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1. BACKGROUND AND AIMS

The achievement of sustainable development in whrealuction depends to a
great extent on a satisfactory choice of cultivad #he optimisation of nutrient
supplies, while yield reliability is constantly deing due to climate change. The
cultivars chosen should have good adaptation togilien climatic conditions,
satisfactory resistance to various pathogens, goeetl suppression ability, good
tolerance of water deficit and the ability to foanstrong stand before the winter
frosts, while flowering in time to avoid very haays. Some cultivars can be grown
with relatively high yield reliability even at loweN supplies. The nutrient
guantities required for the growth of wheat arevmted primarily in the form of
mineral fertilisers. Among the macronutrients, #s$actory quantity of N fertiliser,
adjusted to the development of the crop, is oftantiing importance. Satisfactory
N supplies are able to reduce the yield fluctuaticaused by the year. Low N
fertiliser doses mainly influence the yield quantivhile doses of over 100 kg N
ha' also have a positive effect on quality traits @dés et al., 2001). Excessive N
fertilisation, on the other hand, is unfavouraldewheat.

Problems caused by the contamination of surfacesabdurface waters due to
the excessive use of N fertilisers are becomingessingly serious in the member
states of the European Union, so restrictions lh@en placed on the application of
N fertiliser.

If more detailed knowledge is to be obtained on tiurient responses of
individual wheat genotypes in years with diversathier conditions, it is necessary
to monitor the effect of the year not only in thelg but throughout the course of
phenological development. With the help of growttalgsis, plant growth can be
interpreted in terms of plant dry matter productiand answers can be obtained to
how various agronomic and ecological factors infleee the growth and growth
dynamics of wheat (Berzsenyi, 2000b). Growth anslysakes it possible to

compare the growth dynamics of different cultivars.



A vast amount of research is underway on climatengk and its expected
effects. Due to the uncertain weather conditiorematteristic of Hungary, the year
effect is of great significance for crop production

In the three years examined, the development @&ethvheat cultivars with
different maturity dates (the very early Mv Tobagrtde early Mv Palotas and the
medium early Mv Verbunkos) was investigated thraughthe growing season in
treatments given N rates of 0, 80, 160 and 240&kyg bombined with 120 kg ha
each of P and K. Growth analysis was performechatplant organ, individual
plant and plant stand levels. Various methods ofvgr analysis were applied to
determine the effect of the experimental factorgshengrowth of wheat and on the
dynamics of growth parameters.

Aims of the thesisin the Martonvasar long-term crop rotation experitn

1. Comparison of the dynamics of dry matter producand leaf area in various
winter wheat genotypes in diverse N treatmentfiied consecutive years.

2. Use of the classical and functional methodgroivth analysis to analyse the
effects of diverse N treatments on the dynamicgrowth parameters and their
mean and maximum values when the wheat cultivare \yeown in different
years.

3. Analysis of the effect of N fertilisation onetlyield, yield components, area of
the flag-leaf and quality parameters in differeieat cultivars.

4. Analysis of the correlation between the yield #ime growth dynamics, growth
parameters, yield components and quality parameters

5. Selection of suitable genotypes for the exmkoheather conditions, and
determination of the optimum N dose required tdeahmore stable yields.

6. The use of growth dynamics and growth paramdtersharacterise the yield
responses of the genotypes on the basis of thelations detected.



2. MATERIALS AND METHODS

2.1. Description of the experiment

The effect of nitrogen treatments was examinedhia years 2006/2007,
2007/2008 and 2008/2009 in winter wheat grown oermbzem soil with forest
residues and a deep fertile layer in a long-terop cotation experiment set up with
a crop sequence of peas, winter wheat, maize amydgarley in the Laszlo-puszta
nursery of the Agricultural Research Institute @t tHungarian Academy of
Sciences (now MTA AKT).

The small-plot experiment was originally set up Agpad Koltay and was
started up again in 1980 in a modified form. Basedhe original mineral fertiliser
doses, modifications were made in both the N feeliltreatments and the plants in
the crop sequence.

The experiment involved two factors in a split-pldesign with four
replications, with the N dose in the main plot dhd wheat cultivars in the sub-
plots. The N fertiliser doses examined in the n@ot were 0, 80, 160 and 240 kg
ha' (designated as dN Ngo, Nigo and N9 with identical supplies of P and K
fertilisers (120 kg ha each). Three Martonvasar wheat genotypes witherdifit
maturity dates (Mv Toborzé: extra early, Mv Palotéarly and Mv Verbunkos:
medium early) were sown in the sub-plots. The effect was also examined in

this work.

