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Abstract: The interactions of ecological conditions, genotypes and agrotechnical elements determine the yield 
quantity, quality and stability in cereal (wheat, maize) production. The applied input-level can modify the 
adaptive capacity of crop models to ecological conditions and resilience of agro-ecosystems. The effects of 
agrotechnical elements (crop rotation, fertilization, irrigation, crop protection, plant density) were studied in 
the long-term experiment on chernozem soil. Our scientific results proved that the high yields and good yield-
stability were obtained in the input-intensive crop models, so these models had better adaptive capacity and 
resilience. Maize had lower ecological adaptive ability than winter wheat. The optimalization of agrotechnical 
elements reduces the harmful climatic effects so we can increase the resilience of cereals agro-ecosystems. 
The yields of wheat varied between 2 and 7 t ha-1  in extensive and 8 and 10 t ha-1 in intensive crop models 
and the yields of maize ranged between 2 and 11 t ha-1  and 10 and 15 t ha-1, respectively. 

Keywords: wheat, maize, resilience, adaptive capacity, crop model 

 

Introduction  

In Hungary, winter wheat and maize production have determining importance, their 
combined growing area is 50% of the arable land. These crops are grown under variable 
ecological conditions with a diverse variety/hybrid portfolio by applying agrotechniques 
of different intensity.  
The results of Olsen - Bindi (2002), Birkás et al., (2006), Várallyay, (2007), Balogh - 
Pepó (2008), Pepó (2009), Vad - Dóka (2009) showed that as a result of global climate 
change the yields of crops have dropped and yield fluctuation has increased. The 
unfavourable abiotic stress effects can be reduced by appropriate variety/hybrid 
selection and the optimum use of different agrotechnical factors. Among agrotechnical 
elements, the optimum nutrient – and water – supply (Jolánkai, 1982; Ruzsányi, 1990; 
Berzsenyi, 1993; Pepó, 2004; Pepó, 2009; Vad – Dóka, 2009) have outstandingly high 
importance and the others can modify their main yield effects. 

Materials and methods  

Our long-term experiments were set up in 1983 on chernozem soil at the Látókép 
Research Station of the University of Debrecen in the Hajdúság region (eastern part of 
Hungary). 
In our polyfactorial experiment we study different crop models. The treatments are as 
follows: 

- crop rotation: monoculture (maize), biculture (wheat-maize), triculture (peas-
wheat-maize) 

- fertilization: wheat � control, N=50 kg ha-1, P2O5=35 kg ha-1, K2O=40 kg ha-1, 
and 2-, 3- and 4-folds maize �control, N=60 kg ha-1, P2O5=45 kg ha-1, K2O=45 
kg ha-1, and 2-, 3- and 4-folds. 

- irrigation: non-irrigated and irrigated  
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- other factors: wheat � extensive, average and intensive crop protection 

maize � 40, 60, 80 thousand plants ha-1  
The weather conditions of crop years were different from the aspect of yield formation 
in winter wheat and maize. In general, we can state that weather in crop years of 2004, 
2005, 2008 was good for the crops, in 2006 and 2009 was average and the 2007 crop 
year was unfavourable. 

Results and discussion  

The applied agrotechnique, the level of agrotechnical inputs (extensive, low-input, mid-
tech, intensive) and the interactions between the agrotechnical elements have 
determining importance. Namely, these interactions can be negative in certain cases and 
positive in others. Consequently, our objective is to maximally exploit the positive 
interactions and to minimize or eliminate the negative interactions as far as possible.  
In a long-term experiment, we studied two plant species with different ecological 
sensitivity, winter wheat and maize, in crop models of different intensity on chernozem 
soil. From these models, we analyzed the yields of two crop models with very different  
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Intensive crop models 

 

 

 

 

 

 

 

Figure 1. Yield and yield-stability of winter wheat crop models (Debrecen, chernozem soil, 2004-2009) 

inputs, the extensive and intensive models. In the agro-ecosystems, we applied the same 
genotypes of winter wheat and maize in the studied years, the variable factors were the 
crop year so the weather factors. In the studied 6-year period, the years were 
significantly different from each other with respect to the vegetative and generative 
development and yield formation of the two plant species. Both for winter wheat and 
maize, the year 2007 was very unfavourable, the other years were average or 
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favourable, almost optimal (2004, 2008). The resilience of the agro-ecosystem in its 
response to unfavourable weather conditions was essentially determined by the intensity 
level of the crop model both for winter wheat and maize. In the case of winter wheat in 
the extensive crop model, yields ranged from 1773 to 3014 kg ha-1 in biculture and from 
4573 to 7220 kg ha-1 in triculture. On the one hand, it meant a moderate yield level (2-7 
t ha-1 ), on the other hand, it represented an extremely high yield fluctuation (D=5447 
kg ha-1) in the extensive crop models in the two crop rotation systems. The intensive 
crop models differed from the extensive ones as in these the optimum fertilization 
(Nopt+PK dosages), water supply (irrigation according to the demand) and crop 
protection (herbicide + fungicide application) were provided. As a result of this, the 
yields of winter wheat in intensive crop models ranged from 7669 to 9839 kg ha-1 in 
biculture and from 7977 to 10635 kg ha-1 in triculture. Accordingly, by applying a 
proper, intensive agrotechnique, a better resilience of the agro-ecosystem to the 
unfavourable environmental factors (weather effects) could be facilitated. Consequently, 
the yields of winter wheat in intensive crop models varied at a high level, in the interval 
between 7.5 and 10.5 t ha-1 in biculture and triculture. However, the yield fluctuation 
between years was considerably lower in intensive models (D=2966 kg ha-1) than in the 
extensive wheat models (D=5447 kg ha-1) (Figure 1). 
 

Extensive crop models 
 
 
 
 
 
 
 
 
 

Intensive crop models 
 
 
 
 
 
 
 
 
 

Figure 2. Yield and yield-stability of maize crop models (Debrecen, chernozem soil, 2004-2009) 

For maize, we studied the interactions of weather factors and crop models with respect 
to the resilience of the agro-ecosystem in three crop rotation variations (mono-, bi- and 
triculture) on chernozem soil. Our research results proved that, in the case of extensive 
models (without fertilization and irrigation with moderate plant density), the yield of 
maize varied between 2102 and 8079 kg ha-1 in monoculture, 6032 and 11328 kg ha-1 in 
biculture and 6092 and 10348 kg ha-1 in triculture. The much higher ecological 
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sensitivity of maize as compared to wheat was proved by the greatly variable yields in 
the different years. In an unfavourable year (2007), the maize yield varied between 2 
and 7 t ha-1 in the extensive model depending on the crop rotation. In a year with almost 
optimal water supply (2008), maize yield was 8-11 t ha-1 in the extensive model 
depending upon the crop rotation. In the case of intensive crop models (optimum 
fertilizer dosages, optimum plant density, irrigation), maize yields varied between 
10242 and 14453 kg ha-1 in monoculture, 10970 and 14925 kg ha-1 in biculture, and  
between 10907 and 14973 kg ha-1 in triculture, that is it was considerably higher than 
that of extensive models. In the case of intensive technologies, yields ranged from 10 to 
15 t ha-1, while for extensive ones, yields were between 2 and 11 t ha-1 in the studied 
period (2004-2009). However, yield fluctuation caused by weather was significantly 
lower in intensive models (D=4683 kg ha-1) than in the extensive ones (D=9226 kg     
ha-1). Consequently, our research results proved that by applying the proper, intensive 
crop model the resilience of the given agro-ecosystem to the harmful effects induced by 
weather factors could be moderated even in the case of the ecologically very sensitive 
maize (Figure 2). 

Conclusions 

Results of our long-term experiments proved that the equilibrium of a given crop model 
and consequently, its productivity were greatly influenced by environmental, primarily 
weather factors. The application of input intensive technologies is also of favourable 
effect in winter wheat and maize production. According to our research results, the yield 
level of winter wheat was 8-10 t ha-1 and the yield level of maize was 10-15 t ha-1 by 
applying an intensive technology on chernozem soil in the Hajdúság region. When 
applying an extensive technological model in the period of 2004-2009, the yields of 
winter wheat and maize ranged from 2 to 7 t ha-1 and from 2 to 11 t ha-1, respectively. 
By applying intensive technologies, yield stability could be significantly improved. 
Yield fluctuation of winter wheat was 2966 kg ha-1 in the intensive model and 5477 kg 
ha-1 in the extensive model, while for maize the corresponding values were 4683 kg ha-1 
and 9226 kg ha-1 depending upon the input level. 
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Abstract: By floristic and phytocoenological research of weed flora in vineyards of Bosnia and Herzegovina 
14 adventive species were determined: Amaranthus albus L., Amaranthus retroflexus L., Ambrosia 
artemisiifolia L., Asclepias syriaca L., Avena barbata Pott. ex Link., Bidens bipinnata L., Conyza canadensis 
(L.) Cronq., Erigeron annuus (L.) Pers., Foeniculum vulgare Mill., Galinsoga parviflora Cav., Oxalis stricta 
L., Portulaca oleracea L., Sorghum halepense (L.) Pers., and Xanthium italicum Moretti. Most of them (8 
species or 57,14 %) have North American origin. The most important species from this origin in vineyard 
weed flora of Bosnia and Herzegovina are: Amaranthus retroflexus L. and Ambrosia aretemisiifolia L. The 
following species also had a higher frequency: Conyza canadensis (L.) Cronq., Erigeron annuus (L.) Pers.  
and Xanthium italicum Moretti. In the structure of adventive floristic elements, plants of Mediterranean origin 
were presented by 4 species or 28,57%. Sorghum halepense (L.) Pers. and Portulaca oleracea L. were 
characterized by higher frequency in weed flora. However, Foeniculum vulgare Mill. Mediterranean spice 
species had been determined as a weed. Out of 2 species of South American origin, Galinsoga parviflora Cav. 
had high frequency in weed flora in vineyards of Bosnia and Herzegoivna. 

Keywords: adventive species, vineyards, Bosnia and Herzegovina. 
 

Introduction 

The adventive flora is represented by allochthonous species that, as a result of human 
activity, were introduced into our region where they have, more or less, acclimatised 
themselves. In this connection, the term “adventive species” refers to all introduced 
species, regardless of the mode and time of their introduction, and of the level of their 
adaptation and successfulness of naturalisation. Invasive plant species are the 
introduced (alien or allochthonous) species that have become established in a certain 
area and overstepped the barrier dividing degraded habitats of ruderal communities 
from the habitats of secondary and primary plant communities. One of such barriers is 
the self-propagation in nature, i.e. independent maintenance and increase of population. 
This stage, when herbaceous plants are involved, most often occurs in ruderal plant 
communities, that is, on ruderal habitats since ruderal plant communities are 
distinguished by high dynamics and unstable coenocytic relations, and are very suitable 
for colonisation and propagation of adventive species (Richardson et al., 2000). The 
presence of these plants and their spreading represents a great danger to the 
autochthonous flora, which in this way can be directly jeopardised and ousted. Most 
often these are very resistant plants and strong competitors, which poses a special 
problem for agricultural production.  
 
Materials and methods 

In Bosnia and Herzegovina, floristic and phytocoenological research of weed flora in 
vineyards was carried out in the 2006-2008 period. The determination of plant species 
was done on the basis of the following publications: Flora Europaea I-V (Tutin, (ed.), 
1964-1980), Flora of Bosnia and Herzegovina (Beck, 1906-1923), Flora of the SR of 
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Serbia I-IX (Josifović, (ed.), 1970-1977), Flora of Croatia (Domac, 1994), Ikonographie 
der Flora des Südöstlichen Mitteleuropa (Javorka and Csapody, 1979), and Flora 
Italiana (Fiori and Paoletti, 1921). Taxonomy and nomenclature have been harmonised 
according to the publication Flora Europaea I-V (Tutin, (ed.), 1964-1980). Life forms 
have been determined according to the supplemented and updated classification based 
on the principles of Raunkiaer (Raunkiaer, 1934) given in the Flora of Serbia (Sarić, 
(ed.), 1992). This classification has allowed for an ecologically more specific nuancing 
of the biological spectrum. The affiliation of species to floristic elements was 
determined on the basis of land area maps of Meusel et al. and the Atlas of the Flora of 
Europe, which contain original land areas for adventive species (Oberdorfer, 2001). 
 
Results and discussion  
 
The weed flora of Bosnia and Herzegovina can be said to have been studied relatively 
well, except that adventive species have not been paid an adequate attention. Their 
spreading interested a certain number of researchers (Slavnić, 1960; Šarić et al., 1992; 
Šilić and Abadžić, 2000; Kovačević et al., 2008 and others). During 1999 a research 
was carried out with a special reference to the spreading of new weed species, such as   
Abutilon theophrasti, Xanthium strumarium and Datura stramonium, as well as to the 
expansion of former weeds, as is the case with Avena fatua, Sorghum halepense and 
Ambrosia artemisiifolia. During the research it was established that Ambrosia 
artemisiifolia intensively spreads from the north towards the Central Bosnia (Šarić et 
al., 2000). A very detailed study reports the changes in the communities that enter the 
system of segetal vegetation in the southern parts of Hungary caused by the invasion of 
allochthonous plant species (Erigeron annuus, Ambrosia artemisiifolia, Conyza 
canadensis, Xanthium italicum and Sorghum halepense) that appear with high 
frequency and dominate on the plough-fields and vineyards of the researched region. 
(Pál, 2004). The years-long research of the weed flora in the vineyards of Bosnia and 
Herzegovina resulted in the establishment of fourteen adventive species (Table 1). 
The adventive flora in the vineyards of Bosnia and Herzegovina has been classified into 
7 families, predominant among which being the representatives of the Asteraceae 
family with 6 species; by the way, this family is the most represented in the flora of 
Bosnia and Herzegovina (Beck, 1906-1923). In the biological spectrum of the adventive 
flora of the vineyards of Bosnia and Herzegovina, three life forms were established, 
terophytes with 10 species being absolutely predominant, while hemicryptophytes and 
geophytes are represented by 2 species each. Taking into consideration the quantitative 
and qualitative representation of the plants of individual life forms it may be said that 
the adventive weed flora in the vineyards of Bosnia and Herzegovina has a marked 
terraphytic character. The geophytic species Sorghum halepense (L.) Pers has somewhat 
higher numerousness and land cover. As for the life form structure of terraphytes, 8 of 
them are dendriform (T scap), among which Amaranthus retroflexus L., Ambrosia 
artemisiifolia L. and Galinsoga parviflora Cav. appear with high frequency; these, 
beside others, together with the species Portulaca oleracea L. – which is a dendriform 
succulent (T scap-succ) – account for 90,00 % of the total number of terraphytes. The 
annual species of a tussock habit (T caesp) is Avena barbata Pott. ex Link. which is 
common on ruderal and agricultural habitats (olive woods and vineyards) of 
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Herzegovina. As regards the category of growth, terraphytes are dominated by high 
plants of summer phenology (a). 
 
Table 1. Taxonomic, ecological and phyto-geographical analysis of adventive weed flora in B&H vineyards. 

 

Weed species Life form Floristic element 

Family Amaranthaceae 
Amaranthus albus L. a  Meg T scap adv (N. America) 
Amaranthus retroflexus L. a Mes-Alt T scap adv (N. America) 

Family Apiaceae 
Foeniculum vulgare Mill. a Meg-Alt H scap adv (W. Mediterranean) 

Family Asclepiadaceae 
Asclepias syriaca L. a Meg-Alt G rhiz scap adv ( N. America) 

Family Asteraceae 

Ambrosia aretemisiifolia L. aut Meg T scap adv (N. America) 
Bidens bipinnata L. a Meg-Alt T scap adv (S. America) 
Conyza canadensis (L.) Cronq. a Meg-Alt T scap adv (N. America) 

Erigeron annuus (L.) Pers. a Mes-Meg T scap/a H scap 
bienn 

adv (N. America) 
Galinsoga parviflora Cav. a Mes-Meg T scap adv (S. America) 
Xanthium italicum Moretti a Meg-Alt T scap adv (N. America) 

Family Oxalidaceae 
Oxalis stricta L. a Mi-Mes H scap adv. (N. America) 

Family Poaceae 
Sorghum halepense (L.) Pers. a-aut Meg-Alt G rhiz caesp adv (E. Mediterranean) 
Avena barbata Pott. ex Link. a Meg-Alt T caesp adv (Mediterranean) 

Family Portulacaceae 

Portulaca oleracea L. a Mes T scap-succ adv (E.-C. Mediterranean) 

 
The domination of terraphytes in terms of percentage confirms the anthropogenic 
conditions and changeability of the habitats of the researched area, and suggests the 
ruderal character. Hemicryptophytes are represented by 2 tree-shaped weed species (H 
scap) of summer phenology (a); as for the category of growth they are medium high and 
high plants. Geophytes are represented by rhizomatous (G rhiz) forms, out of which 
Sorghum halepense (L.) Pers. is of a tussock (G rhiz caesp), and Asclepias syriaca L. of 
a dendriform (G rhiz scap) habit. As regards the growth categories here we are dealing 
with high plants. The structure of the adventive group of floristic elements in the 
adventive weed flora of Bosnia and Herzegovina is such that the largest number of 
species (10) is of American origin, out of which 8 species (57,14 % of the total number 
of adventive species) have their land areas in North America, and 2 in South America. 
Out of the species of the North American origin in the weed flora of Bosnia and 
Herzegovina vineyards, the following especially stand out: Amaranthus retroflexus L. 
and Ambrosia aretemisiifolia L. With a major level of presence are also the species: 
Conyza canadensis (L.) Cronq., Erigeron annuus (L.) Pers. and Xanthium italicum 
Moretti. The species of the South American origin Galinsoga parviflora Cav. is highly 
frequent in the weed flora of the vineyards in Bosnia and Herzegovina. Four adventive 
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species have their original land areas in the Mediterranean region. Among the species of 
the Mediterranean origin in the structure of the adventive group of floristic elements, 
Sorghum halepense (L.) Pers. and Portulaca oleracea L. are represented in the weed 
flora of vineyards. 
 
Conclusions 

In the weed flora of the vineyards of Bosnia and Herzegovina 14 adventive species have 
been identified; they have been classified into 7 families, out of which the Asteraceae 
family has the largest number of species (6 species). The weed flora in the vineyards of 
Bosnia and Herzegovina has a pronounced terraphytic character with the domination of 
high denfriform (T scap) plants of summer phenology (a). The phytogeographical 
analysis has established the domination of the species of American origin (10 species), 
among which prevail the species that have their original land areas in North America (8 
species). On the basis of years-long researches it may be said that what is involved here 
is an increase in the number of adventive species and their intensive propagation, and 
that some species are assuming the character of invasive ones. In weed communities the 
participation of adventive species, especially in perennial plantations, poses a big 
problem because by entry into agrophytocenoses their propagation is accelerated.  
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HEAVY METAL ACCUMULATION 
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Abstract: Condition of an eco-system greatly depends on different biotic and abiotic factors. The area along 
the Tisza River is highly imperiled by random appearance of heavy metal pollutants originated from mining 
accidents or other sources. Heavy metals are dangerous because of the bioaccumulation and they could be 
toxic or poisonous even at low concentration. The aim of our research was to test the reaction of a simplified 
soil- plant pot experiment, consists of garden cress (Lepidium sativum) for metal pollution close to the 
sanitary limiting value. Garden cress is considered to be one of the most important agricultural vegetables and 
its short reaction time for various treatments makes this plant ideal object of eco-toxicological test. Based on 
the results it is possible to deduct resilience processes. Furthermore soil samples were taken around the River 
Tisza in order to determine the degree of pollution. 
Keywords: heavy metals, Zn and Cu accumulation, garden cress 

 

Introduction 

The heavy metal pollution in the human surrounding is one of the leading issues of 
nowadays. Heavy metal pollution can cause enormous changes in the flora and fauna 
community decreasing of resilience capacity of the soil (Bálint et al., 2007), although 
the estimation of its danger level alters according to loadabilty of the carrier medium.  
Garden cress (Lepidium sativum) was chosen as a test plant to simulate the accessible 
pollutant uptake (R. van Herwijnen et al., 2008; P. Alvarenga et al., 2008; Gyarmati et 
al., 2008). Additionally L. sativum is a possible carrier of heavy metals in food chain, 
since it is a many-sided green vegetable consumed by human beings and animals 
(Terbe, 2000). 
The present investigation was undertaken to examine the level of Zn and Cu pollution in 
Lake Rétközi and its surroundings, and its removal by phytoextraction. 
 

Materials and methods 

1.) Monitoring of soil pollution 
Sampling: 50 soil and 4 control samples were collected from 0-30 
cm (A) and 70-100 cm (B) depth along Szabolcsveresmart 
settlement, which frequently called Rétközi reservoir (located in 
Szabolcs – Szatmár – Bereg county, GPS coordinates: N: 48.29340° 
E: 22.03357°). Samples were taken according to the sampling 
network based on standards no. MSz 21470-50 (See Figure 1.). 
After transport to the laboratory, samples were left to dry by 
exposing to the air. In order to remove the bigger stones and 
remnants of roots, the samples were sifted through a 2 mm sieve. 

Figure 1. Sampling network 
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Dry weight content and pH determination: Determination of dry weight content and 
pH were made according to standards no. MSz-08-0205-1978; MSz-08-0206/2-1987. 

2.) Phytoextraction experiment 
Phytoextraction processes with L. sativum in soil were conducted under laboratory 
condition. 

General treatment of the seeds: 
4 containers were filled the soil derived from Rétközi reservoir (see on Figure 1.: 17-A; 
20-A; T-A; T-B). Three replicated were used in all variants. The soil type is Eutric 
Cambisol (WRB reference). 4 soil samples with outstanding value of concentration 
(compared to the average value) were used. The bio cress seeds, produced by BIOrganic 
Ltd, were scattered over the soil. Small amount of soil was sprinkled lightly over them, 
just to cover. A spray bottle was used to keep the seeds evenly moist. They sprouted 
after 2-3 days. 0.2 g (138 pieces) seeds were used for one experiment. The seedling 
occurred at room temperature (between 18-23 °C). At the end of 14th day, the full-
grown plants were removed and carefully washed off. The redundant water was done 
away and every plant was separated into roots, stems and leafs. The parts of the plants 
were digested as it is described below. 

Microwave digestion 
1.) Sample preparation Soil: at first samples were sifted through a 0.2 mm sieve. 0.5 g 
dry matter soil was taken into each teflon bomb. Then 5 cm3 65% HNO3 and 2 cm3 30 
% H2O2 were added before starting the digestion program. 

Table 1. Digestion program 

Steps 
Time [min] 
Soil / Plant  

Process [Watt] 
Soil / Plant 

1. 5 / 2 Digesting, 250 / 250 
2. 2 / 2 Aeration 
3. 5 / 6 Digesting, 400 / 250 
4. 5 / 5 Digesting, 250 / 400 
5. 7 / 5 Digesting, 700 / 600 
6. 5 / 5 Aeration 

Plant: The preparation of plant samples happened the same way, but different quantity 
of acids were added: 6 cm3 65% HNO3, 1 cm3 30 % H2O2. 
2.) Digestion:Samples were digested by a MILESTONE 1200 Mega Microwave 
Digester (see the digestion program in Table 1.).  
3.) Determination of heavy metal content: 
After the procedure described above the following elements were measured by ICP-
OES and FAAS: Al, Ca, Cr, Cu, Fe, Ni, Mg, Mn, Pb, Zn in soil and Zn, Cu in garden 
cress. 

Results and discussion 

1.) Monitoring of the soil pollution 
It became clear after completing the variance analysis (ANOVA one-way test) that the 
heavy metal content of the soil samples significantly depends on the place of sampling.  
Only one soil sample’s Cu concentration (sample id.: 22-A, see on Figure 1.) 84,8 mg 
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kg-1 was higher than the limit value (75 mg kg-1) based on the Governmental Regulation 
6/2009. (IV. 17.) KVVM-EÜM-FVM. In the case of other measured elements neither of 
them exceed the limit values after summarizing all the results. These results will be 
used as reference base of a long term monitoring system. The reason 22-A was not take 
into account is that the seed sprouting was inhibited at that degree of pollution causing 
the insufficient quantity of plant dry mater for the analysis. 
 
Table 2. Pyisical and physico-chemical characteristic and composition (dry weight basis) of studied soils and 

plants 
 

Soil Parameter 
17-A 20-A T-A T-B 

Soil Plasticity (KA) 30 28 55 56 
CaCO3 (%) 1 1 1 1-2 
Humus (%) 2.2 2.3 2.3 2.6 
C/N 16.7 12.4 15.0 16.16 
pH(H2O) 5.70 6.20 7.12 6.77 
pH(KCl) 5.69 6.19 7.13 6.78 
Dry matter content (%) 98 99 99 1 
Zn (mg kg-1 d.w.) 165.6 32.2 189.9 194.5 
Cu (mg kg-1 d.w.) 43.0 20.8 61.4 74.1 
Cr[tot] (mg kg-1 d.w.) 2.8 4.0 0.9 2.6 
Al (mg kg-1 d.w.) 1630.7 3519.3 1031.5 2421.2 
Pb (mg kg-1 d.w.) 3.4 2.0 1.4 1.2 
Ni (mg kg-1 d.w.) 1.9 2.2 0.6 1.9 
Dry matter content (%) Plant 
Root 5.2 12.5 38.8 23.5 
Stalk 6.8 12.1 7.1 12.7 
Leaf 0.4 8.5 8.6 9.3 
T % (Zn) 35.48 64.94 31.7 31.0 
T % (Cu) 26.8 25.5 27.4 30.6 

 
2.)Phytoextraction experiment 
It has to be taken into consideration, that soil parameters have notable effect on these 
experiments: metals, heavy metals, cations are not so mobile in carbonaceous soil 
(Kádár, 2007). The transfer coefficient (T %) was calculated, too (F. Fornes et al., 
2009). Although the organic matter content is determinant regarding the heavy metal 
concentration of the soil solution, straight correlation cannot be demonstrated by 
adsorptional experiments. The reason for this is pH affects the creation of metalorganic 
complexes and there is a strict correlation between pH and the degree of absorption. 
Another important factor beside this is that the structural diversity of the mouldmaterial, 
which is not mapped completely yet, cannot be regarded as a uniform material. Their 
absorption and cation-exchanging characteristics are different and depend on pH 
(FILEP 1988). It can be concluded that in almost every case the heavy metal 
concentration in the roots were significantly higher than in the other plant parts (see on 
Figures 2,3). It is favorable for the consumers because heavy metals accumulate only in 
a small proportion in leafs and stalks of the garden cress. 
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Firuge 2. Cu concentrations in different samples Figure 3. Zn concentrations in different samples 

Conclusions 

After finishing this investigation it can be established, that the heavy metal content of 
the soil samples significantly depend on the place of sampling, although the examined 
area is in better condition than it was expected at the beginning. This investigation is in 
accordance with other authors’s results of garden cress test, which show the highest 
accumulation were happened in the root (Smolinsk and Cedzynska, 2007). Since it is 
proved the garden cress was able to absorb and translocate heavy metals, it creates an 
opportunity to apply it in fitoremediation processes. The heavy metal removal from the 
ecosystem via melioration in all case increases its resilience. 
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Abstract: Importance of composting technologies has grown in recent decades. Bacterial communities 
inhabiting in composting mixtures consisting of communal green waste and sewage sludge were investigated 
by microbiological cultivation and molecular taxonomic identification.  
During the composting procession samples were taken and cultured with tryptone glucose yeast extract No.5 
medium.  The 73 isolates obtained from composted mixtures of different composition were identified 
comprehensively. Sequence of their 16S ribosomal RNA gene was revealed by PCR method. Our strains 
proved to be representatives of 42 different species. After a detailed hygienic typifying we found a number of 
species (e.g. Serratia marcescens, Sphingobacterium mizutae, Pseudomonas aeruginosa) of health risk.  
Opportunistic pathogens could be found in all kinds of composting mixtures but in mixture consisted of 
communal green waste and sewage sludge, and was treated with a combined inoculant preparate. According to 
the special literature 11 species can be considered as possible tools of biodegradation of polyvinyl alcohol 
(Microbacterium barkeri), atrazine (Bacillus megaterium), carbon tetrachloride (Pseudomonas stutzeri), 
phenyl chloride (Sphingopyxis chilensis). Concluding our results we suggest that incidence of opportunistic 
pathogens in composts should be emphasized more. 

Keywords: compost, pathogenic bacteria, biodegradation 

 

Introduction  

During the compost experiment it is possible to permanently and efficiently dispose of 
organic refuses and also to use the composts as yield-enhancing substances. The 
composted material that we get is expected to be free of  infectious micro- and 
macroorganisms that can be harmful to human, animal or plant health. According to the 
Hungarian legislations to authorise the utilisation  examinations needed to determine the 
number of faecal coliform bacteria, faecal Streptococci and Salmonella sp. and also the 
number of human parasite helminth eggs.  Many different kinds of pathogenic 
microorganisms could be found in the raw material of the compost (communal green 
waste and sewage sludge, manure) which should be eliminated within the aerob 
thermofilic phase (60-70 ºC). More and more studies deal with pathogenic 
microorganisms living though the thermophilic phase and they can reinfect and colonise 
again the composts in the mesophilic phase (M. L. Droffner et al., 1995). During the 
storage, transport and utilisation of the compost an exposure way could open for the 
pathogenic bacteria. In our studies we used inocula to accelerate composting communal 
green waste and sewage sludge. After the maturation of the compost we analysed the 
16S rDNA sequences of the cultured bacteria and followed the changes of the 
microbiota. 
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Materials and methods  

Composted materials and additives 

In the course of composting we used 55 v/v % sewage sludge and 45 v/v % communal 
green waste. Right after mixing these components we got samples then we devided 
them into four equal parts (A, B, C, D). We use pile A - without inoculum treatment - as 
a control compost pile. Pile B was treated with Pseudomonas and Cellvibrio species 
(inoculum 1.), pile C was inoculated with Thermobidia fusca, Bacillus circulans, 
Scytalidium thermophilum and Paecilomyces variotii species (inoculum 2.). Pile D was 
treated with the mixture of both inocula. During the experiment sampling from the piles 
was made two times again, from the thermofilic phase, and the following mesophilic 
phase equally from the four piles. 

Isolation of typical bacteria  

In aseptic circumstances 10 g of the sample was put into an 300 ml Erlenmeyer flask  
containing 90 ml distilled water, Tween 80 mix and then shaken for 30 minutes. Then 
we prepared dilution series from the suspension attenuated to 108. 1-1 milliliters of each 
part of series were put into Petri dishes and poured up by hand warm tryptone glucose 
yeast extract No. 5 medium (trypton 5.0 g, glucose 5.0 g, yeast extract 2.5 g, agar 15.0 g 
in 1000 ml distilled water) and were incubated for 72 hours on 28 ºC. After outgrowing 
of the bacteria we defined the value of CFU ml-1 and isolated them in pure cultures by 
different morfological properties. 

Identificaton of isolated bacteria 

Species of the isolated strains were identified by 16S rDNA amplifying (PCR) of the 
species specific and semi conservative DNA region by 27 forward and 1492 reverse 
primers. After that we made a partial sequence analysis with primer 519r and the 
sequencing of the nucleotide order of the amplified 16S rDNA region was compared to 
the data of international reference DNA collections. 

Results and discussion  

As the results shown in the table 1., after 35 days of maturation procedure the incipient 
109 CFU/ml value decreased only 1-2 order of magnitude in the samples in the middle 
and at the end of compostation. Moreover there was no change in the samples from A 
and C. 

Table 1.  CFU ml-1 bacteria in the composts treated in different way 
 

  Sign of sample 

Age of sample A 
Control pile 

B 
With inoculum 1. 

C 
With inoculum 2. 

D 
With inoculum 1.+2. 

0. hour 1,42 * 109 

 20. days 1,59*107 7,28*108 4,26*108 2,4*108 

35. day 1,45*109 8,26*108 3,23*109 8,85*108 
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We isolated 73 different strains of bacteria on tripton glucose yeast extract No. 5 
medium, and as the 16S rDNA sequence analysis showed they belong to 42 different 
species and 20 of them have significant health risk. Potentially pathogenic bacteria - we 
found in the first sample - at the begining of the composting are shown in table 2. Table 
3. and 4. represent the isolated pathogenic bacteria from the four different piles in the 
thermophilic and mesophilic phase. 

Table 2. Potentially pathogenic bacteria in the start-up sample (0. hour) 

Alcaligenes faecalis subsp. phenolicus  Ochrobactrum anthropi 
Alcaligenes faecialis  Providencia rettgeri  
Enterobacter hormaechei subsp. steigerwaltii  Serratia rubidaea  
Klebsiella pneumoniae  Stenotrophomonas maltophilia  
Klebsiella pneumoniae subsp. pneumoniae   

 
Table 3. Isolated pathogenic bacteria occurence in the samples on the 20. day 

  A B C D CFUml-1 

Acinetobacter baumannii    +  106 

Burkholderia multivorans  +    106 

Enterobacter cloacae     + 107 

Ochrobactrum anthropi  +   106 

Ochrobactrum intermedium   +   106 

Psedomonas alcaligenes     + 105 

Pseudomonas mendocina     + 107 

Sphingobacterium multivorum   +   106 

Sphingobacterium thalpophilum    +  107 

Serratia marcescens subsp. marcescens   +   102 

 
Table 4. Isolated pathogenic bacteria occurence in the samples on the 35. day 

  A B C D CFUml-1 

Ochrobactrum pseudintermedium  +  + 107-108 

Pseudomonas aeruginosa    + 106 

Serratia marcescens  +    106 

Serratia marcescens subsp. marcescens     + 105 

Sphingobacterium mizutae   +   107 

Stenotrophomonas maltophilia     + 107 

According to the results we can state that in the course of maturation the number of 
pathogenic bacteria was lower as well, although it was significant. Among the different 
piles C (treated with inoculum 2.) proved to be the most successful, because it was the 
only sample, which had no pathogenic bacteria after composting process. Pile D, which 
was treated with mixed inoculum contained the most pathogenic bacteria. According to 
the special literatures 11 identified species are able to biodegrade certain materials, but 
three of them potentially pathogenic, and two species had never been described in 
Hungary. The list of the species and the materials they can biodegrade is found in Table 
5. 
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Table 5. Special species were isolated from the compost samples. 
 

Species 
Biodegradable materials or the fact 

of first isolation in Hungary 
Risk Group

Alcaligenes faecalis subsp. phenolicus Phenol 2 
Bacillus megaterium Atrazine as nitrogen source 1 
Brevibacillus panacihumi  Firstly identified in Hungary 1 
Gordonia paraffinivorans  Hydrocarbons 1 
Microbacterium barkeri  PVA (polyvinyl-alcohol)  1 
Ochrobactrum anthropi  PAH, TPH  2 
Pseudomonas alcaligenes  PAH, 2,4-dichlorphenol 2 
Pseudomonas pseudoalcaligenes  Nitrobenzene, PCB oxidation 1 
Pseudomonas citronellosis  Atrazine as nitrogen source 1 
Pseudomonas pictorum  Phenol  1 
Pseudomonas tuomuerensis  Firstly identified in Hungary 1 
Pseudomonas stutzeri  Carbon tetrachlorid, phenanthrene 1 
Sphingopyxis chilensis  Chlorophenol, PHA accumulation 1 
Risk Group (by German Collection of Microorganisms and Cell Cultures, http://www.dsmz.de/) 
1 - not cause human disease 
2 - may cause human disease 

Conclusions  

During the compost experiment, after the thermophilic phase a huge number of 
pathogenic bacteria was isolated which may have survived the thermophilic phase and 
may have colonized the compost piles again during the mesophilic phase. It could be 
especially problematical that based on the current valid Hungarian legislations there are 
only a few microorganisms which have to be examined and the vast majority of 
pathogens isolated by us doesn’t belong to these. Thus, the contact with the compost 
could have potential human and public health risk and an exposure way could open for 
the pathogenic bacteria. Some of the bacteria isolated by us can be used for 
biodegradation purposes, besides we have isolated two strains which have never been 
identified in Hungary. Among the species capable of biodegradation opportunistic 
pathogens can be found. The application of these species is not recommended because 
of the reasons mentioned previously. The inoculum used in pile C is proved to be the 
most effective and it is likely that it had an important role in decreasing the number of 
pathogenic miroorganisms. Summarizing all these we should consider more the 
presence of pathogenic microorganisms after the compost maturating process and 
should pay attention to analyze them, furthermore to regard the potential health risk of 
using matured composts. 
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Abstract: Baking quality parameters are good indicators of the flexibility of wheat production for those wheat 
varieties which showed good and stable baking quality parameters at different fertilization levels and in 
different years. In our experiment, we studied the baking quality parameters of two wheat varieties (GK 
Öthalom and Lupus) for five years (2004, 2005, 2006, 2007, 2008) on chernozem soil. Fertilization and year 
had a significant influence. The valorigraph value, wet gluten and protein contents are the most strongly 
influenced by the year effect. The varieties respond differently to the year effect. The variety Lupus responded 
better to environmental effects and fertilization, it had stable and good baking quality values in all five years. 
For baking quality, the fertilizer dose of N90-120+PK proved to be the optimum treatment.  

Keywords: winter wheat, fertilization, crop year, backing quality, resilience indicator  
 
Introduction 

The year and the technological procedures, treatments applied basically determine the 
milling and baking quality of wheat. Quality is a genetically determined trait of the 
variety, which can be asserted, deteriorated by agronomical methods, but cannot be 
improved anyhow. (Jolánkai et al., 2004).According to Gyıri and Gyıriné (1998), the 
year basically determines the uptake and accumulation of nutrients, therefore, it has an 
extremely large impact. According to Vida and Jolánkai (1995), baking quality is good 
when precipitation is good during April and May and weak in June and July. In poor 
varieties, baking quality was not good even under favourable agroecological conditions. 
The applied fertilization significantly influenced the baking quality. According to 
Peterson et al. (1998), the environmental factors have a significant effect on wheat 
quality. The winter wheat genotypes respond differently to the environmental factors. 
According to Pepó (2005), ecological factors account for one third of the effect 
determining wheat quality (weather 22 %, soil 10 %) under normal conditions. Variety 
selection is the starting point of quality wheat production (27 % influencing effect). 
Among agrotechnical factors, the elements of direct effect (primarily fertilization and 
crop protection) and the factors of indirect effect (forecrop, sowing, harvesting) 
determine the baking quality of wheat in 25 % and 16%, respectively. According to 
Tanács et al. (2006), variety and the year effect are of decisive importance in the 
formation of wet gluten content and baking parameters. 

Materials and methods 

The field experiments were carried out at the Látókép Experimental Station of the 
Institute of Crop Sciences, University of Debrecen. The soil of the experiment is 
calcareous chernozem. Our study contains the results of the period 2004-2008. The 
small-plot field experiment was set up in a split-split-plot design in four replications. 
Six fertilization levels were applied in the treatments. In addition to the control, the 
basic dosage of N=30 kg ha-1, P2O5=22.5 kg ha-1 and K2O=26.5 kg ha-1 and 2-, 3-, 4- 
and 5-fold dosages were applied. The total P and K dosages were applied in the autumn, 
50% and 50 % of the N fertilizer dosages were applied in the autumn and in the spring. 
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The forecrop was sweet maize. The precipitation values during the season and the 
temperature data during the period of 2004-2008 are presented in Table 1. 

Table 1. Main meteorological data of vegetation period (Debrecen, 2004-2008) 

 Oct. Nov. Dec. Jan. Feb.Mar.Apr. May Jun. Total/ 
Average

Difference

Precipitation (mm) 2004 90 21,7 20,8 37,241,6 46,5 40,0 17,0 61,7 376,5 -24,4 
Precipitation (mm) 200538,9 63,5 33,7 18,240,6 10,5 74,9 75,8 54,3 410,4 9,5 
Precipitation (mm) 2006 7,0 12,6 83,5 22,544,2 79,0 92,3 58,3 77,1 476,5 75,6 
Precipitation (mm) 200722,9 9,2 5,0 23,953,2 14,0 3,6 54,0 22,8 208,6 -192,3 
Precipitation (mm) 200871,4 40,9 29,8 26,4 4,6 41,7 74,9 47,6 137,8 475,1 74,2 

30 year’s average 30,8 45,2 43,5 37 30,2 33,5 42,4 58,8 79,5 400,9 0 
Temperature (oC) 2004 7,9 5,9 -0,5 -3,3 -0,7 4,8 11,4 14,8 19,3 6,6 -0,3 
Temperature (oC) 2005 11,1 4,9 0,9 -0,9 -3,7 2,2 10,8 16,2 18,4 6,7 -0,3 
Temperature (oC) 2006 10,8 3,5 0,2 -3,4 -1,4 3,2 12,1 15,4 18,6 6,6 -0,4 
Temperature (oC) 2007 11,3 6,2 2,2 3,7 4,1 9,1 12,6 18,4 22,2 10,0 3,0 
Temperature (oC) 2008 9,7 3,5 -0,6 1,0 3,0 6,2 11,4 16,8 20,6 8,0 1,0 

30 year’s average 10,3 4,5 -0,2 -2,6 0,2 5,0 10,7 15,8 18,8 6,94 0 

The years of 2004, 2005 and 2008 were favourable, 2006 was average as regards the 
vegetative and generative development of winter wheat. The season of 2007 was 
characterized by the lack of precipitation and by drought, which had an unfavourable 
effect on the development of winter wheat. The quality parameters were determined at 
the accredited Central Laboratory of the University of Debrecen, CASE. Wet gluten 
content, valorigraphic value and falling number were determined according to the 
standards ISO 5531:1993, MSZ ISO 5530/3:1995 and MSZ ISO 3093:1995, 
respectively. 

Results and discussion 

The results of the baking quality tests for GK Öthalom and Lupus are presented in 
Tables 2 and 3 respectively. Among the quality parameters, the year effect can be 
detected most strongly in the valorigraphic value, wet gluten content and the flour 
protein content. In the case of the falling number, no significant year effect could be 
observed as the weather at harvest was not rainy in either of the five years. Regarding 
the valorigraphic values, the variety Lupus gave better values in total in all years than 
GK Öthalom. The best valorigraphic values of GK Öthalom were 51.1, 64.2, 77.0 in the 
more favourable years of 2004, 2005 and 2008, respectively, while in the average and 
less favourable years of 2006 and 2007, the values were 61.5 and 54.7. Contrarily, the 
valorigraphic values of the variety Lupus, having better qualities due to its genotype, 
were higher in the favourable years (72.4, 76.5, 74.3) and also in the average and 
unfavourable years (65.0 in 2006 and 69.9 in 2007). As the values reveal, the variety 
Lupus gave yields of excellent quality in the favourable years and it produced good 
baking quality even in the unfavourable year of 2007, while GK Öthalom could reach 
only good baking quality in the favourable years. The highest wet gluten contents of 
variety Lupus were 34.7%, 37.6% and 37.4% in the favourable years, 37.3% in the 
average year of 2006 and 30.2% in 2007. The wet gluten content of the variety GK 
Öthalom in the favourable years of 2004, 2005 and 2008 was 31.3%, 31.0% and 33.2%, 
respectively. The highest values were 32.3% in the average year of 2006 and only 
25.3% in the unfavourable year of 2007. The variety Lupus produced improver quality 
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in the favourable years, while GK Öthalom reached only good baking quality in these 
years.  The data revealed that both the year and the genotype have a significant effect on 
this quality parameter. For the third baking quality parameter, falling number, the effect 
of year and fertilization was moderate. Within this interval, an increasing trend can be 
observed in falling number values with increasing NPK fertilizer dosages. 

