, but these also varied in an

optimal range. In 2012, values were significantdywér compared to the previous two crop
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years, in average of the varieties values rangaa ft.6 to 3.1 mm. In the control plots Mv
Toldi showed 2.5 mm of wet gluten extension, aneaf the other four varieties ranged
from 1.1 to 1.6 mm. At N¢+PK nutrient dose, difference between varieties wa$
significant, wet gluten extension ranged from .33 mm.

Falling numbers in crop year 2010, despite the thaat it was extremely humid, ranged
from 304.0 to 331.6 seconds in the average of #netes, which referred to an appropriate,
but slightly low enzyme activity. In this respedifferences between genotypes were
considerable, while nutrient treatments had sigaiftly not affected this quality parameter. In
crop year 2011, in the average of the varietidbnganumber ranged from 314.3 to 399.6 sec.
These values were similar to the ones we gained fte previous crop year. Varieties Mv
Toldi (357.5 to 370.0 sec) and the Genius (340.86t.3 sec) reached the highest falling
number, these varieties proved to be poorer in reesy In 2012, even despite the rainy
summer season, falling number values were highthénaverage of the varieties, falling
number ranged from 346.0 to 383.2 seconds.

Effect of the crop year has a strong influence lo rnaximum value developed by
genotype and fertilizer treatments. Crop year 2pfdved to be extremely humid, but the
large amount of rainfall helped nutrient utilizati@nd translocation processes, too. As a
result, although in the control treatment they kader values of quality parameters, but at
higher nutrient levels, varieties had more favagatpliality characteristics. Crop year 2011
was average from wheat production point of view, the dry period in late spring and early
summer was not conducive to generative processasityqcharacteristics were worse than it
was shown by the values gained in 2010. Althougir $©12 was drier crop year, rainfall in
May and June promoted grain filling processes,eti@s achieved a weaker quality than in
2010, but a stronger one than in 2011.

Relationship between nutrition treatment and thameéred quality indicators was

analyzed by Pearson’s correlation analySable 7.).

Table 7. The result of the Pearson’s correlation analysis li&een the fertilization and the quality
parameters of winter wheat
(Déebrecen, 2010-2012)

Valorigraphic Wet gluten Wet gluten H?gl?erg s Flou_r
values content (%) | extension (mm) ating protein
number (sec)| content (%)
Fertilization 0.639** 0.735** 0.465* 0.129 0.684**

** ggnificant at P<0.01 level, * significant at P<0.05 level
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Valorigraphic values were strongly affected by mutt supply, i.e. a close, significant
correlation (0.639) was found. The nutritional mgeraent significantly influenced the wet
gluten content, i.e. a strong positive significaotrelation (0.735) was found. The nutrient
supply modified the wet gluten extension, a modyagtrong significant (0.465) correlation
was found. The nutrient management had major impachodifying the level of protein

content, a strong positive correlation (0.684) detected.

4.4. Evaluation of the relationship between physiglcal properties and yield of different
winter wheat varieties

During our research, our aim was also to reveatekationship between physiological
properties, yields qualitative indicators.

Based on the analysis of relationships betweeniplogscal properties and yield it
can be concluded in the average of the two cropsy&ad the varieties-(gure 6.), that there
was a strong significant correlation (0.678 to 0)ybetween yield and chlorophyll content,
and it is at around the same level in each of the phenophases from shoot formation
(BBCH 29) to the beginning of wax-ripening (BBCH)8Correlation between yield and leaf
area index values was strong significant. It wasi@darly strong during flowering (0.768 to
0.715) and grain filling stages (BBCH65-80). Acdaglto the strength of the correlation, for
higher yields it is important to produce a gred¢af area and also to keep it in the ripening
phenophases. Based on the regression analysas) becstated that showed that determination
coefficients of estimators revealed medium coriefst Moderately strong correlation
(r*=0.329 to 0.460) between the SPAD value and yield measured from shoot formation to
flowering and also during grain filling stages. @dation was moderate between the leaf area
index values and yield during shoot formation ahtha 2-3 nodal stage (BBCH 29-32), and
it was strong from flowering to grain filling phaséBCH 65-80) ¢ = 0.524-0.589).
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Figure 6. Correlation and equation between yield, SPAD valueand leaf area index as ai

average of winter wheat varieties
(Déebrecen, 2011-2012)

A very strong and significant relationship was fdumetween the leaf area durat
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and the yieldresults in case of all the five varieties in botbpcyears Table 8.). The data
gained from the experiment also corroborated tret faat for higher yields, loi-term

preservation of appropriate leaf surface is reiafigortant, as well as the adequate produc



of the organic substances that plays role in thendtion of crop and are necessary for grain

filling, in generative development.

