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1. Preliminary fact and aims of the dissertation

The basis for the new research work related to enagzon one hand that it is being
produced on large crop land areas all over thedybihs a high yield potential. On the other
hand its utilization varies in many ways like a®dp fodder or industrial raw material
(Mengel, 1993).

It has to be noted that the conditions of crop pobidn have changed due to the
global climate change. This fact makes further aede of crop production essential. The
success and the efficiency of maize productiondatermined by — on their own already
complex — ecological, biological and agrotechnifadtors together (Mengel and Kirkby,
1982; Csatho et al., 1991; Debreczeni and Bere@@0;2Huzsvai and Nagy, 2005; Nagy,
2007b). All these factors separately have a streffigct, but their complex approach is
inevitable. It is possible to modify to a certaixtent the ecological conditions of a given
production site (like drought, amount of precipdat falling during the vegetation etc.) or
even to limit their possibly negative effect by Bjopg the appropriate measurements on time.
With the knowledge of the conditions of a givenduction site it is important to emphasize
the selection of the adequate variety or hybridalbbse good genetic basis can be the key of
the successful production. The always changing yotoh site characteristics raise the
demand and need the revision and check of the soesimore-decades observations. All
these make further research on this plant essential

It is only possible to adapt our technology to tienging natural and production
circumstances, in case the already available seatdt continuously completed with new ones
about the yield, adaptation ability, just as therieant-uptake and the development of even
newer genotypes. With regard to all these inforamagproduction, nutrient management,
irrigation, just as any other agrotechnical parametn be adjusted to the demand of the
given genotype.

From the aspect of the study of maize developmeotkedge on the nutrient uptake,
especially that of the macronutrient uptake indtigerent vegetations is of main importance.
Using this knowledge it can be possible to increhseefficiency of agrotechnical elements as
a response to the extreme production conditionsis Itpossible to ensure under all
circumstances the safe plant production by supglihe — during the vegetation continuously
changing — demand of the plants, and by maintaittiegoptimal and balanced level of the

production factors.



Long-term field experiments mean important means dathering information
regarding the sustainability of agricultural ecdsyss.

We have set following aims in our research work:

1. To study the given crop-year, just as the effectl amteractions between the
vegetation periodof different maize genotypesyrigation and nutrient-supply on
the biomass- and grain-yield of maize, thenutrient stock of soil, just as the
concentration of nutrients in the plant biomass.

2. To study thenutrient-uptake dynamics during the vegetation on the basis of the
nutrient stock of plant and soil, just as the amt@fmutrients extracted from the soil
by plant biomass.

3. Regarding the studied macronutrients to define dralv conclusions for the
practise and thataim a balanced, sustainable nutrient-supply that isadopted to

the actual demand of plants



2. Methods of the research work

The basis of the dissertation is a long-term itiagga and fertilization monoculture
maize field experiment that has been set up Drosldfagy at the Latokép Experimental
Station of the University of Debrecen, Centre fagridultural- and Economical Sciences,
Faculty of Agricultural, Food Sciences and Enviremn Management in 1984. Our
experiments have been conducted during the vegetati2008 and 2009. In the more than
two decades-experiment the change of the yield athdr quality parameters of different
maize hybrids are studied in case of the applinatd different fertilizer dosages and
irrigation that ensure the optimal water-supplylants.

The experimental treatments are the following: iti@n plots are irrigated and not
irrigated treatments that dispose of the water arthfsxom natural precipitation. The sub-plots
mean the different maize hybrids with differentdovegetation periods, while the sub-sub-
plots are supplied with different nutrient-leveBriginally there are two water-supply, just as
six nutrient-supply levels in case of a hybridesaeh hybrid has 48 plots altogether. The plant
density is set to 70 000 plants per hectare byguaimow distance of 76 cm, just as plant
distance of 18 cm that means intensive productismitions. Each small-plot’s size is 7.6 m
and they consist of two rows with a length of 5meteach. The sizes of the gross and net
plots are equal.