2.2. Description of the weather conditions in thettree years

The quantity of precipitation during the vegetatiperiod was only about a
third as much in 2007 (200 mm) as in 2008 and 2(®.8 and 616.6 mm,
respectively). This was less than half the 30-yraan (513 mm), and the rainfall
distribution was also unfavourable for wheat. Tiearg 2008 and 2009 could be
described as favourable from the point of viewahfall. The rainfall distribution

was the most favourable in 2008.



2.3. Description of the research performed in thex@eriment

The destructive plant samples required for growthlysis were collected at
random, starting during the winter when frosts wecelonger recorded in the
daytime and continuing at weekly intervals righttapharvesting, on a total of 24
occasions in 2007, 20 in 2008 and 17 in 2009. Ahesampling date, 240 plant
samples were processed.

Sample processing involved measuring the lengtth@fwhole plant and the
spikes, and determining the number of tillers, soded spikes and the number of
leaves on each tiller. The samples were then dividéo leaf, stem and spike
portions. The leaf area was recorded using an AD3@0 leaf area meter for the
whole plant and for the flag-leaf on the main till@he leaf, stem and spike
samples were then dried to constant weight in andgrgabinet (MEMMERT
ULE/800) at 65°C for 48 hours. The dry weight o individual plant organs was
then recorded using an analytical balance. At flavgethe chlorophyll content of
the flag-leaf was measured using a portable Min®RAD 502 chlorophyll meter.
The number of grains per spike was determinedetast sampling date. Prior to
harvesting the number of spikes per metre was eduhy placing a 1-m ruler
alongside the rows.

A laboratory mill (Perten 3100) was used to prepgm@ats from the grain
samples. The protein and gluten contents of tha ¢fiald were then determined
using a Perten INFRAMATIC 8600 NIR instrument (Mieg 2011).

2.4. Growth parameters and how they were calculated

The seasonal dynamics and the mean and maximunesvallithe growth
parameters were determined using the classicafiamadional methods of growth
analysis for individual plants and for the plardarngt. Among the individual plant
parameters, the absolute and relative growth raR( ALGR, RGR), the net
assimilation rate (NAR), the leaf area ratio (LAR)e specific leaf area (SLA) and
the leaf weight ratio (LWR) were calculated. Thewth analysis of the plant stand



involved the following growth parameters: leaf amedex (LAI), crop growth rate
(CGR), leaf area duration (LAD), biomass duratiBMD) and harvest index (HI).
The values of the RGR, NAR, LAR, LWR and SLA grovgrameters were
calculated from the dry weight and leaf area détth@® samples using the modern
growth analysis program elaborated by Hunt et28l02). The mean values of the
other parameters (AGR, ALGR, CGR, LAI, LAD, BMD, Huere calculated using
equations from the Microséftwindows Excel (2003) program. The basic data of
dry weight and leaf area were evaluated usinguhetional approach in the Hunt—
Parsons (1974) growth analysis program (HP mo#&&Bt, second and third degree
polynomial functions were fitted to the dry weigM) and leaf area (Z) data as a

function of time (X) using the stepwise regressiwethod in this program.

2.5. Biometrical evaluation of the experimental dat

All the measured and calculated data were statlstievaluated with analysis
of variance for a two-factor split-plot design ugithe MSTAT-C program
package.

Correlations between the yield components, growtfameters and individual
morphological parameters and the yield were defecasng partial correlation
analysis with the help of the GenStat 13.1 (2008y@m package.

Two-factor linear regression analysis was perforntedfind correlations
between the vyield (dependent variable) and indsldgrowth parameters
(independent variable), while regression analysiso independent variables was
applied to reveal correlations between the yield #me yield components, and
between the growth rates (RGR, CGR) and their comapis. The stepwise method
of multiple regression analysis was used to idernhe variables with the greatest

influence on the dependent variable (the yield).



3. RESULTS

3.1. Effect of the year on the dry matter productio, growth parameters and
yield of winter wheat cultivars

The dynamics of dry matter accumulation per planti¢ be described using a
sigmoid curve. The total dry plant yield was thghsst in 2007 (4.07 g plaft
with values of 3.84 and 3.68 g plahin 2008 and 2009, respectively. The leaf and
stem weight per plant were higher in the dry yead the spike weight in the
favourable years.

The growth dynamics of the leaf area followed al-bleaped curve. The
maximum leaf area per plant was greatest in 2088.41cm?), while the values
were similar in 2007 and 2009 (141.7 and 144.8 cespectively). The area of the
flag-leaf was considerably larger in 2008 (28.6 cth&an in 2007 (16.4 cm?) and
2009 (18.0 cm?).