Table 2. Effect of cropyear and fertilization on the baking quality of GK Öthalom (Debrecen, 2004-2008) 

Quality parameters Cropyear Ø N30+PK N60+PK N90+PK N120+PK N150+PK LSD5% 
2004 44,8 48,2 50,0 48,6 50,0 51,1 8,98 
2005 41,9 55,6 66,8 61,6 62,3 64,2 9,49 
2006 48,0 51,8 61,5 60,5 57,3 56,2 6,15 
2007 54,3 46,0 45,9 52,6 54,0 54,7 11,04 

Valorigraphic value 

2008 49,0 62,5 65,3 66,1 68,0 77,0 7,89 
2004 25,4 27,2 30,8 30,2 31,3 31,3 3,18 
2005 17,7 25,3 29,8 30,4 29,8 31,0 2,19 
2006 28,3 28,4 30,4 32,3 31,3 31,9 1,91 
2007 22,8 20,2 21,2 23,8 24,8 25,3 3,79 

Wet gluten content 
(%) 

2008 20,1 26,0 29,1 29,2 32,5 33,2 1,96 
2004 343 348 339 335 334 355 18,15 
2005 312 329 356 349 334 340 22,89 
2006 317 399 359 389 395 397 66,04 
2007 318 295 336 327 322 357 41,84 

Falling number 
(sec) 

2008 322 349 366 336 360 370 23,46 
2004 10,07 10,59 12,06 12,08 12,40 12,21 0,96 
2005 8,39 10,35 11,47 10,90 12,16 12,75 1,72 
2006 11,89 11,42 12,72 12,84 12,97 13,83 0,86 
2007 10,75 10,48 11,01 10,67 10,94 11,28 0,34 

Flour protein 
content (%) 

2008 11,08 12,01 12,86 12,66 13,71 13,81 0,52 

The moderate effect of year can be explained by the fact that weather at harvest, which 
has the strongest modifying effect on falling number, was dry in all five years, 
therefore, this quality was modified mostly by the genotype. The falling number values 
of both varieties were in the excellent quality class. The year also had a strong effect on 
the protein content of flour. The maximum values of variety Lupus were 13.47% in 
2004, 14.3% in 2005, 15.14% in 2006 and 15.16% in 2008. In the less favourable year 
of 2007, the protein content was 13.59%. The flour protein content values of the variety 
GK Öthalom were 12.40%, 12.75% 13.83%, and 13.81% in the favourable and average 
years. In the unfavourable year of 2007, the protein content was 11.28%. In addition to 
the effects of year and genotype, the effect of fertilization could also be detected in the 
valorigraphic values, wet gluten content and the protein content of flour. The 
valorigraphic values, the wet gluten content and the protein content of the flour showed 
an increasing tendency as a result of the increasing NPK fertilizer dosages in both 
varieties. Our research data proved that the fertilizer dosages of N90-150+PK can be 
regarded optimum for achieving a good baking quality in both varieties. Fertilization 
had a weaker effect on falling number. Consequently, it can be concluded that the year 
had an effect on most baking quality parameters, but the effect varied with the variety. 
The variety Lupus was superior to variety GK Öthalom in all quality parameters.  
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Table 3. Effect of cropyear and fertilization on the baking quality of Lupus (Debrecen, 2004-2008) 

Quality parameters Cropyear Ø N30+PK N60+PK N90+PK N120+PK N150+PK LSD5% 
2004 53,8 62,9 68,4 72,4 70,8 72,2 19,38 
2005 47,0 64,1 70,9 75,2 76,5 75,0 13,61 
2006 63,6 60,0 61,7 59,6 65,0 63,4 6,64 
2007 47,4 56,7 62,9 60,5 66,8 69,9 6,70 

Valorigraphic 
value 

2008 52,0 58,1 74,3 72,0 73,4 72,5 6,90 
2004 27,7 32,1 34,0 33,9 34,1 34,7 14,43 
2005 26,9 32,5 35,6 36,0 37,6 33,5 0,42 
2006 32,1 34,9 35,8 37,2 37,3 37,2 2,35 
2007 23,9 25,7 20,8 27,2 29,6 30,2 8,43 

Wet gluten content 
(%) 

2008 20,2 25,3 33,3 34,1 37,4 37,0 1,81 
2004 296 312 340 336 319 326 43,79 
2005 282 329 362 340 350 347 33,75 
2006 354 363 371 369 402 390 34,41 
2007 329 333 308 308 329 330 33,57 

Falling number 
(sec) 

2008 313 340 343 369 366 365 27,75 
2004 10,88 12,24 13,42 13,37 13,47 13,40 0,81 
2005 9,57 12,01 13,03 14,08 14,30 13,67 0,93 
2006 13,98 13,82 14,18 14,61 15,14 14,75 0,66 
2007 11,29 12,08 12,71 12,71 13,59 13,35 0,65 

Flour protein 
content (%) 

2008 11,07 11,66 13,35 13,56 15,16 14,90 0,56 
 

Conclusions 

Based on the obtained results, it can be concluded that the valorigraphic value, the wet 
gluten content and the protein content are the most strongly influenced by the year 
effect. Therefore, these quality parameters are the best indicators of resilience of the 
wheat ecosystem. In the case of falling number, smaller changes or fluctuations could 
be observed between the favourable and unfavourable years. The varieties respond to 
the year effect at different extents. The deterioration in the baking quality of variety 
Lupus caused by the year effect and the negative effects of the environment was smaller 
due to its better quality potential as compared to that of the variety GK Öthalom. 
Although the harmful year effects can be prevented to a certain extent by optimal or 
high-dosage fertilization, the improving impact of fertilization is dependent upon the 
fertilizer response of the given genotype. In the case of the two tested varieties, the 
variety Lupus gave a better response both to the environmental effects and to the 
fertilization treatments, it had stable and good baking quality parameters in all the 5 
years.  
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Abstract: One important component of up-to-date environment protection and energy management aimed at 
achieving long-term sustainable development is the widespread use of renewable energy sources including 
bioenergy. It is particularly important for Hungary which has few fossil fuels but good agricultural potential to 
exploit this potential as much as possible. 
Maize is a very favourable crop as a raw material for bioenergy as its production can be easily integrated into 
the farm structure. 
There are certain differences however in the criteria which must be met by silage maize grown for biogas or 
feeding purposes. While a high level of methane production is the aim in biogas production the methane 
produced during the digestion process represents a source of pollution for the environment. In addition the raw 
material needs to be fermented for 60–90 days to achieve maximum methane production while only 24 hours 
are available for nutrient utilisation in the digestive system (Herrmann and Taube. 2006). 
The cultivation of silage maize for biogas, due to which the energy dependency of farms may also be 
decreased, can easily be inserted in the existing technological background of farms. 
Experiments were set up in Martonvásár in 2008 on eight silage maize hybrids grown in a random block 
design with two replications. The aim of the work was to determine the quantity of biogas that could be 
produced from unit dry matter for the most important Martonvásár silage maize hybrids. 

Keywords: biogas, methane, silage maize, Lfy, 

 
Introduction 

At present silage maize is grown on an area of approx. 100.000 ha in Hungary Due to 
the reduction in the livestock numbers this area has declined over the last 15–20 years 
from around 250.000 ha in the late 1980s. 
Although the expansion of the growing area is currently restricted by the spread of the 
corn rootworm (Diabrotica virgifera virgifera) the present growing area could 
definitely be increased. In many countries of Europe the market for agricultural 
products intended for biogas production has expanded rapidly. In Germany the number 
of biogas factories has increased from 274 in 1995 to 3200 (Weiland, 2006; 2007; 
Schittenhelm, 2008). and the area sown to silage maize is likely to increase to 1.7 
million ha by 2015 (Gömann et al., 2007). which is ten times the present area. 
From the point of view of producing raw materials for bioenergy maize is a very 
favourable crop. as its production can be easily integrated into the farm structure. 
especially in dairy farms where all the necessary production technology is available. 
Under the climatic conditions of Hungary the nutrient requirements of dairy cattle 
cannot be satisfied by grazing so monodietary feeding based on silage maize is the 
norm. The conditions required for biogas plants operating with mixed raw materials are 
also available on these farms but foreign examples make it clear that biogas plants based 
purely on silage maize are also justified due to the ease with which the raw material 
production can be integrated into the crop structure. 
There are certain differences, however in the criteria which must be met by silage maize 
grown for biogas or feeding purposes. While a high level of methane production is the 
aim in biogas production the methane produced during the digestion process represents 
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a source of pollution for the environment. In addition the raw material needs to be 
fermented for 60–90 days to achieve maximum methane production while only 24 hours 
are available for nutrient utilisation in the digestive system (Herrmann and Taube, 
2006). 
The aim of the present work was to determine the quantity of biogas that could be 
produced from unit dry matter for the most important Martonvásár silage maize hybrids. 

Materials and methods 

Experiments were set up in Martonvásár in 2008 on eight silage maize hybrids grown in 
a random block design with two replications. Four of these were normal hybrids 
(Maros, Mv NK 333, Mv 437, Maxima) and four were leafy (Lfy) hybrids (Mv 
Siloking, Mv Massil, Mv Dunasil, Mv Limasil). 
The data were analysed using multifactorial analysis of variance with the help of the 
AGROBASE statistical program. 
The soil was loam with forest residues. The plots measured 3.8 m–2 and were fertilised 
with 300 kg/ha NPK (1-1-1). Ten plants were cut from each plot on 28 August and. 
after chopping 0.5 kg mean samples were taken from each variety and stored at –18°C 
until processing. 
Prior to fermentation the samples were dried in a drying cabinet at 50°C for 48 hours to 
determine the dry matter content (Table 1). 
Fermentation was carried out in 4-litre fermentation tanks fitted with a gas meter. 
Samples containing 12 g dry matter were mixed with 4 litres of degassed filtered 
inoculum so that the dry matter of the sample made up 0.3% of the total. In all cases the 
gas production of the inoculum was also tested. 

Table 1. Dry matter content of the hybrids investigated 

Dry matter % 
Variety 

1st replication 2nd replication Mean 

Maros (FAO 330) 37.6 43 40.3 

Mv Limasil (FAI 380) 40.6 35.7 38.15 

Mv NK 333 (FAO 390) 37.8 32.6 35.2 

Mv Dunasil (FAO 390) 39 43.6 41.3 

Mv 437 (FAO 480) 39.3 26.4 32.85 

Maxima (FAO 580) 39.9 35.4 37.65 

Mv Massil (FAO 610) 39.9 34.3 37.1 

Mv Siloking (FAO 580) 32.9 36.2 34.55 

The fermentor was operated at a temperature of 37–40°C and a pH of 7–8. The contents 
were stirred once a day. Daily measurements were made on the quantity and 
composition of the biogas produced (methane. carbon dioxide. oxygen. hydrogen 
sulphide) and the temperature was checked. 
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After gas production ceased the residual material was filtered and the dry matter content 
of the material retained on the filter was determined using the same method as for the 
raw material. 

Results and discussion 

The biogas yield of eight Martonvásár silage maize hybrids was examined in 2008. In 
terms of 1 kg dry matter the greatest quantity of gas (LSD5% = 15.7) was produced by 
the hybrids Mv Limasil (494.5 l/kg dry matter) and Mv Dunasil (490 l/kg dry matter) 
and the least by Mv NK 333 (409 l/kg dry matter) (Table 2). The grand mean of the 
experiment was 451.88 l/kg dry matter. 

Table 2. Biogas production of silage maize hybrids 

Specific biogas yield (l/kg raw material dry matter) 

Bevitt szárazanyagra Variety 

1st replication 2nd replication Mean 

Maros (FAO 330) 488.8 474.2 481.5 

Mv Limasil (FAI 380) 497.1 492.1 494.6 

Mv NK 333 (FAO 390) 400.0 417.5 408.8 

Mv Dunasil (FAO 390) 489.6 491.3 490.4 

Mv 437 (FAO 480) 461.3 464.2 462.7 

Maxima (FAO 580) 442.5 438.3 440.4 

Mv Massil (FAO 610) 409.6 412.9 411.3 

Mv Siloking (FAO 580) 425.0 425.0 425.0 

Table 3. Percentage gas production 

Percentage gas production 
Variety 

1st replication 2nd replication Mean 

Maros (FAO 330) 88,50 88,75 88,6 

Mv Limasil (FAI 380) 89,92 88,17 89,0 

Mv NK 333 (FAO 390) 88,00 89,08 88,5 

Mv Dunasil (FAO 390) 88,75 88,42 88,6 

Mv 437 (FAO 480) 85,75 84,67 85,2 

Maxima (FAO 580) 87,33 86,08 86,7 

Mv Massil (FAO 610) 85,67 85,25 85,5 

Mv Siloking (FAO 580) 86,58 86,92 86,8 
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Averaged over the eight hybrids tested the mean percentage gas production was 87.37% 
(Fig. 3). The highest values were achieved for Mv Limasil (89.5%) and Maros 
(88.63%). Significant differences were observed between the hybrids (LSD5% = 1.57). 
 

Conclusions 
The hybrids with the highest biogas yields all belonged to the early maturity group. A 
correlation of –0.64 was found between the gas yield and the FAO number. However 
the greater yield potential of varieties with longer vegetation periods was able to 
compensate for this disadvantage. Environmental resilience, especially pollution load 
can be influenced by the use of appropriate biological bases in renewable energy 
production. 
The results obtained suggest, that there was no correlation found in the present work 
between the Lfy gene and the biogas production. 
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Abstract: Phytocenological releves were collected in two territories of the Balaton Uplands National Park 
(Hungary) dominated by grassland habitats. Studies were broadened to four areas of the Taploca Basin 
(undergrazed and overgrazed pastures, hayfield, control area) in 2007 and performed also in 2008. The areas 
were suitable for following up the changes of vegetation and production in every grazing season of a year. We 
evaluated the changes of species composition and ground cover, the measure of possible regeneration or 
degradation, and the changes of these factors in the point of view of feeding value. 
In case of the Taploca Basin, low number of species (20 to 30) was detected in the undergrazed pasture and 
the control area. About one month per year grazing time in the undergrazed area was not enough to achieve a 
better state for species diversity, and the amount of forage remained high. The overgrazed pasture carries a 
low forage value and contains a high number of weed species, despite the spectacularly high total number of 
plant species (38 to 39), consequently, grazing pressure has to be decreased. Although the number of species 
is lower in the hayfield (26 to 27), species composition and ability for forage supply is much better, showing 
that the proper management of the area is taken here. 

Keywords: grazing, pasture, hayfield, species composition, biomass productivity 

 
Introduction 

Separate animal breeds were bred to be best adapted to the climatic conditions of the 
Pannon region. The domestic Hungarian Grey Cattle had originally been grazing on wet 
grasslands, but it has almost been extinct. Similar to other EU countries, agricultural 
intensification was typical in Hungary between 1960 and 1980 and it ended in the same 
way as everywhere (Gregory et al., 2005). After changing the regime, productivity has 
significantly fallen (Báldi and Faragó, 2007). Excess use of herbicides and chemical 
fertilizers and the homogenization of the landscape were also characteristic phenomena 
on some grasslands (Benton et al., 2003; Robinson and Sutherland, 2002; Tscharntke et 
al., 2005). In the EU countries, agro-environmental programs were launched in order to 
stop or even reverse the decline of biodiversity (Kleijn and Sutherland, 2003). In 
Hungary, this effort was supported by the National Agro-environmental Program 
(NAKP) and the 2253/1999 (X.7.) government decree.  
Hungarian Grey Cattle has come into the focus as a result of incentives for the 
sustainable use of grasslands, and has become the main preserver of grasslands under 
nature protection. Contrary to the traditional grazing methods, Hungarian Grey Cattle 
can be kept on the pasture for a longer period (from April till November, through 200 to 
240 days). The labour demand is low and the rotational grazing system proved to be the 
most effective. The beef productivity per area unit depends not only on the performance 
of the animal, but on the head of cattle per area unit and the effectiveness of the use of 
pasture as well. There is negative correlation between the effectiveness of pasture use 
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and the production per animal, but positive between the amount of ingestion and grass 
supply, if animals have the chance to select (Penning et al., 1986).  
Natural grasslands were observed during the researches on botany and grassland 
management, and laying emphasize on the maintenance of nature conservation values as 
well. The current contribution presents a common view on extensively cultivated 
Transdanubian grasslands and detailed results in the Taploca Basin, where changes in 
vegetation, management type and nature conservation values are all important. 

Materials and methods 

Coenological studies were prepared on grazed grasslands and wet meadows in the 
Taploca Basin near Badacsonytördemic in 2007 and 2008, all belonging to the Balaton 
Uplands National Park (Hungary). The first phytocenological releves had been taken. 
Studies were broadened to the Taploca Basin in 2007 and performed also in 2008. Four 
areas were studied in the Taploca Basin (undergrazed and overgrazed pastures, hayfield 
and control area). The areas were suitable for following up the changes of vegetation 
and production in every grazing season of a year.  
Standard phytocenological releves (5 each 2×2 m) were examined on each sample area, 
prepared according to the Braun-Blanquet method (Braun-Blanquet, 1964) in April, 
May, June, August and September 2008. For evaluation, plant cover (D) and species 
number (n) were chosen from the analytical parameters and distribution of nature 
conservation value categories (TVK) (Simon, 2000) from the synthetic parameters.  
In parallel with coenological studies, production studies were also made 5 times per 
year. Vegetation was cut in certain designated points of the pasture and the hayfield, on 
a 1×1 m plot, at a height of 7 cm above the surface. Cutting and measuring shoot 
biomass was also prepared on the control area in favour of determining potential 
accession. Cut shoot biomass was separated into the groups of Poaceae species 
important for grassland management; other Poaceae species, Fabaceae species important 
for grassland management; Carex and monocotyledonous species neutral for grassland 
management; dicotyledonous species neutral for grassland management; dead shoot 
biomass. The separated shoot biomass was dried in a dryer machine at 70 °C and weight 
was given in grams. 
During grassland management studies, ratio and quantity of medicinal herbs, forage 
value and grassland management categories were analyzed. Forage values of 
significant species occurring in the grassland were determined according to the 10-
stage scale of Klapp et al., (1953), which gives value 8 for species with high forage 
value, 0 for those with the least value or not grazed by animals and -1 for poisonous 
species. 

Results and discussion 

Shoot biomass left by grazing animals was measured on the pastures, except for the data 
from April (Figure 1), when production before grazing is presented. These data from 
April are almost the same in the pastures and in the hayfield. The greatest amount was 
measured in the overgrazed area, as an effect of manure the fields in the previous year. 
Amounts are 5 to 10% less on the control area. 
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Figure 1. Green biomass production in April Figure 2. Green phytomass production in May 

Phytomass production was greater in May than in April at every sample area. Almost 
100 grams was produced on the hayfield and on the control area. About 300 grams was 
measured on the undergrazed area, resulting from the composition of the grassland, with 
a significant weight of Festuca arundinacea, giving the greatest part of the Poaceae 
mass (200 grams), growing intensively in this period. Only 65 grams of dry mass was 
measured on the overgrazed area (Figure 2). 
Due to climatic conditions, greatest shoot biomass was measured in June (Figure 3). 155 
grams dry matter was produced on the hayfield and 125 grams on the control area. Over 
300 grams was measured on the undergrazed area, showing non-significant growth 
compared to May. The composition of the shoot biomass has shifted, as the amount of 
sedges (Carex spp.) has increased at the expense of grass species (Poaceae) at every 
sample area.  
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Figure 3. Green phytomass production in June Figure 4. Green phytomass production in August 

Shoot biomass weights have significantly changed by August (Figure 4). Cattles were 
shepherded onto the undergrazed area, thus, there was a mass decrease in the shoot 
biomass of that area. An outstanding weight was measured on the overgrazed area, 
being also a result of manure since April. The amount of dead shoot biomass has 
increased at every sample area due to summer dryness.  
As a result of rainfalls, shoot biomass weights have significantly increased by 
September at every sample area (Figure 5). Cattles were shepherded back to the 
previous (overgrazed) pasture and have grazed almost all the feeding plants. Shoot 
biomass values increased in the other 3 areas. The amount of dead shoot biomass has 
increased at every sample area due to the autumn period, especially on the undergrazed 
area.  
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Figure 5. Green phytomass production in September 

Based on nature conservation value categories, the undergrazed area is dominated by 
natural disturbance tolerant species and association composing species. Rate of natural 
disturbance tolerant species was above 50% in the overgrazed area every time, referring 
to overgrazing. Association composing species have disappeared from the grassland by 
the end of the year. Almost 50% of the surface of sample plots on the hayfield was 
covered by association composing species. High rate of weed is composed mainly by 
Carex hirta.  
 
Conclusions 

Total dry biomass weight of the year is 1228 g in the undergrazed area, 1035 g in the 
hayfield, 843 g in the overgrazed area and 879 g in the control (non-grazed) area. This 
means 12,28 t / 10,35 t / 8,43 t / 8,79 t of hay per hectare. The greatest amount was 
measured in the undergrazed area, one month per year grazing time in the undergrazed 
area was not enough to achieve a better state for species diversity, and the amount of 
forage remained high. The overgrazed area has a low forage value and contains a high 
number of weed species, despite the spectacularly high total number of plant species. 
The hayfield species composition is showing that the proper management of the area is 
taken here. 
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Abstract: This paper addresses a correlative analysis between the apple and corn ET on one, and evaporation 
measured by Piche and by Class A, as well as PET calculated by Thornthwaite, Turc and Penman, on the 
other hand. Based on the obtained results, the statistical analysis with regression equation and correlation 
coefficient shows a rather reliable relation between ET of apple and corn with E by Piche, while the subject 
relation between ET of apple and corn  with Class A is even more reliable. Other methods in the correlative 
analysis are less reliable. 

Keywords: lyzimeters, correlation, evapotranspiration, evaporation, apple, corn 

 

Introduction 

Water budgeting computer programs (SPAW, WIF) used to program irrigation, drainage 
outflow, water quality control and water stress in plants, being one of the key 
parameters, require real evapotranspiration (RET) data for specific crops. Given the fact 
that the measured RET data are rarely available, they can be obtained indirectly by 
finding a reliable correlation between crop RET on one, and measured E or calculated 
PET on the other side. In US and some other countries the Class A evaporation is used 
as a reference in making a reliable assessment of ET in various crops. The evaporation 
by Piche is believed to be less reliable, however it is widely spread in France, perhaps 
due to its simple application. Based on Class A evaporation, a special method for 
calculation of PET (FAO, No 24 and 33) has been developed. 
With the development of agro-hydrology, this issue has been addressed in a more 
versatile way which includes meteorological, hydro-pedological and crop aspects. In 
this sense, a huge contribution was made by Thorntwate (1948), by introducing the 
terms of potential evapotranspiration (PET) and real evapotranspiration (RET). 
Roblen (1958) was the first to evaluate the SET/PET ratio in programmed yield of 
agricultural crops, and develop a diagram, where SET/PET ratio. The same author made 
the following conclusion: the yield of agricultural crops presented by ratio of real and 
programmed maximum yield represents a linear function of the SET/PET quotient. This 
quotient has been accepted by many authors. 
Clothier(1989) stated that divergent perceptions in agro-hydrology are a consequence of 
poor cooperation of scattered scientific disciplines lacking joint effort in studying the 
limiting role of water in development of agricultural crops. 

Materials and methods 

At the Lysimetric station in Popovo field, the following researches were conducted 
during a two-year period: a) measuring of evaporation (E) during the vegetation period 
(May – September) by Class A in the open, and by Pich in thermo-shield, b) calculation 
of potential evapotranspiration (PET) by Thorntwate, Turc and i Penman, c) measuring 
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of maximal consumption of water on ET under the condition of unlimited water supply 
in apple and corn crops, using the lysimeter, in order to obtain data on real 
evapotranspiration (RET) for subject crops, c) performed correlation analysis of RET in 
apple and corn by Pich and Class A, as well as PET by Thorntwate, Turc and Penman. 

Results and discussion  

The results obtain during the two year research on major agri-hydrological parameters at 
the lysimeter station in Popovo field, show the following: 
Mean evaporation (E) during the two years of trial, within the May – September 
periods), on evapometer of Class A amounted to 1138 mm, while on evapometer by 
Pich, it amounted to 1476 mm. On average, the evaporation by Pich was bigger by 
29.70 %, which represents a considerable difference. The potential evapotranspiration 
(PET) was calculated by three methods, i.e Thorntwate, Turc and Penman. The mean 
values of PET during this two year trial, within the May – September periods, amounted 
to 586 mm by Thorntwate, 603 mm by Turc and 703 mm by Penman. The relative 
(index) ratios (Thorntwate = 100) were the following: Thorntwate – 100, Turc – 103 
and Penman – 117. Evapotranspiration was measured in the situation of unlimited water 
supply in apple and corn crops, by using lysimeter, and data on real evapotranspiration 
(RET) in subject crops was thus obtained. The average water consumption over the two-
year period of trial, within the May-September period, amounted to 552 mm in apple, 
and 941 mm in corn. The energy available in atmosphere on one, and developmental 
stage of the crops on the other hand have a huge impact on the rhythm of water 
consumption in the majority of floral species, to include apple and corn, Table 1. Higher 
consumption of water in the second year most likely was a consequence of higher 
availability of energy in the atmosphere in that particular year (on average temperature 
for 5 months in the first year was 19.9 oC, and for 5 months in the second year was 21.5 
oC). 
 

Table 1. Real evapotranspiration (RET) in mm 
 

Apple (Granny Smith) Corn ( Hybrid from FAO group 300)  
 
Month 

First year* Second year** First year* Second year** 

May   49 85 48 90 
June 106 106 118 159 
July  142 134 239 448 
August  128 129 261 275 
September 107 119 135 109 
Total 532 573 801 1.081 
Average for 2 years 552 941 

     *average temperature for 5 months in the first year was 19.9 oC 
  ** average temperature for 5 months in the second year was 21.5 oC 
 
Correlative analysis of monthly SET, E and PET values: This paper provides a 
correlative analysis of apple and corn RET on one side, and evaporation measured by 
Pich and Class A, as well as calculated PET by Thorntwate, Turc and Penman, on the 
other side. 
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Correlation between apple and corn RET and E by Pich and Class A: The 
statistical analysis with regression equations and correlation coefficients shows a 
considerably reliable relation between RET of apple (r = 0.793) and corn (r = 0.781) and 
E by Pich, during the vegetation period 199/90 g. (Fig. 1). This relation is similar for 
RET of apple (r = 0.819) and corn (r = 0.948) and E by Class A (Fig. 2). This relation is 
somewhat more reliable in case of apple and corn RET and E by Class A, than in case 
of E by Pich. This may be the reason why evaporation from Class A is used in a number 
of countries as a reference information for RET of various agricultural crops. However, 
it has to be stressed that verification over a longer period of time is required, although 
not too much time is being spent on finding practical solution to the problem in the 
world, considering the fact that the research network at local levels is much thicker. 
                                                                                                                                                                      

Figure 1. Correlation between monthly ET of Aple          Figure 2. Correlation between monthly ET of Aple 
                 and Corn (Y)  and  E Piche (X)                                         and Corn (Y)  and  E Class (X) 
 

Correlation between apple and corn RET and PET by Thornthwaite, Turc and 
Penman: The statistical analysis with regression equations and correlation coefficients 
between apple and corn RET on one, and PET calculated by Thornthwaite, Turc and 
Penman on the other side, becomes evident from the diagram shown in Fig. 3, 4, 5. It 
encompasses two-year results for the period May-September (n = 10), and provides the 
following correlation coefficients (Table 2). 

 

Figure 3. Correlation between monthly ET of Aple          Figure 4. Correlation between monthly ET of Aple 
             and Corn (Y)  and  PET Thornwaite (X)                         and Corn (Y)  and  PET Turc (X) 
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Table 2. Correlation coefficients (rxy) 

                                x – PET :                Thornthwaite        Turc             Penmanu 
y - RET apple                                             0,725                      0,524                 0,435 
y –RET corn                                               0,736                      0,803                 0,768 
 

It shows that the calculation method by Turc and Penman can not be used as reliable for 
apple (r = 0.524 and r = 0.435), while the Thornthwaite's method is somewhat more 
reliable. However, when it comes to corn, the Turc's method is more reliable (r = 0.803) 
reletive to the Penman's (r = 0.786) and Thornwaite's (r = 736) ones. When using the 
measured data on E and calculated PET as references for RET, preference should be 
given to E by Class A data for getting RET, as the strongest correlative ties were 
identified on these specific relations. 

Figure 5. Correlation between monthly ET of Apple and Corn (Y) and PET by Penman (X) 

Conclusions 

With the irrigation at lyzimeteric station, consumption of water in two crops that are of 
great significance for Popovo field, in the Mediterranean part of B&H, was researched: 
of apple and corn. Renewal of moisture reserves was conducted every five days, during 
the period from May to September. The average consumption of water for the subject 
two-year period reached 552 mm in apple, and 941 mm in corn. This paper addresses a 
correlative analysis between the apple and corn ET on one, and evaporation measured 
by Piche and by Class A, as well as PET calculated by Thornthwaite, Turc and Penman, 
on the other hand. Based on the obtained results, the statistical analysis with regression 
equation and correlation coefficient shows a rather reliable relation between ET of apple 
(r = 0.793) and corn (r = 0.871) with E by Piche, while the subject relation between ET 
of apple (r = 0.819) and corn (r = 0.948) with Class A is even more reliable. Other 
methods in the correlative analysis are less reliable. 
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Abstract: A small-plot field trial was carried out to evaluate  the efficacy of reduced doses of bentazone on 
Fallopia convolvulus and Amaranthus retroflexus in the years 2005 – 2008.  Three various doses of bentazone 
(960 – 720 – 480 g, included in herbicide Basagran Super) were applied at the third leaf stage of growth 
in Amaranthus retroflexus, and at the seventh leaf stage of growth in Fallopia convolvulus. Herbicide efficacy 
was assessed by PS1 meter 1, 2, 3, and 4 days after the treatment. This instrument measures the changes in 
absorbance induced by light and shows the degree of damage of photosynthetic apparatus of weeds. In case of 
Amaranthus retroflexus, the efficacy of 480 g dose of bentazone per hectare was 90–95 %. On the other hand, 
in the case of Fallopia convolvulus the efficacy of the same bentazone dose was under 85 %.  Two days after 
the treatment, PS1 values declined as a consequence of regeneration and subsequent new growth of Fallopia 
convolvulus. This decline of PS1 values was also influenced by weather conditions after application. The 
results show that the sensitivity of Amaranthus retroflexus and Fallopia convolvulus to bentazone differs. This 
is the major cause of survival following reduced doses of bentazone.  

Keywords: PS1 meter, weeds, regeneration 

 

Introduction  

Redroot pigweed (Amaranthus retroflexus) and black bindweed (Fallopia convolvulus) 
are weed species which often cause infestation of maize stands. Although these are 
weeds that can be relatively easily killed with registered herbicides, differences in the 
sensitivity to the currently used active substances may occur. Sensitivity level to the 
active substance can be influenced by a series of abiotic factors (air temperature, 
precipitations, sun radiation intensity, soil humidity etc.) – Lundkvist (1997), and biotic 
factors (plant species and structure, growth stage, plant ability to absorb, translocate and 
decompose toxic metabolites) – De Ruiter et al. (1999). In some cases depending on 
weed species, its growth stage and weather conditions, sufficient efficacy can also be  
obtained with reduced doses. 
 

Materials and methods  

Small-plot field trials have been established in a field experimental station of Mendel 
University in Žabčice in the period 2005-2008. In these trials, efficacy of differentiated 
bentazone doses (480 – 720 – 960 g.l-1) on redroot pigweed (Amaranthus retroflexus) 
and black bindweed (Fallopia convolvulus) in maize stands was assessed using the PS 1 
meter based on the measurement of light induced changes in the absorbance.  
The field experimental station is located in the maize production region, sub-region K2. 
This region ranks among the hottest regions in the Czech Republic. The average annual 
temperature is 9.2 °C, with July being the hottest month in the year with the average 
daily temperature 19.3 °C and January being the coolest month with the average daily 
temperature -2.0 °C. As regards precipitations, the location counts among dry regions 
with a thirty-year precipitation amount of 480 mm. The locality with the experimental 
station is also hit by rain shadow. During the vegetativ period, precipitations are 
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distributed very unequally. The highest precipitations are in June with 68.6 mm and the 
lowest precipitations are in March with 23.9 mm. Sunshine duration varies within 1800 
- 2000 h/year. According to the taxonomic classification system of soils in the Czech 
Republic, there is gley fluvisoil in the locality of the experimental station. Gley fluvisoil 
has been formed on alluvial sediments of the Svratka river. Groundwater varies during 
the year between 0.80 and 2.50 m under the surface. Soil particles composition 
determines the soil as heavy- to very heavy-textured soil.  
Differentiated doses of the herbicide Basagran Super (Tab. 1) served as variants of the 
trial. The experiment consisted of four  variants with four repetitions (plot size was 21 
m2, 3 x 7 m). 
 

Table. 1. Experimental variants 

Variant Herbicide used Dose (l.ha-1) Amount of the active substance  (g.ha-1) 

1. Control - - 
2. Basagran Super 2,0 960 
3. Basagran Super 1,5 720 
4. Basagran Super 1,0 480 

 

In all the experimental years, the same fore crop for maize was selected – winter wheat. 
After wheat harvesting, stubble breaking was carried out, a medium deep ploughing 
followed in autumn and surface levelling in spring with preparation of the seed bed. 
Prior to sowing, the plot was fertilized with urea in a dose of 120 kg N. ha-1. Sowing of 
the hybrid was completed in the second half of April (Ribera – FAO 410) with inter-row 
space of 0.75 m and depth of 0.06 m. Seeding rate was 80 000 seeds/ha. 
Differentiated doses of the herbicide Basagran Super were applied under ideal 
conditions at the fourth leaf stage of maize (redroot pigweed - BBCH 13; black 
bindweed – BBCH 17), using a power knapsack sprayer Solo 432 adjusted to 
application pressure 0.3 MPa and water dose of 300 l.ha-1. 
Damage rate of photosynthetic system of redroot pigweed and black bindweed was 
measured 1, 2, 3 and 4 days following herbicide application using the PS1 meter. Table 
2 shows the assessment of the measured values. The scale of the PS1 meter ranges from 
0 (no damage) to 100 (plant death). Final subjective evaluation of the herbicide efficacy 
using the class scale EWRC (European Weed Research Society) was carried out 14 days 
after the treatment. Results of this evaluation were then compared with efficacy 
predicted by the apparatus on day 4 after the treatment (DAT). 
 

Table. 2. Categorization of photosynthetic system damage (MLHD PS1 Manual, 2006) 

Values measured by PS1 meter Predicted effect on weed (efficacy) 

> 80 > 99% efficacy 
65–80 > 90% efficacy 
50–65 medium effect (growth retardation) 
30–50 small effect 

< 30 nearly no effect 
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Results and discussion  

Statistical evaluation of the results using analysis of variance showed a highly 
significant effect of the variety, year, day of measurement and all interactions on the 
values measured by PS1. Percentage assessment of the effect of individual factors on 
the measured values, using the analysis of components of a relative variance, revealed 
in redroot pigweed 92.8% effect of the variant on the values measured by PS1. In black 
bindweed, the effect of variant was 76.2%. The effect of other factors and their 
interactions was almost negligible. 

In redroot pigweed, time development of the obtained values was very similar in 
variants treated with differentiated doses of Basagran Super. This was characterised by 
high PS1 values measured in the first date of measurement. This did not differ markedly 
in other dates of measurements in individual doses and ranged from 73 to 100. The only 
exception was a ½ dose compared with a dose registered in 2008. In the case of this 
reduced dose, the increase of values in time was slower, but on 4 DAT the values 
reached those of other examined doses of the herbicide (Fig. 1A). The results predicted 
from the 4 DAT corresponded with those of visual assessment, when the efficacy was 
assessed as 90–97.5 % in dependence on the year and the dose applied. Such a high 
efficacy rate in redroot pigweed, even with a reduced herbicide dose, is reported e.g. by 
Vondra & Smutny (2008). 

In black bindweed, time development of the obtained values was different and great 
differences were found in individual doses and dates of measurement. The results 
suggest that black bindweed will show higher level of resistance to the active substance 
of bentazone. PS1 values obtained on 1 DAT were relatively high. However, after the 
second measurement date, decreases of PS1 values were recorded nearly in all herbicide 
doses, which could be associated in some cases with regeneration and subsequent 
growth recovery of black bindweed. The most considerable decrease was reported in all 
herbicide doses in 2005, 2006, and 2008 in ½ a dose compared with the registered dose 
(Fig. 1B). In all these cases, an insufficient efficacy below 85 % was predicted by the 
apparatus 4 DAT. These results were subsequently confirmed by visual assessment (14 
DAT). In all the remaining doses in particular years, efficacy of 90 % and more was 
predicted. This predicted efficacy responded to the results of visual assessment carried 
out on 14 DAT. 

Different responses of black bindweed to bentazone doses can be explained by different   
weather conditions in individual years, but also by a higher level of tolerance of the 
bentazone active substance tolerance and a good regenerative power of this weed 
species. The effect of meteorological conditions was especially evident in 2005 when 
the regeneration ability was supported by precipitations following bentazone treatment 
(total rainfall of 6 mm was recorded between the second and fourth date of 
measurement). This rainfall helped to overcome the stress induced by herbicide 
treatment in black bindweed. Results of these experiments show that differences exist 
among individual weed species in the efficacy of low doses of herbicide applications as 
well as in regenerative power. These differences in the response of individual weed 
species to low doses of herbicides were also studied by Kempenaar et al. (2007). They 
found that a very good efficacy can be obtained at application of reduced bentazone 
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doses to Amaranthus retroflexus and Chenopodium album. However in the case of 
Echinochloa crus-galli, bentazone efficacy at all dosed has been assessed as inefficient 
(the species is not sensitive to the active substance).   
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Figure 1. Development of growth, decrease of PS1 values in particular years and measurement dates in 
control variants and those treated with Basagran Super –  A) redroot pigweed; B) black bindweed 

 

Conclusions  

The results showed that redroot pigweed (Amaranthus retroflexus) and black bindweed 
(Fallopia convolvulus) are weed species which  show different sensitivity to the active 
substance of bentazone, and posses different ability to overcome stress conditions 
induced by herbicide application. The results further show that the PS1 meter can 
predict in time a possible regeneration of a weed, and can also be used for efficiency 
determination of differentiated bentazone doses on redroot pigweed and black 
bindweed. 
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Abstract: Our polifactorial experiment on rape was carried out at Látókép Research Centre of University of 
Debrecen, 15 km away from Debrecen in the crop year of 2007/2008 and 2008/2009. The ground of the 
research area was even, square and belonged to the type of chernozem in the aspect of soil genetics. In both 
crop years we analysed how sowing time influenced yield of rape in ploughing, loosening and disking 
cultivation systems. Different sowing time influenced significantly the yield of rape in both crop years. In 
crop year of 2007/2008 – due to mild winter – we got the best amount of yield in the first sowing time (at the 
end of August) in the case of loosening (3930 kg ha-1) and disking (3727 kg ha-1) while in the case of 
ploughing we experienced the best amount of yield (3770 kg ha-1) in the second sowing time. There were no 
significant differences between the first and second sowing time, in the third sowing time (-6,7%) crop failure 
was also moderate due to the favourable weather in winter and water supply of the crop year 2007/2008. In 
the crop year of 2008/2009 all the three tillage systems showed the best results in the second sowing time 
(ploughing: 4886 kg ha-1, loosening: 5186 kg ha-1, disking: 5090 kg ha-1), the first sowing time (-4,1%) hardly 
differed from this, while we experienced significant crop failure in the case of late September sowing time (-
11,1%). 

Keywords: rape seed, polifactorial experiment, yield, crop year, sowing time, ploughing, loosening, disking, 
resilience of rape production 

 

Introduction 

The economic significance of oilseed rape has been greatly increasing for the last few 
years (Amar et al., 2008), as oilseed rape oil is being produced in ever increasing 
amount by the bioenergetics industry and food industry. Our polyfactorial oilseed rape 
experiment was set up at the Experimental Station of the University of Debrecen CASE 
FA at Látókép in 2007 and 2008. In both years, we studied the influence of sowing time 
on the yield of oilseed rape in different cultivation systems (ploughing, loosening, 
disking). The importance of alternative tillage operations in oilseed rape production had 
been verified by international research (Musnicki et al., 1993; Bury and Kopczynski, 
1999; Loko et al., 2005). 
Sowing performed at the optimum time and with good quality results in a yield of 
proper quantity and quality. Sowing time should be selected in such a way that oilseed 
rape could reach the 9-10 rosette leaves stage before the winter frosts (Izsáki and Lázár, 
2004). Recently, the optimum sowing time of 20 August shifted to the end of August or 
the beginning of September with the spreading of more intensive varieties. At regions 
inclined to drought, sowing should be performed earlier, so that the plants could emerge 
by utilizing the general rainy period at the end of August. If the seedbed is prepared by 
around 20 August, then sowing can be performed as allowed by the weather. A too early 
sowing – especially if the autumn is warm – can result in lengthening. Such a stand 
becomes more sensitive to frost and will rot under the snow and will be winterkilled 
without snow. The consequence of a late sowing is that the stand will not reach the 
proper development stage before winter and due to their weak root system the plants 
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will be winterkilled or their roots will be torn by the soil movements (EİRI, 1996). 
Sowing as an agrotechnical element greatly determines the yield of oilseed rape. 
According to MÁTÉ and PEPÓ (2005), the autumn development, overwintering, stand 
development, plant density and homogeneity of the oilseed rape stand can be influenced 
via sowing. Stands sown after 15-20 September can overwinter without great losses 
only in exceptional cases and the yield loss due to late sowing cannot be 
counterbalanced by other factors during the vegetation period. 
 