The soil of the experiment is a medium-heavy, |daxture calcareous chernozem
type based on loess. The main parameters of theasmishown inTable 1.Most of the
parameters described Trable 1.are determined according to the standard methbNt=W-
NAK (1979) (Antal et al., 1979), while the totalrban-content of the soil is measured by the
method interpreted by Nagy (2000). The plasticitg.a&0 Arany was measured using the
method of Buzas (1988). We used the extractant .CaCL instead of the ammonium-
lactate acetic acid (AL) that is much less aggwestian the AL and informs about the plant-
available nutrient-amount at the moment of the damggHouba et al., 1990 and 1991), than
other more aggressive soil-extractants. Regardiegnutrient-supply categories acc. to the
MEM-NAK advisory system the nitrogen-supply of teeil is sufficient, the phosphorous-
supply is rather weak and the potassium-supplyidsli®. There are no visible signs of micro-
nutrient deficiency.

The soil pH is slightly acidic, that is considerexdbe mostly favourable from the
aspect of nutrient-mobilization and -uptake. Thenba soil layer is about 70-90 cm. Its upper

30 cm layer has become leached due to the intepsdgiiction in the past several years, so it



doesn’t content any significant lime-amount. Therefunder stressed conditions (drought,
soil acidity) it is in some extent less able tofbufand compensate the negative effect of the
unfavourable circumstances. The ground water lesyabout 6-8 m below soil surface. The
minimal water retention capacity is 27-29 V*%. This field represents the production

circumstances of the chernozem soils in the reginthe Hajdusag with excellent

productivity.
Table 1.
The main parameters of the experimental soil
Production site Debrecen-Latokép
Soil type Calcareous chernozem
Soil texture Loam
Plagticity acc. to Arany (K,) 39
pH-H,0 6.05
pH-KCI 5.41
pH-CaCl, 5.73
Hydrolytic acidity (y,) 9.07
Total C-content (%) 1.89
Humus-content (%) 24
Soil density (kg dm™) 1.19
Total salt-content (m m™%) 0.05
CaCOs-content (m m™~%) 0
AL -extractable P,Os-amount (mg kg™?) 101.3
AL -extractable K,O-amount (mg kg'™) 232.4
0.01 M CaCl,-extractable total N-content (mg kg™) 14.31

The experimental site consists of two parts: tHedfat can be irrigated — in case it is
needed — by a Valmont-type linear irrigation maehaguipped with Wobbler low-pressure
(2 bar) sprayers. On the other half of the expeniaiefield plants dispose only of the water
amount from the natural precipitation and the mwesicontent of the soil. This enables us to
follow and study the effects of the different crggars, just as weather anomalies and we can
find information about the extent of the achievajikdd-increment in case of the satisfaction
of plants’ demands in the critical periods. On diiger hand it is possible — for example in the
studied crop-years — to study whether it is posstblincrease the yield safety of the next
crop-year by the adequate water-supply of the prevyear.

We have chosen to study three different hybriddhéexperiment. We have taken the

length of the vegetation period of the differenbhgs into account (FAO-number). We tried



to choose hybrids with different long vegetationmigas, because according to our original
hypothesis and knowledge there are differencelsarbbth quantity and the dynamics of their
nutrient-uptake. We have studied the hybrids Mv 240 280), Mv Koppany (FAO 420),

and Mv 500 (FAO 510).
Table 2.