The mean and maximum values of the growth parasejeave a good
description of the year effect. The absolute ardtive growth rates of the dry
matter (AGRcan AGRnax RGRhean RGRyay, the components (NARan LARyean
of the relative growth rate of the dry matter (RGH, the absolute growth rate of
the leaf area (ALGR.an ALGRay, the specific leaf area (Slfs) and the leaf
area duration of the flag-leaf (LAPwere the highest in 2008. The absolute growth
rates (AGRean ALGRyean, the relative growth rate of the dry matter (RS,
the net assimilation rate (NAR.), the leaf area ratio (LAR) and the harvest index
(HI) all had higher values in the favourable yeafr008 and 2009.

The grain yields achieved in 2008 and 2009 (7.2B7af1 t ha, respectively)
were significantly higher than the yield in 20071(6t ha"). The number of spikes
per square metre (spikesdnwas substantially higher in the dry year of 2007
(692.4) than in 2008 (596.1) or 2009 (560.5). Thenber of kernels per spike,
however, was around three times as great in 20082609 (35.5 and 33.3 kernels
spike™, respectively) than in 2007 (12.6 kernels spikeThe thousand-kernel



weight was higher in the dry year (47.7 g) tha2®8 and 2009 (44.01 and 44.68,
respectively).

3.2. Effect of N fertilisation on the dry matter production, growth parameters
and yield of winter wheat cultivars

The dynamics of dry matter accumulation gave a gedldction of the effect
of the nitrogen treatments. The dry weight per plaas lowest (2.97 g plan} in
the N, treatment, while the maximum dry weight per plaas recorded in the |j}
and N treatments (4.25 and 4.32 g plantThe dry weight of the individual plant
organs was also smallest in thg tikkatment and increased up to thgoMnd Ny
rates.

Right from the earliest stages of development ugh® withering of the
foliage, N treatment had a significant effect oe thize of the leaf area. The
dynamics of the leaf area differed to the greatasent between the ;Nand No
treatments. The maximum leaf area was recordeldar\,, treatment (186 cm?).
N fertilisation also had a significant effect oretbize of the flag-leaf area for the
wheat cultivars tested.

All the growth parameters had the lowest mean aaximmum values in the N
treatment and the highest values in response wtidation in the Nsg treatment.

Averaged over the cultivars, the grain yield waséest in the Iy treatment
(5.45 t ha'), rising significantly in the B treatment in 2007 and 2008 (6.45 and
7.99 t ha'), but not until the A, treatment in 2009 (7.44 t 1 Higher N rates did
not lead to a further significant increase in yield

Nitrogen fertilisation had a substantial influera® the spike number per mz,
the number of kernels per spike and the thousanikekeveight. Averaged over
years and cultivars, the spike number per m? aachtimber of kernels per spike
exhibited the highest values in thes]Nand N4, treatments, respectively, while the
thousand-kernel weight was greatest in thg tNeatment. The SPAD value



indicative of the chlorophyll content of the flagaf increased in response to N
fertilisation up to the Bh dose in 2007 and up to theshdose in 2008 and 2009.

3.3. Effect of genotype on the dry matter productin, growth parameters and
yield of winter wheat cultivars

The dynamics of dry matter production over timeadle reflected the
differing maturity dates of the wheat cultivars.eTimaximum value of dry matter
production, averaged over years and N treatmeras,3)08 g for Mv Verbunkos,
3.91 g for Mv Palotas and 3.71 g for Mv Toborzé.

The dry matter production of the plant organs détefor the three cultivars
tested. Mv Palotas and Mv Verbunkos developed grdaaf mass (0.81 and 0.80
g, respectively) than Mv Toborz6 (0.70 g), while $tem mass was similar for all
three cultivars (1.92-2.01 g). The cultivar hadignificant effect on the spike
weight in 2007 and 2008, with the greatest valueMe Palotas in 2007 (2.05 g)
and for Mv Verbunkos in 2008 (2.15 g).

The seasonal dynamics of the leaf area also cléafended on the maturity
dates of the cultivars. The cultivar had a sigaificeffect on the size of the leaf
area from the initial stages of development righta the withering of the foliage.
In 2007 the maximum value was recorded for Mv Tabof206.11 cm?) and in
2008 and 2009 for Mv Verbunkos (211.75 and 184158, cespectively). The area
of the flag-leaf was greatest for Mv Verbunkos, raged over the years and N
treatments (21.7 cm?), followed by Mv Palotas (26m?) and Mv Toborzo6 (17.9
cm2).