Table 8. Correlation and equation between the yield and
leaf area duration (m?m?day)
(Débrecen, 2011-2012)

Crop year Variety r r? Equation

GK Othalom | 0.876 [ 0.767| y=57.270x+1232.568
Lupus 0.920" | 0.847| y=38.133x+1644.637
2011 Pannonikus | 0.838 | 0.703| y=34.841x+3556.651
Mv Toldi 0.909" | 0.826| y=43.280x+1887.260
Genius 0.877" | 0.769| y=56.676x+2002.432
GK Othalom | 0.848 | 0.719] y=-86.152x+925.532
Lupus 0.872° | 0.761| y=67.247x-251.922
2012 Pannonikus | 0.793 | 0.628| y=56.338x+1027.289
Mv Toldi 0.775 | 0.601| y=64.181x-281.353

Genius 0.837 [ 0.701] y=66.919x-96.788
** dignificant at P<0.01 level, * significant at P<0.05 level

Our results suggest that the genotype and theemtisupply had significant influence
on values of the studied physiological propertigsile crop year considerably modified the
analyzed parameters. The test results have shatihiéa chlorophyll content and the volume
of leaf area can directly influence, alter yieldhoBe varieties are capable of forming higher
leaf area and have higher chlorophyll content,maaduce higher yield, even in different crop
years. The varieties that showed a lower chlordpbyhtent decrease in the grain filling
phenophases, and had a larger leaf surface areteaindrea duration, in the grain filling
stages from flowering had a significantly higheftocbphyll content, as well as leaf area and
leaf area duration, thus, produced higher yieldhlvath the control and at the higher nutrient
levels. Based on our results it can be concludatlti analyzing the chlorophyll content and
the leaf area values together (especially from diomg till the early stage of grain filling),

from tendency of the values we could be able tedast the expected yield.

4.5. Evaluation of the relationship between physiglcal properties and quality parameters
of different winter wheat varieties

Examining the correlations between the three qupbirametersind physiological properties

in the average of the two years and the variefiggufe 7.) it can be observed that between

the valorigraphic values and the SPAD values hadaraiely strong significant correlation

(0.357 to 0.446) only from shoot formation (BBCH) 28 flowering (BBCH 65). Correlation
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between leaf area index valuand valorigraphic values ag moderately strong (0.362

0.444) on each date of measurem
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Figure 7. Correlation and equation between the quality paramters, SPAD value, leaf area

index and leaf area duratior as an average of winter wheat varietie
(Debrecen, 2011-2012)
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The valorigraphic value showed a moderately stropgelation with (0.467) leaf area
duration. The coefficient of determination was ldhg trend lines were in weak fit. The wet
gluten content showed moderately strong correlatwith the SPAD values, the leaf area
index values and the leaf area duration. The tleves were in weak and middle fit. The
protein content showed a strong significant cotiatawith the SPAD values. With the leaf
area index values it had a moderately strong (Q.8@2elation at the shoot formation (BBCH
29), and had a strong significant correlation dreoimeasurement dates. The trend lines were
in medium fit. It had strong significant correlatioalso with the leaf area duration.
Differences caused by genotype were found in tlstede parameters. However, several
moderate and strong correlations were identifiedwéen quality parameters and
physiological properties. The results showed that ¢hlorophyll content and the leaf area,
and also the extent of their decrease in the gémerphases have an impact on the quality
parameters. Among the values of quality parametéses,valorigraphic value (which is a
complex indicator) showed a weaker correlation wpthysiological properties. Thus, the
valorigraphic value can be estimated by physiolalgproperties to a lesser extent. The wet
gluten content and protein content of flour is veirpngly correlated with chlorophyll content
and leaf area index. The relationship between tihdiesd parameters was the most powerful
during flowering, so it makes easier to predid¢hdy are analyzed in this phenophase. Results
of physiological parameters measured at the enthefvegetative stage and during grain
filling periods showed a strong significant cortela between the flour protein and wet
gluten content values. This shows that, collecyivaalyzing the data measured in different
phenophases, we can recognize the extent of thmied®n capacity, which is a major
determinant in terms of nutritional values of thaig produced during ripening. The wet
gluten content had a moderately strong correlatitih the chlorophyll content and leaf area
index values, which comes from the fact that thigliy parameter includes a number of
other substances besides protein fractions, whigh only slightly be influenced by
physiological properties. The strongest correlatiaas found with the flour protein content,
especially in case of SPAD values, which suggéststhe protein content, which is a major
component of the crop of wheat, is strongly detasdi by assimilation parameters. By
examining the SPAD and leaf area values, the floatein content can most safely be