The nutrient-treatment combinations of the field eperiment expressed in fertilizer active substance

Treatment N P,Os5 K,O Total
code (kg ha') | (kgha') | (kgha) | (kg ha?)
Controal (0)
1 30 23 27 80
2 60 46 54 160
3 90 69 81 240
4 120 92 108 320
5 150 115 135 400

In this small-plot experiment the rate of the applnutrients is fixed. The effect of
macro-nutrient fertilization is studied — besidee tkontrol —at five levels with fixed
1.0:0.75:0.88 N:}Os:K,0 rate. The above mentioned dosages are appliedording to the
settings of the experiment — in the autumn by aechixnineral fertilizer with a nutrient
content of 16-12-14% active substance, that conttemitrogen as a form of NNOs. The
applied active substance amounts are describ&dbte 2

Before the application of the mineral fertilizeretpre-crop — maize — residues are
chipped and rotated into the soil by a plate didter the application of the mineral fertilizers
they were rotated into the soil too, and afterwahagssoil was ploughed in the autumn. In the
springtime the soil was dragged. Parallel to theparation of the seedbed the soil was
disinfected as well. This was essential, becausednoculture maize production the western
corn rootworm Diabrotica virgifera virgifera LeConte larvae potentially cause large
damages that should be avoided. The applied chemasForce 1,5 G micro-granulate soil
disinfection substance in a dosage of 14 Kk§ hBuring the vegetation post-emergent
chemical, just as mechanical weed-control measurenveere applied. The applied herbicide
was Cambio in 2008 (3 dhha'), while Laudis (2.2 drhha') in 2009. No significant
infection symptoms of any plant disease or pestewbserved in any of the investigated
crop-years. Sewing dates werd'®&pril 2008 and 1% April 2009. The plant shooting was a
bit slower in 2008 (8 May), while it took only 10 days in 2009 2&pril).

The distribution of the fallen precipitation in Z@vas really favourable; therefore

there was no need to apply any further irrigationtiee appropriate plots. Considering the



water-supply of the previous years, just as thdHercrop production essential water amount
this enables us to draw — rational — consequeregarding the after-effect of the previous
year irrigation. The distribution of the precipitat wass less balanced in 2009, so each
25 mm of additional water amount was irrigated loe tespective plots directly after shooting
(29" April) and in the young vegetation (1May).

Due to technical reasons the harvest of the hybrigdglependent from their ripening
group — was executed in the same time: in 2008 "6rO8tober, while in 2009 on %9
September. After determining the moisture contenthe grain yield of each plot, yield

amounts were calculated to 15% moisture contentamdepresented as per hectare results.

Plant sampling and analysis

The dates of the plant sampling times were'™ Ry, 11" June, 2% June, § July,
22th July, 18 August and 8 October in 2008, while "5 June, 26 June, 1% July, 28"
July,11" August and 28 September in 2009. During the first sampling we tbe above-
ground biomass of eight plants (in order to getughoand representative plant sampling
material), while during the following sampling tisyeve took only two plants from each plot.

After weighing the whole green biomass of the plsarnples — that were the above
ground biomass — we first chipped the samples aied the plant material in the free air. The
air dry samples were put into a drier machine afeds where they were dried until their
weight stayed the same. The amount of the dry mats measured too. Then each sample
was fine ground and mixed in order to get repregesmt samples for the following analysis.

The phosphorous and potassium content of plant Issmpere measured after
preparation with a cc. sulphuric acid digestion [Wga et al., 1995). During the preparation
we weighed 0.5 g of the dry and fine ground plarhgles into a digestion tube and added
5 cnt cc. bSO, to each of them. In order to have all organic grxes digested we let the
samples stand for the night. The next day we adfect/m% HO, to them and under
ventilation we started to boil the tubes as longh&# colour has became clear. The received
compound was let cool and was filled up to 50 ¢ust as filtrated through an MN 640 W
filter paper. For the determination of the potasstontent of the samples this compound was
appropriately diluted and measured by a flame earisghotometer (Unicam SP90B). The
phosphorous content was measured using the molybdetue photometry method described
by (1988) at a wavelength of 880 nm. The nitrogentent of the plant dry matter was

measured with a combustion method element angMsigy, 2000).