Materials and methods 

Our polyfactorial oilseed rape experiment was performed on chernozem soil in the 
Hajdúság region in the crop years of 2007-2008 and 2008-2009. In the crop year of 
2007-2008, the following three sowing dates were applied: Sowing date I = 24.08.2007; 
Sowing date II = 10.09.2007; Sowing date III = 22.09.2007.  In 2008-2009, the three 
sowing dates were as follows: Sowing date I = 25.08.2008; Sowing date II = 
08.09.2008; Sowing date III = 26.09.2008. 
 Weather in the vegetation period of 2007/2008 was contradictory as regards the growth 
and development of oilseed rape. The rainy autumn of average temperature promoted 
the processes of emergence, early development, preparation for the winter and nutrient 
accumulation. The mild winter weather did not try the well-developed stands for winter 
hardiness. Weather in early autumn also provided favourable conditions for the 
development of the plants. The dry, warm weather in May had an unfavourable effect 
on early pod development and the emergence of seeds. The very rainy, windy weather 
of June with rainstorms caused a severe lodging which thoroughly moderated the 
previously favourable yield prospects. Due to the rainy weather, the harvest was 
delayed. As a result of the positive and negative weather effects, the yields obtained in 
the season of 2007-2008 were average and above the average. It can be stated that 
weather in the crop year of 2008-2009 was variable from the aspect of the generative 
and vegetative development of oilseed rape. The mild autumn and winter months, the 
rainy weather at the end of the winter, in the early spring and in June was of favourable 
effect, while the dry weather in early autumn and the dry, very warm period in April-
May were of unfavourable effect in terms of stand development and yield formation. 
However, as a result of the combined effect of these factors, it is higher than average 
yields were achieved in the experiment. 
 

Results and discussion 

Our experimental results proved that there are significant differences between the yields 
of plots with different sowing time and soil cultivation (Tables 1-2). 
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Table 1. The effect of sowing time for the yield of rape in different tillage systems (Dedrecen-Látókép, 2008) 

2007-2008 ploughing  (kg ha-1) loosening (kg ha-1) disking (kg ha-1) 
1. sowing time 
2. sowing time 
3. sowing time 

3169  
3556  
3322  

3930  
3770  
3667  

3727  
3686  
3472  

The different sowing dates had a significant effect on oilseed rape yields in both years. 
In the crop year of 2007-2008, the largest yield was obtained at the first sowing date 
(end of August) in the case of loosening (3930 kg ha-1) and disking (3727 kg ha-1) due 
to the mild winter, while in the case of ploughing the second sowing date gave the best 
yield (3770 kg ha-1). There was no significant difference in yield between the first and 
second sowing dates (beginning and end of September), the reduction in yield was also 
moderate for the third sowing date, which was related to the favourable winter weather 
and water supply of the crop year 2007-2008. 

Table 2. The effect of sowing time for the yield of rape in different tillage systems (Dedrecen-Látókép, 2009) 

2008-2009  ploughing (kg ha-1) loosening (kg ha-1) disking (kg ha-1) 
1. sowing time 
2. sowing time 
3. sowing time 

4622  
4886  
4479  

5002  
5186  
4396  

4916  
5090  
4586  

In the crop year of 2008-2009, the obtained yields were higher than in 2007-2008 for all 
sowing dates and soil cultivation types. In several cases, the yield exceeded 5 tons, 
which is excellent even under experimental conditions. We found that the second 
sowing date (08.09.2008) proved to be the best for all three cultivation types as regards 
the amount of yield. Yield of the ploughed, loosened and disked plots was 4886 kg ha-1, 
5186 kg ha-1, 5090 kg ha-1, respectively. At all three sowing dates, the yield of the 
loosened plots was the highest.  
In the crop year of 2007-2008, yield at the third sowing date was 6.7% lower on average 
than the highest yield. Thus, the yield loss due to the late sowing date was relatively 
low. The largest difference was found in the case of the ploughed plots, the difference 
between the second (100%) and first (89.1%) sowing dates was more than 10%. 
In the crop year of 2008-2009, the second sowing time proved to be the best in all 
treatments. Yields of the first sowing date treatment were only slightly lower with an 
average difference of 4.1%. The difference in yield between the second and third 
sowing dates was larger; yield reduction due to the late sowing was 11.1% (Table 3). 

Table 3. The difference between the average yield (%) in 2008 and 2009 in different soil tillage systems 
(Debrecen-Látókép) 

  ploughing loosening disking 
2007-2008    
1. sowing time 89,1% 100% 100% 
2. sowing time 100% 95,9% 98,9% 
3. sowing time 93,4% 93,3% 93,2% 
2008-2009    
1. sowing time 94,6% 96,5% 96,6% 
2. sowing time 100% 100% 100% 
3. sowing time 91,7% 84,8% 90,1% 
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Conclusions 

In our experiment, we found that the different sowing dates had a significant influence 
on oilseed rape yields in both years. In the crop year of 2007-2008, the largest yield was 
obtained at the first sowing date (end of August) in the case of loosening (3930 kg ha-1) 
and disking (3727 kg ha-1) due to the mild winter, while in the case of ploughing the 
second sowing date gave the best yield (3770 kg ha-1). There was no significant 
difference in yield between the first and second sowing dates; the reduction in yield was 
also moderate for the third sowing date, (6.7%), which was related to the favourable 
winter weather and water supply of the crop year 2007-2008. In the crop year of 2008-
2009, the second sowing date (beginning of September) proved to be the best in all 
three soil cultivation types (ploughing: 4886 kg ha-1, loosening: 5186 kg ha-1, disking: 
5090 kg ha-1). Yields of the first sowing date (end of August) were hardly smaller, 
however, a considerable yield reduction (11.1%) was observed in the case of the third 
sowing date (end of September). The volume of oilseed rape production is greatly 
dependent upon the different production factors, therefore, the quantitative and 
qualitative parameters of oilseed rape show great flexibility and resilience in the 
different years. 
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Abstract: The main goal of this research was to establish rationale fertilization level with fully water soluble 
fertilizers for potatoes grown under drip irrigation. The field trials were established on low calcareous 
chernozemic soil type. To evaluate number of tubers per plant, average tubers weight, and yield of marketable 
and A class tubers, as well as dry matter content, moderately late variety Morene was chosen. Four different 
levels of mineral nutrition were achieved: 1. 64,4 kg N ha-1; 66 kg P2O5 ha-1; 107 kg K2O ha-1; 9,6 kg MgO ha-

1; 2. 76,6 kg N ha-1; 66 kgcP2O5 ha-1; 150 kg K2O ha-1; 11,6 kg MgO ha-1; 3. 88,6 kg N ha-1; 66 kg P2O5 ha-1; 
193 kg K2O ha-1; 15,6 kg MgO ha-1; 4. 114,6 kg N ha-1; 88 kg P2O5 ha-1; 233 kg K2O ha-1; 17,6 kg MgO ha-1. 
Among examined levels significant statistical differences were found in total yield, and yield of marketable 
and A class tubers. As an optimal level in both years, the second level of fertilization was found, with 
respectively 83,25 t ha-1 and 54,29 t ha-1 of total yield, then 78,35 t ha-1 and 43,00 t ha-1 of marketable tubers 
and A class tubers yields of 75,20 t ha-1 and 39,99 t ha-1. Increase of nutrition among the third and fourth level, 
have influenced significant reduction in yields. The decrease of yield in second year, which was influenced by 
very high air temperatures and low humidity, indicate that for the maximum expression of genetic potential of 
variety Morene, except for balanced crop nutrition, it was very important to avoid stress conditions. Dry 
matter content was not influenced by fertilization level 

Keywords: Fertilization level, drip irrigation, potato yield, quality for processing 

 

Introduction 

During the past several years, a main problem in the region was severe incidence of 
extremely drought periods that restricts yield of potatoes (Broćić et al., 2009). 
Phenomenon of stress caused by high soil temperatures, a lack of soil moisture, high 
bulk density, and lack of air permeability, have resulted in secondary growth of tubers 
(Beukema and van der Zaag, 1979), which could reduced market value and quality of 
yield. The soil content ratio between main nutrients is the key factor for the regular 
growth of potatoes, both above and underground biomass (Kaniuszak, 1996). Inadeqate 
N fertilization could limits tuber size and marketable yield (Long, 2004), while 
excessive application leads to delayed maturity and may adversly affect tuber quality 
and storability (Belanger et al., 2002), accumulation of nitrates and ocassionally 
reduction of tuber yield (Lauer, 1986; Harris, 1992; Poljak et al., 2007). Potato tubers 
are rich in starch and therefore its requirements for potassium is relatively high (Kumar 
et al., 2007), higher than any other mineral, except of nitrogen (Rhue et al., 1986). 
Quality indicators such as dry matter percentage, specific gravity, sugar concetration, 
flesh color and hollow heart disorder are affected by potassium fertilization (Panique et 
al., 1997). Under conditions of irrigation, the positive effect of potassium were found 
(Ilin et al., 1997), regarding reducing sugar contents, as well as prevented disscoloration 
during the processing in the snack industry. The aim of this research was to determine 
rationale use of high quality, fully soluble fertilizers, both soil applied and trough 
fertigation system. In such way we could reduce the negative impact on agroecosystem 
and environment, and on the same time to achive adequate quality and yield of potatoes.  
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Materials and methods  

Field experiments were conducted during the year 2002. and 2003. on low calcareous 
chernozemic soil type on field trial Zeleni hit in Zemun Polje, near Belgrade, according 
to fully randomised block design in four repetitions. Potato seeds tubers (Solanum 
tuberosum var. Morene) were planted in the beginning of April. At the initial 
germination of potatoes, irrigation drip tapes have been installed on each potato row 
fallowing operation of reshaping the ridge. Drip tape with emitters on 30 cm apart, with 
3,4 l hour -1per running meter was buried on the depth of 5 cm under the top of the 
ridge. The standard measures were used to protect potato crop from fungal diseases, 
pests and weeds. Daily drip irrigation was performed to keep soil moisture inside the 
interval between 85% of FWC (Field Water Capacity) and CWC (Capillary Water 
Capacity), fallowing water deficit by tensionmeters from 0,4 bar to 0,1 bar. 
Fully water soluble granular fertilizers have been used, supplied by Haifa Chemicals, 
Israel: a) Multi Comp Base 13:11:20+2MgO+microelements+humic acids, soil base 
applied, b) Multi KMg 12:0:43+2MgO (potassium nitrate enriched with magnesium), 
by top dressing in the finale operation of ridge reshaping. On all of examined levels of 
mineral nutrition, by the fertigation have been applied: 50 kg ha-1 of NPK11:44:11, 50 kg 
ha-1 of ammonium nitrate (34,5% N), 50 kg ha-1 of potassium nitrate 12:0:43+2MgO , 
and 10 kg ha-1 of magnesium nitrate 10:0:0+16MgO . Four different fertilization levels were 
tested: 

1. MCB 400 kg ha-1                                           (N64,6:P2O5 66:K2O107:MgO9,6) 
2. MCB 400 kg ha-1+Multi KMg 100 kg ha-1   (N76:P2O5 66:K2O150:MgO11,6) 
3. MCB 400 kg ha-1+Multi KMg 200 kg ha-1   (N88,6:P2O5 66:K2O193:MgO15,6) 
4. MCB 600 kg ha-1+Multi KMg 200 kg ha-1   (N114,6:P2O5 88:K2O233:MgO17,6) 

Potato total yield was calculated as harvested tubers fresh weight per ha, marketable 
yields as weight of tubers >70g, and A class for chips as weight of tubers >55mm. The 
tubers quality was characterised by dry matter content (drying fresh tubers at 80oC). 
Statistical significance was investigated by the method of analysis of variance, while the 
differences were tested by LSD test. 

 

Results and discussion 

The climate at the experimental field is mild continental, with hot and dry summers and 
cold winters. The average temperature of air for a vegetation period of potato crop was a 
bit higher in 2002 (19,1 ºC), and especially in 2003 (20,6 ºC), comparing to the 
longtherm data (18ºC), which indicates very worm summers in both yers of examination 
Drougt was severe especially in 2003., besides precipitation amount was much lower 
than it is common (345,6 mm). Very limited precipitation (243 mm), fallowing very 
high temperatures in June (24,6), and August (24,7 ºC) have caused considerable water 
deficit and potato yield decrease (Fig. 1). 
Chemical analysis of the particulare soil type have showed alcaline chemical reaction 
(pH 7,20 in nKCl), with low calcareous (CaCO3 4,2%) and high humus content (3,75%) 
rich in total nitrogen (0.245 %), and exchangable phosphorous and potassium. 
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Figure 1. Climate diagram according to Walter for 2002. and 2003. in Zemun Polje, Belgrade 

Comparison between investigated years (Tab. 1.) have showed that yield in the season 
2002 was much higher than in the season 2003 because of severe drought, thus the 
increased number and intensity of irrigation which is corresponding to other research 
(Babett and Sarvary, 2006).  
   
Table 1. The effects of fertilization level on total potato yield, yield of marketable tubers  and yield of A class 

tubers, and its dry matter content in 2002 and 2003 

 
In both years, the mineral nutrition have had a significant effects on total yield of tubers, 
which was higher on the plots following second fertilization level, ca. 15 to 20 % than 
the other variants. Higher quantities of fully soluble fertilizers did not influenced yield 
increase since it’s high availability nutrients. The same response on mineral fertilizers 
application, were proven on yields of marketable and A class tubers. 

Figure 2. The total number of tubers and number of different processing grades per plant 
in the season 2002.and 2003. 
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 Year 2002. Year 2003. 
1.   75,53 69,41 43,00 19,8 47,56 43,19 39,75 20,1 
2. 83,25 78,35 75,20 19,6 54,29 43,40 39,99 19,9 

3. 73,25 69,97 52,62 19,0 45,12 37,96 35,70 20,3 
4. 71,28 67,08 33,33 19,6 45,62 41,20 36,77 20,3 
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LSD 0,05 
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The total yield and yield of different processing grades of tubers were obviously 
affected with the number of harvested tubers (Fig. 2), while it is closely have been 
related to intensity of fertilization by nitrogen and phosphorous. After particular level of 
high availability (Cucci et al., 1999.) the number of harvested tubers decreased. Potato 
variety Morene has moderately sufficient dry matter content for processing into a 
French fries, but it seems reliable because of less susceptibility to secondary growth and 
chain tuberization, as well as processing quality. Fallowing the data of dry matter 
content, there was no any related respond on fertilization intensity, which is 
corresponding to research of Kumar et al., (2007) confirming on sandy soils that the 
quantities of nitrogen higher than 90 kg ha-1 could not influence dry matter content.  
 

Conclusions  

By the intensive production of potatoes with optimal nutrition and irrigation, on low 
calcareous chernozem soil types high yield and an adequate quality of tubers for 
processing could be achieved. Fertilization level of N76 P66:K150:MgO11,6 with the 
application of granular NPK and potassium nitrate enriched with magnesium and 
fertigation could provide optimal and rationale nutrition for potato crop of variety 
Morene, whereas extremely high yield of high quality potatoes for processing could be 
achieved especially in adequate climatic conditions. Dry matter content of tubers has 
not been related to applied fertilization levels. 
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Abstract: The yield of field crops are influenced by many factors, among them nutrient and water availability 
play a determinative role. In the course of growing of spring barley, it is crucial that the above sources be 
available in time and in the necessary amount to produce the expected yield. To provide the required amount 
of supplementary nutrients, it is necessary to determine the suitable NPK nutrient rate for the plants. Our long 
term nutrient deficiency field experiment had been carried out at the “Fleischmann Rudolf” Agricultural 
Research Institute, Agrochemical Research Station. The experiment was set up in five replications with Latin 
block arrangement. The goal of the study was to determine how and in what extent the yield of spring barley 
is influenced by the quantity of supplementary nutrient, and the combinations of macronutrient doses 
(nitrogen, phosphorus, potassium). We also recorded how the effects of the above factors were modified under 
various precipitation regimes. 

Keywords:, nitrogen efficiency, phosphorus, potassium, precipitation, spring barley 

 

Introduction 

Spring barley is a plant cultivated for the brewing industry and for animal feeding 
purposes (Jolánkai, 2005). Unlike other spring crops it shows unusual temperature 
needs and more moderate water requirements (ca. 225-250 mm in the growing season), 
but it is sensitive to the distribution of precipitation (Jolánkai, 2005). 
The yield of arable crops is influenced by many factors, among them the nutrients play a 
determinative role in intensive field crop growing (Pepó, 2007; Petróczi, 2008). To 
provide the required amount of supplementary nutrients, it is necessary to determine the 
suitable NPK nutrient rate for the plants. Nitrogen can be absorbed only in the presence 
of the necessary phosphorus and potassium supplies, and large dose of nitrogen alone 
induces crop-depression (Sárvári, 2006). Based on spring barley experiments made at 
various fertilization rates Fodor et al. (2008) recommend a nutrient supply in harmony 
with the nutrient content of the soil and with the need of the plant. 
In our field experiment we wanted to know how and in what extent the yield of spring 
barley is influenced by the quantity of additional nutrients and the combinations of 
macronutrient doses (nitrogen, phosphorus, potassium). We also recorded how the 
effects of the above factors were modified under various precipitation regimes.  

Materials and methods 

Our long term nutrient deficiency field experiment had been carried out at the 
“Fleischmann Rudolf” Agricultural Research Institute, Agrochemical Research Station, 
since 1963, for more than 40 years. The experiment was set up in five replications with 
Latin block arrangement on 56 m2 gross plots. The plant species in our experiment 
carried out in a crop rotation system, were maize, spring barley and winter wheat. The 
soil type was chernozem brown forest soil, characteristic of the region. Thickness of the 
humus layer was 0.5-0.8 m. The humus content of the ploughed layer was 2.5-3 %. The 
P content was low, the K content was satisfactory, pH(KCl) approximated 5-6. All across 
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the experiment the usual farm production methods were applied. We used crop varieties, 
with good productive capacity and high adaptability to the ecological conditions of the 
region. In our study we have analyzed data obtained during three experimental years 
falling into three different categories of precipitation averages (dry, average, and rainy). 
Nutrient treatments applied in the studied years are presented in Table 1. Precipitation in 
the vegetation period was recorded (Table 2). 
 

Table 1. The treatments of experiment, amount of spread nutrient (active ingredient kg ha-1)  

Treatment Nutrients 
Serial number Sign N P2O5 K2O 
1. (Control) 0 0 0 0 
2.  N 87 0 0 
3.  P 0 63 0 
4.  K 0 0 140 
5.  NP 87 63 0 
6.  NK 87 0 140 
7.  PK 0 63 140 
8.  NPK 87 63 140 
9.  N2PK 130 63 140 
10.  NP2K 87 94 140 

 

Table 2. Precipitation in the studied crop years (mm) (Kompolt, 1992; 1995; 1998) 

 Month 

Year X. XI. XII. I. II. III. IV. V. VI. VII. 

1992 115 75 33 4 3 23 1 26 41 28 

1995 42 19 12 17 53 36 33 61 117 18 

1998 6 57 29 24 1 16 52 121 42 82 

 
In term of quantity and distribution of precipitation in the vegetation period (from 
March to beginning of July) 1995 was an optimal year. It satisfied the water needs of 
the spring barley. The year 1992 was unfavorable, droughty. In the vegetation period the 
quantity of precipitation was only 91 mm. In the vegetation period of 1998 the 
distribution of precipitation was unfavorable. Correlation of conditions with yield were 
tested with ANOVA. 

Results and discussion 

Results are presented in Table 3. For studying of effects of additional nutrients and their 
doses on the yield, the quantity of yield resulted under different regimes of treatment 
was compared to the yield of the control plots. 
The influence of drought was reflected in the yield in 1992. The amount of grain yield 
was significantly lower than 1995. Nitrogen supplement in itself and together with the 
other two nutrients caused significant increase of yield compared to untreated control 
plots. In our experiment the NPK treatment did not increase significantly the amount of 
the yield compared to NP treatment. The NPK treatment increased yield considerably in 
droughty years compared to the NP treatment. 
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Table 3. Yields recorded in the studied years (t ha-1) 

Treatment Grain yield (t ha-1) 
Number Sign 1992 1995 1998 

1. 0 (Control) 1.97 3.76 1.17 
2. N 3.82 6.24 4.45 
3. P 2.38 4.66 1.29 
4. K 1.84 3.61 1.00 
5. NP 4.46 6.47 4.82 
6. NK 4.08 6.54 4.55 
7. PK 1.98 3.87 1.46 
8. NPK 4.67 6.67 5.22 

9. N2PK 4.67 5.82 5.55 
10. NP2K 4.81 6.58 5.20 

LSD5% 0.3 0.66 0.72 

 
The yield did not increase significantly when increased doses of nitrogen and 
phosphorus was added, compared to the NPK treatment (Figure 1). 
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Figure 1. Effects of nutrient treatments on yield of spring barley 

Phosphorus supplement caused higher yield in the studied years. Compared to control 
treatments it was significant except in 1998. The increase was the highest in 1995 
compared to untreated plots. Potassium doses did not increase yield, compared to the 
control plots. Even more we found yield reduction in favorable and unfavorable years 
too (Figure 2). K added together with N and P, increases the yield, because K increases 
the plants resistance to lodging (Jolánkai, 2005; Kádár, 2009). 
Nitrogen and its combination treatments gave the highest increment of yield compared 
to the control in the studied three years (Figure 3). 
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Figure 2. Effects of phosphorus and potassium doses on yield of spring barley 
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Figure 3. Effects of treatments on yield of spring barley in the average of three experimental years 

Conclusions 

Results of our experiment showed, that both the balanced nutrient supply and weather 
conditions play determinative roles in profitable spring barley production. The 
increased, additional doses of nutrients do not cause significant difference in yield, so 
use of high rate fertilization is not reasonable. The better water supply resulted better 
nutrient uptake for spring barley, so the same doses of additional nutrients resulted in 
increased yield in rainy years. Use of K can be ceased in crop rotation system with no 
yield loss. 
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Abstract: A total of 96 hybrids from four maturity groups (FAO 200, 300, 400, 500) were tested in two years 
(2006, 2007) at two locations (Martonvásár, Szarvas). Considerable differences were found between the years 
for the grain yield per hectare and for the grain quality parameters. In 2006 record yields were achieved at 
both locations, averaging 11.61 t ha-1 in Martonvásár and 12.20 t ha-1 in Szarvas, due primarily to well-timed 
irrigation in Martonvásár and to good rainfall supplies in Szarvas. In 2007 both locations suffered from 
drought, with less rainfall than average during the critical months of the vegetation period, which was partially 
compensated for by irrigation in Martonvásár, giving a yield average of 5.96 t ha-1, while the hybrids grown in 
Szarvas had a yield average of 5.06 t ha-1. The grain quality parameters exhibited a close correlation with the 
yield in the individual FAO maturity groups. Hybrids of the flint type, which have a short vegetation period, 
had high protein and oil contents, but the yield averages were low due to the slower rate of starch 
incorporation. Hybrids of the dent type have a longer vegetation period and more intense carbohydrate 
accumulation, resulted in a greater grain yield but low protein and oil contents. In wet years and locations 
there was a higher rate of starch accumulation, while dry years were favourable for protein and oil 
accumulation.  

Keywords: maize, protein, oil, starch, FAO maturity group  

 

Introduction  

Although maize is of tropical origin, the highest yields are not recorded in the tropics, 
but in the temperate zone, where both the rainfall and the temperature are adequate. 
Gyenesné-Hegyi et al. (2002) recorded a close positive correlation between ear yield 
and the rainfall quantity in July. Long-term water deficiency during flowering increased 
the frequency of aborted kernels in the ears (Zinselmeier et al., 1995). Quaranta et al. 
(2001) reported that water stress affected flowering, yield quantity and grain quality 
parameters. In wet locations more starch was incorporated in the grain, leading to higher 
yields (Hegyi et al., 2007). In field production, maize varieties with greater yields per 
hectare generally have a lower protein content, while varieties containing 12% or more 
protein usually have lower yields (Sprague, 1977). Similar findings were reported by 
Svecnjak (2007), who revealed negative correlations between the grain yield and the 
grain protein content (r = –0.48) and oil content (r = –0.19). In wet years maize hybrids 
had lower protein contents than in dry years (Gyenesné-Hegyi et al., 2001; 2002). 
Irrigation had a significant effect on the protein and oil concentrations (Josipovic et al., 
2007). 
 

Materials and methods  

The experiment was set up at two locations in Hungary (Martonvásár, Szarvas) in 2006 
and 2007 in a randomised block design with four replications. At each location 24 
hybrids were tested from each of four maturity groups (FAO 200, 300, 400, 500). The 
experiments were sown and harvested mechanically. Prior to harvest, five sample ears 
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were taken from each plot, and the yield average per hectare of each hybrid was 
corrected based on the ear mass of the sample ears.  Evaluations were made of the yield 
average (t ha-1), followed by chemical analysis to determine the protein, oil and starch 
contents of the kernels. The measurements were made using a NIR spectrometer. 
Rainfall conditions differed between both the locations and the years (Fig. 1). In 
Martonvásár there was less rainfall than average during the vegetation period in both 
years, with a critical rainfall deficiency during flowering in July. Irrigation water 
equivalent to 80 mm rainfall was applied during flowering in both years to reduce the 
atmospheric drought. In Szarvas rainfall exceeded the many years average during the 
vegetation period in both years, but in July 2007 the rainfall during flowering was 17 
mm less than average, with 15 very hot days. The rainfall deficiency, combined with 
atmospheric drought, contributed to poor fertilisation. 
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Figure 1. Rainfall conditions at the two locations during the vegetation period (Apr.-Sep.) in the experimental 
years 

 

Results and discussion  

In 2006 the grand mean for the yield of maize hybrids in Martonvásár was 11.61 t ha-1, 
compared with 12.20 t ha-1 in Szarvas. Although there was less rainfall than average 
during the vegetation period in Martonvásár, the distribution was favourable, and the 
plots were irrigated during flowering. In Szarvas there was above-average rainfall, so 
record yields were achieved without irrigation. There was a significant difference 
between the locations. At both locations the greatest yields were recorded for varieties 
in the FAO 400 maturity group (12.58 t ha-1 in Szarvas; 12.52 t ha-1 in Martonvásár; 
Fig.2) . In the droughty year of 2007 there was less rainfall than average in Martonvásár 
throughout the vegetation period, with the exception of August and September. The 
irrigation water applied in July moderated the drought damage. In Szarvas there was 
more rain than usual during the vegetation period in 2007, but the distribution was 
unfavourable. The rainfall deficiency in July, coupled with very hot days, led to poor 
fertilisation and lower yields. The grand mean for the maize yield was 5.96 t ha-1 in 
Martonvásár and 5.06 t ha-1 in Szarvas. In Martonvásár the highest yields were obtained 
in maturity groups FAO 400 (5.93 t ha-1) and FAO 500 (7.74 t ha-1). Due to the longer 
vegetation period these hybrids were able to develop two ears in response to the 112.2 
mm of rainfall during the first ten days of August. In Szarvas the highest yields were 
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recorded for the FAO 300 hybrids (5.40 t ha-1), while the hybrids in FAO maturity 
groups 200 and 500 both had average yields of 4.81 t ha-1. 
 

LSD5% =0,72    LSD5% =0,40    LSD5% =0,51   LSD5% =0,68
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Figure 2. Yields of maize hybrids in different FAO maturity groups, locations and years, averaged over the 

varieties (t ha-1) 

The grain quality parameters (starch, protein and oil content) were evaluated for each 
FAO maturity group in both years. In 2006 higher yields were recorded at both 
locations than in 2007. Consequently the starch content was higher in 2006 (averaging 
72.42% in Martonvásár and 72.98% in Szarvas). Starch incorporation was lowest at 
both locations in the FAO 200 maturity group, dominated by flint and semi-dent 
hybrids, which have smaller thousand kernel mass than the later maturing dent types. 
The greatest starch accumulation was recorded for the FAO 500 hybrids (Martonvásár: 
73.74%, Szarvas: 73.87%). In 2007 the starch accumulation in the grains was 
significantly lower due to the drought (Martonvásár: 70.71%, Szarvas: 72.04%). In 
Martonvásár the starch content was lowest in the FAO 200 group (68.40%), and 
averaged 71.18% in Szarvas. Due to the smaller yield averages, both the FAO 200 and 
FAO 300 hybrids had low starch contents. The greatest quantities of starch were 
measured in the dent hybrids in the FAO 500 group (72.20% and 73.47% in 
Martonvásár and Szarvas, respectively). 
The protein and oil contents exhibited an opposing tendency to the starch accumulation, 
the highest values being recorded in early maturing hybrids. Starch is accumulated in 
the endosperm, which also contains 80% of the total protein content, so one can only 
accumulate at the expense of the other. In 2006 the highest protein and oil contents were 
recorded in the drier Martonvásár location in the FAO 200 hybrids (8.46%, compared 
with 8.07% in Szarvas). The grain oil content was closely correlated with the protein 
content, with maximum values of 3.78% and 3.87% in the FAO 200 hybrids at the two 
locations. As the vegetation period became longer, there was a decline in the protein and 
oil contents, with protein contents of 7.30% and 6.90% in the FAO 500 hybrids, and oil 
contents of 3.52% and 3.58% in Martonvásár and Szarvas, respectively. The oil is found 
chiefly in the embryo, and late-maturing hybrids with a large accumulation of starch in 
the endosperm generally have a smaller embryo. In the drier year of 2007 the protein 
and oil ratios were higher, with average protein contents of 9.89% and 9.03% and oil 
contents of 3.96% and 4.90% in the FAO 200 hybrids in Martonvásár and Szarvas, 
respectively. With an increase in the vegetation period there was a drop in protein and 
oil contents, with values of 7.58% and 7.35% for protein and 3.68% and 4.25% for oil 
in the FAO 500 hybrids in Martonvásár and Szarvas, respectively. 
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The Bravais correlation coefficient was calculated between the yield and the grain 
quality parameters (averaged over years, locations and varieties). A positive, moderately 
strong correlation (r=0.68) was found between the yield and the starch content, a 
negative, moderately strong correlation (r=–0.52) between the yield and the protein 
content, and a negative, weak correlation (r=–0.19) between the yield and the oil 
content.  

 

Conclusions  

The grain quality parameters of 96 maize hybrids were analysed in two years, in close 
correlation with the grain yield. As previously reported by Sprague (1955) and Svecnjak 
(2007), starch accumulation in the kernels was found to increase with a rise in the yield 
average, while the protein and oil content declined. The two latter parameters are more 
strongly influenced by genetic factors than the starch content. It was concluded from the 
results that the flint and semi-dent types in the early maturing FAO 200 group had 
higher protein and oil contents, but lower starch contents, while the dent hybrids in the 
FAO 500 group, which have larger endosperms, have greater starch contents and a 
lower ratio of protein and oil. In agreement with Prokszáné et al. (1995), Hegyi et al. 
(2007) and Josipovic et al. (2007) it was observed than in wet years, or as the result of 
irrigation, more starch was accumulated in the kernels than in dry years. In contrast to 
the opinion of Pásztor (1998) it was thus found that the year played an important role in 
determining the grain quality parameters of maize. 
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Abstract: Leaf chlorophyll content (LCC) determined by a portable chlorophyll meter such as CCM-200, or 
SPAD-502 was proposed earlier as an indicator of plant nitrogen status and for yield prediction. The purpose 
of this study was to investigate the effect of suboptimal nitrogen fertilization rate of 80 kg N ha-1 on LCC, 
yield and some other agronomic traits of M3S maize population. LCC was determined by CCM-200 
chlorophyll meter at silking in five M3S populations (C0, C1, C2, C3 and C4) obtained by recurrent selection. 
Differences among populations were highly significant for LCC, grain yield (kg ha-1), ear width (mm), grain 
depth (mm), and 1000 kernel weight (g). Yield increased with later cycle-populations, but the leaf chlorophyll 
content did not follow the same pattern. Significant negative correlation was determined among LCC and ear 
width (r=-0.42*), LCC and grain depth (r=-0.34*) and LCC and 1000 kernels weight (r=-0.49**) for the total 
data set (across all populations). When measured on separate populations, significant positive correlation was 
determined between LCC and ear length (r=0.91**) in C3 and between LCC and plant height (r=0.88**) in 
C4 population. Correlation between yield and LCC was not significant. The LCC did not appear to be a 
reliable indicator of grain yield in our study, and additional studies might be needed. 

Keywords: maize, nitrogen, leaf chlorophyll content, yield, recurrent selection 

 

Introduction 

In maize, where nitrogen fertilization is often done in only one application early in the 
growth cycle, inadequate and excessive nitrogen fertilization may result in 
environmental and water pollution through leaching and denitrification. By applying 
efficient farming techniques and cultivars with better nitrogen use efficiency, farmers 
might optimize the use of nitrogen fertilizer in order to maintain sufficient profit and 
decrease the risk of nitrate pollution (Gallais and Coque, 2005). Determination of leaf 
chlorophyll content was proposed earlier as an indicator of plant nitrogen fertilization 
status and yield prediction, because of the strong significant relationship between leaf 
chlorophyll content and nitrogen fertilization, which is similar to relationship between 
grain yields and nitrogen status (Ványiné Széles, 2008; Zhang et al., 2008; Hawkins et 
al., 2007; Széles, 2007). Based on the chlorophyll content meter readings field diagnosis 
of the plant nitrogen status could be made quickly, providing information for nitrogen 
fertilization management (Ványiné Széles, 2008; Hawkins et al., 2007; Argenta et. al., 
2004). Leaf chlorophyll content was also used as a secondary trait for improving maize 
for low-nitrogen target environments (Bänziger and Lafitte, 1997). Lafitte and 
Edmeades, (1994) found significant genetic correlations between grain yield under low 
nitrogen environment and leaf chlorophyll concentration, ear leaf area, plant height, 
anthesis-silking interval, and leaf senescence among full-sib progenies, indicating the 
potential value of these traits in a low nitrogen selection program. The purpose of this 
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study was to investigate the relationship of LCC to grain yield and some other 
agronomic traits of the M3S maize populations under suboptimal nitrogen fertilization 
rate. 

Materials and methods 

M3S (Maksimir 3 Synthetic) maize population was developed at the Faculty of 
Agriculture University of Zagreb by intercrossing 12 inbred lines, whose origins trace 
back to several open-pollinated varieties and local populations from different regions of 
the former Yugoslavia. The population was subjected to several cycles of selfed (S1) 
and full-sib (FS) progeny recurrent selection for grain yield and disease resistance 
(Šarčević at al., 2004; Šarčević, 2006; Sabljo et al., 2008). 
During the 2009 growing season, a field experiment with five M3S maize populations 
(C0, C1, C2, C3, and C4) was conducted at the Faculty of Agriculture's experimental 
station in Maksimir, Zagreb. Planting distance was 0.70 m between, and 0.20 m within 
rows. Suboptimal nitrogen fertilization rate of about 80 kg N ha-1 was applied by 
fertilization with 400 kg of NPK 7-20-30 at winter ploughing in 2008, and sidedress 
fertilization with 200 kg of KAN (27 % N) at the V3- third collar leaf stage. All other 
cultural practices were as recommended for optimal maize production. Experiment was 
set up as RCBD, with seven replications and four 20 plant rows per each experimental 
plot. Forty plants of the middle two rows were analyzed for eight traits. Ear leaf 
chlorophyll content (LCC), was measured using a CCM-200 Chlorophyll Content Meter 
at silking. Ear and plant height (cm), were recorded after anthesis. Ear width and length 
(cm) were recorded after drying all the harvested ears to 14 % moisture. Grain depth 
(mm), 1000 kernel weight (g), and grain yield expressed as kg ha-1 were recorded after 
grain shelling. All traits were modelled as GLM with populations as fixed explanatory 
variables. Pearson’s correlation coefficients were calculated among all the traits for each 
population separately, and across all populations (across whole data set). All statistical 
analyses were performed using SAS Release 8.2 (SAS Institute 1999 – 2001) computer 
program. 

Results and discussion 

Significant differences among cycle-populations were found for LCC, ear width, grain 
depth, 1000 kernel weight and grain yield (Table 1). Differences found for ear and plant 
height, and for ear length were not significant. Efficiency of recurrent selection for yield 
improvement was confirmed by highest yielding C4 (8141.30 kg ha-1) and C3 (7997.80 
kg ha-1) population. The 1000 kernel weight was also highest in C4 (321.07 g) and C3 
(314.95 g) population. The same pattern was not followed for grain depth and ear width. 
The C4 and C1 populations had the significantly highest values for grain depth (10.20 
and 10.19 mm, respectively), and for ear width (44.06 and 42.55 mm, respectively). At 
the same time the C4 population had the lowest (38.85), and the C0 population the 
highest LCC values (50.26). 
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Table 1. Mean values of ear height (cm), plant height (cm), leaf chlorophyll content (LCC), ear width (cm), 
ear length (cm), grain depth (mm), 1000 kernel weight (g), and grain yield (kgha-1) among C0, C1, C2, C3, 

and C4 population, Maksimir, 2009. 

Population 
Trait 

C0 C1 C2 C3 C4 

Ear height, cm 90.89a* 89.00 a 86.48 a 88.36 a 88.86 a 
Plant height, cm 208.60a 207.77 a 202.61 a 215.63 a 206.66 a 
LCC 50.26a 44.25 abc 46.94 ab 42.27 bc 38.95 c 
Ear width, mm 41.85b 42.55 ab 42.35 b 42.18 b 44.06 a 

Ear length, cm 16.60a 17.24 a 17.15 a 17.75 a 17.25 a 
Grain depth, mm 9.59b 10.19 a 9.47 b 9.67 ab 10.20 a 
1000 kernel weight, g 276.45b 290.00 b 287.55 b 314.95 a 321.07 a 
Grain yield, kgha-1 6370.90b 5900.70 b 7165.50 ab 7997.80 a 8141.30 a 

* Means followed by the same letter are not significantly different according to Bonferroni t test (p<0.05). 
 
Correlation coefficients among all the traits measured across all the populations are 
shown in Table 2. Significant negative correlation was determined between LCC and 
ear width (r=-0.42*), LCC and grain depth (r=-0.34*) and LCC and 1000 kernels weight 
(r=-0.49**). The results are in agreement with Bänziger et al. (1997), who found 
significant positive genetic correlation (rG=0.25) between leaf chlorophyll concentration 
and yield reduction due to nitrogen stress. Better yielding genotypes had lower leaf 
chlorophyll content under suboptimal nitrogen conditions. 
 
Table 2. Pearson's correlation coefficients among ear height (cm), plant height (cm), leaf chlorophyll content 
(LCC), ear width (cm), ear length (cm), grain depth (mm), 1000 kernel weight (g), and grain yield  (kgha-1) 

across all populations 

Trait Plant height LCC Ear width Ear length Grain depth 
1000 kernel 

weight 
Grain yield 

Ear height 0.27 n.s. 0.03 n.s. 0.15 n.s. 0.18 n.s. 0.06 n.s. 0.05 n.s. 0.07 n.s. 
Plant height   0.17 n.s. -0.21 n.s. 0.13 n.s. -0.25 n.s. 0.12 n.s. 0.15 n.s. 
LCC     -0.42 * -0.17 n.s. -0.34 * -0.49 ** -0.33 n.s. 

Ear width       0.29 n.s. 0.78 ** 0.47 ** 0.44 ** 
Ear length         0.17 n.s. 0.37 * 0.37 * 
Grain depth           0.26 n.s. 0.19 n.s. 
1000 kernel weight             0.59 ** 

* - significant at p<0.05 
** - significant at p<0.01 
n.s. - not significant  
 
For separate populations, significant positive correlation was determined between LCC 
and ear length (r=0.91**) in C3 and between LCC and plant height (r=0.88**) in C4 
population. Correlation between yield and LCC was not significant. Ványiné Széles 
(2008) observed stochastic relation between SPAD chlorophyll content readings and 
grain yield of maize hybrids (r=0.449), and determined the yield quantity to the extent 
of 20.20 %. Széles (2007) stated that by SPAD value, the grain yield of maize can be 
estimated with an accuracy of 1 t ha-1. However, the parameters of the function largely 
depended on the hybrid. Zhang et al. (2008) stated that reduced chlorophyll 
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concentrations of corn leaves and loses of grain yields are both symptoms of nitrogen 
deficiency, and, the post season analyses should not assume that these two symptoms 
are cause and effect. In our study, later cycles of selection for yield improvement 
significantly outyielded the earlier ones, but yield increase was not followed by increase 
of leaf chlorophyll content. 

Conclusions 

The M3S maize populations from later cycles of recurrent selection had significantly 
higher yield, 1000 kernel weight, and grain depth than the earlier cycles-populations. 
Leaf chlorophyll content followed the opposite trend. The C0 population had 
significantly highest, and the C4 significantly lowest value of the leaf chlorophyll 
content. In this study, the leaf chlorophyll content did not appear to be a reliable 
indicator of grain yield, and additional studies might be needed. 
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EFFECT OF SWEET SORGHUM (SORGHUM DOCHNA L.) 
RESTORER LINES ON STALK JUICE NUTRITIONAL 
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Abstract: Sweet sorghum can be utilized for bioethanol production because it has high sugar content (14-
17%). We determined the most important nutritional values of 4 sweet sorghum restorer lines in waxy and full 
maturation phase. The examined restorer male lines were: RL 4, RL 9, RL 15, RL 18. The following nutritional 
parameters were examined: dry material content, refractometric total sugar content and reducing sugar 
content. We got concluded achieved strong relationship (R2=0,8348)  between dry matter and total sugar 
content in stalk juice of sweet sorghum. In waxy maturation 78,4-87.37% of dry matter in stalk juice makes 
the total sugar. Dry material content, total and reducing sugar content of stalk juice decreases from waxy to 
full maturation.  The relationship between total soluble sugar content and dry matter in stalk juice of sweet 
sorghum was determined through one-dimensional linear regression. The relationship equation can be 
represented as follows: y=0,9751x-3,1398 There are differences between lines in dry matter (SD5%=0.76), 
total sugar (SD5%=0.79), reducing sugar content (SD5%=0.30) and the non reducing sugar content 
(SD5%=0,75). In waxy maturation ratio of reducing sugar content was higher than total sugar and there were 
differences in reducing sugar content between genotypes (SD5%=6,16%). These lines upcoming for 
experiments are perspectives because of having excellent stalk juice nutritional parameters and they are great 
height, furthermore their stalks diameter are thick and stalk medullas are wet. 