There were differences between the cultivars in niean and maximum
values of most of the growth parameters. Mv Verlmsnkxhibited the highest
absolute and relative growth rates (ARR AGRmhax ALGRmean ALGRmax
RGRa), mean net assimilation rate (NAR,), crop growth rate (CGR,) and leaf
area duration (LADy), and also had the highest value for the leaf drgation of
the flag-leaf (LALR).



In all three years the cultivar had a significaffié& on the yield. In 2007 Mv
Palotds and Mv Verbunkos had the highest yield@5(6and 6.21 t ha
respectively), while in 2008 and 2009 Mv Verbunkess the best-yielding cultivar
(7.63 and 7.51 t h respectively).

There was also a significant cultivar effect foe tumber of spikes per m2 in
2007 and 2008 and for the number of kernels petesm all three years. The
number of kernels per spike was the greatest foMgnbunkos (31.6), followed by
Mv Palotas (28.2) and Mv Toborz6 (21.7). The thodskernel weight was highest
for Mv Toborzé (52.5 g).

The SPAD value expressing the chlorophyll contehtthe flag-leaf was
highest for Mv Verbunkos, averaged over N treatmentd years (52.8), while
lower values were recorded for Mv Palotas (51.@) lsiv Toborzo (50.7).

3.4. Correlations between yield and growth paramets

Partial correlation analysis showed that among \tledd components the
kernel number per spike and the thousand-kerneyjhwewere in close positive
correlation at the P=0.1% level with the grain ¢ig@er plant, while there was a
close negative correlation, also at the P=0.1%l |&atween the number of kernels
per spike and the thousand-kernel weight. AgGRwas in close positive
correlation with BMD at the P=0.1% level, while RGR, exhibited a moderate
positive correlation with its components, NAR,and LARean

Among the yield components of the plant stand,iglacorrelation analysis
revealed a moderate positive correlation betweemtimber of kernels per m? and
the grain yield. Among the growth parameters, LRExhibited a loose correlation
and HI a moderate positive correlation with thdd/i@=5%), and these parameters
were also in positive correlation (at the P=5% leweath the number of spikes per
m2. The number of kernels per m? was in moderatatipe correlation with the
LAD of the flag-leaf at the P=0.1% level, while C &, exhibited a moderate
positive correlation with its components, NAR,(P=1%) and LAl (P=0.1%).
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The plant dry weight was in close correlation vitie dry weight of the spike
(P=0.1%), in moderately close correlation with tbaf dry weight (P=1%) and in

loose positive correlation with the stem dry weiPt5%).

3.5. Linear regression analysis between the yielgi€ld components) and the
growth parameters

The mean value of CGR exhibited a significant datien with the yield in
2007 and 2008 and for each cultivar. On the bdsi®? 0CGRyeaneXxplained 45.6%
of the yield variation in the dry year and 80.6%the most favourable year. The
correlation between the yield and LA was significant in all the years. In the
favourable years of 2008 and 2009, LADexplained 73.7 and 61.7% of the yield
variance, while this figure was 52.9% in 2007. gnsficant correlation was found
between the yield and the flag-leaf LAD value, whexplained 62.0 and 74.6% of
the yield variance in the favourable years and %li% the dry year. The effect of
BMD on the yield was significant in all the yeaegplaining 44.5 and 42.4% of the
yield variance in 2007 and 2009, respectively, 88d % in 2008 on the basis of
the R? values.

Using two-factor linear regression analysis a pesitorrelation was found
between the integral growth parameters. Based phAD explained 78.4% of the
variance in BMD. Based on the data of three yetresfe was a very close
correlation between the absolute growth rate ofl¢aé area (ALGRay and the
maximum value of the leaf area index (lA). ALGR.x explained 79.6% of the
variance in LAlax A significant correlation was found each yearwssin the
absolute growth rate of the dry matter (AGER and the biomass duration (BMD).
AGRcanexplained explained 86.9-96.9% of the variandd@Mb.

With the help of regression analysis for two indegent variables, the yield
components number of kernels per m? and thousamekeeight were found to
explain 54.9% of the yield variance in thgyNreatment, 88.6% in the 1§

treatment and 76.9% in the,fy treatment on the basis of R2 values. Of the two
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yield components, the effect of the kernel numbesrm? was decisive. Regression
analysis for two independent variables also rewealesignificant correlation,
averaged over the three years, between RGRBNd its two components, NAR
and LAR,ean and between CGRy and its components, NAR., and LAl
NARmean @aNd LARyean €Xplained 83.6% of the RGR:, variance, while NARean
and LAl explained 58.8% of the CGR variance.