predicted and by, even in spite of different crepryeffects.
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4.6.Complex evaluation of theffectof the crop year, the fertilization anthe genotype on the

yield and thequality of the winter whea

By dividing of variance components, we were abladourately quantify the effect
the crop year, the genotype and the nutrient sufgplre harveed yield, the valorigraphi
value, the wet gluten content ¢ flour protein content values. To determine the signifoet
of the studied factors, we took the minimum valoesasured on control nutrient levels &
base, and we divided the increase belong maximum values reached with the combina
of the analyzedgrameters among the analyzed fact

In 2010, in the control treatment, the averagedyighs 3607 kg I the average of
maximum yields was 5461 kg, which was 1856 kg Hayield increment Figure 8.). 71%
of the yield incrementwvas due to genotype, which was 1316 k™ increase in yield. Th
nutrient supply contributed to the increase in @896 (538 kg h™).

2010 Fertilization __ Genotype 2011 Fertilization

29 % 71 % oo
r

~—_ Genotype
. 25 %

4

MINIMUM MAXIMUM MINIMUM MAXITMUM
YIELD YIELD YIELD YIELD
2012 Fertilization Genotype 2010-2012 Fertilization Crop year
T4 %

e 26 % 52 % T 26 %

Genotype
22 %

MINIMUM MAXIMUM MINIMUM MAXIMUM
YIELD YIELD YIELD YIELD

Figure 8. The significance of the studied factors in determiimg yield of the winter whea
(Debrecen, 2010-2012)

The minor role of nutrition can be explained by tbhes yield maximums due to extrer
amount of precipitation in crop year 2010, and et@ées reach the highest yield asp-sstPK
nutrient levelsThe more considerable role of genotype expresspercentage proved that
achieve higher maximum yields the varieties hadhéawe good ability to adapt (bet

endurance against lodging and diseases) to exeemmnmental condition In average crop
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year 2011, average of the control treatments wa&s ¥§ ha', while average of maximum
yields was 7455 kg Ha which gave 3820 kg Hayield increment. In this year, the genotype
caused 25% (972 kg i but the nutrient supply contributed to 75% (2848 ha') of
production of yield increment. The result can bplaixed by the fact that the in average crop
year not that ability of varieties to adapt butithetter nutrient response played a greater role
in yield increment production. In 2012, averagehef harvested yield was 3547 kg'tia the
control plots, while the average of maximum vyielgss 6960 kg h3 i.e. 3413 kg hd yield
increment was gained. The genotype resulted 26% kg0ha'), while nutrient treatment
caused 74%, which equals 2509 kg haf formation of the yield increment. Also in 2018e
nutrient response affected more significantly th@dpction of yield increment, due to the fact
that nutrients distributed in the drier spring pdrof 2012, was solubilized to a lesser extent.