Soil sampling and analysis

We have taken soil samples three times in eachtagge: first in the beginning of the
vegetation after sewing, second in the intensiieient uptake phase at the silking and third
in the harvesting period. The time of the soil stings were the following: 30 May, 22
July and 18 October in 2008, while ™ June, 1% July and 2% September in 2009.Soil
samples were taken with a hand soil sampler thaei®mmended by the MEM-NAK
advisory system too. Each sample consisted of dileammount gained by six sub-samples
from the whole field of the plot in order to ensuhe representative sampling and to have
enough soil material for the analysis.

Soil samples were dried in the air first and afeade fine ground with a special
machine. Before all analysis they were dried uhigir weight remained the same. We used
two extractant chemicals for the determinationhsd element content of the samples. First
was the in the Hungarian professional advisoryesysividely used ammonium-lactate acetic
acid soil extractant (AL). We determined the phasphs-, potassium, calcium- and
magnesium-content of the samples with this (Egneal.e 1960). This extractant is rather
considered to be aggressive and informs about tivent amount in the soil that is plant
available and ready to mobilise (Loch, 2006). Canilyy the soluble and easily exchangeable
element-content was measured with the much lesesgjge extractant 0.01 M CaGHouba
et al.,, 1990 and 1991). In case of the analysi® Wit we weighed 5 g soil into plastic
shaking bottles and added 50%extractant to them. Afterwards the bottles wenseti and
shaken for two hours. The substance was filtered through a filter paper type MN 640 W
and filled up with distilled water to 50 ¢niThe phosphorous content was measured with the
above mentioned molybdenum blue photometry metlt@d.the determination of the K-
content first we had to eliminate the disturbingsdoy adding oxalic acid. After 24 hours we
measured the potassium-content with a flame enmgsi@tometer (Unicam SP90B). In case
of the less aggressive extractant for nitrogen @otdssium, the 0.01 M Calle shook 5 g
soil with 50 cni of extractant for two hours. The substance waanafirds filtered through a
filter paper (type MN 640 W) and filled up with agdest. to the given amount. We measured
the different N- and P-forms directly from the diled substance, just like the soil pH after
letting the solution stand for 24 hours.

For the statistical analysis of the measuremerat @atused the three factor analysis of
variance and linear regression analysis descrilye8uvab (1981). During the evaluation we
used the MicrosoftExcel macro written by Tolner (Tolner et al., 2008lJjith this programme

we have investigated the effects and interactiata/dien the studied production factors. We



analysed the relationships between the nutrientecrof soil and plants with the regression
analysis. The dynamics of plant production, justhesuptake of each nutrient was analysed
with the computer programme Origin program 6.0.



3. Scientific results of the dissertation

1. The intensity of the green biomass and dry matter gumulation, just as the
nutrient-uptake (Figure 1., 2., 3., 4., 5. and)6of the studied genotypes varies during
the vegetation: in case of the early ripening Iyfarishorter, but more intensive nutrient
uptake could be observed, while in case of theitlglwith longer vegetation the nutrient

uptake was longer and its dynamics was less intensi
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the plants can be pumped back to the soil unddr soieditions Figure 9.and10).
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3. The silking and grain formation of the hybrid Mv 500 happened later;in the crop-
year with shortage in the water supply this timesweaer and warmer than in case of the
hybrids with shorter vegetation period. As a comsege of this Mv 500 could not
compensate the limiting effect of the lack watep@y during the grain filling and
ripening phase.