3.6. Multiple regression analysis

On the basis of multiple regression analysis theglsi variable with the
greatest influence on the yield per plant was #grad& number per spike. This was
followed (in decreasing order of R? values) by R@R AGRean LADf, LARmean
the thousand-kernel weight and NA&, The combination of two independent
variables with the greatest effect on the yield weeskernel number per spike and
the thousand-kernel weight, followed by the kem@&nhber per spike and RGR,
the kernel number per spike and AGR and the kernel number per spike and Hl.
The combination of three independent variables thghgreatest effect on the yield
was the kernel number per spike, the thousand-kemeight and RGRean
followed by the kernel number per spike, AGRand HI. The combination of four
independent variables with the greatest effecthenyield was the kernel number
per spike, the thousand-kernel weight, NAR and LARyea, followed by the
kernel number per spike, the thousand-kernel welyBReanand BMD.

In the case of the yield of the plant stand, mldtiggression analysis showed
the most decisive single independent variable ttheenumber of kernels per m2.
This was followed (in decreasing order of R? vaJu®g LADg, CGRpean LAl max
HI, thousand-kernel weight and the number of spi@sm?2. The combination of
two independent variables with the greatest eftettthe yield was the kernel
number per m? and LA, followed by the kernel number per m? and GGR
and LAD; and HI. The combination of three independent Wdem with the

greatest effect on the yield was the kernel numleem?, LAl and Hl.
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Regression analysis on the morphological parametetsrmining the yield
per plant showed that the most decisive singleabégiwas the number of kernels
per spike, followed (in decreasing order of R? ealby the spike weight, leaf area,
plant weight and thousand-kernel weight. The cowiiom of two independent
variables with the greatest effect on the yield weeskernel number per spike and
the thousand-kernel weight, followed by the kenmamber per spike and HI, the
kernel number per spike and the leaf weight, aedsfhke weight and leaf weight.
The combination of three independent variables thghgreatest effect on the yield
was the kernel number per spike, the leaf arealanteaf weight, followed by the

kernel number per spike, the spike weight andehéweight.

3.7. New scientific results

1. A substantial year effect could be detectedhenhasis of rainfall quantity and
distribution for the three years examined. Averagedr the N treatments and
cultivars, the wheat yield was significantly higher the two years with
favourable weather conditions (2008: 7.28 Tha009: 7.11 t hd) than in the
unfavourable year of 2007 (6.11 tHhaThe year effect was clearly reflected by
the mean and maximum values of the growth parasieter

2. N fertilisation had a significant effect on tlseasonal dynamics of the dry
matter accumulation of the whole plant and thewiddial plant organs (leaf,
stem, spike) and of the leaf area per plant, asd ah the size of the flag-leaf.
Averaged over years and cultivars, the biomassleiiearea and the mean and
maximum values of the growth parameters were sstailethe N treatment
and significantly higher in the ltreatment, while the increase recorded in the
N1g0 and Ny4o treatments depended on the year and the cultivar.

3. N fertilisation had a significant effect on thield and the yield components.
The grain yield was lowest in the, kteatment (5.45 t h§ averaged over years

and cultivars), significantly rising in theghtreatment (7.09 t ﬁ%) or the Ngo
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treatment (7.28 t h9, depending on the year. The number of spikesreand
the number of kernels per spike were greatestarNik, and N4o treatments.

. The seasonal dynamics of the leaf area, thenthiter production and the
growth parametergave a clear reflection of the different maturigtes of the
cultivars. Among the cultivars, Mv Verbunkos exldoi the greatest absolute
and relative growth rates (AGRn AGRnhax ALGRyean ALGRyaw RGRhay,
mean net assimulation rate (NAR), crop growth rate (CGR,), leaf area
duration (LAD ) and leaf area duration of the flag-leaf (LAD

. In all three years the cultivar had a significaffect on the yield, which was
7.12 t ha' for Mv Verbunkos, 6.81 t hafor Mv Palotas and 6.58 t Haor Mv
Toborz4, averaged over the years and N treatmefmsong the factors
examined, the cultivar had the greatest effectertitousand-kernel weight.

. The Hunt-Parsons (HP) growth analysis prograed second and third degree
functions to describe the seasonal dynamics ohthiter accumulation and the
leaf area in the various treatments and years. Hfhenodel made it possible to
describe the dynamics of winter wheat dry mattedpction and the increase in
the leaf area throughout the growth period. Thevgtacurves chosen using the
stepwise method gave an exact reflection of thevtiralynamics determined by
the basic data.