Evaluating the three crop years together, in tha&rob plots, the average yield was
3596 kg hd, the maximum vyield in average of the varieties %625 kg, which gave 3029 kg
ha' yield increment. The genotype caused 22% (661 kg, e nutrient supply contributed
to 52% (1588 kg HY, and the crop year resulted 26% (780 kg)haf production of yield
increment. The fact that the three distinct antl nicextreme effects crop year had a slighter
influence on production of yield increment shows tjood ability of the varieties to adapt.
The high percentage of the contribution of nutrigmpply to the formation of yield increment
shows that in order to achieve high yields, evggar@gless of the crop year, it is important to
ensure adequate supply of nutrients. 26% of cartidh of genotypes showed that to gain
high yields, good biological base and nutritioredponse is essential.

Analyzing the valorigraphic values-igure 9.), in 2010, compared to the control
treatment (42.9), the varieties reached 19.4 higadrigraphic values at HiytPK nutrient
level (62.3). The variety caused 29%, the nutriezdtment caused 71% of the increase. The
fertilizer solubilized in the wet year, has sigo#ntly more influence valorigraphic values. In
2011, the valorigraphic value was 54.6, in the agerof the varieties, which increased by 7.5
with a nutrient treatments (62.2). To this incredse genotype contributed in 37%, and 63%
of it was caused by the nutrient supply. The fableraeffect of crop year helped the
differences between genotypes to become more daiserpbut the nutrient supply played an
important role also in this crop year. The increase significantly lower compared to the
other two crop year. In 2012, compared to the cbnf47.6), a 14.3 increase in the
valorigraphic values was gained due to nutrientpgug61.9). In 2012, the genotype

contributed to the increase of the valorigraphitugaonly in 8%, while the nutrient supply
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caused 92% of the increase. In spite of the extrenme year, the proper nutrient supply

considerably increased the valorigraphic va
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Figure 9. The significance of the studied factors in determiimg the
valorigraphic values of the winter whea
(Debrecen, 2010-2012)

While the threerear average of valorigraphic values of varietiess w8.4 on the contr
plots, the fertilizer treatment increased this edo 62.2, which equals to 13.8 increase.
increase was due to the crop year in only 6%, &owriety in 23%while in 71% to the
nutrient supply. In all three years, the nutriempy played the major role, in reaching
maximum valorigraphic values, the variety he-37% contribution. The genotype has
highest percentage of contribution in the averagp year. In the extreme crop year it pla
a minimal role, contributed only in 8¢

In 2010, in the average of the control treatmein wet gluten content was 24.1%, t
maximum gluten content values reached 37.8%, wivieh 13.7% higher than the aver of
the control treatment{gure 10.). The increase in gluten content was due to tmetype in
38%, the nutrient supply contributed to the incesiasthe wet gluten content in 62%. In 20
due to large amount of rainfall, most of the disited ferilizer was solubilized, thus could
utilized by the varieties that has good genetie@l In 2011, average wet gluten content of

varieties was 27.2% in the control treatment, theaximum average wet gluten content at
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N1ogtPK treatment was 32.0 which is only a 4.7% increase. The increase in gheten
content was due to the genotype in 54% and to tliwent treatment in 46%. In the avere
crop year, when most of the environmental conddiaere optimal for the winter wheat, t
biological bae had a more significant influence on achievirghér gluten content. In 201
the average wet gluten content of the control pleés 20.6%, the average of wet glu
contents measured at;MNPK nutrient level was 35.6%, which correspondsatd4.9%
increase in wet gluten content that was the largesing the crop years that were stud
The increment of the wagluten content that was reached was due to thetygm:an only
22%, while the nutrient supply contributed to it T8%. In 2012, periods extreme weather
conditions followed each other (hot dry springnyaearly summer), it was essential for
adaptation of varieties to extreme environmentalddons to ensure the proper fertiliz

dosages, so that the varieties could reach highten content.
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Figure 10. The significance of the studied factors in determiimg

the wet gluten content of the winter whes
(Debrecen, 2010-2012)

Studying the data of the three years togetherarnt loe concluded that the variet
produced 24.0% wedluten content in the control treatments, theirrage maximum glute
content was 35.1%, this was a 11.1% increase. dserén wet gluten content values v

caused by the genotype in 31%, and by the nutsiepply in 56%, the crop year contribur
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to it in only 13%. Analyzing the data of those three gdagether and also separately, it
be concluded that the different crop year effealy slightly modified the potential maximu
gluten content. Also the genetic basis of variesemificantly detrmined the potentie
maximum wet gluten content ofe variety, but the nutrient supply contributes thesimio
reach higher values, particularly in cases whenirenmental conditions significant|
deviated from the optimum.