4. In the treatments with higher NFigure 11), P- Figure 12) and K-fertilization level
plant nutrient concentration increased. However, during the vegetation the efgm
concentration in the treatments with higher nutridosages decreased more intensive

than in those of lower nutrient-supply levels.
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5. The rate of nutrients shall be determined accoring to the planned nutsapply level
and the amount of precipitation/irrigation. In casfethe studied fix nutrient rates we
found additional N-mobilization from the nutrientbsk of the soil (above the already
utilized amount), while at higher nutrient suppgvéls the applied P-amount was not
totally utilized by the plants in any of the stutlierop-years. In the dry vegetation this

latter phenomenon was observed for potassiumRigu(e 13., 14and15).
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In order to ensure the higher nutrient uptake paralel to the better water-supplyit is
important to pay attention to the application ajter mineral fertilizer levels. In case of
regular irrigation and a wet year with balancedexsupply it has to be considered that
the higher nutrient uptake in the previous vegetatishall be completed with a higher
level of nutrient-dosage in order to maintain tdeguate nutrient-supply level of the soil.
Treatments that meet the requirementsswdtainable developmentdo not definitely
match treatments with the highest yields. The rsghmitrient-supply of the soil was
observed in case of a middle nutrient-supply lewgh 90 kg hd N + PK mineral
fertilizer active substance dosadregure 13., 14and15)).

Beside the continuous nutrient-supptyis important to ensure the adequate water
amount in all critical phenological phasesin order to ensure the optimal plant
development. In case this is lack the resulteddyiiglpression cannot be corrected by the

4. Useful results for the praxis
1.
2.
3.

plant in the rest of the vegetation.
4.

In a crop-year with balanced water-supply the aadation of plant green biomass
(Figure 16) and dry matterKigure 18) show a balanced tendency. Contrarily in dry
vegetations the lach of water hinders the accunaumaand the change between the phase
of accumulation and the decrease of the plant gbemnass — due to the water loss and
drying — can happen even 7-10 days earlier thazage of a wet crop-yeaFifure 17.
and19).

y = 95722 x (1 — exp(~0,00043 x)) — 39,15 x — 33,43
701

[
o
1

60+

1

Produced green biomass (t ha )

50

N
o
1

40

w
o
1

30
20

104

-
o
1

y =371,966 x (1 — exp(~0,0273 x)) — 0,8781 x — 212,51

Produced green biomass (t ha‘l)
~
o

o
1

T T T T T T T T
0 20 40 60 80 100 120 140 160

T T T T T T )
. . 40 60 80 100 120 140 160
Days in the vegetation

R?*=0.9616 R?=0.9994 Days in the vegetation

Figure 16.:Green biomass accumulation of maize Figure 17. dbra:Green biomass accumulation of

in the vegetation of 200&average of treatments, maize in the vegetation of 200@average of

Debrecen-Latokép) treatments, Debrecen-L&tokép)

13



N
o
1

N
o
L

[
o
1

(0,292 — 25,74)
= 183

(00285 — 18,0649)
x 4, = Ty \59719
1+ (g5786)

o )53,,9+ 18,0649
+ 72,9288

+ 25,74

Produced dry-matter (t ha‘l)
[
o
1

Produced dry matter (t ha "

T T T T T T T T - . . . . . + .
0 20 40 60 80 100 120 140 160 40 60 80 100 120 140 160

R?=0.9995 Days in the vegetation R?=0.9830 Days in the vegetation
Figure 18.:Dry matter accumulation of maize Figure 19.:Dry matter accumulation of maize
during the vegetation of 200§average of during the vegetation of 200§average of
treatments, Debrecen-Latokép) treatments, Debrecen-L&atokép)

5. Beside the properties of the production site weehtavtake the length of the vegetation
period by the choice of the produced hybilile optimal dosages and application need
to be adjusted to the phenophases of the chosen gampe. In the period with the most
critical water demand we suggest that the adeguater-supply shall be ensured in the
last 10 days of June for early ripening hybridsjlevin case of late-ripening ones this
period is rather the first 10 days of July.

6. According to our results of this research work ogh&rnozem soil the mid-ripening
Mv Koppany had reliable yield production in both wet and dcyop-year. The
production of hybrids with FAO-numbers above 500 t& recommended only under

intensive production circumstances, by continuoushguring the nutrient and water
demand of the plants.
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