Keywords: sweet sorghum, dry matter, non-reducing sugar 

 

Introduction  

Changes in temperature, precipitation patterns and snowmelt can have impacts on water 
availability. Temperature is predicted to rise in most areas, but is generally expected to 
increase more in inland areas and at higher latitudes. Higher temperatures will increase 
loss of water through evaporation. Sweet sorghum has a great tolerance to a wide range 
of climatic and soil conditions. It is considered one of the most drought tolerant and 
water efficient crop species. It uses C4 type photosynthetic apparatus, which is widely 
accepted as an important mechanism in making sorghum more physiologically efficient 
under high temperature and low moisture conditions. One such feature is its ability to 
produce and deposit high amounts bloom or epicuticular wax. This and in this context 
the genotype x environment interaction are the important factors that could contribute to 
the greater water efficiency and drought tolerance of sorghum and in other wheat 
(Kokhmetova et al., 2003). They can perform well under sustainable agricultural 
system. The reducing sugar component and agronomical characters have important parts 
of drought tolerance (Farshadfar et al., 2002). It was found that above-ground dry 
biomass production from nonwater-stressed sweet sorghum plants suggests a high 
productivity potential among C4 crops. Under water shortage, radiation use efficiency 
may be significantly lower. Radiation use efficiency seems to be linearly related to 
water consumption. Stressed plants seem to use available water more efficiently than 
unstressed plants. High water use efficiency values tend to be related with low radiation 
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use efficiency values. In addition to being highly productive in terms of biomass, sweet 
sorghum is also known to show high draught and water logging resistance and salinity 
tolerance. To evaluate the risk deriving from the introduction of a crop to a new 
environment, its agronomical behaviour should be analyzed. radiation use efficiency  
and water use efficiency are two agronomic criteria used for performing the risk 
evaluation. Accumulation of soluble materials will increase the osmotic potential an as a 
consequence will create seasonal osmoregulation capability (Erdei et al., 2008). 
Accumulation of sugars in different parts of plants is enhanced in response to a variety 
of environmental stresses (Stefanits et al. 2002.). In the case of salt and water stress 
adaptation to these stresses has been attributed to the stress induced increase in 
carbohydrate-levels. There is relationship between the dry material of stalk and the 
soluble sugar content (R2=0,8234). There were linear correlation between these dates. 
The relationship equation can be represented as follows: y=0,8111x-0,3728. The sugar 
content of ZKR-295 and ZKR-162 was about 19-20% on 10th August, just after 
blooming in Karcag (Antal et al., 2008). In Debrecen six restorer male lines of sugar 
contents of juices varied between 17 and 24% at the end of milk mature (Erdei and 
Pepó, 2008). Their stalk medullas were wet, stalk diameters were medium-thick (Erdei 
and Pepó, 2008). The sweet sorghum can be produced in low input cultivation system 
without significant decrease of sugar yield and with non significant decrease of bagasse 
yield (Blaskó et al., 2008).  In sorghum sugar, the most component is sucrose (92%) and 
glucose (4.5%) (Voca et al., 2007). Reducing sugar component has an important part of 
drought tolerance (Erdei et al., 2008). Sugar concentracions of samples were then 
calculated, along with percentages and determination of sugar yields on the basis of land 
area (Macesic et al., 2008). The content of non .reducing sugars differed significantly at 
all growth stages and it was highest at physiological maturity. (Non reducing 
sugars=Total sugars-Reducing sugars) (Channappagoudar et al., 2007).  

Materials and methods  

We selected the following lines: RL4, RL9, RL15, RL18 in the experimental field at 
Horticulture Institute. Reducing sugar contents were determined by applying Luff-
Schoorl methods, which is based on the following: aldehyde- and keto group of sugars 
under alkaline conditions, copper I oxide. We determineted quantitative of the remained 
copper with jodometric methods. 

Results and discussion  

The relationship between dry matter and total sugar content was determineted through 
one-dimensional linear regression R2=0,8348. The relationship equation can be 
represented as follows: y=0,9751x-3,1398, where y is the total sugar content (%), x 
stands for stalk juice. Changing of total sugar makes changing in refractometric dry 
matter (Figure 1.). These values were changed the following: total sugar of dry matter 
varied between 78,4%-87,37%, while in full maturation total sugar  of dry matter were 
between 71,57%-82,31%. The highest differences in dry matter was at the RL4 correlate 
to waxy maturation. This value was 12,36%. The same value 5,79% was observed at 
RL9 and RL15. 
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Figure 1.The relationship between refractometric dry matter content (%) and total sugar of the examined 
restorer lines 

Figure 2. Dry matter, total- and reducing sugar content at sweet sorghum restorer lines in waxy maturation 

In case of RL9 mean dry matter content was 15% in full maturation. During waxy 
maturation total sugar content was 11,76%, which is decreased 11,08% at full 
maturation. In waxy maturation reducing sugar content decreased from 3,17% to 2,01%. 
In waxy maturation the mean of total sugar content of dry matter decreased from 
15,43% to 15,36%, while reducing sugar decreased from 3,23% to 1,71%. Dry matter 
content of RL18 was 16,66%, in stalk juice of this line average amount of total sugar 
was decreased from 13,78% to 13,26%, in addition the reducing sugar was 4,11% 
during waxy maturation and 2,23% in full maturation (Figure 2.3.).  

Figure 3. Dry matter, total- and reducing sugar content at sweet sorghum restorer lines in full maturation 

Under stress condition we measured the highest reducing sugar content in case of RL18 
(4,11%) during waxy maturation. In most cases we measured the highest values in case 
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of RL15, which were the following: reducing sugar 3,23% and total sugar content 
15,43%. Total sugar varied between 10,07%-15,43% and reducing sugar 3,17-4,11%in 
waxy maturation. On the basis of our results we can conclude that there are significant 
differences between nutritional values (matter-, total sugar-, reducing and non-reducing 
sugar content) of the examined restorer lines.  

Conclusions  

Sorghum is a C4 grass that is well adapted to semiarid tropics. This grain crop is the fifth 
most important cereal grown worldwide, due in large part to its unusual tolerance to 
adverse environmental conditions. As far as the biomass materials are concerned, sweet 
sorghum is a C4 plant characterized by a high photosynthetic efficiency and a high 
biomass-and sugar-yielding crop. Soluble organic compounds may act as 
osmoprotectants of proteins under salt and drought stress in addition to their role in 
osmoregulation. Meanwhile, it contains approximately equal quantities of soluble and 
insoluble carbohydrates has been considered as an important source for the production 
of fuel ethanol. The genotypes SSV-7073, SSV-74 and Rio recorded higher brix value. 
Total sugar and non reducing sugars in juice increased from flowering to physiological 
maturity. The reducing sugars in juice decreased. This is because reducing sugars are 
utilized for various metabolic reactions and as energy source. We found significant 
differences among our lines (RL4, RL9, RL15, RL18) investigated on nutritional 
parameters. We determined the ratio of reducing sugar content to total sugar content. In 
waxy maturation stage the highest value was 39,82% in case of RL4, which was reduced 
to 24,65% in full maturation. The highest decrease was in the cote of RL18 where ratio 
of reducing sugar decreased from 29,82% to 16,81 within the total sugar in waxy 
maturation. Reducing sugars are indicator of drought tolerance in different sweet 
sorghum genotypes. The above mentioned Hungarian restorer lines adapted to low input 
conditions and abiotic and biotic stress factors especially drought.  
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Abstract: Investigations started in 1987 and were carried out on semigley soil (sandy loam) characteristics of 
the area where flue-cured tobacco is grown in Northern Croatia. Several types of crop rotation were tested: 
tobacco monoculture (unfertilized tobacco, fertilized tobacco), two-crop (winter wheat, tobacco), three-crop 
(winter wheat, tobacco, maize), four-crop (winter wheat, tobacco, maize, soybean). Tobacco is the key crop in 
these investigations while winter wheat was the preceding crops in trials. This investigations will have a long-
term character and are carried out on the experimental field of the Tobacco institute Zagreb. Tobacco growing 
in monoculture reduced the yield from 2.63 t/ha in the first year (1987) to 1.63 t/ha in the 20. year (2007). A 
significantly lower yield and quality were obtained after the fourth year of tobacco monoculture compared to 
tobacco growing in crop rotation. The highest content in plough and sub-plough layers was recorded at 
lysimeter where the crop rotation involved maize and wheat, which was succeded by tobacco. The lowest 
nitrate content (7.8 kg NO3

- N/ha) was leached in unfertilized tobacco monoculture which served as check 
treatment. The highest content of leached nitrogen (53.6 kg/ha NO3

- N) was recorded after the harvest of 
maize, which was fertilized with 180 kg nitrogen, wheat fertilized with 160 kg of nitrogen, was shown. 

Keywords: Semigley soil, Monoculture, Crop  rotation, Tobacco, NO3
- N, leaching 

 

Introduction 

Intensive application of mineral fertilizers, particularly nitrogen fertilizers, in 
agricultural production may cause certain environmental changes. In contrast to the 
production of flue-cured tobacco, where small nitrogen rates are applied, much higher 
nitrogen rates are applied to other agricultural crops (wheat, maize, soybean). 
Consequently, it is reasonable to expact a higher leaching of nitrates into groundwater. 
The problem of nitrate load is groundwater, and thus also in drinking water, primarily 
depends on the nitrate regime in the soil. Some of the nitrates are formed by 
microbiological processes from the soil organic matter, while others are introduced by 
fertilization (Addiscott et al., 1992). Soil and water pollution by nitrates is being 
intensively investigated worldwide. Intensive application of high rates of nitrogen 
fertilizers, which mostly contain 50% on nitrate nitrogen, is often cited as the main 
cause of high nitrogen concentration in water, notably drinking water. In ideal 
agricultural production, nitrogen fertilization should equal crop requirements for a given 
yield, i.e. depend on soil fertility and nitrogen outtake with yield. A number of factors 
stand in the way of such fertilization and higher rates of nitrates are usually added, 
which remain in the soil after the crops have been harvested at the potential risk of 
being leached into ground-and surface waters. The main field crops in Nothern Croatia, 
wheat, maize and soybean, are fertilized with about 50 to 180 kg N/ha whereas only 20 
to 40 kg N/ha are applied for tobacco. This is the first study of this kind in tobacco 
growing in monoculture or in crop rotation in Croatia. It has been proven for wheat that 
its earlier sowing results in smaller amounts of residual nitrogen in the soil than in later 
sowing, since early sown wheat takes up the gratest part of nitrates (Widdowson et al., 
1987). Nitrates are more intensively leached from soils that are left unseen over winter, 
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as it is usually the case of soil intended for tobacco, than from soils under a catch crop 
(Muller et al., 1989). The linear ratio: lower nitrate rate, lower leaching has not been 
confirmed. Littelmore et al. (1991) investigated tobacco cropping in crop rotation and in 
monoculture for nine years, but determined only the status of total nitrogen. It is 
optimalfor tobacco to be grown  after wheat in a crop rotation (Butorac et al., 1995; 
Turšić et al., 1998), so there is no doubt that tobacco takes up part of residual nitrogen 
in addition to that added, which will be explained in this study. Futher, in the treatment 
involving tobacco monocropping with standard fertilization, it will be firmly established 
whether there is a difference in nitrogen leaching and how large it is. Tihe trial 
treatment of tobacco monocropping without fertilization will demonstrate the balance of 
soil nitrogen and the from precipitation. The extent of leaching in the case of other crops 
in the rotation (wheat, maize, soybean) will be determined as well. 

Materials and methods 

Investigations started in the summer of 1986 and are carried out on the experimental 
field of Tobacco institute Zagreb, on semigley soil (sandy loam) characteristic of the 
tobacco growing region of Croatia. These investigations will have a long term character. 
There were four crop systems: tobacco monocropping, two-crop (winter wheat, 
tobacco), three-crop (winter wheat, tobacco, maize) and four-crop (winter wheat, 
tobacco, maize, soybean) rotation. 
Standard agricultural engineering practices where applied to the studied crops in crop 
rotations. Contents of nitrogen, phosphorus and potassium amounted, respectively, to 
30, 60 and 160 kg/ha for flue-cured tobacco; 160, 160 and 140 kg/ha for winter wheat; 
180, 150 and 170 kg/ha for maize; 50, 90 and 100 kg/ha for soybean (before sowing the 
seed was inoculated). Tobacco was harvested per insertions (3 leaves) in six harvests. 
After leaf drying, tobacco quality and yield were determined by classifying and 
weighing. Data obtained from four replications were processed by the analyses of 
variance. With the aim of finding out the extent of nitrate leaching into groundwater and 
its pollution, six monolith lysimeters were installed in the trial (Addiscott et al., 1992). 
Lysimeters were dug into the natural soil profile at a depth of 50 cm, which fully 
complies with the profile stratigraphy. Lysimeter receptacles were dimensioned 73 x 73 
cm (0,533m2). Lysimeters were installed into the soil profile on unfertilized tobacco, 
tobacco monoculture, and tobacco in crop rotation with wheat, soybean and maize. 
Comparision of the results of chemical analysis of water on unfertilized and differently 
fertilized soils will show the extent to which fertilizer rates applied for the mentioned 
crops affect the leaching of nitrogen into groundwater from the rhizosphere of tobacco 
grown in monoculture and in crop rotation, wheat, maize and soybean. Besides the 
analysis of nitrogen leaching into groundwater, the soil nitrogen content during the 
growing period was also determined. 

Results and discussion 

The climate conditions during tobacco vegetation had influence on the yield of tobacco 
(Butorac et.al., 1999; Littlemore et al., 1991; Turšić et al., 2005). 
A minimum precipitation of 255 mm was recorded during the vegetation period in 
1992, and maximum precipitation of 476 mm in 1995. The average amount of 
precipitation during the tobacco vegetation period over twenty years amounted to 353.4 
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mm. The results obtained for yields during the twenty years of investigations are 
presented in table 2. 
 

Table 1. Precipitation during tobacco growing season (May – September), 1987-2006 
 

Year 87 88 89 90 91 92 93 94 95 96 
mm 285 281 399 261 438 255 310 335 476 398 

 
Year 97 98 99 00 01 02 03 04 05 06 
mm 376 394 410 286 397 403 316 328 396 324 

 
Table 2. Tobacco yield (t/ha) according to crop rotation type 

Year 87 88 89 90 91 92 93 94 95 96 
Mon. 2.6 2.2 2.7 1.9 1.9 1.7 1.8 1.6 1.8 1.7 

2-year rotat. 2.7 2.4 2.8 2.5 2.5 2.3 2.1 2.0 2.3 2.1 
3-year rotat. 2.7 2.5 2.8 2.4 2.4 2.5 2.4 2.1 2.3 2.2 
4-year rotat. 2.8 2.4 2.9 2.3 2.6 2.4 2.3 2.3 2.4 2.4 
LSD 0,05 NS NS NS 0.3 0.3 0.3 0.3 0.2 0.4 0.2 

 
Year 97 98 99 00 01 02 03 04 05 06 Average 
Mon. 1.6 1.7 1.6 1.5 1.3 1.6 1.8 1.4 1.7 1.6 1.8 

2-year rotat. 2.3 2.4 2.4 2.4 2.6 2.8 2.7 2.6 2.9 2.4 2.5 
3-year rotat. 2.4 2.5 2.6 2.5 2.8 2.6 2.6 2.8 2.6 2.8 2.6 
4-year rotat. 2.5 2.6 2.7 2.8 2.6 2.9 3.0 2.9 2.7 2.9 2.6 
LSD 0,05 0.3 0.3 0.4 0.3 0.5 0.4 0.3 0.5 0.4 0.3  

 
The average values of tobacco leaf yields for the 20-year period indicate a trend more or 
less analogous to that for particular years. Significantly higher yields were recorded in 
all kinds of crop rotations compared to tobacco monoculture cropping (Butorac et al., 
1999; Turšić et al., 2005).  
A significantly lower tobacco yield was obtained after three years of tobacco 
monocropping. 
The production of tobacco in monoculture reduced yield from 2.63 tha-1 in first year 
(1987) to 1.64 tha-1 in the twenty year (2006).  
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Figure 1. Tobacco yield in monoculture (1987-2006) 

 
A total of 707.7 mm of precipitation was recoreded during the period of monitoring 
nitrogen leaching into groundwater, from May 2005 to April 2006 (Figure 1.). Most rain 
fell in September (208.3 mm) when the first amounts of water percolated into the 
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lysimeters. June, July and August were dry, with high air and soil temperatures, and 
high evapotranspiration.  
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Figure 2. Precipitation during May 2005 until April 2006 

 
The average quantity in lysimeters was 57.5 l or 16.3 %. The largest quantities of water 
percolated into lysimeters were recorded in September, when precipitation was the 
highest as well. Later on, the quantiti of percolated water depends also on the intensity 
and amount of precipitation. 

Table 3. The quantity of NO3-N leached in lysimeters, kg/ha 
 

Lysimeter 1996 1997 kg NO3-N/ha 
CHECK UNFERTILIZED TOBACCO 8.7 

MONOCULTURE TOBACCO TOBACCO 11.4 
2-CROP ROTATION TOBACCO WHEAT 27.5 
3-CROP ROTATION MAIZE WHEAT 46.3 
4-CROP ROTATION SOYBEAN MAIZE 28.9 

Conclusions 

Tobacco grown in monoculture for twenty years gave a significantly lower yield. 
Tobacco planted in a wider crop rotation gave a significantly higher yield and better 
quality of leaves. The quantity of leached NO3-N depends on the mineral fertilization 
applied to the test crops. The quantity of leached nitrogen was smaller then expected 
due the raised soil compaction, resulting from the high content of silt ald fine sand 
particles. Higher levels of soil nitrates in the production of crops preceding tobacco 
should be taken into account when planning tobacco fertilization.  
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Abstract: In the last decades the importance of some weed species increased in Hungary. The velvetleaf 
(Abutilon theophrasti Medic.) also belongs to this group. Allelopathy is a very important ability of weeds in 
an agro-ecosystem, because it can determine the competitive capacity of a weed species. We studied the 
allelopatic effect of watery extract made from different plant parts of velvetleaf (air dried leafy stems, seeds, 
pods without seeds and germinating seeds) on the germination and growth of three weed species. 
Examinations were started in April of 2009 in Keszthely. Watery extract from germinating seeds of Abutilon 
theophrasti decreased the germination of amaranth (Amaranthus retroflexus) however increased the growing 
of its seedlings. In the case of corn cockle (Agrostemma githago) in contrast with amaranth, it increased the 
germination and decreased the growing of seedlings. Extract of dry abutilon seeds raised the germination 
percentage of amaranth but inhibited the growing of seedlings. Extracts solved from dry leaves and stems of 
abutilon decreased the germination of amaranth and thorn-apple (Datura stramonium) significantly, but these 
extracts had a synergic effect on the growing of seedlings, in case of thorn-apple. It was established, that in 
the present cases stimulating and inhibitory effects of abutilon extracts led to an opposed change of the 
growing of seedlings. Extract obtained from dry seedless capsular fruits of abutilon hindered the germination 
of amaranth with a statistically proved difference (SD5%) but in this case stimulating effect of the same 
treatment on the growing of seedling was not observed. 

Keywords: germination, allelopathy, Abutilon theophrasti, Amaranthus retroflexus, Agrostemma githago, 
Datura stramonium 

 

Introduction  

Allelopathy is a very important ability of weeds in an angro-ecosystems, because it can 
determine the competitive capacity of a weed species (Rice, 1984; Szabó, 1997; Buzsáki 
et al., 2008)  
The allelopathic trait of the velvetleaf have been examined in several crops e.g. 
sunflower, corn, alfalfa, soybean, tomato etc.(Dávid and Radócz,2002). The detrimental 
effect was detected from the leaf and root extract of the velvetleaf and from the dead 
stem, leaf and root in Keszthely (Kazinczi et al., 1991). Kazinczi et al. (2008) were 
tested the allelopathic influence of velvetleaf extracts on the development of  ragweed 
(Ambrosia artemisiifolia L.). In this experiment, carried out in pots, aqueous extracts of 
the velvetleaf stimulated the growth of the ragweed in low concentrations. Moreover, 
the stimulation was stronger, when the ragweed get it from irrigation. In this way the 
extracts were utilized as a source of nutrient. The aqueous extracts interfered more the 
root development, than the germination of the ragweed. From A. theophrasti fresh stems 
and leaves and separately from the aqueous extract of the root Šćepanović et al. (2007) 
noticed a very strong restrain on the early development of corn by retarding germination 
and reducing root and root collar length. 
The allelopathic effect of the aqueous extract of velvetleaf plants, growing in different 
environmental conditions were studied on gardencress pepperweed (Lepidium sativum 
L.) and sweet corn by Dávid and Borbélyné (2009). The results of the biotests showed 
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relationship between the environment, in which the plant grows and the mode and 
strength of the inter-plant chemical interactions. 
The aim of our study was to examine the inhibiting or stimultaing effect of velvetleaf on 
germination and growth of different weed species, using aqueous extracts made from 
different parts of the plant. 

Materials and methods 

Air dry aboveground parts and aqueous extract of the germinating seed of Abutilon 
theophrasti Medic. were used for the labor experiment. The effect of the dry stem, the 
seedless dry capsule, the dry seed and the germinating seed’s extract were examined on 
germination and early growth. 
The tested plants was the redroot amaranth (Amaranthus retroflexus L.) the corncockle 
(Agrostemma githago L.) and the jimsonweed (Datura stramonium L.). This weed can 
meet the aquous plant residues of the velvetleaf during germination and early growth, 
due to the wheat/corn succession, which is the most common in Hungary. The extracts 
made for the trials were prepared with tap water. 4 g chopped dry plant material were 
added to 100 ml water. 24 hours later the material was filtered through filter paper. The 
germinating seed extract contained of the whole germ, including the seed coat, the 
primer root and the stem. The donor seeds passed a three days pre-germinating. 
The experiment were set up in 9th of April, 2009 and repeated with the same conditions 
in 20th of April. The germination took place in a Binder-type thermostat in dark. 25 
seeds were put into one Petri-dish in a filter paper, adding 5 ml to each in four repeats. 
The timing of germination were checked in every two days and the rate of growth were 
estimated after a week, by counting the numbers of germinated seeds and measuring the 
collective length of the radicle and plumula. The germinated plants were eliminated at 
the end of the experiment. The measured datas were statistically analysed and the effect 
of extracts on germinating % and seedling length were evaluated. 

Results and discussion 

The extract, made from the seedless dry capsule reduced mostly the germination of  A. 
retroflexus in both experiments, resulting 55 and 43 % germinating rate (Table 1).  
Both of the germinating seed and the dry stem extract reduced the germinating %, but in 
case of these extracts, the difference to the control was significant only in the second 
experiment. 
The dry, mature seed extract was stimulated the germination in both experiments, but 
there was no significant difference. 
A stimulating effect of the dry stem and germinating seed extract were found, when 
examining the growth of the seedlings. Comparing with the control a lower germinating 
% and a higher average growth was observed. The extract of the dry seed was 
stimulated the germinating rate, while reducing the average germ’s length. This can not 
account for autotoxicity, as in pursuance of the first experiment by higher germinating 
rate, higher growth was observed in the control, while in case of the second experiment 
a lower germinating rate was coupling lower seedlings.  
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The dry seed extract retarded the early growth, significantly in the first experiment and 
only as a tendency in the second experiment. 
In case of the jimsonweed’s germination in both experiments the leafy stem extract of 
velvetleaf was the strongest retarder. 
During the experiment, installed in 9th of April the use of the extract produced only 17% 
germinating rate, with 91% in the control. In the second experiment germination was 
very weak, so the inhibiting effect was not statistically significant. In case of the 
extracts that made of the seedless dry capsule, the dry seed and the germinating seed no 
stimulating or reducing effect was measurable. Between the treatments the dry seed 
extract resulted the higher germinating rate. 
The extract of the dry stem stimulated the jimsonweed germ length in both experiments 
significantly, while the extract of the dry capsule only in a small compass. The biggest 
growth was measured by low germinating %, either in control, or in the treated petri 
dishes, which can be caused by the autotoxicity of the jimsonweed. 
The dry seed extract dramatically reduced the jimsonweed’s growth, but it was 
statistically significant only at the second experiment. 
The corncockle germination was the lowest affected by velvetleaf extracts. Each 
extracts stimulated the corncockle germination in the second experiment, but the 
difference was not statistically significant. 
The same fenomenon was observed in the first experiment, but only in case of the 
extracts of germinating seed and dry stem. 
 

Table 1. The measured parameters and the belonging datas 

Test 
plant 

The measured 
parameter 

Experiment Control 
Germinating 
seed's extract 

Dry 
seed's 
extract 

Dry 
stem 

extract 

Dry 
seedles 
capsule 
extract 

SD5% 

1st 75.0 71.0 83.0 73.0 55.0 8.2 Germinating 
rate (%) 

2nd 63.0 45.0 72.0 48.0 43.0 9.4 

1st 45.5 46.4 20.0 47.3 39.6 3.91 

A
m

ar
an

th
us

 
re

tr
of

le
xu

s 

Lenght of 
germ (mm) 

2nd 27.3 33.6 26.7 32.7 39.3 6.99 

1st 91.0 25.0 24.0 17.0 10.0 6.46 Germinating 
rate (%) 

2nd 24.0 33.0 42.0 18.0 36.0 11.92 

1st 15.7 12.4 5.2 61.5 24.0 12.45 D
at

ur
a 

st
ra

m
on

iu
m

 

Lenght of 
germ (mm) 

2nd 83.4 102.8 15.2 121.7 93.1 21.75 

1st 76.0 83.0 62.0 86.0 75.0 9.3 Germinating 
rate (%) 

2nd 69.0 74.0 82.0 78.0 79.0 14.63 

1st 116.4 97.3 124.7 134.2 134.4 13.32 

A
gr

os
te

m
m

a 
gi

th
ag

o 

Lenght of 
germ (mm) 

2nd 140.0 126.5 115.5 119.5 118.4 16.98 
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From the three experimented plants, the corncockle developed the longest germs. The 
extract of the germinating velvetleaf seed reduced corncockle germs in both 
experiments, but significantly only in case of the first. The higher germinating % 
observed, the lower growth was measured. The other extracts from velvetleaf didn’t 
affected squarely the corncockle’s early growth. 

Conclusions 

The allelopathic effect varied according to the part of the plant, the extract made from, 
and the age of the donor plant material (fresh or died). Moreover the tested plant was 
also dependent. 
Our bioassay surveys on jimsonweed demonstrated the strongest retarder effect from the 
dry stem extract of velvetleaf.  
In some cases the extracts had a stimulating effect on germination and early growth of 
the test plants. The extract of the germinating seed seemed to be stimulator for the 
growth of amaranth (A. retroflexus) and the germination of the corncockle (A. githago), 
which coincide with earlier literature, where amino acids, appears during germination, 
proved to be stimulating (Colton and Einhellig, 1980). 
The extracts that retarded or stimulated the germination of corncockle and jimsonweed 
had reverse effect on early growth., that the extracts of velvetleaf (leaf, root, died stem, 
leaf and root) has only retarder effect on germination and growth. 
The results of experiments between the two dates were contradictionary in some cases. 
According to the absolutely same conditions we have found no explanation for this. 
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Abstract: Ecophysiological regulation and threshold limits of significant leaf gas exchange parameters of 
Hungarian energy grass as a potential biomass plant are discussed. Responses are analysed under non-stressed 
and water limited field conditions in young plants. Light and relative air humidity turned to be the most 
effective and limiting enviromental factors in carbon accumulation and water loss. Results could be utilizable 
from biological and agronomical points of view for planning toward to higher biomass production. 

Keywords: energy crop, light response, air humidity, stomatal conductance, Ci/Ca, water use efficiency, field 
experiment 

 

Introduction 

Renewable energy sources play increasingly important role in securing both the energy 
supply and sustainable development. Energy targets in the EU are to increase the pro-
portion of renewable energies up to 20 % of total consumption until 2020. In this 
process biomass crops will have more and more importance due to various environmen-
tal adaptability, leading to action plans on national or international level (Rosillo-Calle, 
2007). 
Tall wheatgrass is a C3 crop with a cool season characteristic, seasonally different water 
use efficiency in moderately salt habitats (Johnson, 1991; Bleby et al., 1997). Several 
cultivars have been developed to be adapted for different environments in the world. 
The new cultivar „Hungarian energy grass” (Elymus elongatus (Host.) Runemark subsp. 
ponticus [Podp.] Melderis cv. Szarvasi-1) is originated from Central-European popula-
tions of tall wheatgrass. It has recently been introduced to cultivation in Hungary to be 
an alternative biomass crop. There are some preliminary results on weed composition 
(Pál and Csete, 2006), but environmental responses regarding the biomass accumulation 
has not been claryfied yet . 
Assimilation is the prominent ecophysiological process in carbon fixation based on 
biochemical mechanisms. It strongly depends on external abiotic parameters, including 
e.g. light, air and soil humidity or carbon dioxide (Rawson, 1977; Anda and Lıke, 2003; 
Csajbók et al., 2008; Hnilicka et al., 2008). Stomatal behavior has an essential role in 
carbon-dioxide input and water vapour output under environmental regulation addition-
ally. In our study significant ecophysiological responses related to leaf gas exchange of 
Szarvasi-1 energy grass are discussed. They are essential from biological point of view 
and may lead to greater biomass production in the practice. 
 

Materials and methods 

In situ field measuring was conducted in South part of Hungary near Bóly (45o55’09”N, 
18o31’02”E) on cambisol soil type under natural environmental conditions (Table 1). 
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Monocultural stands were planted in 7×7 m randomized field plots, according to theo-
retical and experimental measuring protocols (Pearcy et al. 1991). Data had been 
recorded on the upper fully expanded leaves by a portable IRGA system (LCA-2, ADC 
UK) by Caemmerer and Farquhar’s (1981) calculation. Instantaneous leaf gas exchange 
parameters and main abiotic environmental variables were measured on three to five 
replicates, considering 2-5-leaf plants as the phenophases (P2 to P5).  
Ecophysiological responses were constructed by first order exponential decay and linear 
equations. Relationships between abiotic environmental variables (PPFD, RH) and 
selected leaf gas exchange parameters (An, Amax, gs, Ci/Ca, WUEg) were analysed. 
Goodness of curve fitting were described by coefficient of determination (R2). 
Abbreviations: PPFD, photosynthetic photon flux density; α, apparent quantum yield; 
An, instantaneous net assimilation rate; Amax, assimilation capacity; gs, stomatal 
conductance; RH, relative air humidity; Ci/Ca, ratio of internal to atmospheric carbon-
dioxide; WUEg, water use efficiency as the ratio of gs for CO2 to gs for H2O. 
 

Results and discussion 

Among measured abiotic environmental parameters, photon flux density and relative air 
humidity turned to be the most significant for leaf gas exchange characteristics. Carbon-
dioxide concentration of the air [CO2] and leaf temperature (Tl) was not straightly 
correlated with the photosynthesis, but ratio of internal to ambient carbon-dioxide 
(Ci/Ca) was a relevant calculated gas exchange parameter. Water use efficiency as the 
ratio of stomatal conductance for CO2 to H2O proved to be an indicator. According to 
OMSZ data originated from regional climatic station in Sátorhely, a seasonal deficiency 
in precipitation had been registered in late July, affecting soil water content and avail-
ability in the experimental plot at P4 phenophase. 
 
Table 1. Values and ranges of environmental parameters in the experimental plot during the measuring period 

 

Soil parameters 
 

Abiotic environmental parameters 

pH by H2O 6.90 Phenophase P2 (July) P3 (Aug) P4 (Sept) P5 (Oct) 
Humus, m/m% 1.76 PPFD µmol m-2 s-1 91-1521 99-1480 93-1201 62-1188 
NO2+NO3, mgN/kg 40.11 [CO2], ppm 278-415 105-441 321-366 278-428 
K as K2O, mg/kg 266.19 Tl, Co 21,4-35,0 23,2-35,3 19,6-31,1 16,6-28,4 
P as P2O5, mg/kg 246.94 RH, % 18,0-55,5 21,9-52,6 39,8-64,9 13,8-59,6 

 
Instantaneous data of incident light (PPFD) and net carbon-dioxide exchange rate (An) 
were used for constructing light response curves (Fig 1A, R2=0.559-0.906). Initial slope 
as the apparent quantum yield (α) and maximal light-saturated net photosynthetic rate 
(Amax) as the assimilation capacity showed that highest carbon accumulation had been 
realized at the beginning of the growing period. According to theoretically estimated 
parameters for a C3 plant or some other related species (Iqbal et al. 1997, Engloner et 
al. 2003), Hungarian energy grass was much more effective in carbon fixation during 
the overall vegetation period as well as under seasonal environmental drought.  
 
Intercellular CO2 concentration is the main limiting factor of assimilation in C3 plants 
under non-stressed conditions. In the case of Hungarian energy grass, there had a tight 
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linear correlation between Ci/Ca as the relative carbon-dioxide concentration and net 
photosynthetic rate at every growing period (Fig 1B, R2=0.529-0.942). Slope of the 
linear regression permanently decreased parallel with decreasing assimilation rates. 
Maximum and minimum values of Ci/Ca differently increased through the growing sea-
son, pointing out that instantaneous carbon use efficiency was regulated by external 
factors and internal processes as well.  
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Figure 1. Photosynthetic light response curves (A), and photon flux density to Ci/Ca (B). Mean and standard 
deviation (±SD) are displayed. ○ = P2, □ = P3, ▲ = P4, � = P5 

Stomatal conductance for carbon-dioxide as the reference parameter for assimilation, 
showed close positive correlation to relative air humidity (Fig 2A, R2=0.449-0.828), 
similar to transpiration. Values and efficiency of gs were highest at the beginning of the 
growing period by equal and above 30% critical humidity value. Threshold value as the 
intercept permanently increased, slope of the equation permanently decreased through 
the phenophases. Slope of the equation, threshold and critical values of stomatal con-
ductance has shifted to a much more higher humidity range for getting up sufficient 
stomatal conductance for CO2 under limited soil water availability.  
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Figure 2. Relative air humidity to gs for CO2 (A), and water use efficiency as the functional ratio of stomatal 

conductances (B). Mean and standard deviation (±SD) are displayed. ○ = P2, □ = P3, ▲ = P4, � = P5 

Instantaneous water use efficiency (WUEg) as the ratio of conductances showed a close 
negative linear correlation to air humidity owing to intense transpiration that was 
constantly 1,61-1,89 times higher than assimilation rate in the growing period (Fig 2B, 
R2=0.449-0.922). Equal and above 30% relative air humidity water use efficiency 
intensely decreased, especially at the beginning of growing season. In those cases where 
reduced water availability results in reduced rates of transpiration and assimilation 
water use efficiency can be dramatically increased.  
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Conclusions 

Some abiotic environmental parameters, especially light and air humidity proved to 
have an essential role in gas exchange regulation of Szarvasi-1 energy grass. Under non-
stressed conditions carbon fixation and biomass production were the most favourable at 
the beginning of growing period. In precipitation deficiency inducing limitation in water 
availability, reduction in assimilation rate and capacity, stomatal conductance and 
relative carbon input, but increasing in functional water use efficiency was detected. 
Determining qualitative and quantitative threshold limits of gas exchange parameters, it 
is concluded that Szarvasi-1 energy grass could be an appropriate biomass crop among 
C3 plants for energy purposes in the future. 
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Abstract: Five quality winter wheat varieties were evaluated concerning the connections between their 
quality parameters and the environmental stresses. Significantly rainy weather prior to harvest usually causes 
relevant depression in quality parameters. In the experimental year 2008-2009 we studied the affect of rain on 
the Hagberg-falling number. Agronomic replicated blocks were sown and six different nutrition levels were 
applied by broadcasting different amounts of nitrogen fertilizer. The experimental plot size was 10 m2. By the 
preliminary results the measure of the harmful effect depends on the stress-specified resilience referring to a 
certain variety that is a genetically determinated attribute. Those varieties in which the magnitude of the stress 
exceeded the threshold limit resulted in higher depression in the parameters examined. Studying the data we 
can identify what nutrition levels are appropriate to extend the threshold limit and so the level of resilience. 
Concerning the results it can be stated, that the resilience depends on the variety, the moisture stress and the 
different levels of nutrition. The levels of threshold are determined by the interaction of these factors. In order 
to clarify the correlations above, further experiments are needed.  

Keywords: winter wheat, resilience, Hagberg-falling number, precipitation 
 

Introduction 

Resilience defines the adaptive capacity that determinates the ecosystem’s or a single 
organism’s tolerance according to various stresses. It lays down a threshold limit in 
witch adverse effects are withstood by a resilient system without quantitative or 
qualitative depressions. The success of the agricultural production strongly depends on 
the various environmental stressors such as weather or soil conditions (Erdélyi, 2009a) 
and nutrient supply (Csiba, 2009). The available water capacity highly influences the 
crop production all over the world (Erdélyi and Horváth, 2006; Cseuz et al., 2009; 
Hoffmann et al. 2009). The magnitude of rain increases due to the intemperate weather 
of Hungary (Gyimes, 2009). Precipitation can be considered as a major stressor in 
relation with yield quality and quantity performance (Erdélyi, 2009b; Klupács et al., 
2009). Producing quality winter wheat the precipitation prior to the harvest has critical 
effects of the baking parameters. This adverse weather conditions can cause sprouting 
that can be indicated with the decrease of the Hagberg-falling number. Since the 
measure of the depression depends on the threshold limit of the wheat variety 
concerning the rain, the falling number is suitable to mark the stress-specified resilience. 
The Hagberg-falling number is a crucial value in baking industries that determinates the 
possibilities of the further processes of flour. This value shows inverse relation with the 
activity of the alpha-amylase enzyme that is responsible for breaking down the starches 
providing sugar. While the sprouting process advances the quantity of alpha-amylase 
increases in the kernel. Both the insufficient and the exaggerated enzyme activity can 
cause malformations in baking products such as bread. The appropriate enzyme activity, 
or rather falling number (250-350) results high volume bread with firm and soft texture. 
Such as the resilience, the Hagberg-value is referred to a certain variety. Generally the 
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wheat varieties quantitative and qualitative parameters are genetically determinated 
attributes which can be suppressed or enhanced by the environmental factors, or the 
agronomic methods, but cannot be improved (Polhammerné, 1981; Szentpétery et al., 
1995). In the following trial five quality winter wheat variety’s resilience is evaluated in 
different nutrition levels concerning the precipitation and the Hagberg-falling number. 

Materials and methods 

Experimental plots were sown on chernozem soil (calciustoll) at Hatvan- Nagygombos, 
(Central Hungary), in the year of 2008. Split-split-plot design with four replications was 
used. Five wheat varieties were planted with a row spacing 12 cm at a rate of five 
million live seeds per hectare. The plot size was 10 m2. Six different nutrition levels 
were applied by broadcasting nitrogen in form of ammonium-nitrate fertilizer (36-0-0). 
The data of the treatments were defined by the fenophases of the wheat. The nitrogen 
doses applied and the fenophases of broadcasts are summarized in Table 1.  

Table 1. Applied nitrogen doses and the fenophases of broadcasts 

Nitrogen (kg ha-1) 

Tillering Shooting Heading 
Replication 

(plot) 

40 0 0 4 
80 0 0 4 

120 0 0 4 
80 80 0 4 
80 40 30 4 

In the experimental arrangement illustrated above ‘Alföld 90’, ‘Csárdás’, ‘Magdaléna’, 
‘Suba’ and ‘Toborzó’ varieties were studied concerning the falling number, the 
resilience, the moisture stress and the different levels of nutrition. 
Results and discussion 

Precipitation was generally well tolerated by ‘Alföld 90’ variety. However other 
nutrition levels achieved the optimal range, the ‘Alföld 90’ variety’s control plots 
produced falling number figures slightly below the value of 250. The highest falling 
number was generated by the 80 kg ha-1 nitrogen dose. The second maximum (just 
below the previous one) was resulted by the 80+40+30 kg ha-1 nutrition level. These two 

  

Figure 1. The Hagberg-falling numbers of ‘Alföld 
90’ variey 

Figure 2. The Hagberg-falling numbers of ‘Csárdás’ 
variety 
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 nitrogen amounts made the most preferential threshold limit resulting resilience to 

withstand the moisture stress. The data are illustrated in Figure 1. ’Csárdás’ variety has 
resulted in optimal range of falling numbers in all nutrition levels. Data show square 
distribution. In consequence of the variety’s resilience despite of the late precipitation 
every treatment level resulted in optimal range of falling number. The harmful effect 
was tolerated the best with 80 kg ha-1 nitrogen level. These correlations are illustrated in 
Figure 2. In case of ‘Magdaléna’ concerning the control treatments without nitrogen, we 
measured the lowest falling numbers of all studied varieties that were significantly 
under the level of the optimum value range. The increase of the nitrogen amount shows 
linear growth of the Hagberg values and all reached the 250-300 range. Nevertheless at 
a dose of 80+40 and 80+40+30 kg ha-1 nitrogen, the values exceeded significantly the 
optimal range that is unfavorable in the processing technology. With the different levels 
of nitrogen supply the variety’s resilience is outstanding, but the lack of nitrogen 
resulted in depression in tolerance according to the moisture stress. Data are presented 
in Figure 3. 

Figure 3.                                                                                Figure 4. 
  The Hagberg-falling numbers of ‘Magdaléna’ variety       The Hagberg-falling numbers of ‘Suba’ variety 
 

Studying ‘Suba’ variety without fertilizer we found low falling number that does not 
reach the value of 250. The 40 and the 80 kg ha-1 nitrogen doses resulted in suboptimal 
falling numbers. Increasing the nitrogen doses linear growth of the Hagberg value can 
be observed. Broadcasting bigger amounts of nitrogen high falling numbers are resulted 
without exceeding the optimal range of 250-300. By applying big or divided doses of 
nitrogen the variety’s threshold limit was extended, resulting the necessary resilience to 
withstand the stress of late precipitation. By using lower nutrient supply the tolerance of 
the variety decreases. The described relations are presented in Figure 4. 

 ‘Toborzó’ reached the optimal range of falling number only at the 40 kg ha-1 nitrogen 
nutrition level. Even high amounts of nitrogen broadcast did not result in any 
improvement; none of the other treatment level resulted in optimal Hagberg values. The 
variety showed intense sensitivity to the moisture stress, but by the dose of 40 kg ha-1 

nitrogen amount the level of threshold limit could be extended and the harmful effect 
could be lessened. The data are illustrated in Figure 5.  