In 2010, in the control trement, the varietal average of floprotein content wa
11.1%, at the Ng+PK nutrient level th flour protein content increased by 4.9%, wh
equaled to a 15.9% averafijeur protein contentKigure 11.). The increase was the result
the genotype iM3%, and of the nutrient supply in 57%. The greatée of the nutrien
supply was due to the more effective digestion, ends compensating effe In 2011, in
average of the control treatments the flour protmntent was 12.0%, which increasec
13.8% at Noo+PK nutrient level, i.e. 1.8% increase in proteontent was achieved in tl
average of varieties. The variety contributed vtt%o, the nutrient supply played a role
46% in the increase. The greater role of genotypedue to the optimaenvironmental
conditions, resulting in better enforcement of tenetic potential of varieties. Nutrie
supply had also significantly affected the achment of higher maximum value
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Figure 11. The significance of the studied factors in determiimg
the flour protein content of the winter whea
(Debrecen, 2010-2012)
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In crop year 2012, on control plots, the averag&imam flour protein content of the

yield was 11.6%, compared to which the average afimum flour protein contents (15.0%)
was 3.4% higher. In 2012, the genotype contribtethe difference in increase in only 19%,
in contrast with the increase of nutrient dosagdsch caused 81% in the formation of higher
flour protein content values. Due to the crop yddferent from the optimum, again the
adequate nutrition played the major role. In averafjthree years, compared to the control
treatment (11.6%), 3.4% increase was achieved byvHrieties at the optimal ;p+PK
nutrient level (14.9%). The effect of the crop year flour protein content values was the
lowest: only 6%, the genotype, similarly to the \gkiten content values, affected maximum
values of flour protein content in 37%, and nutrisapply had the most significant effect
(57%). Evaluating the years even together or séggrat was found that, although three
completely different crop years were tested, thatgdn content values were only slightly
different, even despite the different environmerm@hditions. The genetic potential of the
varieties can be more observed in the average yeap, while the appropriate level of
nutrition is the most important factor in the dehent of high flour protein content.

Analyzing the results gained from the experimegetber, it can be concluded that the
different crop years and environmental conditiorifiech the yield the most, and they
influenced the valorigraphic value and the wet@hutlevelopment to a lesser extent. To the
different environmental conditions the protein @itresponded the least. The genotype of
the varieties participated in the development @ yield in smaller part (22%) than in the
valorigraphic value, wet gluten and protein conteinthe flour (8-37%), where the genotype
plays a more significant role. Role of genotypéh@ development of the maximum values, in
average or optimal environmental conditions, hagteater effect. The maximum weight in
each of the three studied factors the nutrient lgupgd (52-92%), as even for varieties which
have a good biological base, it is essential tauenghe proper nutrient supply, in order to
make them achieve good results. The nutrient treatriad significant buffering effect, thus
could compensate, especially in case of qualitamaters, even the extreme environmental

effects.
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5. NEW SCIENTIFIC RESULTS

1.

The large amount of precipitation is the most hatmfompared to the average crop
year, varieties achieved 1994 kg'hawer yield, and the optimum dose of nutrients
was formed at Bh.sgtPK nutrient levels. The effect of drought couldreduced with
proper nutrient treatment, 495 kg hdecrease in yield was observed asoNsgtPK
nutrient level.

Varieties GK Othalom (b = 0.607), Lupus (b = 0.018@d Mv Toldi (b = 0.5997) can
be considered as stable, but produced similar gielden with different, sometimes
even extreme ecological conditions. Genius showedoderately stable (b=0.7644)
result, the least stable (b=1.3964) proved to beetya Pannonikus, which in less
favorable crop years, could achieve only lower dgelbut in more favorable
ecological conditions, it could produce high yields

It can be concluded that stability of the contmtldhe No.sg+PK nutrient treatments
proved to be the most favorable (b=0.0002-0.43%8F Nyo.150tPK nutrient doses
showed a significantly lower stability (b=0.972%5283), on these nutrient levels yield
changed depending on the crop years, but still,hilggest maximum yields were
realized with these nutrient doses.