. The application of correlation analysis and masi types of regression analysis
made it possible to perform a thorough analysighef correlations existing
between the yield (yield components) and growtrapeters. Among the vyield
components, partial correlation analysis and regoasanalysis revealed that
the kernel number had the greatest effect on thkl yat both the individual
plant and plant stand levels.

. Partial correlation analysis showed that tltwwjn rate parameters (RGR, CGR)
were positively correlated with their component®\fNand LAR, and NAR and
LAI, respectively). According to regression anadydor two independent
variables, 83.6% of the variance in RGR was explained by NARa, and
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LAR ean While 58.8% of the variance in CGR could be attributed to NARan
and LAl ax

9. Two-factor regression analysis detected a saamf correlation between the
yield and the integral parameters (LAD, BMD). LAIhda BMD were also
positively correlated with each other. Significaorrelations were found
between the absolutggrowth rate of the leaf area (ALGR) and the leaf area
index (LAlna) and between the absolute growth rate of the datten
(AGRpean) and the biomass duration (BMD).

10.The ‘stepwise and all subsets regression’ naetiionultiple regression analysis
showed that the three independent variables wehgtieatest influence on the
yield were the kernel number per spike, the thodidamnel weight and the
RGRean parameter at the individual plant level, and tkenkl number per mz?,

the harvest index (HI) and the Lak parameter at the plant stand level.

4. CONCLUSIONS AND RECOMMENDATIONS

The effect of N fertilisation on the growth dynasiiaf wheat cultivars and on
the mean and maximum values of growth parametessiious years could be
characterised well using the classical and funetiomethods of growth analysis. In
terms of the dynamics of dry matter accumulationl daf area the greatest
differences were observed between theaNd Ny treatments. Knowledge of the
growth dynamics and agronomic responses of indatigineat genotypes will help
to avoid the excessive use of N fertilisers ander@ioduction more profitable.

The effect of the year could be detected not omlyhe yield, but also in the
dynamics of leaf area and dry matter productiorthexmaximum and mean values
of the growth parameters, and in the yield comptmenhe results proved that
higher rates of N fertiliser failed too increaselgs in a dry year, while even in a
very favourable year maximum yields could be oladiat relatively low N levels.

In average or favourable years there may be jaatibn for raising the N fertiliser
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dose (up to 160 kg hain the present experiments), but the applicatio®4® kg N
ha’ did not lead to a further increase in yield in afiyhe years.

The diverse maturity dates of the cultivars wereadly reflected in the
seasonal dynamics of leaf area and dry matter ptmoiuand in the dynamics of
the growth parameters. The effect of the genotype also detected in the yield
and the thousand-kernel weight.

The use of the Hunt-Parsons (HP) program madesgible to characterise the
dynamics of dry matter production and the increadbe leaf area of winter wheat
throughout the vegetation period. The growth curelegsen using the stepwise
method gave a clear reflection of the growth dymanmdetermined by the basic
data. However, despite the obvious advantagesedfith growth analysis program,
it could be concluded from the present results ithet well worth combining the
use of the classical and functional methods.

The application of correlation analysis and varityses of regression analysis
facilitated the detailed analysis of the correlasi@xisting between the yield (yield
components) and the growth parameters. In agreemémtpreviously published
data, both partial correlation analysis and regoesanalysis indicated that, among
the yield components, the kernel number had thatgseinfluence on the yield, at
both the individual plant and plant stand levelas®& on partial correlation
analysis the growth rate parameters (RGR, CGR) wepesitive correlation with
their components (NAR and LAR, and NAR and LAI, pestively). Two-factor
regression analysis demonstrated a significanetairon between the yield and the
integral parameters (LAD, BMD), which were als@mwsitive correlation with each
other. Correlations were detected between the afgsglowth rate of the leaf area
(ALGRay and the leaf area index (LAJ) and between the absolute growth rate
of the dry matter (AGR.a) and the biomass duration (BMD). These correlation
could help to draw conclusions during the vegetaperiod on the expected final
size of the dry matter and leaf area.
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The ‘stepwise and all subsets regression’ methodnatftiple regression
analysis showed that the yield was influenced &dfreatest extent by the kernel
number per spike, the thousand-kernel weight ardRBR.ean parameter at the
individual plant level, and by the kernel number p&, the harvest index (HI) and
the LAl parameter at the plant stand level.