The Hagberg-falling numbers determinated by the level of resilience concerning the 
moisture stress and the nutrition levels are summarized in Figure 6. 
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Figure 5.                                                                      Figure 6. 
The Hagberg-falling numbers of ‘Toborzó’ variety     The Hagberg-falling numbers of the studied varieties 

Conclusions 
Those varieties in which the adverse effect of precipitation exceeded the threshold limit 
that can be tolerated by the certain variety showed lower falling numbers which did not 
match the optimal value. The threshold limit can be influenced by different levels of 
nutrient supply. By broadcasting the appropriate amount of nitrogen fertilizer referring 
to the certain variety, the threshold limit and the level of resilience can be extended. 
Referring to the results obtained it can be stated, that resilience depends on the variety, 
the moisture stress and the different levels of nutrition. The levels of threshold are 
determined by the interaction of these factors. In order to clarify the correlations above, 
further data and additional experiments are needed. 
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Abstract: Growing biomass as potential source of energy has undoubtedly great potential in Hungary. The 
restructuring of agriculture, the system applied for the 21st century resulted in huge amount of fallow land. In 
Szabolcs-Szatmár-Bereg County’s water rich environment agriculture have been abandoned. The size of this 
land reaches 100.000 hectares. These lands have to be put back under agricultural management. One possible 
land use would be utilizing these areas with Energy Willow plantations (Salix viminalis L.). Rehabilitation of 
arable land can be achieved through the development of the plant’s growing technology that is going to be 
discussed in details here. Considering environmental stress and economics one of the key factors is to 
establish the details and doses of the fertilization. Based on our research the cropping of energy willow can be 
achieved in lines with sustainability. 

Keywords: “energy willow”, nutrient replenishment, twig yield, profitability 

 

Introduction 

When talking about biomass plants, there is an old-new one, “energy willow” (Salix 
viminalis L.), which is outstanding because of its high energy supply capability. The 
key to its successful production is finding the appropriate production site and the 
production technology that is best adjustable to the site conditions. The first plantations 
in Hungary date back to 2002, which means that this plant only has a few years’ history. 
As such, there are rather few data available in relation to the applicable technologies. 
Our objective is to establish an environment friendly nutrient supplementation system 
on the basis of the results of our large-plot experiments.  
Twig yield, besides several other factors, is considerably influenced by nutrient supply, 
too. To establish a stock capable of reaching high yield the appropriate nutrient 
replenishment and supply is essential. “Energy willow” is a nutrient-demanding plant 
that grows great mass of twigs and green leaves.  The annual twig yield is 10-12 t/ha. in 
the first year, which may as well increase to 25-40 t/ha (Tar et al., 2005). When the 
issue of twig yield per hectare is being approached we must not forget that this plant, 
apart from twigs, also has a considerable mass of green leaf surface, the growing of 
which necessitates a lot of nutrient. The nutrient demand of “energy willow” for the 
production of 1 ton of dry twig, seen for the different species, is: N 5.3-7.5 kg; P2O5  
0.6-0.9 kg; K2O 1.8-3.0 kg; Ca 4.2-7.2 kg; Mg 0.4-0.7 kg (Labrecque et al., 2003). 
Reaping takes place after defoliation, so the nutrient stored in the leaves will be 
recycled (Kósa and Tóth, 2007). 
 

Materials and methods 

We have been researching nutrient replenishment since 2007. Our relating experiments 
took place in the exhibition garden of the College of Nyíregyháza. When choosing the 
site for willow plantation, we took the soil demand into consideration; this is why we 
decided for a lower, water-saturated land on the exhibition site. 
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The production site having been chosen, the plantation itself took place in March 2007. 
The size of the experiment plots is 200 m2. For planting we applied 1m spacing with 1m 
distance between the rows, so 200 plants were placed in one treatment. No nutrient 
replenishing fertilization took place before the plantation. 
Before getting the fertilizer out, we performed a soil test. The soil samples were graded 
in the Agricultural Laboratory of SGS Ltd. in Nyíregyháza. On the basis of the test 
results, the experiment table was well supplied with phosphorus and potassium and to a 
medium extent with nitrogen. The detailed results of the test are included in the 
following table (Table 1). 
 

Table 1. The soil test results of the experiment table 

Test parameters Result Unit Test method 

pH (KCL)  7.74  pH MSZ-08 0206/2: 1978. 2.1 

Soil water retain 29  KA MSZ 0205: 1978. 5 

Total salt solvable in water  <0.02 % (m/m) MSZ-08 0206/2: 1978. 2.4 

Total carbonate content expressed in CaCO3 13.49 % (m/m) MSZ-08 0206/2: 1978. 2.2 

Humus % 1.589 % (m/m) MSZ 21470: 1983. 2 

(NO2+NO3)-N 11.31 mg/kg MSZ 20135: 1999 

Phosphorous content expressed in P2O5 271 mg/kg MSZ 20135: 1999 

Magnesium 396 mg/kg MSZ 20135: 1999 

Potassium content expressed in K2O 238 mg/kg MSZ 20135: 1999 

Sodium 88.8 mg/kg MSZ 20135: 1999 

Zinc 1.24 mg/kg MSZ 20135: 1999 

Copper 1.943 mg/kg MSZ 20135: 1999 

Manganese 51.9 mg/kg MSZ 20135: 1999 

Sulphate 14.1 mg/kg TGV methodology  4.7.12 

 
Getting the fertilizer out took place twice: in autumn (30 October 2007) and in spring 
(12 March 2008). With respect to the size of the plots and because of the attempt to get 
the precise amounts out, we did the fertilization manually. In Hungary, 7 “energy 
willow” species have permission for plantation. The most frequently used is the 
cv.”Tora”. This is the one we involved in our experiments in the first year. We 
performed the test in 4 treatments and 4 repetitions according to the followings (Table 
2). We determined the amount of the agent got out in consideration with the nutrient 
supply level of the soil and with the specific nutrient demand of “energy willow”. 
To compare the treatments we examined the change of the volumes of the twig 
produced. Reaping was done manually in November 2008. After measuring the wet 
twig volumes, on the basis of samples taken randomly from the treatments, we 
determined the moisture content of the twigs by drying them on 105 oC through 25 
hours. 
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Table 2. Treatments in the nutrient replenishment experiment 

  fertilizer volume get-out time 

P2O5 10% 

K2O 24.5% treatment 1 

Ca 12% 

250 kg/ha 100 % in autumn 

P2O5 10% 

K2O 24.5% 

Ca 12% 

250 kg/ha 100 % in autumn 
treatment 2 

ammonium nitrate (34%N) 200 kg/ha 50-50% in autumn-spring 

treatment 3 ammonium nitrate (34%N) 400 kg/ha 100% in spring 

control -- -- -- 

 

When statistically evaluating the scaling results we performed single-factor analysis of 
variance at a significance level of 95%.  The sequence of the operations performed on 
the experiment table is summed up in Table 3. 

 
Table 3. Operations performed on the experiment table 

operation date 

soil preparation 17 March 2007 

plantation 24 March 2007 

chemical weed control  April 2007 

manual hoeing June 2007 

autumn fertilization 30 October 2007 

spring fertilization 12 March 2008 

chemical weed control  April 2008 

Reaping 12-14 November 2008 

 
In the course of our experiments we did not only measure how the crop was changing 
but also examined the changes of the soil characteristics. We intend to back up our 
researches with duration experiments in the future! 
 

Results and discussion 

To measure twig yield – for each treatment – we reaped the whole plot.  Weighing was 
then done by authenticated bridge-scaling. The results relating to the average yield of 
the treatments is included in Table 4. 
The yields of the treatments compared, we can establish that as an effect of the nutrient 
replenishment, the twig yield of the roots treated considerably exceeded the yield of 
those not treated, which was also underlined by the statistic analysis. 
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Table 4. Operations performed on the experiment table 

 Wet volume (t/ha.) 
Moisture content 

(%) Dry weight (t/ha.) 

treatment 1 29.8 47.45 15.66 

treatment 2 32.3 50.46 16.00 

treatment 3 33.6 48.94 17.16 

Control 28.1 51.58 13.61 

 
The biggest, 26 % difference was only detected in case of the nitrogen fertilization (136 
kg/ha. agent). In spite of the good P and K supply of the soil, we measured a crop 
growth higher than 15% on the plot treated with phosphorous and potassium, too. 
When examining the total wet twig yield, we established that the autumn nitrogen 
fertilization (treatment 2) resulted almost 40% extra crop compared to the untreated 
plots. 
If we take a look at how the moisture content was changing, we will see that the highest 
content was measured on the control plot. The extent of the differences is not significant 
if compared to the 5% significance level. The laboratory testing of the soil samples 
taken after reaping is in progress.  
 

Conclusions 

The scale-based fertilization that focuses on the specific nutrient demand of the plant 
and the nutrient supply of the soil resulted a considerable increase in twig yield, which 
highly influences the success of production. “Energy willow” belongs to those plants 
the nutrient reaction of which is easy to measure. Subject to this, our future objective is 
to work out the nutrient supply technology adapted to the production site. In the course 
of fertilization, besides increasing twig yield, another important aspect is to preserve the 
fertility of the soil.  When performing nutrient replenishment, we should always keep an 
eye on this, since out of the available resources of the country the soil conditionally able 
to renew is the most important one. 
With rational nutrient replenishment the extent of environmental load is also easier to 
decrease, which, seen from the point of view of environmental protection, is a very 
important factor in case of such an intensive culture. 
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Abstract: The majority of heavy metals and other contaminants that enter the soil accumulate in the upper 30 
cms. The rate of transformation and bonding in the soil is different for each element. Cd remains mobile in the 
soil-plant system for a long time. Its accumulation can be observed both in vegetative and generative parts of 
plants without toxic symptoms and yield loss. Other elements (As, Hg, Cr) are readily transformed into 
insoluble, bonding forms. Environmentally dangerous elements (Cd, As, Cr,) accumulate mostly in the 
vegetative organs (straw lives, etc.). Heavy metal pollutants affect the humification processes in the soil. The 
ratio of less stable humus fraction was increased by metal pollution compared to the stable one. 

Keywords: heavy metal accumulation, soil, humus fractions, crop plants 

 

Introduction  

Environmental pollution is an ever-increasing load on the various resources of the agro - 
environment, including soils. Soils are able to accumulate heavy metals for many years 
without obvious signs of their acute toxic effect (Simon et al., 1999). However, the 
buffering capacity of soils is finite. Above a certain level they are no longer to absorb 
these elements and they become sources of pollution themselves. Toxic elements are 
released into water, absorbed by cultivated crops. The loading threshold value for soils 
is a function of the soil properties (pH, humus content, clay content, type of clay 
minerals, etc.) (Szabó et al., 2008). The ratio of soluble and insoluble humus 
compounds affects the fate of heavy metal pollutants in the soil. Huminic acids can 
decrease, while fulvic acids can increase the solubility of heavy metals. It also seems 
likely that metal pollutants affect the ratio of huminic and fulvic acids (Máthé et al., 
2007). Some trace elements, because of their low solubility in the soil, have a negligible 
uptake and translocation by plants (i.e. Cr, Sn, Ag, Zr). Others (i.e. As, Pb, Hg) are 
strongly sorbed by plant roots but are not readily translocated to edible plant parts 
(Kádár, 2006; Kádár-Morvai, 2008). B, Cu, Mn, Ni and Zn elements are partly readily 
taken up by plants, but are phytotoxic at concentrations. The most detrimental trace 
elements (Cd, Mo, Se) give rise to human and animal health risks at plant tissue 
contents that generally are not phytotoxic (Kádár, 2003; Kádár-Lehoczky, 2008). The 
goal of this research - that based on a long term field experiment - is to monitor the 
transformation of toxic metals and study their uptake and accumulation by crop plants. 
 

Materials and methods  

The field trial was set up in 1994 with 8 elements (Al, As, Cd, Cr, Cu, Hg, Pb, Zn), on 
three application rates each (0/30, 90, 270 kg element ha-1), i.e. 24 treatments all in 
triplicate and arranged in split-plot design. The soil type of the experiment field is a 
slightly acid chernozem brown-forest soil that can be characterized as follows: pH(H2O) 
6.4; pH(KCl) 5.4; y1 9.5; CaCo3 0%; humus 3%; upper limit of plasticity (KA) 45; L% 70; 
hy 4.8. Treatments were carried out once at initiation using soluble salts of tested 
elements. Different crop plants were grown each year. Plant samples (shoot, straw, 
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grain) were taken yearly and the total element content was determined after microwave 
digestion using cc. HNO3+cc.H2O2. Soil samples were collected from the upper horizon 
of the soil (0-30 cms) and then subjected to the Lakanen-Erviö test, using NH4-acetate + 
EDTA extraction solution to determine the amount of soluble/mobile elements. The 
total element concentration was also determined using cc.HNO3+cc.H2O2. ICP-AES 
Plasma Emission Spectrophotometry was used to analyze the element concentration in 
the soil and plant samples, for 25 elements. Effect of the highest dose of tested metals 
(270 kg element ha -1) was studied on humus solubility. Two different extractants were 
applied: NaF and NaOH. The NaOH soluble humus fraction represents the less stable 
(usually younger) humus, without Ca++ ion saturation. The NaF dissolves the stable and 
Ca++ ion saturated, or condensed humus (Hargitai, 1968). The optical absorbance of the 
humus solutions is used to characterise the humus concentrations in the soil. The 
quotient of the optical densities of the NaF extractable and NaOH extractable fractions 
gives the humus stability number (Q). The higher stability number means the higher 
ratio of insoluble (stable) humus fraction. 
Mathematical, statistical analyses of data were carried out using variance analysis of 
split-plot experiments, and the LSD5% was calculated. 
 

Results and discussion  

Treatments increased significantly the available element content in the soil. For 
elements Cu, Zn and Pb, a rate of 270 kg ha-1 resulted in a more than 10-fold increase in 
concentration of soluble elements in the tilled depth. The increase in concentration was 
even more pronounced in the case of trace elements Cd, Cr, As, Hg, according to the 
soil tests conducted in 1995 (Fodor-Szabó, 2006). In physiological respects the 
available element content is more important than the “total” amount. This varied widely 
for all tested elements. The results of the soil analysis of 2001 are presented in Table 1. 
Hg became insoluble in the soil and unavailable for plants, the NH4-acetate+EDTA 
extractable fraction was below the 0.1 mg kg-1 detection limit. Hg could not be detected 
in all of the plant samples either. Its bonding in the soil was the most pronounced. The 
rate of available fraction as compared to the “total” amount was less than 1% in case of 
Cr, 10-20% in case of As and Zn and about 40-60% for Cu and Pb. The soil test also 
provided evidence of the increased mobility/availability of Cd. The NH4-acetate+EDTA 
extracted Cd forms represented about 80% of the “total” amount. For the other NH4-
acetate+EDTA well extracted elements (Pb, Cu), in 7th year of the experiment, the plant 
analysis did not prove their mobility in the soil-plant system. Pb concentration was 
below the detectable limit (0.1 mg kg-1). Cu and Zn content remained on the same level 
in the plant samples. Concentration of other tested elements in the shoot, straw and 
grain samples are presented in Table 2. As showed only a moderate enrichment in 
barley with increasing application. The highest concentration was measured in the 
straw. Results of plant analysis showed, that As mobility decreased considerably in the 
soil-plant system. In environmental respect Cd is the most dangerous microelement in 
this field experiment. Cd content of control plants was negligible, but its concentration 
increased significantly in each examined plant organ by increasing Cd loads to the soil. 
The highest Cd content was measured at harvest in the straw. The increase of Cd 
concentration was directly proportional to the Cd application to the soil. The same 
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tendency was also detectable in the grain. Cr content in the barley shoots was almost the 
same and accumulation was not detectable in the straw either. The grain showed the 
tendency of Cr increase but the effect of treatments was not significant. 
 

Table 1. Effect of treatments on the “total” and available element content  
in the 0-30 cm layer of the soil (Gyöngyös, 2001) 

Rate of application in 1994 
kg ha-1 Element 

In the 
control 

soil 30 90 270 
LSD5% Average 

Total element content mg kg-1 

(cc.HNO3 +cc.H2O2 digestion) 
As 4.1 10.0 15.4 33.4 3.5 19.6 
Cd 1.2 6.2 16.5 41.9 8.5 21.5 
Cr 57.8 57.7 70.4 89.3 5.9 72.5 
Cu 26.3 35.6 39.9 55.4 6.7 43.7 
Hg 0 0 4.5 10.4 1.7 6.0 
Pb 21.5 27.0 31.9 41.8 3.7 33.6 
Zn 88.6 103.7 100.7 112.0 14.7 105.5 

Available element content mg kg-1 

(NH4-acetate + EDTA extraction) 

As 0.1 1.2 2.3 7.2 0.4 3.5 
Cd 0.5 4.7 13.3 35.2 7.4 17.7 
Cr 0 0.15 0.45 0.76 0.06 0.45 
Cu 6.9 16.6 12.4 24.7 4.2 17.9 
Hg 0 0 0 0 0 0 
Pb 8.6 11.7 16.7 25.1 3.3 17.8 
Zn 8.7 10.7 10.5 15.8 6.7 12.3 

 
Table 2. Effect of treatments on the element content of winter barley (Gyöngyös, 2001) 

Rate of application in 1994 
kg ha-1 

Plant 
samples 

On the 
control 

soil 30 90 270 
LSD5% Average 

Effect of As load, mg kg-1 

Shoot 0 0.12 0.21 0.27 0.17 0.2 
Straw 0 0.10 0.10 0.39 0.26 0.16 
Grain 0 0.10 0.35 0.31 0.46 0.24 

Effect of Cd load, mg kg-1 

Shoot 0 0.09 0.10 1.18 0.21 0.43 
Straw 0.07 0.50 1.00 1.73 0.23 1.07 
Grain 0.04 0.17 0.33 0.50 0.05 0.33 

Effect of Cr load, mg kg-1 

Shoot 0.70 0.80 0.71 0.81 0.62 0.77 
Straw 2.5 2.4 2.5 3.7 3.8 2.8 
Grain 0.29 0.28 0.37 0.75 0.63 0.46 

 
In the field experiment the stability number of the humus was decreased by each studied 
heavy metal pollutants. This effect was significant at each treatment (Table 3). This 
means that the character of the humus was changed by heavy metal pollutants. The 
decrease of stability index can be resulted by the high increasing of less stable humus 
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fraction or decreasing of more stable humus fraction or by combination of both these 
effects. 

Table 3. Effect of heavy metal pollutants on the stability index of humus 

Treatments 
(270 kg element ha-1) 

Stability index 
Differences between 

treated samples and control 
Untreated control 4.930328 0.000 
Chromium (Cr) 2.757952 -2.17238 
Cadmium (Cd) 2.306683 -2.62365 
Zink (Zn) 3.00081 -1.92952 
Mercury (Hg) 2.630766 -2.29956 
Cupper (Cu) 1.783055 -3.14727 
Lead (Pb) 1.83357 -3.09676 
Arsenic (As) 2.512343 -2.41799 
LSD5% 0.4072  

 

Conclusions  

Evaluating the results of element composition of the test plant it is clear, that the 
presence of not essential or toxic elements (As, Cd, Cr) in the soil was mostly reflected 
by their increased concentration in straw. Crops grow well on Hg and Pb amended soil. 
These elements are not mobile in the soil-plant system, their plant uptake and 
translocation is not considerable. Cd mobility in the soil-plant system was proved both 
by soil and plant analysis. It remains mobile for a long time and its accumulation can be 
observed both in vegetative and reproductive parts of plants. It can be found that heavy 
metal pollutants affect the humification processes in the soil. The ratio of less stable 
humus fraction was increased by metal pollution so decreasing stability index was 
resulted compared to the stable one. 
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Abstract: Industrial hemp cultivation and production would greatly benefit our environment by its resilience, 
bearing capacity in ecology and economy. By reducing use of toxic chemicals and depletion of natural 
resources hemp plant growing and development can maintain stabile ecosystem. Industrial hemp cultivation 
would improve our economy and competitiveness. Create jobs, improve balance of trade, reduce toxic 
chemicals and other pollution, enhance opportunities for sustainable agricultural systems, and improve 
national security by conserving natural resources. 
To measuring resilience we seek comparative measures of resilience that are responsible for changes in the 
ecosystem state. Typical among these measures would be indicators of total biomass or productivity, and of 
the cycling of nutrients. The damaging effects of under- or over-fertilisation (yield losses or environmental 
problems caused by superfluous mineral fertilisers) can be avoided if more exact knowledge is obtained on 
how nutrient supplies influence the crop. Soil analyses combined with plant analysis can be efficiently 
employed in the elaboration of a nutrient supply system for hemp and in evaluating the fertilisation practices 
applied.  
In a long-term field fertilisation experiment was estimated leaf by leaf analysis to eleborate  hemp nutrient 
supply threshold limits for nine elements in hemp at four NPK levels on chernozem meadow soil in Szarvas, 
Hungary in 1999 (good water supplies) and 2003 (dry). 
The low, satisfactory and high threshold values for the concentrations of N, P, K, Ca, Mg, Fe, Mn, Zn and Cu 
reported in the paper could be used to elaborate a fertiliser recommendation system for hemp.  

Keywords: hemp resilience, soil analysis, leaf analysis, threshold limits, plant nutrient contents.  

 

Introduction  

According to the concept of resilience as applied to integrated socioecological systems 
may be defined as the amount of disturbance a system can absorb and still remain 
within the same state or domain of attraction, the degree to which the system is capable 
of self-organization (versus lack of organization or organization forced by external 
factors), and the degree to which the system can build and increase its capacity for 
learning and adaptation (Carpenter et al., 2001).  
Industrial hemp cultivation and production would greatly benefit our environment by its 
resilience, bearing capacity in ecology and economy. By reducing use of toxic 
chemicals and depletion of natural resources hemp plant growing and development can 
maintain stabile ecosystem. The damaging effects of under- or over-fertilisation (yield 
losses or environmental problems caused by superfluous mineral fertilisers) can be 
avoided if more exact knowledge is obtained on how nutrient supplies influence the 
crop. Soil analyses combined with plant analysis can be efficiently employed in the 
elaboration of a nutrient supply system for hemp and in evaluating the fertilisation 
practices applied. Some nutrients can be accumulated in the plant to a great extent 
without causing any visible or measurable damage, while the optimum range for other 
elements is very narrow (Smith, 1962; Kádár, 1992; Iványi and Izsáki, 1996; Kádár and 
Tárkány Szőcs, 2003) In the present paper, nutrient supply limit values are reported for 
hemp leaf samples taken at the optimum date, based on the general rules of leaf 
analysis, and calculated for nine nutrients from the analytical data of one good water 
supplies and one dry year. 
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Materials and methods  

Since 1990 a long-term, small-plot field experiment on the mineral fertilisation of a full 
crop rotation system involving four crops (annual legume, fibre hemp, spring cereal, 
hoed crop) each year has been underway in Szarvas on chernozem meadow soil (pH 
(KCl 5-5,2, humus 3,0-3,2 %). 
The present paper reports the limit values for nutrient supplies to fibre hemp (Cannabis 
sativa L.) on the basis of the results achieved in 1999 (good water supplies) and 2003 
(dry), which could provide a useful indication of nutrient deficiencies in plants.  
All possible combinations of four levels of N, P and K were included, giving a total of 
64 fertiliser treatments arranged in a split-split plot design with three replications on 192 
plots, where the size of the sub-subplots was 4×5=20 m2. The fertilizer levels applied 
were N0= 0, N1= 80, N2= 160, N3= 240 kg N ha–1 year–1 for nitrogen; P0= 0, P1= 100 kg 
ha–1 year–1, P2= 500 kg ha–1 in 1989, 1993 and 2001, P3= 1000 kg ha–1 in 1989, 1993 
and 2001 for phosphorus (P2O5); and K0= 0, K1= 300 kg ha–1 year–1 from 1989–1992, 
100 kg ha–1 year–1 from 1993, K2= 600 kg ha–1 in 1989 and 2001, 1000 kg ha–1 in 1993, 
K3= 1200 kg ha–1 in 1989 and 2001, 1500 kg ha–1 in 1993 for potassium (K2O). The 
high rates of P and K replenishment fertilisers were applied to ensure clearly 
distinguishable differences in the supply levels in the soil for the investigation of 
nutrient supply situations.  
The hemp varieties sown in the experiment were Kompolti in 1999 and Tiborszállási in 
2003. In both years leaf samples for leaf analysis were taken in late May.  
From 1998 to 2003, the annual precipitation in three of the six years was less than the 
average of the previous 75 years. The second part of summer 1999 was wet, with a 
rainfall surplus of 183 mm. In summer 2003 there was a drought, with a rainfall 
deficiency of about 217 mm.  

Results and discussion  

The effect of N supplies was clearly illustrated by the N concentrations recorded in leaf 
analysis in late May, which approached the 5 % level even at the N1 rate, averaged over 
the P and K treatments, and exceeded this level at the higher N2 and N3 rates. With an 
improvement in the N supplies, higher N contents were associated with higher stem 
yields, which exceeded 12 t ha –1 in the wet year (1999), though in the dry year the stem 
yield was much lower, being only slightly over 6 t ha–1 averaged over the P and K 
treatments (Table 1). Based on the n=128 yield and N % data pairs for two years with 
different rainfall supplies, a leaf N concentration of 5–6 % was found to be optimum for 
the achievement of a high yield (in excess of 16 t ha –1), if yield development was not 
limited by other factors.  
The phosphorus concentration in hemp leaves at the date of leaf analysis gave a good 
indication of the phosphorus supply level. In 1999 the leaf P concentration at P1 supply 
levels (P1 = 175, P2 = 217, P3 = 267 mg AL-P2O5 kg–1)  was higher than the P0 control 
was over 0.5 % for a stem yield of 12 t ha–1, while in 2003 it only approached this level 
in the P3 = 339 mg AL-P2O5 kg–1 treatment (Table 2). Based on the n=128 yield and leaf 
concentration data pairs for the two experimental years, if a high stem yield is to be 
achieved, the optimum P concentration in the upper 5th–7th leaf pairs of hemp is 0.5–
0.6 %.  
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Table 1. Effect of N supply on the stem yield and the leaf N % of hemp 
(Szarvas, 1999, 2003) 

 
N application rate kg ha-1 Examined 

parameters N0 N80 N160 N240 LSD5% 
Mean 

1999 
Stem yield t ha-1 7,95 10,41 12,42 14,32 1,83 11,27 
Leaf N % 3,86 4,75 5,37 5,54 1,50 4,88 

2003 
Stem yield t ha-1 5,23 5,57 6,17 6,2 0,42 5,79 
Leaf N % 4,64 4,99 5,15 5,15 - 4,98 

 
Table 2. Effect of P supply on the stem yield and the leaf P % of hemp 

(Szarvas, 1999, 2003) 
 

Al-P2O5 mg kg-1 in cultivated soil layer Examined 
parameters P0 P1 P2 P3 LSD5% 

Mean 

1999 
P supply 158 175 217 267 - 204 
Stem yield t ha-1 8,99 11,97 12,16 11,95 1,83 11,27 
Leaf P % 0,49 0,51 0,52 0,57 - 0,52 

2003 
P supply 128 183 195 339 - 211 
Stem yield t ha-1 4,98 5,66 5,97 6,54 0,42 5,79 
Leaf P % 0,43 0,44 0,45 0,48 0,04 0,45 

 
Improved potassium supplies caused a significant increase in the K concentration 
compared with the control in both years at all the K rates. In 1999 the leaf K 
concentration was as high as 2.7 % even at the K0 level (290 mg AL-K2O kg–1), while in 
2003 this concentration was only reached at the highest soil K rate (K3 = 465 mg AL-
K2O kg–1) (Table 3). Based on the n=128 yield and leaf concentration data pairs for the 
two experimental years, if a high stem yield is to be achieved, the optimum K 
concentration in the upper 5th–7th leaf pairs of hemp is 2.7–3.3 % . 
In addition to the three major nutrients described above, investigations were also made 
on the relationship between the stem yield and the leaf contents of Ca, Mg, Mn, Fe, Zn 
and Cu (Table 4).  

Table 3. Effect of K supply on the stem yield and the leaf K % of hemp 
(Szarvas, 1999, 2003) 

Al-K2O mg kg-1 in cultivated soil layer Examined 
parameters K0 K1 K2 K3 LSD5% 

Mean 

1999 
K supply 290 401 445 490 - 406 
Stem yield t ha-1 11,46 11,65 9,45 12,51 - 11,27 
Leaf K % 2,72 3,02 2,80 2,92 0,17 2,87 

2003 
K supply 215 347 394 465 - 355 
Stem yield t ha-1 5,38 6,04 5,79 5,95 - 5,79 
Leaf K % 2,22 2,56 2,62 2,78 0,2 2,55 
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Table 4. Plant nutrient element status for hemp (Szarvas, 1999, 2003) 

Nutrients Low Optimum High 
N % < 5 5-6 6 <  
P % < 0,5 0,5-0,6 0,6 < 
K % < 2,7 2,7-3,3 3,3 <  
Ca % < 2,4 2,4-3,0 3,0 <  
Mg % < 0,6 0,6-0,8 0,8 <  
Fe mgkg-1 < 65 65-105 105 <  
Mn mgkg-1 < 85 85-130  130 < 
Zn mgkg-1 < 25 25-40   40 < 
Cu mgkg-1 < 2,5 2,5-5 5 < 

 
 
Conclusions 

Nutrient supplies to hemp can be considered satisfactory if plant threshold limits in the 
youngest fully developed (5th–7th) leaf pairs in late May 5–6 % N, 0.5–0.6 % P and 
2.7–3.0 % K, 2.4–3.0 % Ca, 0.6–0.8 % Mg, 65–105 mg kg–1 Fe, 85–130 mg kg–1 Mn, 
25–40 mg kg–1 Zn and 2–5 40 mg kg–1 . 
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Abstract: In the last twenty years invasive alien plants have been of interest to researchers from different scientific 
fields as it is known that they are a serious threat to ecosystems and biodiversity. Invasive plants threat also the 
native weed associations of the agricultural land. The European and Mediterranean Plant Protection 
Organization (EPPO) lists plant species considered to pose a threat to plant health, the environment and 
biodiversity in the EPPO region among which is common ragweed, Ambrosia artemisiifolia L. Common 
ragweed is known as a strong competitor, particularly in row crops (corn, sunflower, sugar beet and soybean) in 
which it can maintain large populations. We analyzed untreated plots in 167 field trials conducted in row crops 
(maize, sugarbeet, soybean, sunflower and potato) over last 40 years. Weed species were tabulated in each 
year and frequency (%) and species density (plant m-2) were calculated and compared. Till 1989. Ambrosia 
artemisiifolia was less frequent then other weed species while from 1999. its frequency was similar or higher. 
Polygonum persicaria and Amaranthus retroflexus frequency declined over the time. Ambrosia artemisiifolia came 
from 10th place in 1979. on 2nd place in 2009. If we take into account just annual broadleaf weeds as the most 
similar weed species regarding life cycle and ecological traits, common ragweed came from 5th to 1st place. 

Keywords: weed flora, invasive species, common ragweed, frequency 
 

Introduction 

In the last twenty years invasive alien plants have been of interest to researchers from 
different scientific fields as it is known that they are a serious threat to ecosystems and 
biodiversity. Invasive plants threat also the native weed associations of the agricultural 
land (Pál, 2004) causing significant reductions in its productivity (Pimentel et al., 2000). 
The arable weed vegetation in Hungary has changed greatly in recent decades, mainly 
through the decrease of diversity of arable field flora (Pál, 2004). EPPO lists plant 
species considered to pose a threat to plant health, the environment and biodiversity in 
the EPPO region among them is Ambrosia artemisiifolia L. 
Makra et al. (2005) notes that Ambrosia artemisiifolia L. came into Europe with red clover 
seed and grain seed, and its distribution began probably from European ports: e. g. from 
Rijeka towards Croatia and the Danube valley, from Trieste and Genoa towards Northern 
Italy, and from Marseille towards the Rhone valley. In southern parts of the Danube area 
common ragweed was found in the 1920s (western part of Hungary) and 30 years later it had 
colonized the whole region.  
Croatian herbologist, Josip Kovačević, first found Ambrosia artemisiifolia L. in Croatia in 
1940. Examining impurities in red clover seeds originating from Pitomača, he found 
common ragweed seeds (Kovačević, 1943). In the former Yugoslavia, Maly (1940) noticed 
the common ragweed in 1935. in the village of Osojci near Derventa (today Bosnia and 
Herzegovina).  
Ambrosia artemisiifolia is known as a strong competitor, particularly in row crops (corn, 
sunflower, sugar beet and soybean) in which it can maintain large populations. Common 
ragweed also grows in vegetable crops, on stubble, along roadsides and on other non-
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agricultural areas. Due to lack of competition the common ragweed can become dominant 
very fast, what is almost the rule in opened and disturbed habitats (Ostojić et al., 1992; 
Béres, 2003). It can also be present in dense crops, although in those conditions its 
competitive strength is lower due to strong competitiveness from the crop itself. In these 
conditions common ragweed will not dominate except in reduced crop stands (empty areas 
in the field), but after harvest it can cover most of the stubble (Ostojić et al., 1992; Reisinger 
and Pálmai, 2007).  

Materials and methods  

Untreated plots in field trials conducted in row crops over last 40 years were analyzed. 
Primarily, trials were set up for official herbicide registration purposes. Total number of 
untreated plots from trials set up on the locations in the continental parts of Croatia was 
167. Trials were carried out in following row crops: maize (81), sugar beet (22), 
soybean (36), sunflower (16) and potato (12). Trials were conducted by researches from 
Faculty of Agriculture in Zagreb, Department of Herbology and Plant protection 
institute, Zagreb. Analyzes were performed for each 5 years starting from 1969. to 
2009. Experimental design of all trials was a randomized complete block, in four 
replicates. In all experiments there were natural weed infestations. Botanical analyzes of 
field trials (determination of weed species and average weed number per m2) was 
performed during June and July, in the stage of intensive growth of weeds. Weed 
species were tabulated in each year and frequency (%) and species density (plant m-2) 
were calculated and compared. Number of trials was: 11 (‘69.), 8 (’74.), 13 (’79), 7 
(’84), 18 (’89.), 15 (’94.), 63 (’99), 23 (’04) and 9 (’09). 

Results and discussion 

In all trials 122 plant species were recorded. In table 1. are presented 10 weed species which 
were the most frequent during examined period. Those were: 5 annual and 2 perennial 
broadleaf weed species, 2 annual and 1 perennial grass weed species. 

Table 1. Frequency (%) of the ten top weed species in trials over 40 years (1969.-2009.) 

Year 
Weed species 

1969 1974 1979 1984 1989 1994 1999 2004 2009 

Ambrosia artemisiifolia - 12,5 15,4 57,1 100,0 40,0 69,8 73,9 75,0 
Chenopodium album 81,8 75,0 100,0 85,7 80,0 100,0 69,8 82,6 71,4 

Polygonum persicaria 100,0 100,0 92,3 85,7 88,0 73,3 60,3 52,2 57,1 
Amaranthus retroflexus 81,8 62,5 69,2 42,9 24,0 80,0 31,7 52,2 57,1 

Chenopodium polyspermum - 50,0 76,9 57,1 36,0 60,0 47,6 47,8 28,6 
Convolvulus arvensis 90,9 62,5 53,8 42,9 12,0 53,3 30,2 34,8 - 

Cirsium arvense 27,3 75,0 23,1 14,3 12,0 26,7 3,2 26,1 - 
Echinochloa crus-galli 100,0 100,0 100,0 100,0 80,0 93,3 87,3 73,9 85,7 

Setaria sp. 81,8 75,0 84,6 85,7 33,3 33,3 39,7 47,8 50,0 
Agropyron repens 81,8 50,0 23,1 42,9 8,0 6,7 6,3 - - 

Among annual broadleaf weeds Chenopodium album was consistently present in high 
frequency during the whole period. Till 1989. Ambrosia artemisiifolia was less frequent then 
other weed species while from 1999. its frequency was similar or higher. In heavily infested 
trials when both, Chenopodium album and  Ambrosia artemisiifolia species were present, we 
noticed that one of these two species appears to be dominant. In sugarbeet, for example, 
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sown earlier than other row crops, Chenopodium album was always more dominant because 
it germinates earlier than the other thermophilous weeds (data not shown). Polygonum 
persicaria and Amaranthus retroflexus frequency declined over the time. Echinochloa crus-
galli was predominant annual grass weed. Perennial weeds frequency was not high when 
compared with annual weeds. Usually, weed flora of row crops consist of high number of 
annual broadleaf weed species and low number of annual grass weed species. But annual 
grasses can be present also in high numbers per area unit as presented in Table 2. Perennial 
weeds were less frequent then annual weed species.  

Table 2.  Averaged plant density (plant m-2) of the ten most frequent species 

Year 
Weed species 

1969 1974 1979 1984 1989 1994 1999 2004 2009 

Ambrosia artemisiifolia 0,0 26,0 36,0 3,4 28,0 36,2 29,8 10,8 8,3 
Chenopodium album 15,2 12,8 9,0 12,7 63,2 15,0 19,2 9,1 6,7 

Polygonum persicaria 21,2 21,8 18,8 27,8 28,7 10,8 18,1 6,3 13 
Amaranthus retroflexus 16,4 9,4 17,7 1,0 2,0 12,4 7,2 5,2 1,5 

Chenopodium polyspermum 0,0 6,0 5,5 7,5 14,3 12,6 15,9 2,4 4,5 
Convolvulus arvensis 4,2 5,0 2,6 9,7 0,3 1,0 7,0 12,3 0,0 

Cirsium arvense 5,3 1,7 2,3 9,0 2,7 2,8 7,0 3,0 0,0 
Echinochloa crus-galli 37,8 39,3 47,5 74,7 26,4 47,4 84,4 38,5 10,0 

Setaria sp. 21,3 60,2 20,4 61,7 58,8 2,2 77,2 24,5 5,8 
Agropyron repens 11,4 4,3 57,7 13,0 83,0 6,0 102,2 0,0 0,0 

The number of plants per m2 was high, especially for first 3 broadleaf species and annual 
grasses. In table 2. we observe that Ambrosia artemisiifolia after 1989. was present in higher 
numbers of plants per m2 when compared with other annual broadleaf  weeds. Before 1989. 
Ambrosia artemisiifolia was less frequent but present in higher numbers of plants per m2. 
According to Smetana et al. (2009) presence of dangerous, competitive weed species with 
more then 16 plants per m2 in sugar beet is considered as heavily infested. Ambrosia 
artemisifolia outnumbered other broadleaf species over whole period except in 1984 
and 1989. 
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Figure 1. Frequence and density of Ambrosia artemisiifolia L 

In the first ten years, common ragweed was found rarely (Fig. 1) and mainly near 
Croatian-Hungarian border and in the eastern parts of Croatia. Despite the fact that 
common ragweed was not found in 1969., it's presence was detected in carrot crop 
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(Koprivnica) where the botanical analyse wasn’t conducted, then 1974. in Velika Gorica 
(near Zagreb), 1979. in Virovitica and along river Sava in Županja and Slavonski Brod. 
Afterwards it continued to spread through the whole continental part of Croatia between 
rivers Sava and Drava and became the most important broadleaf weed (Ostojić et al., 
1992). In 1974. and 1979. it is shown that common ragweed was present in small 
number of trials but with considerable number of plants per m2 (Fig. 1). After 1984. its 
frequency started to increase while plant density decreased. That trend retained to 
nowadays. Common ragweed was present in all trials in 1989. while today it is present 
in more than 70% of trial area what is consistent with its distribution presented by 
Galzina et al. (in press).   
In this paper according frequency (table 1) Ambrosia artemisiifolia came from 10th 
place in 1979. on 2nd place in 2009. If we take into account just annual broadleaf weeds 
as the most similar weed species regarding life cycle and ecological traits, common 
ragweed came from 5th to 1st place. Béres (2003) similarly reported that ragweed was 21st 
on the list of the most common Hungarian weeds in 1950, 8th in 1980, 4th in 1988 and from 
the early 1990s it was the most widespread weed in Hungary. 

Conclusions 

In all trials were recorded in total 122 plant species. Till 1989. Ambrosia artemisiifolia 
was less frequent then other weed species while its frequency was similar or higher from 
1999. Polygonum persicaria and Amaranthus retroflexus frequency declined over time. 
Echinochloa crus-galli was predominant annual grass weed. Perennial weeds frequency was 
not high when compared with annual weeds. Ambrosia artemisiifolia after 1989. was present 
in higher numbers per m2 when compared with other annual broadleaved weeds. Ambrosia 
artemisiifolia came from 10th place in 1979. on 2nd place in 2009. If we take into 
account just annual broadleaved weeds as the most similar weed species regarding life 
cycle and ecological traits, common ragweed from 5th place came to 1st place. 
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Abstract: European pharmacopoeia distinguishes two varieties of Foeniculum vulgare ssp. capillaceum: 
vulgare and dulce, differing in the content of main essential oil components. Considering the biological 
aspect, var. dulce does not over-winter in the continental areas. The aim of the investigation was to determine 
the effect of fennel development stages on the fresh herbage yield, and essential oil yield and components. 
Quality parameters of essential oil were analysed by GC-MS method. It was found out that the crop of var. 
vulgare can be cut three-times a year in the stage H (herbage before flowering), twice in the stage F (herbage 
in the full flowering), and once a year in the stages G and W ("green seed" and waxy seed), since var. dulce 
can be cut twice a year only in the stage H. In all observed stages of plant development var. vulgare gave 
higher yields of fresh biomass (109, 156, 129 and 140 %) and essential oil (199, 405, 304 and 614 %) 
compared to var. dulce in the first growing season (crops of equal age). As a two-year old crop, var. vulgare 
yielded about 150 % of yields achieved in the first year of cultivation. The highest yield of essential oil (38.5 
ml·m-2), besides the lowest herbage yield (2.07 kg·m-2), was achieved by one-fold harvest in the stage G of 
var. vulgare. The essential oil main component in both varieties is anethole, followed by fenchone and α-pinene in 
vulgare, and limonene in dulce. During the vegetation period, a rate of anethole and fenchone increased, while the rate of α-pinene and 
limonene decreased. Plant development was weak in the drought condition (dulce, the second growing season), and the crop was 
severely damaged by cold winter (vulgare, second over-wintering).  