The best quality was achieved af,4PK nutrient level. Crop year 2010 with its
major precipitation and in 2012, larger amountspoécipitation in the generative
phases proved to be the most favorable. In 2014h @sult of drier weather in the
generative phenophases, values of quality charsiitsrhad worsened.

The genotype significantly determined the chlordpbbgntent, the leaf area and leaf
area duration value. The nutrient supply increadedchlorophyll content, the leaf
area and the leaf area duration, the varieties \@bte to reach higher maximum
values.

Between the yield and the chlorophyll content arggr significant relationship
(r=0.460 to 0.678) was found. The strong naturehcd relationship was nearly the
same degree from shoot formatitlh the beginning of wax-ripening. Between yield
and leaf area a very strong significant correlatias proved. This relationship was
particularly strong (r=0.715-0.768) during flowegiand grain filling periods.

The valorigraphic values and the SPAD values shaaveutbderately strong significant
correlation (r=0.357-0.446) only from shoot fornoattill flowering. Between the leaf

area index values and the valorigraphic values etation was significant
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(r=0.362-0.444) at each measurement date. The lwietngcontent showed strong and
moderately strong correlations with the SPAD valube leaf area index values and
the leaf area duration (r=0.436-0.601). In caserofein content the correlation with

SPAD values and the leaf area index values wasgtand moderately strong

significant (r=0.322-0.633).

. In the average of the three examined crop yeahdrdevelopment of yield increment,
the genotype took part in 22%, the nutrient supalsticipated in it up to 52%, and the
crop year increased the yield in 26%. The valopbra values were affected the most
by the nutrient supply (71%), variety contributedit only in 23%. The crop year

effect was the lowest (6%) in case of valorigrapbatues. The increase in the wet
gluten content was due to the genotype in 31%,tanthe nutrient supply in 56%,

while the crop year played only a 13% role in iheTeffect of the crop year on the
flour protein content values was only 6%, the ggpetaffected the flour protein

content in 37%, and to the highest extent (57%ntiteent supply influenced it.
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6. SCIENTIFIC RESULTS UTILIZABLE IN THE PRACTICE

1.

The optimal dose of fertilizer was determined byoant of precipitation of the crop

year. The unfavorable effect of the crop year ccaddreduced with proper nutrient
treatment. In the wet crop year, lower doses dilifasr cause lower yield increase
(1854 kg h&). In average crop year,obhsgtPK nutrient doses proved to be optimal
(3820 kg hd). In the drier crop year, the:M.1s¢+PK nutrient dose proved to be
optimal to counteract the negative crop year effect

The Genius and Pannonikus varieties have good ematnitilization ability and
fertilizer response, even in spite of varying cyaar effects. These varieties proved to

be the most favorable in the practice.

In all the three crop years, the®PK nutrients dose proved to be optimal in terms of
quality parameters. The tested varieties can begoated in three groups based on
the achieved indicators: GK Othalom had low avergigdd and average quality
parameters, Genius, Pannonikus and Lupus had emtellerage yield and quality,
Mv Toldi could be characterized by good averagédyamd excellent quality.

In the practice is the most favorable, if the winteheat could persevered the
assimilation capacity as long as it could. If a athgariety loose its chlorophyll

content to after flowering and during grain fillingeriod, and its leaf area index is
reduced to a lesser extent, and shows a higheateafduration, due to the its higher

assimilation capacity it will be able to realizglher yield results.

Among the quality values the valorigraphic valuewbd a weaker correlation with
physiological properties. The wet gluten contentl gmotein content of the flour
showed a very strong correlation with chlorophyhtent and leaf area index. The
relationship between the studied parameters wamtist powerful during flowering,

thus if they are examined in that phenophase itamakediction more easier.

The genotype participates in producing higher weld a lesser extent (22%)
compared to its effect on valorigraphic values, gietten content and flour protein
content (23-37%), where the genotype has a majer Role of the genotype in
forming the maximum values of quality is enforceefter in average or optimal
environmental conditions (6-26%). Nutrient supplgdhthe most important role

(52-71%) in case all the four factors.
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