The increase in the world population will necegsitgreater supplies of
cereals, but climate change is making it incredgirgjfficult to produce a
satisfactory quantity of good quality wheat. If thesses arising due to the
uncertainty of the weather are to be reduced, éxisemely important to make a
wise choice of cultivars with good adaptation ama@ptimise the nutrient supplies.



17

REFERENCES

. Arendéas, T., Csath6, P., Németh, T. (2001): Nutrigupplies in quality-oriented wheat
production. In: Bed, Z. (ed.), Breeding and production of high qualltard-grained wheat.
Martonvasar-Nadudvar-Szeged. 73-101.

2. Berzsenyi Z. (2000b): Growth analysis in crop preichn. Lecture notes, Keszthely.

. Hunt, R., Causton, D.R., Shipley, B., Askew, P.020 A modern tool for classical plant
growth analysis. Annals of Botany. 90, 485-488.

. Hunt, R., Parsons, I.T. (1974): A computer progfamderiving growth-functions in plant
growth analysis. J. Appl. Ecol. 11, 297-307.

. Micskei, G. (2011): Comparative studies on the affef farmyard manure and mineral
fertilisers on the growth of maize in long-term exsment. Ph.D. dissertation. Szent Istvan
University, Godok.



18

PUBLICATIONS ON THE SUBJECT OF THE THESIS

Scientific papers

First author papers:

Sugar E,. Berzsenyi Z.: 2009. Analysis of growth dynamidswinter wheat varieties by Hunt-
Parsons modeN6vénytermelés8 (4): 57-68.

E. Sugar, Z. Berzsenyi: 2010. Growth dynamics and yieldnifiter wheat varieties grown at
diverse nitrogen level#cta Agronomica Hungaric&8 (Suppl.): 121-126.

E. Sugar, Z. Berzsenyi: 2011. Analysis of the effect of étilisation on the growth dynamics of
winter wheat varieties using the Hunt-Parsons maddgh Agronomica Hungaric&9 (1): 35-45.

E. Sugar, Z. Berzsenyi: 2012. Effect of N fertilisation timee dynamics of dry matter production
and leaf area of wheat varieties in different yeActa Agronomica Hungaric@0 (4): 385-396.

Other_co-author publications on the subject of dhoanalysis:

Berzsenyi Z., Lap D.Q., Micskei GSugar E., Takacs N.: 2007. Characterisation of the N
fertiliser responses of maiz&ga maysL.) hybrids using growth analysi#cta Agronomica
Ovariensis 49 (2): 193-200.

Z. Berzsenyi, G. Micskei, I. Jécsék, P. Borits, Sugar: 2010. Effect of innovative microbial
management on maizeZda maysL.) yield in a long-term fertilisation experimenfcta
Agronomica Hungaric®8 (3): 239-251.

Z. Berzsenyi, T. Arendéas, P. Bénis, G. Micskii, Sugar: 2011. Long-term effect of crop
production factors on the yield and yield stabibifymaize Zea mayd..) in different yearsActa
Agronomica Hungaric®9 (3): 191-200.

Z. Berzsenyi, T. Arendas, P. Bonis, G. Micskei,Sugar. 2011. Long-term effect of farmyard
manure and mineral fertiliser on the yield and ¢/istability of maize {ea may4d..) in dry and
wet yearsActa Agronomica Hungaric&9 (4): 303-315.

Peer-reviewed conference proceedings

First author papers:

E. Sugér, Z. Berzsenyi, Q.L. Dang: 2008: Effect of N fertiligat on the growth dynamics of
winter wheat varietiesCereal Research CommunicationBroceedings of the Alps-Adria
Scientific Workshop. Ed.: Hidvégi S. 36 (1): 219222

Sugar E, Berzsenyi Z: 2009. Analysis of the growth dynasnaf winter wheat cultivars at
diverse N levels using the Hunt-Parsons model. [&htAProduction Scientific Day, Proceedings
Book. Ed.: Harcsa, M. 201-204.



19

Sugér E, Berzsenyi Z: 2009. Growth dynamics and yield afiter wheat varieties grown at
diverse nitrogen levels. Importance of the longrt@xperiments in the development of the plant
production: 50 years of the long-term experimentdMiartonvasar (Scientific Workshop). Ed.:
Berzsenyi, Z., Arendas,T. 159-164.

Sugar E, Berzsenyi Z: 2012. Effect of N fertilisation ohet dry matter production of wheat
cultivars and on the dynamics of leaf area (200092(Boil-Water—Plant Connections in Crop
Production. Ed.: Lehoczky E. 107-110.