Keywords: essential oil components, fresh herbage, harvest term, varieties 

 

Introduction  

European pharmacopoeia distinguishes two varieties of Foeniculum vulgare ssp. 
capillaceum (var. vulgare and var. dulce), differing in the content of main essential oil 
components. Considering the biological aspect, var. dulce (sweet fennel) is mainly 
consumed as a specialty vegetable and does not over-winter in the continental areas. On 
the contrary, var. vulgare (bitter fennel) is commercially produced either for the seed (as 
spice), and the essential oil extracted from seed. Barros et al. (2010) highlight the 
nutritional value of species. Essential oil accumulation of F. vulgare shows different 
curves in the vegetative and generative organs (Nemeth, 2005). In the vegetative organs, 
a small peak can be observed during flowering time, and in the generative organs, the 
percentage of oil increases from the appearance of buds until the stage of green fruits. 
The volatile phenylpropenes are the major constituents of the oleoresin of the aerial 
parts, and their levels vary during plant development (Gross et al., 2009). Water stress 
imposed by restricting the number of irrigations significantly decreases plant height, 
branch number, and fruit and oil yield, whereas it increases the percentage of volatile 
oils (Mohamed and Abdu, 2004). The aim of the investigation was to determine the 
effect of fennel development stages on the fresh herbage and essential oil yield, in order 
to find out the stage with maximal essential oil and anethole production.  
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Materials and methods  

The field trials were set up during the two seasons in Zagreb County Region (lat. 45o51' 
N, long. 15o45' E, altitude 186m), according to randomized complete block with four 
replications. Two varieties of Foeniculum vulgare Mill. (V - var. vulgare, D – var. 
dulce) were investigated, along with four harvest terms (H - herb before flowering, F - 
herb in full flowering, G – "green seed" on the 1st range umbel, W - waxy seed, 
according to Németh et al, 1997). In the first season the experiment was set up with 
transplants grown in trays with 209 cells. The crop of V over-wintered, and transplants 
of D were planted again in the second season. Plant spacing was 0.5 m x 0.25 m, the 
plot area was 6 m-2. Plants in the stages H and F were cut at 20 cm above the soil, in the 
stage G at about 40 cm from the top of the plant, and in the stage W only umbels were 
cut off. Essential oil was distilled from the fresh biomass in the Clevenger apparatus for 
2 hours, and quality parameters were analysed by GC-MS method. 

Table 1. Harvest of fennel biomass according to different stages of plant development (days after planting, 
exception for V in season 2: days from the beginning of the vegetation). z var. vulgare, y var. dulce 

Season 1 Season 2 
Stage 

I. cut II. cut  I. cut II. cut  III. cut  
Fresh herbage (H) 

Vz 

Dy 

 
69 
69 

 
152 
152 

 
79 

113 

 
122 

 

 
184 

 
Full flowering (F) 

V 
D 

 
89 

138 

 
167 

 

 
122 
141 

 
212 

 

 

"Green seed" (G) 
V 
D 

 
138 
152 

  
156 

 

  

Waxy seed (W) 
V 
D 

 
167 
169 

  
191 

 

  

 

Results and discussion 

Shares of particular parts of fennel plant in different harvest terms are shown in the 
Figure 1. Period from planting (DAP) to stage H was equal for both varieties (69 days to 
the first cut and 152 days to repeated cut of the regenerated plants). In the comparison 
with D, V yielded equal biomass (5,6 vs. 5,2 kg⋅m-2, Fig. 2), but double essential oil 
volume (12,0 vs. 5,9 ml m-2, Fig. 4), because of higher essential oil content in the first 
cut (0,17 vs. 0,09 %, Fig. 3). During the vegetation period, D reached the stage F only 
once (138 DAP), and V did it twice (89 and 187 DAP), along with 1,5-fold higher total 
herb yield and 2,5-fold higher yield of oil. In the stage G herbage yield was similar, but 
essential oil yield was 350 % higher at V. Stage W was reached in the similar period at 
both varieties, but V yielded multi-fold higher amount of essential oil.  
In the second season varieties differed more drastically from the point of reaching 
particular ontogenetic stages, herbage and essential oil yield, and regeneration of the 
crop. As a one-year crop, D did not reach the stages G and W, because of unfavourable 
meteorological conditions (scarce precipitation until the end of the June, abundant 
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rainfall in July and August along with frequent alterations of high and low 
temperatures). 

0%

20%

40%

60%

80%

100%

stems 31,8 57 26,4 50,7 36,9 0 0 62,2 59,6 0 0 43,2 54,5 56 60,5 52,6 41,6 0 58,8 70,7

leaves 68,2 38,9 56,1 43,1 0 0 100 19,2 11,7 0 0 56,8 44,9 30,7 20,1 35,5 0 0 37 22,7

umbels 0 4,1 17,5 6,2 63 100 0 18,6 28,7 100 100 0 0,6 13,3 19,4 11,9 58,4 100 4,2 6,6
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Figure 1. Portions of particular parts of fresh fennel plant in different stages of plant development.  

Season 1: VH - DW; season 2: vh - db. Legend:V, v - var. vulgare; D, d - var. dulce; H – herbage before 
flowering; F – full flowering; G – "green seed", W – waxy seed;  
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Figure 2. Yield of fresh fennel herbage (kg·m-2) according to different stages of plant development.  

Season 1: VH - DW; season 2: vh - db. Legend: see Figure 1.  

Unfavourable ecological conditions in the second season significantly less influenced V, 
which over-wintered relatively well and started the vegetation in the middle of March. 
Consequently, there were three harvests at the stage H and two harvests at the stage F. 
Along with relatively low biomass yield in the stage G, high yield of oil was obtained. 

0
0,5

1
1,5

2

VH VF VG VW DH DF DG DW vh vf vg vw dh df

I. cut II. cut III. cut

 
Figure 3. Essential oil content in fresh fennel biomass (%) according to different stages of plant development. 

Season 1: VH - DW; season 2: vh - db. Legend: see Figure 1. 

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 01/16/22 02:06 PM UTC



Vol. 59, 2010, Suppl. Növénytermelés 

 

420 

Amounts of anethole, as a main compound of essential oil in all aerial plant parts of V 
and D, stay in agreement with reports of Nemeth (2005) and Akgul and Bayrak (1988), 
but in disagreement with Telci et al. (2009). Anethole is followed by fenchone and α-pinene in V, and 
limonene in D. During the vegetation period, a rate of anethole and fenchone increased, while the rate of α-pinene and limonene 
decreased. 
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Figure 4. Yield of fennel essential oil (ml·m-2) according to different stages of plant development.  

Season 1: VH - DW; season 2: vh - db. Legend: see Figure 1. 

Conclusions  

Compared to var. dulce, var vulgare gave significantly higher yields of essential oil in 
all developmental stages, especially as over-wintered crop and in the unfavourable 
meteorological conditions. Suitable harvesting time should be the stage of "green seed", 
because of the highest yield of essential oil along with the lowest yield of biomass. 
 

Acknowledgements  

The experiment was funded by Zagreb County and supported by "Ireks aroma", Zagreb.  

References  

Akgul A. – Bayrak A.: 1988. Comparative volatile oil composition of various parts from Turkish bitter fennel 
(Foeniculum vulgare var. vulgare). Food Chemistry, 30: 4. 319-323. 

Barros L. – Heleno S.A. – Carvalho A.M. – Ferreira I.C.F.R.: 2009. The nutritional composition of fennel 
(Foeniculum vulgare): shoots, leaves, stems and inflorescences. LWT – Food Science and Technology. 
Doi: 10.1016/j.lwt.2010.01.010. 

Gross M. – Lewinsohn E. – Tadmor Y. – Bar E. – Dudai N. – Cohen Y. – Friedman J.: 2009. The inheritance 
of volatile phenylpropenes in bitter fennel (Foeniculum vulgare Mill. var. vulgare, Apiaceae) chemotypes 
and their distribution within the plant. Biochemical Systematics and Ecology, 37: 308-316. 

Mohamed M.A.H. – Abdu M.: 2004. Growth and oil production of fennel (Foeniculum vulgare Mill): Effect 
of irrigation and organic fertilization. Biological Agriculture and Horticulture, 22. 1:31-39. 

Nemeth E. - Bernath J. - Petheo F.: 1997. Study on flowering dynamics and fertilization properties of caraway 
and fennel. Acta Horticulturae, 502: 77-83. 

Nemeth E.: 2005. Changes in essential oil quantity and quality influenced by ontogenetic factors. Acta 
Horticulturae, 675: 159-165. 

Telci I. – Demirtas I. – Sahin A.: 2009. Variation in plant properties and essential oil composition of sweet 
fennel (Foeniculum vulgare Mill.) fruits during stages of maturity. Industrial Crops and Products, 30: 
126-130. 

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 01/16/22 02:06 PM UTC



9th Alps-Adria Scientific Workshop Špičák, Czech Republic, 2010 
 

421      DOI: 10.1556/Novenyterm.59.2010.Suppl.4 
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Abstract: The micorrhizal fungus Trichoderma harzianum is rhizosphere component and take part in the 
decomposition of soil plant debris. Its agricultural importance is good antagonism against soil born plant 
pathogenic fungi and promotion of plant growth. Reintroduction of a rhizosphere fungus, such as T. 
harzianum, to the soil as biocontrol agent or biofertilizer is often difficult because such organism must adjust 
to the environment and survive. Initially it is compete with harmful microbes for the occupation of the 
rhizosphere. Simultaneously, tries to colonize the available sites along the plant roots and prevent pathogens 
from making contact with the root tissue.  The objectives of this work were to: investigate the possibility of 
reintroduction and dispersal of indigenous T. harzianum strain to the soil in the form of alginate pellets, and 
determine its influence on the germination of the ″pelleted″ flax seed (seed coated alginate matrix enriched 
with spore inoculum. The indigenous T. harzianum strain applied in the form of pellets and through pelleted 
seeds, positively influenced germination and seedlings emergence.  

Keywords: Trichoderma harzianum, bio-fertilizer, alginate pellets. 
 

Introduction 

The filamentous fungus Trichoderma harzianum apart from the antagonistic properties 
is able to stimulate plant growth and therefore is considered to be an opportunistic plant 
symbiont. Fungus grows and proliferates best when there are abundant healthy roots 
which are resort of plant pathogenic fungi, the target for T. harzianum as micoparasite. 
Therefore, it has evolved numerous mechanisms for enhancing solubility of soil nutrient 
and enhancing nutrient uptake by plant (Altomar et al., 1999). Better plant nourishment 
result in enhanced root hair development and root growth. Due to that the growth of 
whole plant is enhanced so T. harzianum may be benefit as bio-fertilizer. But, 
reintroduction to soil, even the most strongly rhizosphere competent such as T. 
harzianum, can be difficult. Rhizosphere is environment fulfil with spectrum of 
microbes with whom reintroduced T. harzianum must compete, trying to colonize 
available sites along the plant roots. Therefore, it need to be applied in low-cost but 
highly densities inocula engineered to maintain fungal propagula viable during the 
transport, storage and application. To accomplished mentioned goals and effective 
dispersal of fungal inocula it is necessity to choose the fungal inocula carrier and the 
type of formulation. The encapsulation of T. harzianum in an alginate matrix has been 
studied and positively evaluated by various authors (Gennari et al., 1990; Leštan and 
Lamar, 1996; Mafia et al., 2003). The objectives of this work were: to investigate the 
possibility of reintroduction and dispersal of indigenous T. harzianum strain STP to the 
soil in the form of alginate pellets, and determine its influence on the germination of the 
″pelleted″ flax seed (seed coated alginate matrix enriched with spore inocula). 
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Materials and methods 

The alginate pellets of T. harzianum strain STP were prepared in order with method by 
Gennari et al. (1990). The one week old mycelar colony of strain STP with potato 
dextrose agar medium (PDA) and sterile water was mixed in common blender at low 
speed for 3-5 minutes in order to make a suspension. After dilution, the concentration to 
be used contained 4 x 106 spore ml-1. The suspension was mixed with talcum (100 g l-1) 
and sodium alginate (10 g l-1). The formed matrix was placed in a separator funnel 
modified in order to allow suspension to drip into a 0.1 M suspension of calcium 
gluconate under stirring at magnetic agitator, thus obtaining gelatinized spherules or 
pellets. Pellets were dried under a sterile vertical flow for 12 hours. The flax seed was 
coated with the alginate matrix and dripped in 0.1 M suspension of calcium gluconate 
under stirring which allowed formation of “pelleted” seeds. “Pelleted” seeds were dried 
under a sterile vertical flow for 12 hours. The trial was conducted in greenhouse with 
following variants tested in three repetitions each: 1) “pelleted” untreated seed (natural), 
2) “pelleted” treated seed (fungicide Prelude 20 LS), 3) pellets applied near seedlings 
from untreated seeds, 4) pellets applied near seedlings from treated seeds, 5) untreated 
seeds as control left without adding the pellets and 6) treated seeds as control left 
without adding the pellets. The 252 natural flax seeds variety Electra were sown divided 
in two rows into pots 60x15x16 cm containing sterilised soil. One pot represented one 
repetition, so in total there were 18 pots. The germination was checked every day for 21 
days, starting from the time the seedlings emerged from the soil. When the young plants 
were 25 cm high the 40 g of pellets were equally distributed between two rows of plants 
in each pot of variants 1-4, while in the control pots were omitted. After that first 
application the pellets were added 2 times more at two weeks intervals. After 
harvesting, the rhizosphere soil layer was collected from each pot. The 18 soil solutions 
were prepared and purred onto PDA in Petri dishes. After incubation at 25 °C for 5 days 
the STP was isolated from every soil sample originated from pots were the fungus was 
added, either in the form of pellets or pelleted seed.   
 
 
Results and discussion 
 
The evaluation of T. harzianum strain STP influence on plant growth was based on 
measurements data of seedling emergence and seedling growth. The STP applied in the 
form of pellets and through pelleted seeds, positively influenced germination, seedlings 
emergence and plants grow. The germination at control pots was lower than in pots with 
added pellets therefore addition of STP based pellets increased the number of emerged 
seedlings (fig. 1). The slower germination was observed at the pelleted seeds what is 
due to the germination blockage posed by the coating film. The reaction of sodium 
alginate with the Ca-ion from the calcium gluconate is resulting in gel forming which 
causes slower germination. The similar results obtain Nipoti et al. (1990) in 
investigation of strain T-581 influence on germination of asparagus seed. Fourteen days 
after sowing the 50 % of the seeds germinated. There were no visual differences in 
height of seedlings in comparison to the seedlings from natural, unpelleted seeds.  
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Observation of plant growth showed that in the presence of STP plants grow higher and 
the highest where plants from pelleted seed (fig 1). In first measurement the height of 
control plants, the plants where pellets were added and plants from pelleted seeds was 
similar. With time the height of control plants remain lower than height of plants 
stimulated with STP based pellets and plants from pelleted seeds. 

 
Figure 1. Germination and emergence of seedlings (left), and height of plants (right). 

 
 

The versatile T. harzianum mechanisms are responsible for growth promotion. 
Numerous authors considered importance of T. harzianum production of growth-
regulating factor which increase the rate of seed germination (Windham et al., 1986; 
Baker, 1988). Furthermore, there is importance of mycorrhizal effects like increasing 
the efficiency of nutrient transfer from the soil to roots (Altomar et al., 1999; Harman, 
2006). Interesting discussion presented Ousley et al. (1994) that the promoted plant 
growth can be due to the effect of T. harzianum in removing a toxic material from the 
soil which was inhibitory to plant growth. The revealing of mechanisms was not goal of 
this investigation. The objective of this study was only investigating indigenously 
isolated strain STP as plant growth stimulator because there was no report concerning 
the use of T. harzianum as plant growth stimulator in Croatia. 
The strain STP was successfully encapsulated in formulation of alginate pellets. 
Encapsulation consists of mixing fungal cell with matrix forming material such as 
gelatinized polysaccharide. Alginate pellets show to be excellent fungal inocula carrier 
which enables T. harzianum transfer to soil. Also, alginate matrix preserves fungal 
viability as showed the successful colonisation of roots after pellets placement in 
vicinity of plants. The alginate matrix used for the immobilisation of strain STP and 
formation of pellets remained in the soil after the harvesting. With the time the 
reminding pellets slowly decayed, possibly because the soil was sterile, without 
microbiological activity. In conducted trial only the regular watering enables the 
decomposition of the pellets. Some of the remaining pellets were took to the laboratory 
were STP was regenerated from alginate matrix onto PDA substrate after one week 
incubation (fig. 2).  

 
 

0

10

20

30

40

50

60

70

80

I II III IV

%

control pellets pelleted seeds

0

10

20

30

40

50

60

70

80

7.days 14. days 21.days

%

control pellets pelleted seeds

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 01/16/22 02:06 PM UTC



Vol. 59, 2010, Suppl. Növénytermelés 

 

424 

 

 
 

Figure 2. Trichoderma harzianum strain STP regenerated from alginate pellets. 
 
 

Conclusion 

It could be concluded that the indigenously isolated T. harzianum strain STP, applied in 
the form of pellets and through pelleted seeds, positively influenced germination, 
seedlings emergence and plants grow. The alginate pellets show to be suitable 
formulation for T. harzianum encapsulation in order to preserve the inocula. 
Furthermore, alginate pellets are formulation easy for application and therefore for 
fungal reintroduction to the soil. Obtained results of T. harzianum strain STP activity 
and positive influence to plant growth in earliest phenological phases allowed 
recommendation for it consideration as good bio-fertilize agent.   
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Abstract: Besides the nutrient contents of soil economical corn production is also determined by the useful 
water stock of the soil. These two factors can strongly be affected by the cropyear effect and the preceding 
crop. Within the framework of the Kompolt experiment the data of 32 years have been processed. In autumn 
1961 Károly Pekary launched a three-component long-term fertilization field experiment repeated four times. 
In 1965 the experiment was transformed into a four-component one. The experiment was launched on a brown 
forest soil. When selecting variety the ones most adapted to the given plot were selected and sown. The 
experimental results have been evaluated considering the cropyear effect. Ideal, normal, extraordinarily rainy 
and extraordinarily dry cropyear have been differentiated. The yield of monocultural and bicultural production 
of corn has been surveyed by untreated control and four different levels of fertilization. The years surveyed 
are the so called opening years (the first year of each four-year period), i.e. in case of biculture winter wheat 
was produced for two years in the given parcel. It has been stated that the yield level of monocultural corn was 
each year lower than that of same produced in bicultural. In our opinion this fact is undoubtedly due to the 
effect of preceding crop which independent from cropyear affected the average yield positively. Surveying 
cropyears we have stated that the greatest differences in average yield showed up in case of extreme 
cropyears. 

Keywords: corn, fertilization, crop rotation, cropyear effect 

 

Introduction 

Nowadays more and more attention is paid to economic and environmentally 
compatible nutrition supply which is to be site specific and adopted to the different 
utilization goals. (Sipos, 2009) On more than 80 % of the domestic crop land crop 
production is carried out under natural precipitation circumstances. A soil humidity 
interval containing enough and easily absorbable water for them can be stipulated for 
the plants. Besides variety the soil humidity demand of plants can also vary according to 
phenological phase. In this respect the critical period in case of most plants is round the 
flowering period. In case of maize the period of July-August is regarded as critical. The 
water demand of maize in the critical period is 350-500 mm. (Varga-Haszonits et al., 
2008) The emergence of nutrition stock is significantly affected by the water resources 
of the soil. (Várallyay, 2002) In the long term experiments launched by Béla Gyırffy in 
Martonvásár the surveyed crop yields of corn-wheat biculture from 1958 and corn 
monoculture from 1959 showed that in dry cropyears a lower rate of fertilization 
resulted in higher yield stability in corn monoculture. By high fertilization rate in dry 
cropyears manure handling brought about higher stability than NPK fertilizer. In rainy 
years high rate of NPK fertilization resulted in the best yield. The stability of 
comparative handling was higher in biculture than in monoculture. (Berzsenyi, 2009) 
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Materials and methods 

Kompolt is situated on the northern edge of the Alföld (Plain), south from the Mátra-
Bükk mountains. The soil of the experiment is – a transition between field and forest 
soils with deep humus stratum, free of carbonate – chernozem brown forest soil 
characteristic of about 220 thousand ha area in the northern part of the country. The 
total N content of the soil is in relation to its humus content very low. The nitrogen 
supplying ability of the soil is low, its AL-soluble P content is low and the K content is 
moderate. The soil of the experiment in the top ploughed stratum is moderately cohesive 
loam with a clay content of 46 %. In the lower soil strata the proportion of clay and the 
cohesion increases. The physical features of the soil are unfavourable. Through drought 
it sinters heavily and deep and wide splits appear on the surface. Through water it swells 
and becomes impermeable. Kompolt is one of the areas of the country poor on water 
and with capricious precipitation distribution. The nearby annual drought can be 
expected in any phase of the vegetation and this makes the effectiveness of fertilization 
uncertain, first of all in case of maize. Within the framework of the Kompolt experiment 
the data of 32 years have been processed. In autumn 1961 Károly Pekáry launched a 
three-component long-term fertilization field experiment repeated four times. In 1965 
the experiment was transformed into a four-component one. The experiment was 
launched on a brown forest soil. When selecting variety the ones most adapted to the 
given plot were selected and sown. The experimental results have been evaluated 
considering the vintage effect. Ideal, normal, extraordinarily rainy and extraordinarily 
dry cropyears have been differentiated. The yield of monocultural and bicultural 
production of corn has been surveyed by untreated control and four different levels of 
fertilization. (Table 1) The years surveyed are the so called opening years (the first year 
of each four-year period), i.e. in case of biculture winter wheat was produced for two 
years in the given parcel. It has been stated that the yield level of monocultural corn was 
each year lower than that of same produced in diculture. 

Results and discussion 

In the present study the effect of cropyear and the different nutrition rates has been 
surveyed in the initial years of 28. There was no fertilization on the control parcels of 
the long term field experiment during the experiment. According to their effect on 
maize crop in the surveyed period we have separated ideal (1986, 1974, 1994), normal 
(1978, 1966), extraordinarily rainy (humid) (1970, 1990, 1982) and extraordinarily dry 
(arid) (1962) cropyears. The effectiveness of fertilization depends besides the preceding 
crop on the relative moisture content of the soil. In Kompolt this index is on the basis of 
the average of the years 1950-2000 the highest in February and March with 91.7 % and 
90.2 %. 
The index shows the lowest value in July and August when the moisture content of the 
soil is 48 % resp. 47.7 %. Regarding water the critical period for corn is the period of 
detasseling which takes place in June-July depending on variety. The quantity of 
precipitation in the vegetation period does not offer sufficient information for estimating 
the relative moisture content of the soil. The precipitation after the preceding crop also 
affects the water stock of the soil significantly (Figure 1). In the course of our surveys 
the average yields monoculture and biculture growing have been studied by control 
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(M0) and four different rates of fertilization. We have come to the conclusion that the 
cumulated average yield of the treated parcels was higher in case of biculture in each 
surveyed year. The effect of the preceding crop is obvious. In case of extreme dry 
cropyear (1962) the average yield of monoculture growing by M0 handling with 2.72 t 
ha-1, by M2 handling with 2.91 t ha-1 was higher than that of the diculture. In case of M3 

and M4 handling in monoculture, in case of M4 handling in biculture the bigger quantity 
of fertilizer resulted in a crop decrease. 

Figure 1. The yield of maize in monoculture (A) and biculture (B) in the Kompolt long term field experiment (1962-1994)
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The frequency partition of the yield has been surveyed in case of both mono- and 
biculture growing by equal level of handling. (Table 1-2) 

Table 1. The frequency partition of the average yield of corn in monoculture from 1962 to 1994 

Frequency (P)%  N P2O5 K2O5 

y<2 
y=2-

3 
y=3-

4 
y=4-

5 
y=5-

6 y>6  

Handling 
kg/ha/year Handling 

Average 
yield t 

ha-1 
t ha-1  M0 0 0 0 

M0 2,64 33 33 33 0 0 0  M1 42,5 21 50 

M1 3,75 0 22 44 11 22 0   M2 85 42,5 101 

M2 4,33 0 22 11 44 11 11  M3 127,5 64 151 

M3 4,39 0 22 11 33 22 11  M4 170 85 201 

M4 4,33 11 11 11 33 22 11      
 

On the basis of the frequency partition it can be stated that the average yield of maize 
grown in monoculture was by M2 level of fertilization in 44 %, by M3 and M4 level of 
fertilization in 33 % 4-5 t ha-1. Based on the partition of the average yield of corn we 
can come to the conclusion that the biculture affects the soil more favourably as in 44 % 
an average yield of 3-4 t ha-1 can be achieved even by a lower rate (M1) of fertilization. 
The average yields of biculture are always higher in the surveyed period than those of 
the monoculture thank to the favourable preceding crop. 
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Table 2. The frequency partition of the average yield of corn in biculture from 1962 to 1994 

Frequency (P)%  N P2O5 K2O5 

y<2 
y=2-

3 
y=3-

4 
y=4-

5 
y=5-

6 y>6  

Handling 
kg/ha/year Handling Average 

yield t ha-1 

t ha-1 
 M0 0 0 0 

M0 3,61 33 33 33 0 0 0  M1 42,5 21 50 

M1 4,40 11 22 44 11 11 0  M2 85 42,5 101 

M2 4,79 11 11 44 22 0 11  M3 127,5 64 151 

M3 4,96 11 11 22 33 22 0  M4 170 85 201 

M4 4,90 11 22 22 33 0 11      
 

Conclusions 

On the basis of the experiment we have stated that the cropyear effect considerably 
affects the exploitation of the fertilizer. The lowest average yield was achieved in the 
dry cropyears both in mono- and biculture. In extremely dry years maize does not react 
to a bigger quantity of fertilizer by higher average yield, moreover, it expressly 
decreases in case of monoculture. Surveying the total average yield per handling we 
have stated that the yield of biculture growing was by an average of 0.97-0.46 t ha-1 

higher. The greatest difference in average yield was to be experienced on the unhandled 
control parcels. By M1 level of fertilization its average yield was 0.65 t ha-1higher than 
that of the diculture. By the further handlings the increased quantity of fertilizer resulted 
in a yield difference of 0.46-0.57 t ha-1only between bi- and monoculture. In the cases of 
high level nutrients delivery the drought sensibility increased as it is obvious from the 
frequency partition of the average yields. This effect could be more strongly sensed in 
case of biculture. 
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Abstract: Eighteen silage maize hybrids (including 5 leafy hybrids) with different maturity periods were 
tested in Martonvásár in 2009. The hybrids were compared according to plant height, leaf number, leaf area, 
green mass and dry matter yield. Only the leaves above the ear were counted when determining leaf number 
and leaf area, since they contribute to photosynthesis to a greater extent than the older leaves below the ear. 
The leaf area was calculated using the formula of Montgomery (1906). The green mass per plant was 
measured at harvest at the silage maturity stage (35% dry matter content on average). The above-ear leaf 
number of leafy hybrids was considerably greater than that of normal hybrids, and in some cases the leaf area 
above the ear was 0.6 m2 larger. The increased leaf number above the ear results in a greater assimilating leaf 
area, allowing the plants to harvest the light energy required for photosynthesis more efficiently and thus to 
produce more nutrients, especially carbohydrates in the leaves. Hybrids with later maturity grew taller and had 
greater green mass per plant than early maturing hybrids. In general, the dry matter yield per plant of leafy 
hybrids was above average, though these differences were not statistically significant. The leafy hybrid Mv 
Massil had the greatest green mass and dry matter yield per plant, significantly. Correlations between these 
traits were also studied. The green mass and dry matter yield were influenced not by plant height, but by 
maturity group. Weak positive correlations were found between leaf area and green mass per plant, and 
between leaf area and dry matter yield, and moderate positive correlations between plant height and leaf 
number and between plant height and leaf area.Leaf area was influenced more by leaf width than by leaf 
length. 

Keywords: maize, leafy, maturity, yield 

 

Introduction  

The value of silage maize hybrids depends not only on the size of the fresh and dry 
matter yields per hectare, but also on the chemical quality and digestibility of the silage. 
Digestibility is influenced by the proportion of different plant parts in the dry matter 
(Bal and Bal, 2009). The ear has the highest energy concentration and digestibility. 
Leaves are more digestible than the stalk, so a greater proportion of leaves in the whole 
plant dry matter results in better digestibility. Experiments have been underway all over 
the world in recent years to improve these parameters through the introduction of new 
genes such as BMR (brown midrib), wx (waxy), o2 (opaque) and floury-2, and the use of 
hybrids with high oil content, all of which have led to considerable improvements in 
quality. Their use in practice, however, has been restricted due to poorer yield averages 
and to the negative effect of these genes on other agronomic traits (Cox and Cherney, 
2001). The use of leafy hybrids containing the lfy1 gene, on the other hand, has proved 
to be favourable in the long term. 
The main characteristic of leafy hybrids is that they have more leaves than normal 
hybrids, particularly above the main ear. In addition, the ear attachment height is lower, 
the internodes are shorter, the stalk below the ear contains more lignin and the plants 
have greater yield potential. The increased leaf number above the ear results in a greater 
assimilating leaf area, allowing the plants to harvest the light energy required for 
photosynthesis more efficiently and thus to produce more nutrients in the leaves (Dwyer 
et al., 1995). Several authors have noted the positive effects of this on the yield and 
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grain quality (Stewart and Dwyer, 1993; Begna et al., 2001; Modarres et al., 1997; 
Dijak et al., 1999). The higher ratio of the leaves in the total plant dry matter and the 
greater carbohydrate content of the leaves above the ear (Andrews et al., 2000) have a 
favourable influence on the quality and digestibility of the silage.  
Experiments carried out in Hungary (Pintér et al., 1988) proved that, above a harvest 
index of 35%, the energy concentration of the whole plant is determined not by the 
grain ratio but by the quality traits of the vegetative organs. In other words, a larger leaf 
area above the ear results in better quality silage. The chemical composition and 
digestibility of silage maize hybrids was studied in earlier work (Tóthné Zsubori et al., 
2009; Hegyi et al., 2009). 
 

Materials and methods  

Eighteen silage maize hybrids (including 5 leafy hybrids) with different maturity 
periods were tested in Martonvásár in 2009. The hybrids tested in the experiment are 
presented in Table 1. The experiment was sown with 21 seeds per row (equivalent to 
80,000 plants per hectare) in a randomised complete block design. During the 
vegetation period measurement were made on plant height, ear attachment height, leaf 
number, leaf area, green mass and dry matter yield. Only the leaves above the ear were 
counted when determining the leaf number and leaf area, since they contribute to 
photosynthesis to a greater extent than the older leaves below the ear (Subedi and Ma, 
2005). The leaf area was calculated using the formula of Montgomery (1906). The 
green mass per plant was measured at harvest at the silage maturity stage (35% dry 
matter content on average). The statistical analysis of the data was performed using the 
software “Agrobase”. 
 

Table 1. Hybrids tested in the experiment 

№ Hybrid name FAO number Maturity group Note 
1 Mv 241 FAO 260 very early   
2 Mv 278 FAO 270 very early   
3 Mv 298 FAO 290 very early   
4 Mv 352 FAO 330 early   
5 Maros FAO 330 early   
6 NK Thermo FAO 370 early standard 
7 Limasil FAO 380 early leafy 
8 MvNK 333 FAO 390 early   
9 Mv Dunasil FAO 390 early leafy 
10 Bogát FAO 420 middle   
11 Geyser FAO 460 middle standard 
12 Mv 437 FAO 480 middle   
13 Kámasil FAO 510 late leafy 
14 Florencia FAO 530 late standard 
15 Maxima FAO 580 late   
16 Mv 504 FAO 580 late leafy 
17 Coralba FAO 580 late standard 
18 Mv Massil FAO 610 late leafy 
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Results and discussion  

There were significant differences between the maturity groups. Hybrids with later 
maturity grew taller and had a greater green mass per plant than early maturing hybrids 
with. The latest hybrid, Mv 504, was the tallest with a plant height of 252.64 cm, while 
the shortest was Mv 278 with 211.13 cm. Earlier maturing hybrids had lower ear 
attachment height, which was lowest for Mv 298 (63.27 cm) and highest for Maxima 
(109.00 cm) (Table 2). 
The above-ear leaf number and leaf area of leafy hybrids was considerably greater than 
the mean of normal hybrids. In some cases, their leaf area was 0.6 m2 larger (difference 
measured between individual plants). Mv 504 had the greatest leaf number and leaf area 
above the ear (11.73 leaves, 0.8162 m2). The increased leaf number above the ear results 
in a greater assimilating leaf area, allowing the plants to harvest the light energy 
required for photosynthesis more efficiently and thus to produce more nutrients, 
especially carbohydrates, in the leaves (Dwyer et al., 1995). 
The mean dry matter yield per plant for leafy hybrids was superior to that of normal 
hybrids, though the difference was not statistically significant. The leafy hybrid Mv 
Massil had the greatest green mass and dry matter yield per plant, significantly. With a 
dry matter yield of 442.03 g per plant and a green mass of 1547.50 g per plant, this 
hybrid exceeded the mean of all the hybrids to a considerable extent. 
 

Table 2. Summary of results 

Hybrid name Green mass 
per plant (g) 

Dry matter 
yield per 
plant (g) 

Plant height 
(cm) 

Ear 
attachment 
height (cm) 

Leaf number Leaf area 
(m2) 

Mv 241 745.00 272.32 221.80 68.20 6.13 0.3549 
Mv 278 1111.11 374.55 211.13 71.40 5.50 0.3384 
Mv 298 1045.83 365.08 218.47 63.27 6.13 0.3685 
Mv 352 953.33 320.03 219.90 76.00 5.42 0.3340 
Maros 960.00 284.15 243.42 80.60 6.07 0.3989 
NK Thermo 986.67 324.54 230.20 83.07 6.13 0.4065 

Limasil 1009.26 330.67 231.40 72.33 8.60 0.5488 
MvNK 333 1150.00 292.64 203.67 72.87 5.60 0.3417 
Mv Dunasil 1210.90 363.05 218.80 67.43 7.17 0.4382 

Bogát 990.00 286.25 239.33 96.00 5.80 0.3756 
Geyser 828.33 227.68 238.03 87.95 6.97 0.4667 
Mv 437 1097.04 308.49 249.07 86.47 6.27 0.4011 

Kámasil 1020.00 345.26 237.93 73.80 10.73 0.7474 
Florencia 970.00 293.30 237.53 93.47 5.67 0.4148 
Maxima 1200.00 319.64 240.87 109.00 5.80 0.4018 
Mv 504 1218.52 372.58 252.64 90.24 11.73 0.8163 
Coralba 1320.00 378.15 238.87 94.27 6.07 0.4168 
Mv Massil 1547.50 442.03 247.98 93.82 9.18 0.6244 

GRAND MEAN 1075.75 327.80 232.28 82.23 6.94 0.4553 

CV 18.42 17.54 4.26 6.96 5.77 10.61 
LSD 328.72 95.40 16.40 9.50 0.67 0.0802 

p 0.1% 0.5% 0.1% 0.1% 0.1% 0.1% 
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Correlations between these traits were also studied. There were weak positive 
correlations between the leaf area and green mass per plant (r=0.2559, p=10%), and 
between the leaf area and dry matter yield (r=0.2800, p=5%). The green mass and dry 
matter yield were influenced not by plant height, but by maturity group. Correlations 
between the plant height and the leaf number and leaf area were positive and moderate 
(r=0.4215 and 0.5374, respectively, p=1%). Leaf area was influenced more by leaf 
width than by leaf length. 
 

Conclusions  

It was concluded that later maturing hybrids grew taller and had greater green mass per 
plant than hybrids with earlier maturity. In addition, their main ear was attached higher 
and they had more leaves above the ear. Leafy hybrids had considerably greater leaf 
number and leaf area above the ear than normal hybrids. The green mass and dry matter 
yield were influenced more by the maturity group than by the plant height. 
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Abstract: Whereas the sunflower is an allogamic plant, its succesful pollination largely depends on the 
presence of insects, especially honey bee, Apis mellifera carnica. The failure in nectar secretion was observed 
in recent years, which affected colonies of honey bees, and fertilization of sunflower. In our study, we set up a 
hypothesis that changes of weather conditions causing failure in nectar secretion during the sunflower’s 
blooming. An experiment was carried out in July 2009, at test field located southeast in the area of city of 
Osijek. Six hybrids of sunflower were grown in the block system, while the control group of blooming 
sunflower’s heads were covered by nets in order to prevent pollination by insect. Honey bees were transported  
in Langstroth-Rooth beehives to the site, and placed on three digital scales. A digital wireless weather station 
was installed at test field. The experiment showed that most favouring weather conditions for nectar secretion 
in sunflower are: daytime air temperatures of 22-26 oC, absence of rainfalls during the day, relative humidity 
of 65-75%, and winds from north and east directions. Weight drop of 8 kg was registered in beehives during 
the sunflower’s blooming. In the same period, lowest daily temperature was 26 oC, and highest 37 oC, the rain 
in quantity of 22,6 mm was recorded during eight days (of total 15 days of blooming), and air humidity was 
57-82%. It can be concluded that sunflower has low adaptive capacity in relation to climate parameters under 
the pronounced climate change. Specifically, increased temperature, more frequent rainfalls and wind from 
south direction negatively affected nectar secretion, and caused losses in honey yield.  

Keywords: honey bee, pollination, sunflower, climate change, nectar secretion 

 

Introduction 

Sunflower is a plant characterized by entomophylic pollination and it largely depends 
on number of pollinators present during the phenological phase of blooming as well as 
on their ability to perform fertilization (Puškadija at al., 2007; 2009). The honey bee is 
the most numerous and efficient pollinator of sunflower in our region (Miklič, 1996; 
Hunyadi and Lesznyak, 2006) which collects nectar and pollen from tubular disk 
flowers. In recent years it was observed that nectaries of sunflower failed in nectar 
secretion, so the beekeepers are unable to harvest sunflower’s honey, despite the usual 
effective pollination activity of the honey bee. The hypothesis in our experiment was 
that changed climate conditions under the pronounced climate change (DHMZ, 2009), 
negatively affected nectar secretion in sunflower.  
 

Materials and methods 

An experiment was carried out in July 2009, at test field located southeast from the city 
of Osijek (Osijek-Baranja County, eastern Croatia), near the abandoned building of 
Faculty of Agriculture. Soil type is eutric cambisol with good nutrients supply. Maize 
was grown on this field a year before. Main cultivation in autumn comprised 
fertilization with 250 kg/ha NPK 7:20:30, and 100 kg/ha urea (46 % N), and ploughing. 
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Fertilization before sowing was with 150 kg/ha NPK15:15:15. Protection against weeds 
was done by Dual (metaloklor) + Sencor (flurokloridon) and against diseases by Konker 
(vinklozolin + karbendazin). Date of sowing was 26 April, with final plant density of 
55,000 plants/ha. Trial material consisted of six sunflower hybrids (H1-H6), which are 
the most common in Croatia. Length of trial field was 300 m, and each hybrid was sown 
in eight rows (0, 7 m between rows, and 0, 25 m inside the row). Three days before the 
start of the sunflower’s blooming, the honey bees in the Langstroth-Rooth (LR) 
beehives were transported on the site, and placed on three digital scales. Weights of the 
beehives were measured in order to determine uptake of nectar. Strength of transported 
honey bee colonies was adequate to strength of those prepared for crop plants 
pollination (McGregor, 1976). Three colonies per hectare were placed at the start of the 
trial field in order to achieve an equal exposition of sunflower hybrids to honey bees. 
Monitoring of weather conditions in the field and collection of data for the climate 
interpretation was done by installed automatic wireless NEXUS weather station. The 
following climate parameters were measured: air temperature, relative air humidity and 
rainfall quantity.  

 

Results and discussion  

Many authors researched and proved impact of the climate conditions on nectar 
secretion in sunflower. Results reported by Miklič (1996) showed that moderate 
temperature of 20-28 oC and middle relative air humidity of 40-50 % are optimum 
values for the activity of honey bees, and for blooming and pollination in sunflower. 
Škorić (1992) pointed out that dry weather causes desiccation of generative organs and 
failure in fertilization, while the rainy weather during the phenological phase of 
blooming disables movements of insects, including honey bee, so the pollination and 
fertilization failed. Results of our previous research (Puškadija, 2005) are in accordance 
with aforementioned results. Namely, the best fertilization and highest activity of honey 
bees occurs at air temperature of 20-25 oC, relative air humidity of 65-75%, in the 
absence of rainfall and during the daytime. The results obtained in our experiment were 
compared with data for meteorological station in Osijek, which are available on the web 
page of the State Meteorological and Hydrological Service (DHMZ).  
 
Air temperature in the field was measured during the whole period of sunflower 
blooming. According to Figure 1, minimum daily temperature was 10oC, and the 
maximum reached 42 oC. Number of hot days (tmax ≥ 30oC) at test field was 12, with 1 
day warmer than 40oC. At meteorological station in Osijek, 11 hot days were recorded 
in July 2009, while the 30-year average (1961-1990) is 8 hot days. Hence, in our climate 
monitoring, we measured four hot days more than an average for July, and all of them 
fall in the period of sunflower blooming. Number of warm days (tmax.≥ 25 oC) in July 
2009 was 24, and all 15 days of sunflower blooming belong to this class.  
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Figure 1. Daily minumum and maximum air temperature (oC) during  
the sunflower’s blooming (July 1-15, 2009) 

 
Rainfalls negatively affects on fertilization of sunflower, mainly because they disabling 
flying and pollination activity of honey bees. In the period of sunflower blooming, 
number of eight rainy days was recorded, and in all of these, rain occured during the 
daytime. Total quantity of 22,4 mm of rainfalls was recorded. Although it is evidently 
droughtest part of the year, with only 61.4 mm of rainfalls in Osijek in July 2009, 
number of rainy days was 10, of which eight occured during the sunflower blooming. 
According to official meteorological data, total quantity of rainfalls in 2009 in Osijek 
was 699 mm, which is 84 % of the 30-year average (DHMZ,2009). 
 

 
 

Figure 2. Daily rainfall quantity (mm) during the sunflower’s  
blooming (July 1-15, 2009) 

 
The recorded values of the relative air humidity in the field ranged from minimum 29 % 
to maximum of 94 %. Those values are favourable for the blooming and fertilization of 
sunflower, and are related to frequent and abundant rainfalls.  
 
Weight of the beehives during the experiment do not show any increase, that means no 
uptake of nectar. Data from digital scale set up under the beehives indicated constant 
decreasing  tendency, reaching weight drop of 8 kg on the end of experiment (Figure 3)  
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Figure 3. Weight of beehives during the experiment 

Conclusions 

As an impact of global climate change, significant changes in climate conditions already 
happened. Comparison of meteorological data obtained during the measurements in the 
field with 30-year average values for the meteorological station in Osijek showed large 
deviation for air temperature and rainfall quantity. Sunflower responds to such climate 
conditions by low adaptive capacity in relation to monitored climate parameters. The 
consequence is failure in nectar secretion in sunflower and losses in honey production, 
which makes the economic problem to the beekeepers.  
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Abstract: In Hungary, the income production ability of animal breeding and crop production declined due to 
the changes in the economic environment, but seed-production may be a perspective for growers 
henceforward. 
In maize sowing seed production, we have to try for develop homogeneous plant populations, because in 
heterogeneous populations we have to divide tassel-removal into sections, weakly developed population spots 
react to chemical weed control with yield-depression and harvest-deficit grows. 
The aim of our analyses was to determine an examination method for measuring the heterogeneity of the plant 
populations. The basis of this method is a map representing the height changes of the plant population. We 
determine the district population spot with different heights and designate sampling points in GIS. We take 
samples from the yield and measure SPAD values of leaves on each sampling point. Using the suitable 
statistical method, we determine the differences in SPAD values and yield of plant population parts with 
different vitality. 

Keywords: maize, heterogeneity, SPAD-value, plant height map 

 

Introduction  

We have to prove sustainable development principles in nutrient management, namely 
we have to harmonize the productional and environmental demands, and apply the 
principles of environment friendly nutrient supply conforming to site conditions (Láng 
and Csete, 1992), which often requires precision solutions.  
Precision agriculture can be efficiently utilized in case if heterogeneity of yield is 
significant and factors responsible for heterogeneity are well measurable (Plant, 2001). 
Thy analyses of soil, plant population (Kravchenko et al., 1999) and yield (Wild és 
Auernhammer, 1999; Mangalhães and Cerri, 2007) heterogeneity have largely 
contributed to the investigation of variability, and the exploration and understanding of 
the causes of variability. Analyses of soil conditions and crop yield estimation, together 
with the revelation of the connections between them become economically 
determinative through precision agriculture (Plant, 2001). 
The chlorophyll content of leaves is a good indicator of plant health (Gitelson and 
Merzlyak, 1997), which can be well mapped with SPAD measurement, because 
chlorophyll content has a close relationship with SPAD-values (Ommen et al., 1999). 
Analyses of spatial heterogeneity can be carried out by means of remote sensing 
(Osborne et al., 1999) and also by means of the description of plant population 
characteristics on sampling points (Kravchenko et al., 1999). 
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Materials and methods  

We analyzed the heterogeneity of the seed-maize population in 2007 on meadow 
chernozem soil, on an inbred maize mother line in no-father sowings, on a 10,4 ha, base 
fertilized (160 kg ha-1 N, 80 kg ha-1 P2O5, 70 kg ha-1 K2O) sample area.  
We randomly measured the height of 100 plants in the population and marked 8 height 
category based on survey results: 20-40 cm, 40-50 cm, 50-60 cm, 60-70 cm, 70-80 cm, 
80-90 cm, 90-100 cm, 100-110 cm. Measuring the height of the plant population with 
yardstick we determined which height-category the plant population belongs to at the 
measurement point and we recorded the co-ordinates of the survey site by applying 
Trimble GPS Pathfinder ProXH and Arc Pad 7.0 software. We measured plant height 
after tasseling to the intersection of the 2 remained upper leaves on 12633 survey points 
between 16.07.2007 and 20.07.2007. The average area of survey points was 8,2 m2. 
Spatial impoundment of population spots with different height and designation of 
sampling points took place within an ArcGis 9.1 software environment. Because of their 
low regional extension we merged 20-40 cm and 40-50 cm height population spots, thus 
we designated 4-8 sample points per plant height-category (together 38) (Figure 1). 
 

 

Figure 1. Regional variability of population parts with different height 

SPAD-value was measured with Minolta SPAD-502 on 10 plants per sampling point, on 
the most developed leaf and in 10 points per leaf on 27.07.2007 (after tasseling). We 
carried out SPAD-measurement proportionally distributed along the leaf-blade, on 5-5 
points of the right and left side. We took yield samples from 10 plants per sampling 
point on 29.08.2007 and 30.08.2007. 

Evaluation was carried out by means of the SPSS for Windows 14.0 statistical software 
package. We used one-factor variance analyses (ANOVA) for the estimation differences 
of population parts with distinct height, and Duncan’s test for simultaneous comparison 
of mean values of SPAD-values, grain number per stock and yield expressed in gram.  

 

Results and discussion  

On the examined area the most frequent population spots were 70-80 (28,6% - 2,97 ha) 
and 80-90 centimeter high  (37,9% - 3,94 ha); while the least frequent ones were the 
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population spots under 50 cm (1,1% - 0,11 ha) and over 100 cm (1,1% - 0,12 ha). 46,7 
percent (4,85 ha) of the plant population is lower than 80 cm, 53,3 percent (5,55 ha) is 
higher (Table 1). 
 

Table 1. Spatial distribution of population parts with different height 

Plant height (cm) <50 50-60 60-70 70-80 80-90 90-100 100-110 
Area (ha) 0,11 0,35 1,42 2,97 3,94 1,49 0,12 
Spatial distribution (%) 1,1 3,4 13,6 28,6 37,9 14,3 1,1 

 
Average SPAD-value (27,1-47,7), grain number per plant (1 no. stem-1-286 no. stem-1) 
and yield (0,2 g stem-1-79,4 g stem-1) of plant populations with different height 
represented an increasing tendency in parallel with the increase of plant height. We 
recorded the smallest averages in population spots with less than 50 cm of height, and 
the highest values in the 100-110 cm height group.  
We verified with Duncan’s test that SPAD-value and yield of distinct height plant parts 
differ at a statistically verifiable degree. Grain number per plant (no. stem-1) and yield (g 
stem-1) in population parts under 60 cm were significantly lower, but in the height group 
over 100-110 cm they were significantly higher, than in the rest of the population.  
There were no statistic differences between 40-50 and 50-60 cm and 80-90 cm high 
population parts. Grain number and yield in 70-80 cm high population spots were 
significantly higher, than the values measured in the 60-70 cm population parts, and 
significantly lower, than in the case of the 80-100 cm height population parts. 
Apart from two exceptions, there were statistic differences in SPAD-values among the 
examined plant heights. The 50-60 and 60-70 cm height categories and the 80-90 and 
90-100 cm height categories were significantly equal according to the results of SPAD-
measurement (Table 2). 
 

Table 2. Differences of yield and SPAD-values of population parts with different height 

Plant height 
Grain number (no. 

stem-1) 
Yield (g stem-1) SPAD-values 

<50 cm 1 E 0,2 E 27,1 E 
50-60 cm 5 E 1,4 E 34,5 D 
60-70 cm 67 D 15,3 D 36,1 D 
70-80 cm 111 C 31,1 C 39,2 C 
80-90 cm 213 B 56,8 B 42,1 B 
90-100 cm 217 B 53,8 B 43,0 B 

100-110 cm 286 A 79,4 A 47,7 A 
F-value 128,91 *** 143,96 *** 127,13 *** 

            ***p<0,001 
 
Average SPAD-value of the examined area was 40,2, from which the values measured 
in 70-80 cm height plant parts (-1 SPAD-value) differed at the smallest degree. We 
observed the highest differences in population spots under 50 cm (-13,1 SPAD-value) 
and 100-110 cm (+7,5 SPAD-value) of height. 46,7 percent of the sampling area was 
characterized with SPAD-values between 27,1 and 39,2, the other 53,3 percent were 
between 42,1 and 47,7.  
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Extreme values of grain number per plant and yield also occurred in population parts 
under 50 cm and 100-110 cm of height. Average grain number of the sampling area was 
156 no. stem-1, average yield was 41,2 g stem-1. Average deviation of the examined area 
was -155 no. stem-1 and -41,0 g stem-1 in the case of plants with a height less than 50 cm 
height was, and in the case of 100-110 cm height population spots it was +130 no.stem-1 
and +38,2 g stem-1. 
 

Conclusions  

Heterogeneity in seed-maize population significantly corrupts efficiency of production. 
Underdeveloped plants react more sensitively to herbicides and stress-factors, which 
causes yield depression. Mechanical tasseling in heterogeneous populations becomes 
impossible, manual tassel-removal requires division, harvest deficit increases, which 
results in further expenditure increase. 
SPAD-measurement and yield-sampling based on the plant height map makes 
evaluation of the heterogeneity of inbred maize lines possible. After the chemical 
analysis of soil and leaf samples taken from population spots with different height, 
SPAD-value and yield pedological factors eliciting heterogeneity are determinable and 
sensibility of maize lines to stress factors is analyzable. 
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N UTILIZATION OF MAIZE IN LONG-TERM CEREAL CROP 
ROTATION EXPERIMENT 
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Abstract: Aim of this study was analyzing productivity and nitrogen (N) use efficiency of maize for rotation 
(maize – winter wheat - winter barley: 2005-2007 period) in the mineral and organic fertilization experiment 
conducted in 1983 on Keszthely Eutric Cambisol. Mineral N rates (kg N ha-1) 0, 70, 140, 210 and 280, for N0, 
N1, N2, N3 and N4, respectively (100 kg ha-1 of P2O5 and K2O for N0-N4 treatments). Organic fertilizations 
were as follows: a) = mineral fertilizers only (MF), b) = a + farmyard manure (FYM) application (35 t ha-1 in 
every third years before maize; c) b + stalk (St) incorporation (completed with 10 kg mineral N for each t stalk 
ha-1) after barley harvest +  green manure (GM) (Raphanus sativus var. Oleiformis) as a 2nd crop sowing on 
barley stubble. Mean grain yields  (t ha-1) were 6.46, 7.46 and 7.35,  and N uptake (grain + stalk: kg ha-

1)101.4, 146.8 and 148.8, for treatments a, b and c, respectively.  At the same time, N-balance (kg ha-1) were 
+38.6, -6.80, and  -8.80, respectively. Maize yielded 5.30 t of grain ha-1 on the N0 treatment and by increasing 
N yield was increased for 49% (N2 = 7.92 t ha-1) and 52% (N4 =8.08 t ha-1), respectively. 

Keywords: mineral and organic fertilization, maize yield, crop residues, nutrient balance, N utilization 

 

Introduction 

Plant nutrition especially nitrogen application is a basic factor of agronomy influencing 
either crop quantity or quality (Szentpétery et al., 2005; Berzsenyi and Lap, 2005; 
Tanács et al., 2005). Maize is a nitrogen demanding crop, but the economically maximal 
yields need different doses depending on the soil type and particular site (Nagy, 2006) 
Since nitrogen storage capacity of the soil is limited N fertilizers should be applied 
precisely. From the several forms of nitrogen in the soil nitrate and ammonium ions are 
the uptakeable ones by the roots. NO3

--N content of soil plays an important role as a 
mineral nutrient for the plants as well as for microorganisms connected this way to 
several important processes take place in the soil. On the other hand its surplus value 
through good solubility has an environmental hazard. Izsáki (2008) reported that the 
mineral N content of soil is more adequate for the description of the degree of N supply 
in soil and for the determination of the N fertiliser need of maize than humus content. 
Nitrogen is also an important nutrient of the weeds. Without efficient weed control 
nitrogen fertilization can increase weed infestation, consequently reduce nitrogen use as 
well as water use efficiency (Lehoczky et al., 2006, 2007, 2008, 2009). 
 

Materials and methods 

Mineral and organic nitrogen (N) fertilization experiment was started in 1983 on 
Keszthely Eutric Cambisol (Ramann-type brown forest soil) with neutral pH. Mineral N 
rates (kg N ha-1) 0, 70, 140, 210 and 280, for N0, N1, N2, N3 and N4, respectively (100 
kg ha-1 of P2O5 and K2O for N0-N4 treatments). Organic fertilizations were as follows: 
a) = mineral fertilizers only (MF), b) = a + farmyard manure (FYM) application (35 t 
ha-1 in every third years before maize; c) b + stalk (St) incorporation (completed with 10 
kg mineral N for each t stalk ha-1) after barley harvest +  green manure (GM) (Raphanus 
sativus var. Oleiformis) as a 2nd crop sowing on barley stubble. The bifactorial 
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experiment has a split plot design with three replications. Aim of this study was 
analyzing productivity and nitrogen (N) use efficiency of maize for rotation maize – 
winter wheat - winter barley (in 2005-2007 period)  
The 100 year average annual precipitation in Keszthely was 683 mm, but the 
distribution was often unequal. The long-term annual mean temperature was 10.8 oC. 
The indices of N use efficiency were calculated as follows (Huggins and Pan 1993; 
Crosswell and Godwin 1984): 
 

100
biomass in total daccumulate N

grainin  daccumulate N
  [%]index harvest  N ×=  

]ha [kgmaturity at  absorbed N

]ha [kg yieldGrain 
  (NUE) efficiency use N

1-

-1
=  

]ha [kg applied N ofQuantity 

]ha [kg crop edunfertiliz of yieldGrain  - ]ha [kg crop fertilized of yieldGrain 
  (AE) efficiency Agronomic

1-

-1-1
=  

]ha [kg applied N ofQuantity 

]ha [kg crop edunfertiliz of uptake N - ]ha [kg crop fertilized of uptake N
  (AREN) N of efficiencyrecovery Apparent 

1-

-1-1

=  

Results and discussion 

The relationship between nitrogen fertilization and yield can be described by quadratic 
equation (Figure 1.).  
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Figure 1. Grain and stalk yield of maize (8th rotation) 

Without organic manure in the sole mineral NPK fertilizer application (Min. fert.) 
variant the average yield level was significantly lower compared to the other variants 
(Min. fert.+FYM and the Min. fert.+St+GM). On the N0 plots the complementary 
organic manure application resulted in 1-1.5 t ha-1 extra yield. Between the Min. 
fert.+FYM and the Min. fert.+St+GM variants no significant different was measured. 
The yield of the N0 plots was significantly lower than each of the fertilized ones. The 
yield increasing effect of the higher N rates was smaller and the differences between the 
variants of mineral and organic fertilizer application were also smaller at the high N 
rates.  
In case of stalk yield the tendencies are similar, but the values were registered within a 
greater interval and the high N rates resulted in higher stalk yield increase than in case 
of grain. The extra yields resulted by the complementary organic fertilizer application 
are proportional to the additional nutrient content of the organic fertilizers. 
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Table 1. shows some parameters and results related to the effect of N fertilization on the 
grain and straw yield (standardized absolute dry matter [DM]) as well as the N balance.  
 
Table 1. Grain and stalk yield as well as N balance of maize production in the 8th rotation cycle (2005-2007) 

Dry matter (DMY). N concentrations (% N) and uptake by maize and N balance in maize 
DMY  t ha-1 N % N uptake (kg ha-1) N-  Treatment * 

Grain Straw Grain Stalk Grain Stalk Total balance (N kg ha-1:  N2=140, N4=280) 
4.37 3.03 0.93 0.39 40.68 11.69 52.37 -52.37 N0 
7.12 5.74 1.08 0.54 76.82 31.05 107.87 +32.13 N2 
7.88 7.380 1.14 0.73 89.83 54.02 143.85 +136.15 N4 

Mineral  
Fertilization 

(MF) 
6.46 5.38 1.05 0.55 69.11 32.25 101.36 38.64 Mean 
5.73 4.27 1.27 0.67 72.48 28.60 101.08 -101.08 N0 
8.34 6.66 1.27 0.75 105.92 49.95 155.87 -15.87 N2 
8.31 8.46 1.36 0.83 113.01 70.44 183.45 +96.55 N4 

MF+FYM 

7.46 6.46 1.30 0.75 97.14 49.66 146.80 -6.800 Mean 
5.71 4.28 1.27 0.57 72.28 24.26 96.54 -96.54 N0 
8.29 6.98 1.29 0.74 106.60 51.30 157.90 -17.90 N2 
8.05 8.45 1.44 0.90 115.59 76.38 191.97 +88.03 N4 

MF+FYM+St+GM 

7.35 6.57 1.33 0.74 98.16 50.65 148.80 -8.80 Mean 
1.01 1.04 0.19 0.24 LSD5% between combinations 

                               * FYM = application (35 t ha-1) every third year); 
                                  St = stalk incorporation (completed with 10 kg mineral N for each t stalk ha-1); 
                                  GM = green manure application (Raphanus sativus var. Oleiformis) 
                                  N2 = 140 kg N ha-1, N4 = 280 kg N ha-1 (N0-N4 = 100 kg P2O5ha-1 + 100 kg K2O ha-1) 

 

The ratio between the grain and stalk yields was closely to 1/1 (in DM values) at the 
highest fertilizer rates, while at the lower rates the ratio of the grain yield was higher. 
The average N content of grain was 1.23 %, while in case of stalk it was 0.68 %. The 
specific N uptake of 1 t grain and its side stalk yield varied between 11.99-23.85 kg. 
These figures are in accordance with the results published by Kádár and Radics (2008), 
who measured these values between 14-21 kg depending on the fertilizer rates applied.  
On the N0 (control) plots the soil released an amount of 52.37 kg ha-1 N. In case of 
complementary FYM (1st year effect) application the amount of N uptake was 101.08 kg 
ha-1 on the N0 plots and in case of St+GM+N application it was 96.54 kg ha-1. The 
nutrient balance was positive in case of each N4 treatments, while it was negative on the 
N0 plots. N2 treatment resulted in positive balance only in Min. fert. variant, while on 
the Min. fert.+FYM and Min. fert.+St+GM the balances were slightly negative or at 
equilibrium.  
The N use indices are shown in Table 2. Harvest index of N (HIN%) shows that the 
maize absorbed 60.21-77.68 % of the N in the grain and produced 41.93-83.44 kg grain 
with the use of 1 kg of N (NUE) depending on the fertilizer treatments. The extra yield 
increasing effect of 1 kg N fertilizer above the yield of control plots (AE) was 8.36-
19.64 kg ha-1 and the utilization of 1 kg N fertilizer for the extra yield above the yield of 
the control plot was 0.29-0.44 kg (AREN). 
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Table 2. N use indices of maize in the 8th rotation cycle (2005-2007) 

Harvest index of N (HIN %), N utilization effects (NUE: grain yield per kg 
N fertilizer) and extra yield above yield of control (AE), utilization of  1 kg 
N fertilizer for extra yield above of the control (AREN) 

Treatment  
(N kg ha-1:  N2=140, N4=280) 

Percent kg ha-1  
HIN % NUE AE AREN  
77.68 83.44 - - N0 
71.22 66.00 19.64 0.40 N2 
62.45 54.78 12.54 0.33 N4 

Mineral  
Fertilization 

(MF) 
71.71 56.68 - - N0 
67.95 53.51 18.65 0.39 N2 
61.60 45.30 9.21 0.29 N4 

MF+FYM 

74.87 59.14 - - N0 
67.51 52.50 18.43 0.44 N2 
60.21 41.93 8.36 0.34 N4 

MF+FYM+St+GM 

Conclusions 

The grain yield increasing effect of organic fertilizers was higher at the lower rates of 
mineral N treatments, while in case of stalk it was still high at the high rates of N too. 
With the rise of fertilizer rates the efficiency of N utilization decreased. 
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Abstract: Long-term mineral fertilization field experiment was carried out with maize to elaborate nutrient 
supply limit values in early development stage. According to the experimental data, satisfactory nutrient 
supplies are indicated by the following diagnostic plant analysis values in maize leaves in 5-6 leaves stage: N 
3.5-5.0 %; P 0.30-0.45 %; K 2.5-4.0 %; Ca 0.25-0.70 %; Mg 0.15-0.40 %; Fe 130-250 mgkg-1; Mn 50-110 
mgkg-1; Zn 15-45 mgkg-1; Cu 7-11 mgkg-1; B 5-25 mgkg-1. The nutritional status of maize can indirectly be as 
indicator and partly measuring property of soil resilience. 

Keywords: heavy metal, cadmium accumulation  

 

Introduction 

The concept of soil resilience is an important component of soil quality and a key 
element of sustainability. Factors that affect soil resilience are soil type, land use, 
vegetation, climate, agrotechnique and disturbance regime. The nutrient capacity of the 
soil and indirectly the nutritional status of a crop can be as indicators and partly 
measuring proporties of the soil resilience. Thus the plant analysis provides information 
not only for fertilizer recommendation systems but for the soil resilience mechanisms.
Many papers (Chapman, 1967; Jones, 1967; Bergmann and Neubert, 1976; Kádár and 
Elek, 1980; Kádár, 1992; Plénet and Cruz, 1997; Csathó, 1998; Izsáki, 2008, 2009; 
Kovacevic, 2008) have reported nutrient concentration limit values in various plant 
organs at various stages of development for the estimation of maize nutrient status. For 
some nutrients, these published limit values show a high degree of agreement, whereas 
for others considerable deviations can be observed. An analysis of these research results 
demonstrates that great importance is still attached to background research linked with 
the application of plant analysis for diagnostic purposes, as this provides information on 
the changes in nutrient status, nutrient interactions, and nutritional disturbances that 
may be caused in maize by the field site, fertilization, and the nutrient supplies of the 
soil. 
The aim of the article is to provide data for nutrient supply limit values of maize which 
will be useful in the interpretation of diagnostic plant analysis at the given location. 

Materials and methods 

Long-term mineral fertilization experiments were set up at the experimental station of 
the Crop Production Department, in Szarvas, in 1989. The soil of the experimental area 
had the following parameters: Chernozem meadow soil, calcareous in the deeper layers, 
85-100 cm humus layer, pH(KCl) 5.0-5.2, humus content 3.0-3.2 %, upper limit of 
plasticity according to Arany (KA) 50, and clay content 32 %. During the investigated 
period, the soil contained the following nutrient supplies in the cultivated layer: AL-
sodium (Na) 60-80 mgkg-1, potassium chloride (KCl)-magnesium (Mg) 550-650 mg kg-
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1, ethylenediaminetetraacetit acid (EDTA)-manganese (Mn) 280-300 mgkg-1, EDTA-
copper (Cu) 5-7 mgkg-1, and EDTA-zinc (Zn) 2.0-3.5 mgkg-1. 
Fertilization was carried out in all possible combinations of four levels each of N, 
phosphorus (P), and potassium (K), giving a total of 64 treatments, set up in a split-split 
plot design with three replications, with K fertilization as the “A” factor, P fertilization 
as the “B” factor, and N fertilization as the “C” factor. The following fertilizer rates 
were applied: N: N0 = 0, N1 = 80, N2 = 160 and N3 = 240 kg N ha-1year-1;  P 
(phosphorus pentoxide; P2O5): P0 = 0, P1 = 100 kg ha-1year-1, and P2 = 500 kgha-1 in 
1989, 1993 and 2001, P3 = 1000 kgha-1 in 1989, 1993, and 2001; K (potassium oxide; 
K2O): K0 = 0, K1 = 300 kgha-1year-1 between 1989 and 1992, 100 kg ha-1year-1 from 
1993, K2 = 600 kgha-1 in 1989 and 2001, 1000 kgha-1 in 1993, and K3 = 1200 kgha-1 in 
1989 and 2001 and 1500 kgha-1 in 1993. The high rates of P and K replenishment 
fertilization were used to create clearly distinct supply levels in the soil to investigate 
plant responses to nutrient status. According to the applied P and K fertilizer treatments, 
the P and K statuses of the soil cultivated layer in 2007-2008 were as follows: AL-
P2O5 120-275 mgkg-1 and AL-K2O 210-410 mgkg-1. 
To determine the nutrient status of maize, the leaf was collected from 15 plants per plot 
in 5-6 leaves stage. The leaf samples were analysed in two experimental years (2007-
2008 for the following nutrients: N, P, K, Ca, Mg, Fe, Mn, Zn, and Cu. 

Results and discussion 

The correlation between the nutrient concentration in the maize leaf and the grain yield 
investigated in order to establish limit values for nutrient supply levels based on 
diagnostic plant analysis. The nutrient concentrations in the maize leaves were given in 
terms of dry matter, as was the maize grain yield. To set limit values, critical 
concentrations for maize nutrient status, the relative yield (% of maximum yield) and 
the nutrient concentrations in the leaf were plotted on a graph, after which a boundary 
line was fit to the data. The limit values of nutrient concentrations required for a 95 % 
of maximum grain yield were taken as a satisfactory supply level (Fig. 1). The results of 
experiment on N, P and K fertilization are most reliable for the determination of limit 
values for N, P and K supply levels, but they also provide information on the optimum 
levels of other nutrients required to obtain high yields. According to the experimental 
data, satisfactory nutrient supplies are indicated by the following diagnostic plant 
analysis values in maize leaves in 5-6 leaves stage: N 3.5-5.0 %; P 0.30-0.45 %; K 2.5-
4.0 %; Ca 0.25-0.70 %; Mg 0.15-0.40 %; Fe 130-250 mgkg-1; Mn 50-110 mgkg-1; Zn 
15-45 mgkg-1; Cu 7-11 mgkg-1; B 5-25 mgkg-1 (Table 1). 
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Figure. 1. Relationship between the N, P and K concentrations 
of the maize leaf and the grain yield in 5-6 leaves stage. 

(Szarvas, 2007-2008) 
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Table 1. Limit values for nutrient supplies to maize based on nutrient content in the leaf at 5-6 leaves stage 
(Szarvas, 2007-2008) 

Nutrient supply level  

Nutrient Low Satisfactory High 

 Nutrient concentration 

N      % <3.5 3.5-5.0 5.0< 

P      % <0.30 0.30-0.45 0.45< 

K      % <2.5 2.5-4.0 4.0< 

Ca     % <0.25 0.25-0.70 0.70< 

Mg     % <0.15 0.15-0.40 0.40< 

Fe     mgkg-1 <130 130-250 250< 

Mn    mgkg-1 <50 50-110 110< 

Zn     mgkg-1 <15 15-45 45< 

Cu     mgkg-1 <7 7-11 11< 

B       mgkg-1 <5 5-25 25< 
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PREDICTION OF YIELD AND QUALITY STABILITY OF 
WHEAT GENOTYPES IN A MULTI-LOCATION TRIAL 
NETWORK  

Péter FÓNAD – Lajos BÓNA – Lászlóné CSİSZ – Andrea CSUKÁS – László CSEUZ  

Cereal research Non-profit Company, 6726 Szeged, Alsókikötı sor 9., fonadp@gabonakutato.hu 

Abstract: Adaptability depending highly on drought-, winter tolerance and sink-source capacity is a crucial 
characteristic of wheat. In 2009, multi-location yield tests were set to characterize the adaptability of our 
advanced winter wheat lines. Field trials were performed at 10 locations under different soil, climatic and 
agronomical conditions. At each location, 39 wheat genotypes in four replications were tested together nine 
check varieties. Yield, thousand kernels mass (TKM) and some quality parameters like wet gluten, protein 
content and hardness index of the seed samples were measured by NIR method. Diverse abiotic and biotic 
stress factors, like ones affecting susceptibility of the plants to lodging and pathogen pressure, lack of water 
and nutrient species, soil acidity etc. varied sufficiently at the locations and influenced significantly the 
important agronomic parameters. The statistical quantity of the locations has been conductive to predict the 
spatial stability of the yield of each wheat line referring to their tolerance to different stress factors. The main 
goal of screening some quantitative parameters was the same and promotes to select adaptable wheat lines 
with stable parameters. Results of the multi location trial network have become the informing principle of our 
breeding system for variety production. This year, seven new winter wheat candidates have been registered in 
the Hungarian State variety experiments.  

Keywords: adaptability, abiotic stress, wheat 

 

Introduction  

Most of the biotic stresses can be prevented or serious damages can be moderated by 
chemical plant protection, while the only way in defense is adaptation/resistance against 
most of the abiotic stresses. After ten years’ breeding procedure the advanced wheat 
lines have reached the peak of their genetic potential from the view point of the capacity 
of yield and flour quality. By the time we approach the final phase of a breeding 
program for adaptive ability to environmental stresses the most important step will have 
been to find a proper selection method by which we can conclude the stability of the 
yield and quality and we can run an effective selection system. With the help of the 
multi-location trial network the physiological reaction of the advanced wheat lines have 
become traceable (Fónad et al., 2007). In addition, the experiences of this system inspire 
us to maintain or possibly, enlarge the intra-specific diversity of our wheat genetic base 
(Cseuz et al., 2008).  
 

Materials and methods  

In 2009, ten locations with diversified agronomical, ecological, climatic condition and 
pathogen pressure belonged to our wheat trial network. 37 winter wheat and two winter 
durum wheat genotypes were tested together with the early, medium and late ripening 
check varieties at each location. The plots of the trials were randomized, designed as 
Latin square block in four repetitions. The size of the plots was 6.5 m2. The yield of 
each plot and the thousand kernel mass (TKM) of seed samples were measured. Gluten 
and protein contents, hardness index were determined by Mininfra 2000T (Infracont 
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Ltd.) tester. One factor variance analysis, correlation analysis, classification (WinStat) 
was executed to evaluate of the yield and quality data.  
 

Results and discussion  

The highest level of average yield of the wheat lines was measured at Lippó (7,51 t·ha-1) 
while the lowest values were registered at Fülöpszállás (3,95 t·ha-1). The correlation 
between the yield and the TKW found to be significant only at three locations: 
Kisújszállás, Lippó, Mezıkövesd. This outcome is in accordance to the strong rate of 
the foliar pathogenes (Lippó) or the post anthesis drought stress (Kisújszállás, 
Mezıkövesd). These stress forms had negative effects on the yield mainly trough 
decreasing TKW. At all the other locations, there were no significant correspondence 
between the yield and TKW, a yield loss occurred locally were consisted of other yield 
components like decreased number of heads caused by virus diseases (Kocs) and/or 
decreased number of seed per head due to the early drought stress (Fülöpszállás, 
Enying).  
 

Table 1. The correlation levels among the locations in point of certain agronomical parameter. G - gluten 
content, HI- hardness index, Y- yield, T- 1000 kernel weight. ***,**,*- significant correlation at p=5, 1 and 

0,1 %. Negative correlation signed with underlying; ns – no significant, nd – no data. 

Kisújszállás Lippó Kocs Enying Kiszombor Fülöpszállás Mezıkövesd Öthalom Kecskés
G HI Y T G HI Y T G HI Y T G HI Y T G HI Y T G HI Y T G HI Y T G HI Y T G HI Y T

Lippó *** *** * ns

Kocs *** *** ns ** *** *** ns ***

Enying *** *** ** *** *** *** *** *** *** *** * ***

Kiszombor *** *** ns *** *** *** * *** *** *** ns *** *** *** * ***

Fülöpszállás *** *** ns *** *** *** ** * *** *** * *** *** *** *** *** *** *** *** ***

Mezıkövesd *** *** ** *** *** *** ** *** *** *** * *** *** *** *** *** *** *** * *** *** *** * ***

Öthalom *** *** *** *** ns *** *** *** ** *** ** *** *** *** *** *** ** *** ** *** *** *** *** *** *** *** *** ***

Kecskés *** nd *** *** ** nd ns *** *** nd ns *** *** nd ns *** *** nd *** *** *** nd ** *** *** nd ns *** *** nd ns ***

Táplán *** nd ns nd *** nd * ns *** nd ns nd *** nd ns nd *** nd ns nd *** nd ns nd *** nd ns nd *** nd ns nd *** nd ** nd  
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Location av. yield (t/ha) variance (%)
Szeged 7,06 2,3
Lippó 7,51 1,7
Táplánszentkereszt 7,35 1,7
Kiszombor 5,90 4,6
Kisújszállás 4,49 38,0
Kocs 4,54 13,6
Öthalom 4,86 5,4
Mezıkövesd 5,02 4,2
Enying 4,36 7,1
Fülöpszállás 3,95 7,9

Average 5,50 7,5  
Figure1. a) Classification of the locations on the basis of the grain yield data. Agglomeration method was 
average linkage. Sz-Szeged, L-Lippó, T-Táplánszentkereszt, Kz-kiszombor, Kú-Kisújszállás, Ko-Kocs, Ö-
Öthalom, M-Mezıkövesd, E-Enying, -F-Fülöpszállás. b) Average yields at the growing locations and the 

variance of the yields, 2009. 
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The correlation between the yield series of several locations (Table 1.) proved to be 
significant. Conversely, some pairs of yield series did not show significant correlation, 
moreover significant negative correlation also occurred (e.g. Kisújszállás-Öthalom, 
Enying and Mezıkövesd). The classification of the yielding ability of the location 
revealed an intensive and an extensive groups (Figure 1a.). It seems that the yield level 
of Kisújszállás was not verify its intensiveness but the damage blotted randomly caused 
by damage of Oulema melanopus L. can account for the lower average yield and the 
high variance level of the yield there (Figure 1b.). The location mostly diverged from 
the others is Kocs, with the highest distance, which can be explained with the high level 
of virus infection as stated above.  
The fact of the converse relationship between the average yield and gluten data 
corresponds to the traditional experiences (Table 2.). The negative correlations between 
certain parameters and their variance were also expected and confirmed our former 
experiences (Fónad et al., 2009; Cseuz et al., 2008b). 

Table 2. The relationships among the agronomical traits and their variances. G - gluten content; P, Pvar - 
protein content, variance of the protein content; HI, HIvar- hardness index, variance of the hardness index; Y, 

Yvar- yield, variance of the yield; T, Tvar-TKW, variance of the TKW; ***,**,*- significant correlation at 
p=5, 1 and 0,1 %. Negative correlation signed with underlying, ns – no significant.  

Y Yvar G P Pvar HI
Yvar **
G *** ns
P ns ns *
Pvar ns ns ns *
HI ns ns *** ns **
HIvar ns ns ns ns ** **
Tvar ns * ns ns ns ns  

 
However, there is an unexpected finding relative to the correlation between the gluten 
content and the hardness of the wheat genotypes: the more gluten the seeds contain the 
more hard they are. Seemingly, the stability of the protein content is was in close 
connection with the hardness and its stability. Consequently, the positive selection to 
gluten content, hardness index, at the same time, will be positive to the stability of these 
parameters. It seems that advanced wheat lines with harder seeds can indicate their 
higher level of gluten. 
Clustering of the hardness index data showed four distinctive groups corresponding to 
the technically defined hardness forms of the wheat genotypes (Figure 2a,b.). The wheat 
lines belonging to the soft and intermediate groups showed higher level of standard 
deviancy than hard and very hard groups. However, the HI stability seems to be, first of 
all, the cause of the high level of mean HI. There were only a few unique genotypes not 
belonged to any group. The hard type line 1 showed an enhanced susceptibility to the 
poor nutrient supply, line 42 is a very stable soft type while line 46 (T. durum L.) was 
the hardest and most stable genotype of all (Figure 2b.). 
Similar classifications were executed relative to all other parameters (not detailed). The 
evaluation of the clusters simultaneously with other results of the trial network 
promotes to establish our decision of the final selection steps relative to the advanced 
wheat lines. Wheat genotypes with wide resistance spectrum and outstanding 
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adaptability are applied for registration. In 2009, seven new winter wheat candidates 
were registered in the State variety experiments. 
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Figure 2. a) Average HIs of the four linkage groups correspond to the seed hardness classes. Sz-Szeged, L-
Lippó, T-Táplánszentkereszt, Kz-kiszombor, Kú-Kisújszállás, Ko-Kocs, Ö-Öthalom, M-Mezıkövesd, E-

Enying, -F-Fülöpszállás Av- average, SD – standard deviancy; b) Classification of the wheat lines on the basis  
of the harvest index NIR data. Agglomeration method was complex linkage. 2009.  

Conclusions  

Although, no substituting the many years’ routine of breeders, the classification of the 
relevant agronomic features proved to be very useful for the breeding as a reliable and 
objective statistical method to distinct and characteristic reaction types of the lines to 
diverse growing conditions. Such elusive but very important agronomical features like 
stability of yield, technological quality and their components can objectively described 
with the help of clustering. 
Our results together with the previous ones verified that some agronomical parameters 
react similarly to the given growing conditions, consequently, these relationships can 
successfully expendable at the co-selection work of the breeding procedure. The 
extension of the statistical approach of the experimental trials must become a crucial 
aspect of the agronomic recommendations attached to the marketed wheat varieties. 
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Abstract: The aim of our research was to investigate the background of tolerance of maize hybrids with 
different genetic code against Western Corn Rootworm (WCR) (Diabrotica virgifera virgifera LeConte). 
Tolerance of maize hybrids against larval damage of WCR was studied under field circumstances in 2007–
2009. In order to reveal differences among the hybrids, root damage evaluation according to a modified 
IOWA scale and surveying of tilted plants was used. In 2009 degree of root damage was measured in pot trials 
using artificial infestation and evaluated according to Ollefson-Tollefson scale. Based on the results three 
susceptible and three tolerant hybrids were chosen. Plants of these hybrids were cultivated on nutrient solution 
in a climate chamber. Whole amount of cyclic hidroxamic acid (cHx) content of roots was measured. 
Photometric measure of chelated ferric complexes of hydroxamic acids was the basis of the determination 
assays. Our studies did not show any decided difference between the susceptible and tolerant hybrids in the 
cyclic hydroxamic acid content of roots. Differences amongst the hybrids were at most the double amount. 
There were both susceptible and tolerant hybrids with higher and lower hydroxamic acid content. It is 
suggested making further investigations to reveal the differences in tolerance against WCR among hybrids. 

Keywords: western corn rootworm (WCR), cyclic hydroxamic acid (cHx), resistance, tolerance 

 

Introduction 

Apart from few pathogens Western Corn Rootworm (Diabrotica virgifera virgifera 
LeConte) is the most important plant protection challenge in Hungary (Šimić et al., 
2007; Szıke et al., 2007). The yield losses caused by the pest may reach as much as 70–
80% (Sivcev and Tomasev, 2002; Széll et al., 2005). As cultivation of GMO plants are 
not yet permitted in Hungary, besides chemical and agrotechnical management 
methods, there would be practical to exploit natural resistance of maize. Hence 
introducing rootworm resistant or tolerant hybrids are interest of the growers. 
Introducing maize hybrids with tolerance based on natural properties into cultivation 
will probably not affect on the stability of agro-ecosystems, but will provide new 
protection feasibility to maize growers against WCR. The cHx content of the roots can 
be a possible background for susceptibility (Xie et al., 1992). 
The cHx-s are secondary metabolites of graminaceous species (Cambier et al., 1999). 
Among the cHx-s’ diverse biological roles it is important that these chemical 
compounds play role in tolerance and resistance against various pathogens and pests 
(Niemeyer, 1988). It can be logic, that cHx-s play role in the resistance against WCR 
too. After all, there are some fact needs to consider in case of examining the role of 
cHx-s in this field. The one is that different varieties of species contain various amounts 
of cHx: for example the differences amongst the same organ of maize hybrids in the 
cHx content can be thirty-fold (Xie et al., 1992). The second one is that the cHx content 
of plant organs decreases from the age of 2–4 days. What is more, the publications on 
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the effect cHx-s on WCR show contradictory results (Xie et al., 1992; Davis et al., 
2000). 
The purpose of our research was to select WCR susceptible and tolerant maize varieties 
from domestic ones and to compare the total cHx content of roots of a few, chosen 
WCR resistant and susceptible varieties. 

Material and methods 

Field experiments were carried out during three years (2007–2009) to determine the 
tolerance of hybrids against corn rootworm larval damage, using 24 hybrids. Before 
choosing the locations the corn rootworm egg content and distribution of the singled out 
plots was measured in late winter with egg washing method (Németh et al., 2007). Soil 
samples were taken up to ploughing depth, sampling the plots diagonally, equal distance 
to diagonals, at 10 sampling points/ experimental plot. Such plots were chosen each 
year, where the numbers of the eggs were high in homogenous distribution. In order to 
reveal differences among the hybrids, root damage evaluation according to a modified 
IOWA scale was used. Tolerance of 9 hybrids against corn rootworm damage was also 
recorded in pot trials in 2009. Artificial infestation was used to guarantee high number 
and homogenous distribution of eggs. The eggs were collected with our own method. 
Adults were caught in the previous year with the help of “Csalomon Klpflor +” flower 
scent containing traps. Collected adults were then put into plastic containers, where 
sufficient soil, food and air were provided. About 500 adults with 1:1 sexual ratio were 
introduced into the containers and then placed into climate chambers. The mating and 
the later egg-laying of adults followed under controlled conditions on 26oC temperature 
and L/D = 16/8 photoperiod. Overwintering took place under natural conditions so the 
containers were dig into the soil to the ground level. Mortality of the eggs is generally 
55.63% (Topfer and Kuhlman, 2005). The eggs, needed for the artificial infestation 
were separated by egg washing method, using clear tap water, while the eggs could 
spend maximum 10 minutes under the water. The degree of root damage on different 
hybrids was evaluated according to the node injury scale (Oleson et al., 2005). 
Based on the results of our four investigations, three-three hybrids were chosen which 
showed lower or higher degree of root damage than the average (Table 1.) 
 

Table 1. The chosen maize hybrids and their susceptibility to WCR root damage 

Hybrid PR35F38 Zamora DKC5143 DKC3511 X000 PR38A24 

Susceptibility Susceptible Tolerant  

 
The chosen maize varieties were used for evaluation of cHx content. The cHx content of 
roots of 8 days old plants was measured. At this age the plants are developed enough for 
producing sufficient number of samples for the evaluation. 
Plants were cultivated in a climate chamber on nutrient solution according to Treeby et 
al. (1989) with addition of iron in form of Fe(III)-EDTA in quantity of 10-4 mole/litre. 
The surface of the grains was sterilized with fivefold diluted H2O2 solution. After 
rinsing with abundant distilled water the grains were kept in CaSO4 solution 
(concentration: 10-2 mole/litre) for 4 hours for the better germination. Grains were 
germinated between watered paper-filters placed in vertical direction. The germinated 
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plants were kept in the dark at 24oC for elongation of mesocotyl. After, the plants were 
placed into nutrient solution in a climate chamber, where the environmental factors 
were controlled: light/dark regime 10/14 h at 24/20oC, relative humidity of 65–70% and 
a photosynthetic photon flux of 390mEm-2s-1. 10 pieces of maize plants were placed into 
a 3-litre pot. The nutrient solution was changed every three days and was aerated 
constantly. 
The cHx content of the roots was measured with using the method of Long et al. (1974). 
Photometric measure of ferric complexes of cHx-s was the basis of the determination. 
For the evaluation of experimental data the SPSS statistic programme was used. Data of 
various varieties were compared in couples with t-test and Mann-Whitney test.  
 

Results and discussion 

Results of determination of whole amount of cyclic hidroxamic acid (cHx) content were 
not harmonize to the results of the degree of root damage, which was measured under 
field and greenhouse conditions. There were both susceptible and tolerant hybrids with 
higher and lower hydroxamic acid content (Figure1. and Table 2.). 
There was no difference between the hydroxamic acid content of roots of PR35F38, 
X000 and Zamora hybrids. The cHx content of other hybrids differed from these three 
hybrids and from each other. Differences between hybrids were based mostly on the 
genetic background: higher cHx content was measured in roots of DKC hybrids, while 
PR hybrids had lower cHx content. The probative X000 and Zamora hybrids’ cHx 
content were low in the experiment (Figure 1. and Table 2.). 
 