Other_co-author publications on the subject of dhoanalysis:

Z. Berzsenyi Z., D.Q. Lap, G. Micsket, Sugar. 2007. Effect of maize stalks and N fertilisation
on the yield and yield stability of maiz€ga mayd..) grown in a monoculture in a long-term
experiment. Cereal Research Communicatior®roceedings of the VI. Alps-Adria Scientific
Workshop. Ed.: Hidvégi S. 35 (2): 249-252.

Berzsenyi Z., Bonis P., Jocsak ., Micskei Gugar E.: 2009. N fertiliser responses of maize
hybrids in long-term experiments on crop rotaticared monoculture. V. Plant Production
Scientific Day, Proceedings Book. Ed.: Harcsa, Bt44.

Berzsenyi Z., Jécsak I, Micskei GSugéar E: 2009. AgronOmiai reakciok vizsgalata

novekedésanalizissel és okofizioldgiai mérésekBrldy of the agronomy responses using groth
analysis and ecophysiology measurememsmartonvasari agrarkutatdsok hatodik évtizede

1949-2009. Ed.: Veisz O. 139-144.

Z. Berzsenyi, G. Micskek:. Sugéar. 2009. Management of plant-beneficial microbeddtance
fertiliser inputs in maizedea mayd..). Cereal Research Communications. Proccedifigheo
VIII. Alps-Adria Scientific Workshop. Ed.: Hars B7 (2): 305-308.

Berzsenyi Z., Micskei GSugar E.: 2012. Effect of mineral fertilisation and platgnsity on the
growth dynamics and yield of maize hybrids in Idegn experimentsSoil-Water-Plant
Connections in Crop Productioid.: Lehoczky E. 173-176.

Berzsenyi Z., Arendas T., Bonis P., Micskei GBugar E.: 2012. A névénytermesztési téngkz
tartamhatasanak vizsgélata a kukorica produktigrgeltéd évjaratokban (Analysis of the long-
term effects of crop production factors on the pitvity of maize in different years)A
mezgazdasagtol a vidékgazdasagigV. Georgikon Napok. Ed.: Kis-Simon T., Téth E8.

Conference abstracts
First author papers:

E. Sugér, Z. Berzsenyi: 2008. Effect of N fertilisation ¢ime growth dynamics of winter wheat
varieties Italian Journal of AgronomySupplement of the ¥0Congress of the European Society
of Agronomy. Ed.: Rossi Pisa, P. 3 (3): 267-268.



20
Other_co-author publications on the subject of dhoanalysis:

Z. Berzsenyi. D.Q. Lafk. Sugar, N. Takacs, G. Micskei: 2006. Dynamics of growtid growth
characteristics as affected by sowing date, plansidy and N-fertilisation in maize&Zéa mays
L.) hybrids. Abstracts of theXXth International Conference of the EUCARPIA Maael
Sorghum Sectior?8.

Z. Berzsenyi, D.Q. Lap, G. Micskei, N. Takaés,Sugar: 2006. Effect of sowing date and N-
fertilisation on grain yield and photosynthetic estin maize {ea maysL.) Bibliotheca
Fragmenta Agronomica Proceedings of the XI. Congress of the Europeawcie8/ for
Agronomy. Ed.: Fotyma, M., Kaminska, B. 11 (1):49-4

Z. Berzsenyi, D.Q. Lap, G. Micskeg. Sugar (2008): Effect of N fertilisation on the growth
characteristics of maizeZéa maysL.) hybrids in a long-term experimeritalian Journal of
Agronomy Supplement of the ¥0Congress of the European Society of Agronomy. Rdssi
Pisa, P. 3 (3): 177-178.



21

ACKNOWLEDGEMENTS

| should like to thank Zoltan Béd Director-General of the Centre for Agricultural

Research, for making my PhD studies possible.

Thanks are also due to my past and present HeadBephrtment, Zoltan
Berzsenyi, Tamas Arendas and Nandor Fodor for giogi the necessary

background for my PhD work.

| am grateful to my supervisors, to Zoltan Berzsdéoyhis helpfulness and support
throughout my work, and to Marton Jolankai for thedp during my PhD studies
and for his preliminary reading of the manuscript.

| should also like to express my thanks to my ogmds, Zoltan Alféldi and Mihaly
Sarvari for their careful perusal of the thesis dodtheir helpful criticism and

recommendations.

Thanks are due to all the past and present staffeoCrop Production Department

for their help in the experimental and sampling kvor

Special thanks are due to Lajos Kizmus, GyorgyidWas, Istvan POk and Barbara

Harasztos for their scientific and practical assise.

Finally, grateful thanks to my family for their patice and support, without which

this thesis would never have been written.