 
Figure 1. cHx content of susceptible (S) and tolerant (T) varieties (mg/kg fresh weight) 
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Table 2. chx content and average injury rate of the chosen maize hybrids (mg/kg fresh weight) 

Susceptible Tolerant Hybrid / 
susceptibility PR35F38 Zamora DKC5143 DKC3511 X000 PR38A24 
cHx content 77,92 77,08 149,53 97,70 70,50 60,37 

Average injury 
rate 

2,6 
IOWA 

1,96 
node in. 

2,31 
node in. 

1,48 
node in. 

0,12 
node in. 

2,1 
IOWA 

 

Conclusions 

There are differences in tolerance against WCR among maize hybrids. These 
observations are worth using in the practice cultivating tolerant hybrids in most infected 
areas and in cases when monoculture is unavoidable. Thus, examining the tolerance 
between hybrids is crucial and profitable. There are of course several reasons, causing 
the difference in tolerance among hybrids. One of the possible reasons can be the 
variant cHx content. Our studies did not show any correlation between the susceptibility 
and the cyclic hydroxamic acid content of roots. Further research is needed with 
different age of plants and wider sort of varieties to clarify the role of cHx contents in 
tolerance of maize against corn rootworm. 
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RESILENCE IMPROVEMENT OF WINTER WHEAT 
RESISTANCE TO DECREASE THE ENVIRONMENTAL 
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Abstract: Environmentally friendly plant cultivation is an essential component of sustainable farming. The 
most important part of it the selection of the suitable genotype. Utilization of pesticides and chemical 
fertilizers increase the cost of the production, and harmful to the ecological balance. Because of the above 
mentioned, plant breeders aim to produce varieties with good yield capacity, excellent water and nutrient 
utilization and good resistance. 
In our experiment we used Hajdúság which was state registrated in 2003, this variety has excellent yield 
capacity, good quality (gluten 34%, flour quality A1) and good resistant to disease, but it is important to 
improve its resistance to leave rust. Genetic variability of winter wheat has given opportunity for plant 
breeders to select genotypes with better adaptability that could be grown under different environmental 
conditions. Application of plant biotechnology gives opportunity to improve the leaf resistance, while the 
existing agronomic features do not change or only in a small extent. Application of resistant varieties can 
significantly decrease the utilization of pesticides. 

Keywords: ecological resilence, winter wheat (Triticum aestivum L.) leaf rust resistance, in vitro tissue 
culture, genetic transformation. 
 

Introduction 
The leave rust is one of the most important fungal diseases all over the world. In 
Hungary the leave rust regularly appeared (1994, 1995, 1999) and it caused local 
epidemic diseases in 1996 and in 1997 (Szunics and Szunics, 1995; Békési and Violáné, 
1999; Füzi, 2000).  
During leaf rust infection 0-40% yield loss was registered depending on the resistance 
of wheat varieties (Barabás and Matuz, 1983). 
According to sustainable plant production it is a very important question, that what kind 
of resistance can be developed in different plant races by breeders (Stakman and Harrar, 
1957). 
The beginning of the determination of wheat rust races was in Kompolt from 1950, in 
parallel the production of rust resistant wheat varieties was started (Manninger, 2001). 
After Hungary’s integration into the European Union the technological and 
environmental quality became more important, so variety- and landscape specific 
production came to the front (Pepó and Tóth, 1999; Pepó et al., 2003).  
Lots of wheat varieties show significant genotype environment interaction (G x E) on 
yield, especially when we compare different years at relatively stable places (Reynolds 
et al., 2002). 
Examination of genotype environment interaction (G x E) can lead to the identification 
of characteristics, which contribute to the better efficiency of varieties (Yan et Hun, 
2001). 
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Genetic variability of winter wheat has given opportunity for plant breeders to select 
genotypes with better adaptability that could be grown under different environmental 
conditions. 
According to the criteria of average standard deviation the highest average value must 
be connected to the lowest standard deviation. Based on this phenomenon we can expect 
stable yield safety and low yield fluctuation (Hardaker et al., 1997). 
Important task is the achievement of agricultural products for human health as well as 
the apliciation of environment friendly agrotechnics. The Hungarian agriculture can be 
converted into one of the significant component of sustainable farming in the future if 
only it is based on the latest technology (Dudits, 2006).  
The enviroment friendly agriculture should be based on the use of such cultivars which 
do not need the application of pesticides. So far there is no breakthrough to prevent the 
fungus diseases in cereals. The researchers use more offen the tools of biotechnology 
including genetic transformation. 
Our strategy is the introduction of the Cmg1 gene (Giczey, 2001) into the wheat genom 
by the biolistic method (Jenes, 1996) to increase the fungus resistance of Hajdúság 
registered Hungarian cultivar. 
 

Materials and methods 

We examined yield capacity and yield stability of different winter wheat varieties in 
comparison with standards in 2006-2008. These wheat varieties were the following: HP 
83-00, HP 282-00 which are released and Hajdúság, HP Pusztaszél (HP 306-00) are 
registered varieties. Weather was average in 2006, while 2007 was dry and 2008 was 
more humid. In our experiment we used Hajdúság which was state registered in 2003, 
which had excellent yield capacity, good quality (gluten 34% or more, flour quality A1, 
based on Central Agricultural Office data) and good disease resistance, but it is 
important to improve its tolerance to leave rust. We analysed the yield capacity and 
yield stability of winter wheat by average-variance criteria. In our project we applied 
pRubiCmg plasmid to induce leave rust resistance. Data had been worked out by SPSS 
/Statistical Package for Social Sciences/ and Excel program. 

 

Results and discussion 

According to our results the Hajdúság has the best adaptability values, because it has the 
greatest average yield (6.86 t/ha) and the least deviation (0.48), so this variety has an 
excellent yield stability (Figure 1.). 
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Figure 1. Yield average of different wheat varieties with deviation in comperison with standard 

varieties (2006-2008). (1): yield average [t/ha]; (2): deviation 

 
 

 
Figure 2. Production of transgenic winter wheat 

 
Cmg1gene (Giczey, 2001) expression was controlled by ribulose-1,5-bisphosphate 
carboxylase/oxygenase (RuBisCo) small-subunit gene promoters in the Hajduság 
variety. 1,5-bisphosphate carboxylase/oxygenase (RuBisCo) is a green tissue 
specific regulator sequence of wheat. According to our results we can conclude that 
the Hajdúság variety did not react to the applied tissue culture method as 
successfully as other winter wheat varieties, so currently we are working to improve 
the regeneration conditions. If we put the resistance gene directly into the genome, 
we can improve the plant resistance without changing any other plant attributes 
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(Figure 2.). In the future we are going to modify the medium component for better 
callus culture development. We will change hormone ratios and we will add copper 
and microelements to improve plant shoot induction. Some calluses became infected 
in Petri dishes. We try to transform the Hajdúság winter wheat variety with 
resistance gene by biotechnological- and conventional breeding methods. Back-
crosses are made with transgenic spring wheat (CY45) under greenhouse conditions. 
However production of transgenic winter wheat (Hajdúság) takes more time 
(approximately 3.5 years) with conventional breeding than biotechnological 
methods, but there are plenty of novel opportunities in the conventional breeding. 
 

Conclusions 

Transgenic plants do not need chemical control, because there are genetically 
determinated to protect themselves against diseases. This results not only in to decrease 
of production, but it helps to produce better quality foods, in which there are not 
chemicals, furthermore will decrease the utilization of pesticides. 
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Abstract: The weed stands are ineludible components of agro-ecosystems, influencing e.g. the ecophysiology 
and production of cultivated plants. Their resilience to different, even extreme water regimes could affect the 
spatial and temporal pattern of the whole agro-ecosystem. The main goal of this research was to investigate 
the affects of different amount of available water on the adaptation success of two weed species 
(Chenopodium album, Amaranthus retroflexus) characterizizing different photosynthetic types. In order to 
achieve this ex situ manipulative experiments were carried out in the Botanical Garden of SZIU. Irrigated and 
partially precipitation excluded plots were established beside the control stands in both taxa. Manipulation 
experiments have simulated the predicted climatic extremes on weed species representing different plant 
functional groups. Shoot number, stand height and above and below ground primer production were measured 
frequently, while the meteorological parameters were continuously recorded (PAR, Tair, Tsoil, SWC). 
Considerable or even significant (e.g. at biomass, shoot number) differences were found between control and 
manipulated stands. Good correlations were found between precipitation and shoot number, mean height of 
shoot and biomass during the full development of the stands. 

Keywords: weed biomass production, drought stress, 

 

Introduction  

The weed stands are ineludible components of agro-ecosystems, influencing e.g. the 
ecophysiology and production of cultivated plants (Canner et al., 2009). Their resilience 
to different, even extreme water regimes could affect the spatial and temporal pattern of 
the whole agro-ecosystem. There are recently very few available studies about the 
resilience of weed taxa to different water regimes, and to the changing climate. We 
choose two in Middle Europe wide distributed weed taxa, Chenopodium album and 
Amaranthus retroflexus (Lososová et al., 2006). These taxa represent different 
photosynthetic types, witch predestinates different water use efficiency as well (El-
Sharkawy, 2009; Niu et al., 2005). We have created monodominant stands to examine 
the taxon specific adaptation differences and characteristics to the manipulation 
(Borjigidai et al. 2008). Manipulation experiments have simulated the predicted climatic 
extremes (+/- 50% precipitation level). Parallel the meteorological measurements we 
have recorded the shoot number, stand height and above and below ground. 

Materials and methods  

Study site: The trial was carried out in the Botanical Garden of Szent István University, 
Gödöllı, Hungary (19°14’E, 47°25’N, 250m altitude). Mean annual rainfall is 500. 
Mean temperature is 10,5°C.  
Manipulative experiments: A split plot design with three replications was used. The 
area of each plot was 1m2 (1x1 m). Beside the control stands irrigated and partly water 
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excluded plots were established in 3 repetitions. Manipulation experiments have 
covered the entire vegetation period.  
Irrigation: We used rain-like surface irrigation twice a week in 5mm dosages. The 
intensity was adapted to the water absorbtion capacity of the soil.  
Partly water exclusion: We put light permeable film every second week over the stands. 
The film covered the weeds only from above, to minimalise the disturbance of natural 
air movement and gas exchange.   
Meteorological tests: Meteorological tests related to this research can be categorized to 
continuous and periodic measurements. The continuous measurements were performed 
by the sensors and automated data recorder of the HOBO (MicroStation, Onset, 
Massachusetts, USA) micrometeorological station. The instrument was installed next to 
the tested spots which was functioning 24 hours a day (with sampling frequency of 5-
minute intervals) thereby providing the meteorological data series for the entire 
vegetation period of the weed species. The automated station records the actual 
photosynthetically active radiation (at 40 cm height), soil temperature and soul moisture 
in 5-minute intervals both in the control and manipulated spots (both in the depth of 5 
cm). The soil moisture measuring sensors were placed in the Amaranthus retroflexus 
environment. One was installed in the control environment during the entire testing 
cycle while the other was placed in one of the watered environment of pigweed from 12 
March to 1 July 2008 and then in one of the moisture excluding spot of this area. 
We planned to measure the soil moisture in all spots and at all measuring times by 
portable soil moisture measuring device but unfortunately it could not be carried out due 
to the failure of the measuring instrument. For precise evaluation of CO2-flux data the 
photosynthetically active radiation (PAR) and air temperature are being measured 
periodically directly in the tested environment and soil spots by using infrared gas 
analyzers /CIRAS-2 (PP Systems, Hitchin, UK); LiCor-6400 (Lincoln, Nebrasca, USA)/ 
and manual Ceptometer (Decagon, Washington, USA) 
The moisture was measured by ARG 100 moisture measuring device placed at the 
ground level and the registered data were stored by a CR21X automated data recorder. 
Phenological tests: Phenological sampling was performed every week. In the tested 
spots we measured the number of plants and new germs. In phonological tests we 
recorded the actual phenol-phase (presence of flowers, fruits) as well as registered the 
variations occurring upon the effect of different treatments. In all the tested spots we 
measured the maximum and mean height of the plants every week. 10 representative 
stocks were selected from each spot as well as the highest plant from each environment, 
and its height was measured.  
Biomass tests: For the biomass tests the samples were taken from plants outside the 
tested spots and the individual plants were consistent with the development status 
(phonological phase) of the environment. During sampling we ensured to collect the full 
underground biomass (plants, storing and propagating structures) and to remove all 
possible impurities. From the biomass of tested species located above the ground (shoot 
+ reproductive structures) we took 3 samples for each species and treatment and we 
collected the entire plants. We measured the fresh mass of the structure below and 
above the ground separately and we packed them to paper bags. The collected samples 
were dried until air-dryness (constant mass) by placing into a drying cabinet at 80oC for 
at least 48 hours.  
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The above ground biomass (AGB) and the below ground biomass (BGB) were 
calculated by using the actual number of stocks and plot size and projecting to a square 
metre surface (this calculation was also compared to the values of the nearly complete 
biomass cut in September). Statistical evaluation and presentation: On the figures we 
always show the significant relationships only, indicating the power of correlation. In 
each case we fit the significant relationship having the greatest power to the data. 
Regression values were calculated by SigmaPlot 8.0 program. In case of time datasets 
the significance level of correlation values, the effects of each manipulation experiments 
and the differences between taxons were checked by T-test. The variation shown in the 
figures are standard deviation (SD) values. Figures were made by SigmaPlot 8.0 
program. 

Results and discussion  

For mean shoot height the 3-parametric sigmoid regression had the greatest power 
(P<0,001) in case of the treated and control environment of both species. Irrespectively 
of the treatments both species had similar dynamics (Figure 2). When complete 
development was achieved the order of mean height of plants reflected the moisture 
supply. The effect of partial moisture exclusion was shown more in the taxon C3 
compared to the weed C4. On the effect of watering greater increase in the mean height 
was observed in the Amaranthus retroflexus environments compared to the 
Chenopodium album spots and control. The growth diagram of pigweed – despite the 
later germination – flattened earlier compared to white goosefoot, i.e. the spots of 
pigweed achieved the maximum height earlier. When the maximum level of mean 
height of spot is reached despite the manipulation experiment there was a difference 
between the spots of the two species which was similar to but more expressed than the 
number of plants. The mean height of all shoots of Chenopodium album exceeded that 
of the weed C4 in all measuring time. There were significant differences between the 
treatments in both species (Figure 1). The biomass changed as it was expected in the 
function of the available soil moisture. Unlike by grasses (Greco and Cavagnaro 2002) 
the effect of different moisture quantities showed the same tendency both for AGB and 
BGB. The biomass reduction in the environment of species C4 with partial moisture 
exclusion was higher (53.5%) than in the taxon C3 (46.6%) which is inconsistent with 
the observations of Ward et al.(1999). The mass of biomass above the ground 
significantly exceeded that of the biomass under the ground for each species and 
treatment. For both taxa the environments with partial moisture exclusion had the 
lowest AGB/BGB ratio (Ama ret: 7.32; Che alb 6.97). From the Amaranthus retroflexus 
environments the control had the lowest variation. In the Chenopodium album 
environment SD increased with the increase of biomass. In case of weed species C3 the 
biomass of the control environment was significantly different from that of the 
environment with partial moisture exclusion (P<0.05). In the latter species unlike the 
mean environment height the control and watered spot were more different based on the 
biomass. 
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Figure 1. The influence of manipulation  
on biomass 

Figure 2. The influence of manipulation on mean 
shoot number 

Conclusions  

Despite the two species belong to different plant function groups both investigated taxa 
can be characterized with sigmoid growing curve. As a result of the manipulative 
experiments, we experienced, that the shoot number, mean shoot height and biomass 
production harmonised with the water regimes in the stands of both weed species. 
Partial water exclusion reduced biomass with 53,5% in Amaranthus retroflexus stands, 
and with 46,6% in the stand of Chenopodium album. Irrigation raised biomass 
production with 51% by white goosefoot, and with only 29,3% in redroot pigweed 
stands.  
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Abstract: Succession processes of a phytocoenosis depend on the management practices applied to the 
agricultural site prior to abandonment. After that, natural or quasi-natural associations provide chance for 
vegetation resilience in such areas. The aim of our examination was to follow up the changes of a planted 
grassland phytocoenosis after the quit of intensive management. Processes of succession on an area used for a 
nutrient supply experiment finished four years ago have been examined. Degree of advancement of the 
changes have been evaluated by processes of botanical diversity and on the basis of ecological value numbers 
of the plant association. The results show that the effects of intensive fertilization and management still 
remain after four years in the vegetation. But secondary succession has been started in the abandonment plots, 
however this process proved to be slower due to the post effects of the previous intensive management. 

Keywords: resilience, grassland, secondary succession, cultivation abandonment 

 

Introduction 

Grasslands are important as a feed source for livestock, as a habitat for wildlife, for 
environmental protection and for the in situ conservation of plant genetic resources. 
Today conservationists are keen to protect the remaining grasslands because they are 
home to many uncommon species. Therefore examine the resilience of grasslands is 
very important for the nature conversation (Suttie et al., 2005). 
The intensive management cause lots of changes in grasslands. We can affect the rate of 
plant species or facies, dosing these substances (Kádár et al., 2007). According to 
Szemán (2007), the number of grass species increases when nitrogen fertilizers are 
applied. According to Bánszki (1991), nitrogen fertilizers promote the propagation of 
Dactylis glomerata L. and Bromus inermis Leyss., as these species prefer nitrogen. The 
use of large dose fertilizers results in a major decrease in the number of grassland 
species (Harcsa, 2009). It has also been observed that leguminous species disappear 
from grasslands after large doses of nitrogen (100 kgha-1) are applied (Bánszki 1991, 
Szemán 2007). Potassium and phosphorous provide favourable conditions for the 
spreading and survival of leguminous species (Szemán 2007; Barcsák 1978, 2004). Also 
the lack of fertilizing may cause changes in the plant association. The value of the 
changes depends on the management type of used and the aim of reserving (Szemán 
2007b; Tasi 2007, Harcsa et al. 2008). We can conclude that the level of nutrient supply 
can modify the proportions of different grassland components in the grassland 
composition (Tasi, 2007; Kulin et al. 2008). According to Bánszki (1991) in case of 
major changes in the nutrient level, the type of grasslands can also undergo 
transformation.  
But abandonment of intensive grassland management, grasslands should regenerate.  
There are a number of ecological systems for the characterization of the plant 
associations, e.g. estimator table of Simon (1994), and ecological value of Borhidi 
(1993, 1995), or Grime (1979). For using these values and systems we should define the 
naturality of an area after abandonment the intensive management.  
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The aim of the examination was to follow up the changes of a planted grassland 
phytocoenosis after stopping intensive management. 

 

Materials and methods  

The experiments were conducted at the experimental field of the Gabonakutató 
Nonprofit Közhasznú Kft. in Zsombó, Hungary. We examined the process of succession 
on an abandoned experiment area used for a nutrient supply experiment (2001-2005). 
Since end of the nutrient supply experiment the area was reserved with mowing. The 
seed mixture was the following: Lolium perenne L., Festuca rubra L., Bromus inermis 
Leyss., Agropyron cristatum (L.) Gaertn., Phalaris arundinacea L., Poa pratensis L. 
Plots got different fertilizer doses: 1. unattended, 2. N100, 3. N150, 4. N100+50, 5. P40, 6. 
P80, 7. N100P40, 8. N100P80, 9. N150P40, 10. N150P80, 11. N100+50P40, 12. N100+50P80 (kg ha

-1
). 

The experiment was finished in 2005, since that time the grassland is mowed once a 
year. We conducted botanical analysis on 1x1 m quadrate plots (12 plots x 2 repeats) 4 
years after the abandonment. The natural pasture where no fertilizers were applied was 
used as a control area. The botanical survey was carried out through Braun-Blanquet 
(1951) method. 

 

Results and discussion 

Table 1 shows cover rates of the plant species identified in the plots. Species planted for 
the original nutrient experiment have already disappeared from the area in 4 years. The 
effects of the large-dose fertilizers is also visible for the distribution of the different 
plots for four years after. The leader components in the recent vegetation are the 
following: Plantago lanceolata L., Trifolium pretense L., Cynodon dactylon /L./ Pers., 
Medicago lupulina L..  
According to the ecological value (of Borhidi) of these plants (Table 2), it is 
demonstrable, that the trace of nitrogen fertilizer is even in the soil, but rate of its, 
decreased. The NB 4 and 5 values of these plants refer to this. Numbers of species are 
between 14 and 18 (in the average of repeats). Taken the species list with the vegetation 
of the natural grassland near the experiment (control plot), it is visible, that almost the 
same species appeared in the seeded grassland. Except Galium verum and Achillea 
collina, which are in the natural grasslands, but not appear in the experiment plots.  

Conclusions 

The conclusion of the botanical survey is that the effects of intensive fertilization and 
management still remain after four years in the vegetation. But it is visible that secunder 
succession has been started in the abandonment plots, however this process proved to be 
slower due to the post effects of the previous intensive management. 
According to the appeared weeds, we suggest that grasslands, like this (abandonment 
after intensive management), demand more weed-clearing and reseeding. Because 
seeded grass-species, without any treatment, may disappear from the association. 
Leguminous and weed species took over the function of the leader plants. In case of the 
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experiment area will not getting appropriate treatment, it may causes large-scale 
degradation. However reseeding components of grassland (leader-plant reseeding) is 
recruits rates of association. 
 

Table 1. Cover rates (in %) of the species /in average of replications/ 

Fertilizers: ControlUnattended N100 N150 N100+50 P40 P80 
N100 

P40 

N100 

P80 

N150 

P40 

N150 

P80 

N100+50

P40 

N100+50

P80 

Species  Cover rates (%) 

Achillea collina 1,5 0 0 0 0 0 0 0 0 0 0 0 0 

Arrhenatherum elatius 5,5 0 1,5 1 0,5 0 0 0 0 1 0 0 0 

Cichorium intybus 1 1 1,5 1,5 1,5 1 1,5 2 1 0,5 1 1 1 

Cirsium arvense 0 4 2,5 12,5 1,5 1 5 3,5 0,5 1,5 3 2 2 

Convolvulus arvensis 1,5 1 0,5 1 1 0,5 1,5 1 1 0,5 0,5 1 0,5 

Cynodon dactylon 0 14 15 10 15 10 12,5 10 4 5 5 22,5 5 

Dactylis glomerata 7,5 2 4 6,5 4 4 10 4 3,5 3 4 2 3 

Daucus carota 0,5 2,5 2,5 0,5 2 1,5 6 2 2 2 0,5 2 1,5 

Elymus repens 1 6,5 7 20 2,5 2,5 13,5 2,5 3,5 2 1 2,5 2,5 

Festuca arundinacea 2,5 4 2,5 2,5 0 0 0 0 0 0 0 1 0 

Festuca pseudovina 0 0 0 0 0,5 0 0 0 0 0 0 0 0 

Fragmites australis 7,5 2,5 2,5 0 1,5 3 0 3,5 4 1 0 2,5 0,5 

Gallium verum 2,5 0 0 0 0 0 0 0 0 0 0 0 0 

Lotus tenuis 15 2,5 5 0 4 3,5 1 6 4 4 2,5 7 3,5 

Medicago lupulina 3 10 7,5 1 10 3,5 3,5 6,5 22,5 10 7,5 8,5 25 

Picris hieracioides 0,5 3,5 3 1,5 3 2,5 4 4 4 3,5 2,5 3 3,5 

Plantago lanceolata 4 10 10 6,5 15 6,5 7,5 17,511,522,5 20 17,5 17,5 

Poa angustifolia 12,5 5 4,5 2 4 5 3,5 4 4 3 3 2,5 3,5 

Podospermum canum 0 0 0 0 0 0 0 0 0,5 0 0 0 0 

Potentilla reptans 0 1 0,5 1,5 0 0,5 0,5 0 0 0 0 0 0 

Ranunculus acris 1,5 1,5 2 0 0,5 0 0,5 0,5 0 0 0 0,5 0,5 

Silene spp. 0 0 1 1 0,5 0 0,5 0,5 0,5 1 0,5 0,5 1,5 

Taraxacum officinale 1 2 2,5 3 1,5 1,5 2,5 1,5 2 2,5 0,5 2 2,5 

Tetragonolobus maritimus 0 1,5 1 0 2,5 0 1 2,5 0 2 2 1 1,5 

Trifolium pratense 3,5 10 10 1,5 12,5 22,512,512,5 15 14 17,5 12,5 7,5 

Trifolium repens 0 0 0 0 0 0 0 0 0 2 0 0 0 

Trifolium fragiferum 0 2,5 2,5 0 0 5 2,5 0 5 0 4 1 0 

Verbena officinalis 0,5 0 0 0,5 0,5 1 0 0 0 0,5 1 0 0,5 

Number of species 0 18 17,5 14 17,5 15,515,516,5 16 16 14 17 16 
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Table 2. Ecological values of the leader plants 
 

Genus Species Auctor SBT Val TB WB RB NB LB KB SB Coenolb 

Plantago lanceolata L. Dt 2 5 4 6 5 7 3 0 Indiff. 

Trifolium pratense L. Dt 2 5 6 6 5 7 3 0 Indiff. 

Cynodon dactylon /L./Pers. Rc -2 7 3 7 5 8 3 1 Indiff. 

Medicago lupulina L. Dt 2 5 5 8 4 7 4 1 Indiff. 

 
Authors will continue work in theme resilience. The aim of our experiment to describe 
vegetation changes of grasslands after using different management systems and 
different fertilizers, considering the number and rates of species.  
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Abstract: Aim of the research was to asses the pea rhizobia resilience in two soils of east Croatia by means of 
detecting nodulation induced by indigenous rhizobia and comparing it with nodulation induced by commercial 
rhizobia strains. Nodules induced by indigenous strains were found as well as ones induced by commercial 
strains. Inoculation measure has raised nodules initiation in early terms in slightly alkaline soil and nodule 
counts in both investigated soils in the final term. Indigenous rhizobia have caused the faster nodules growth 
and coloring. Nodulation was delayed in acid soil but the nodules dryweight was higher in the same soil. 

Keywords: pea, soil, rhizobia, nodulation, resilience 

 

Introduction 

Symbiotic nitrogen fixation is important from economic and environmental point of 
view (Peoples and Craswell, 1992). It depends on the interaction of symbionts (host 
plants and nodulating rhizobia) with pedoclimatic factors and environmental conditions 
(Bordelau and Prévost, 1994). Higher soil organic matter and clay content and organic 
fertilization aid the rhizobia persistence in soil (Zengeni et al., 2006). Extremes of pH 
affect nodulation by reducing the colonization of soil and the legume rhizosphere by 
rhizobia (Bordelau and Prévost, 1994). Nitrogen fertilization reduces the nodulation of 
pea roots (Achakzai, 2007). Some agrochemicals including organochlorine pesticides 
inhibit or delay recruitment of rhizobia to host plant and decrease the nodulation and 
nitrogenase activity (Fox et al., 2007). Certain herbicides applied to pea crop have 
decreased the nodulation of pea roots (Singh and Wright, 2006). Soil organic matter 
decomposition, soil acidification, excessive pesticides and mineral fertilizers 
application, and lack of organic fertilization are attributes of conventional and intensive 
agriculture. Aim of the research is to assess were the indigenous rhizobia resilient to 
disturbances caused by common agronomy practices in two soils of east Croatia. 
 

Materials and methods 

Resilience of indigenous rhizobia was assessed by detecting pea root nodulation caused 
by indigenous rhizobia, and by comparing this nodulation with nodulation induced by 
commercial rhizobia strains. Experiment was conducted in pots (capacity of 15 liters of 
soil) in a greenhouse in Osijek (N 45°33’04’’, E 18°41’38’’), Croatia, in RBD design 
with 3 replicates. Pots were filled with two different and broadly distributed soil types 
(Table 1): eutric cambisol (of Osijek), slightly alkaline, and stagnic podzoluvisol (of 
Krndija, N 45°27’1’’, E 18°41’38’’), acid soil. Soil samples for investigation were taken 
from paddocks of arable land with long history of cultivation under conventional tillage 
and fertilization (common use of mineral fertilizers and very rare organic ones), 
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conventional plant protection practices and common crop rotation with prevailing 
cereals. Rhizobia sp. were never introduced by man to these paddocks. Seeds of field 
pea (Pisum sativum L. var. arvense, convar. Letin, winter forage type) were seeded into 
pots on 19th August 2008. Prior to the seeding, the seeds were treated with 3 commercial 
strains of rhizobia (Rhizobium leguminosarum bv. Vicie, abbr. R.l.v.), separately with 
strain 320, 321 and 322, all of the Institute of Soil Science (Belgrade, Serbia), plus 
control without inoculation. Nodules observation and counting on pea roots were done 
in 3 terms: 12 (1st), 20 (2nd) and 47 (3rd) days after pea emergence. Nodules were 
weighed in the 3rd term only. Analysis of variance was performed using SAS software. 
 

Table 1. Properties of soils used in experiment 

Soil of locality pH (H2O) pH (KCl) Humus % Al-P2O5 % Al-K2O %  Total N % 

Osijek 7.91 7.33 2.15 23.8 20.7 0.15 
Krndija 5.29 4.45 2.21 10.4 13.4 0.14 

 

Results and discussion 

Nodules were observed in the control as well as in all the treatmens (Table 2). This 
supports the findings of Mutch and Young (2004) that pea rhizobia are ubiquitous in 
European arable soils and have probably originated on wild hosts of R.l.v., i.e. Vicia 
and Lathyrus sp. Also, this supports the hypothesis that common agricultural practices 
did not eliminate pea nodulating rhizobia of investigated soils. Nodule coloration 
appeared in the 2nd term but in the 3rd term all the nodules were reddish. 
 
Table 2. Averages of the total number of observable nodules per root in all the variants (nodule inceptions in 

the 1st term, smaller plus bigger developing nodules in the 2nd term, and developed nodules in the 3rd term) and 
inoculation treatments averaged (Avg.Inoc.) 

Term Soil Control Strain 320 Strain 321 Strain 322 Average  Avg.Inoc. 

Osijek 9.33 16.76 18.44 21.30 16.46 18.83 
Krndija 4.61 3.40 3.72 0.92 3.16 2.68 1st 

 Average 6.97 10.10 11.10 11.10 9.82 10.77 

Osijek 29.16 19.66 31.93 30.22 27.74 27.27 

Krndija 17.47 5.54 6.62 7.18 9.20 6.45 2nd 
 Average 23.31 12.60 19.28 18.70 18.47 16.86 

Osijek 45.42 56.33 66.68 56.04 56.12 59.69 

Krndija 40.58 61.61 41.59 64.56 52.09 55.92 3rd 
 Average 43.00 58.97 54.13 60.31 54.10 57.80 

LSD α = 0.05 α = 0.01  
Term 2.92 3.90  

Soil 2.38 3.18  
Inoculation strain 3.37 4.50  

Term × Soil 4.13 5.51  
Term × Inoculation strain 5.84 7.79  

Soil × Inoculation strain 4.77 6.36  
Term × Soil × Inoculation strain 8.26 11.02  
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Regarding the nodulae abundance on pea roots, there were significantly less nodules in 
acid soil of Krndija compared to the slightly alkaline soil of Osijek at the 1st (3.16 vs. 
16.46) and 2nd term (9.20 vs. 27.74) but this has been altered to insignificant difference 
between two soil types in the 3rd term (52.09 vs. 56.12). Inoculation treatments have 
significantly raised the average nodule inceptions per root at the 1st term in soil of 
Osijek (18.83 vs. 9.33), but in acid soil of Krndija inoculation had no significant effect 
(2.68 vs. 4.61). In the 2nd term, there were observed 3 classes of nodules: smaller than 
1mm in diameter, greater than 1mm, and reddish colored of greater ones (Table 3). 
 

Table 3. Averages of smaller nodules (<1mm in diameter), bigger nodules (>1mm in diameter) and reddish 
nodules (>1mm in diameter) per pea root 

Soil Control Strain 320 Strain 321 Strain 322 Average  

 Smaller nodules (<1mm) 
Osijek 13.18 11.48 25.27 25.72 18.91 
Krndija 13.69 5.15 6.22 7.18 8.20 
Average 13.43 8.32 15.75 16.72 13.55 

LSD Soil Inoculation Soil × Inoculation  
α = 0.05 2.355 3.330 4.710  
α = 0.01 3.279 4.638 6.559  

 Bigger nodules (>1mm) 
Osijek 15.98 8.18 6.67 4.50 8.83 
Krndija 3.78 0.39 0.40 0.00 1.14 
Average 9.88 4.28 3.53 2.25 4.99 

LSD Soil Inoculation Soil × Inoculation  

α = 0.05 2.195 3.105 4.391  
α = 0.01 3.057 4.323 6.114  

 Reddish nodules (>1mm) 

Osijek 15.98 6.31 1.97 3.22 6.87 
Krndija 1.67 0.00 0.07 0.00 0.43 
Average 8.82 3.16 1.02 1.61 3.65 

LSD Soil Inoculation Soil × Inoculation  
α = 0.05 1.952 2.760 3.904  

α = 0.01 2.718 3.844 5.436  

 
The grater number of small nodules in inoculated variants (strain 321 and 322 had 25 in 
average vs. 13 in control) at the 2nd term in slightly alkaline soil hints to the greater 
nodule initiation when inoculant was applied, similarly as in the 1st term. The grater 
number of big (15.98 vs. 4.50 to 8.18), especially reddish (15.98 vs. 1.97 to 6.31) 
nodules in the control compared to inoculation treatments shows the faster development 
of nodules induced by indigenous rhizobia. Inoculation treatments did not significantly 
affect the nodules dryweight per root in the 3rd term (Table 4). Inoculation measure was 
associated with higher nodule counts both in acid and slightly alkaline soil in the 3rd 
term compared to control (Table 2) but the nodules dryweight per root was not 
significantly affected by inoculation (Table 4). Despite the nodules initiation and 
development were delayed in the acid soil, the nodules dryweight was greater in acid 
soil (20.92 mg vs. 17.17 mg) compared to slightly alkaline soil in the 3rd term. 
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Table 4. Averages of nodules dryweight per root (in mg) 

Soil Control Strain 320 Strain 321 Strain 322 Average  
Osijek 17.00 15.67 21.00 15.00 17.17 

Krndija 20.33 23.33 16.67 23.33 20.92 
Average 18.67 19.50 18.83 19.17 19.04 

LSD Soil Inoculation Soil × Inoculation  

α = 0.05 3.275 4.632 6.550  
α = 0.01 4.561 6.450 9.121  

 

Conclusions 

Research has shown that indigenous pea rhizobia were resilient to common agronomy 
practices in east Croatia in their capacity to nodulate pea roots. Moreover they were 
capable of inducing faster nodule growth and coloration when compared to commercial 
strains. Inoculation measure has raised the nodules initiation in earlier terms in the 
slightly alkaline soil and has caused the higher nodule counts both in acid and slightly 
alkaline soil in the final counting but it did not significantly affect the average nodules 
dryweight per root at the final term. Nodules development was delayed in acid soil but 
in the final term the average nodules dryweight per root was higher there compared to 
slightly alkaline soil. 
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RESILIENCE OF PHENOLOGICAL STAGES OF SUNFLOWER 
HYBRIDS IN DIFFERENT CROPYEARS  

László ZSOMBIK 

University of Debrecen Centre of Agriculture Sciencies Institute of Plant Sciences 

Abstracts: During our research between 2000 and 2008, we examined the changes in the emergence date and 
the vegetation period and the time of blooming of sunflower hybrids in different cropyears at different (early, 
optimal, and late) sowing dates on the loess area on the region of Hajdúság. In the case of the earlier sowing 
time than the optimal, the emergence and the early growth were influenced considerably by the air 
temperature of middle and the end of April, and the precipitation in the first decade of April. In the case of 
sowing date at the middle of April, the most important factors affecting the date of emergence were the soil 
and the air temperatures. At a late sowing date, the meteorological factors had a less definite effect on the date 
of emergence. The meteorological factors had a considerable effect on the number of days before blooming 
only when sowing was late, meaning that meteorological factors have a significant effect on vegetative growth 
at a sowing time later than the optimal. 

Keywords: sunflower, sowing date, emergence, blooming period 

 
Introduction 
Beard and Geng (1982) determined with principal component and path analysis that the 
hybrids with different phenotypes and genotypes react to the different sowing times 
similarly. In the case of an earlier sowing time than the optimal, the vegetation period of 
hybrids is shorter by 4-7 days, but in the case of a later sowing time, there is no 
difference during the vegetation period (Belevtsev et al., 1991). In the examinations of 
Bilteanu et al. (1986) there was a negative correlation between the number of day until 
emergence and the temperature of soil and air at sowing. The optimal sowing time was 
determined as between 15 March and 20 April under Romanian conditions. According 
to Encseva and Klocskov (1984), the earlier sowing time resulted in a 6-12 days earlier 
blooming compared to the optimal sowing date, also the ripening of the sunflower seed 
was faster in the case of an early sowing. Belevtsev et al. (1990) examined sunflower 
hybrids were sowed in 4-16 0C soil and experienced that the vegetation period increased 
by 3-6 days, but in the case of 10-12 0C soil the vegetation period was prolonged by 7-
12 days.  

 
Material and methods 
The experiment was carried out in calcareous chernozem soil in the loess area of 
Hajdúság between 2000 and 2008. The field experiment was carried out in four 
repetitions, in a randomized block design. We have tested the effect of an earlier sowing 
time (end of March), the optimal (middle of April) and a later sowing time (beginning 
of May) than the optimal, we applied 55 000 plants ha-1 plant density, with different 
sunflower hybrids. We defined the effect of weather parameters per decade on the 
number of days before blooming and emergence date with Pearson correlation analysis.  
 
Results and Discussion 
In 2000 in early sowing time we measured shorter emergence times (11-13 days), what 
is favourable temperature one and for precipitation relations due. The hybrid ones 
produced uniform emergence in the average (middle of April) sowing time. The 

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 01/16/22 02:06 PM UTC



Vol. 59, 2010, Suppl. Növénytermelés 

 

474 

emergence time of the hybrid ones changed between 6-8 days in this sowing time. 
Bigger scattering appears between the hybrid ones in the concern of the late sowing 
time, concerning the largest values at this the sowing time we experienced it. The 
shortest emergence time was at the examined in average sowing time (middle of April). 
The emergence relations developed peculiarly in the 2001. In early sowing time 
relatively long (15-18 days) emergence times we measured, caused by the decreased of 
the temperature. In average sowing time we experienced longer emergence dragging 
caused the cool air and soil temperature. The temperature defined the emrgence of 
substances sowed in the early and average sowing time in this cropyear primarily. This 
it proves that late sowing time the hybrids ones uniform and quick (6-7 days) 
emergences was produced, a considerable difference did not visible between the 
hybrids. In 2002 we registered 7-11 days emergence times in the average sowing time. 
The weather conditions developed similarly on the end of April and the early May to the 
middle of April, the emergence time was between 8-10 days in the late sowing time. In 
2003 the relatively late one springing be coming the temperature of the soil was getting 
warm in the sowing depth late permanently towards 10 oC. These climatic relations 
caused the emergence time of the sunflower to have been over the 25 days in the earliest 
sowing time. The emergence time changed between 10-15 days, which are bigger 
slightly, in the average sowing time. The sowing done in late sowing time the 
emergence was uniform and fast.  We registered emergence time between 13-18 days in 
the early sowing time in 2004. The reason of this primarily it to be been looking for, 
that the soil temperature came short of 10 oC until long-more lasting time in the period 
following the sowing. The April wet and relatively cool weather reigned in sowing time 
in the middle of April, the hybrid ones produced uniform emergence (12 days in 
average). In 2008 8-18 days we experienced emergence times, which one considerable  
shortened with the sowing time being shifted on to later one. The longest emergence 
time arose in the earliest sowing time (14-18 days), this turned into uniform one in the 
average sowing time (11-12 days), while the late sowing time shortened longer on his 
case (9-12 days) in the case of the examined hybrid ones. The more year one based on 
examinations we examined in early sowing time the longest one is the emergence (11-
25 days). In the average the sowing time is shorter, with 6-18 days interval. The late 
sowing time the emergence time shortens (averagely 8 days), in 4-13 days interval.  
In our examinations the blooming time of the hybrids ones changed between 15-19 days 
in 2000 in early sowing time. The average sowing time one of the hybrid ones showed 
the other one two sowing times longer blooming time. The majority of the hybrid ones 
was with long blooming time in late sowing(18-22 days). The sowing times has a 
considerable effect on the time of the blooming on the hybrid ones in the 2001 year. The 
largest one was the average blooming time of the different sowing times in the case of 
the average sowing time (19 days), compared to this the late sowing time the average 
time of the blooming shortened with 4 days. The reaction of the blooming time of the 
hybrid ones paid attention to sowing time tendentiously in the 2002. The longest 
blooming times in early sowing we experienced it (19-20 days), the blooming time of 
the hybrid ones rejected in the average time was shorter with 3 days averagely at this, 
while 1-5 days proved to be shorter at this – without an exception – the blooming time 
experienced in the late sowing time. The weather reigning in the period of the blooming 
in the 2003. year was favourable. The examined hybrids ones showed longest blooming 
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time in the early sowing time (17 days), the blooming time experienced in the average 
sowing time was shorter at this (averagely 14 days), while he was shortest (11 days) in 
the late sowing time. In 2004, longest blooming times – averagely 22 days – the early 
sowing we experienced it. The values of the hybrids ones and relative one were 
scattered around 19 days in the average sowing time. This the unifom already 
uncharacteristic the late sowing, we experienced the shortest blooming time in this 
sowing time in all cases.The blooming time of the hybrid ones did not show a big 
difference in 2008 (17-21 days) and in case of average sowing time (17-20 days), the 
time of the generative phase shortened significantly in case of late sowing time (12-19 
days). In average of evamined years the blooming time smaller differences arose 
between the different sowing times. In early sowing time was the longer blooming 
period (15-24 days), in average sowing time this value was 12-23 days, while the late 
sowing time this value was 10-22 days in our experiments. 
Among weather parameters, the high temperature of the second and third decades in 
April and the higher precipitation of the first decade in April had a significant effect on 
the shorter emergence time at the earliest sowing time, at these factors we obtained a 
close correlation value (over 0.7) at 1% significance level. We calculated high 
correlation value (0.600-0.924) between soil temperatures and emergence time in the 
second half of April and in the beginning of May. Regarding the precipitation, there was 
a high correlation value between the quantity of precipitation at the end of April and the 
long of emergence time, however the long of emergence period increased proportionally 
with the precipitation. In the case of a later sowing time, we did not experience a 
significant effect for any weather parameters, but there was a positive correlation 
between the soil temperature in middle May and the emergence time (Table 1). 
 
Table 1. Correlation coefficients between weather parameters during emergence and the date of emergence at 

sunflower (Debrecen, 2000-2008) 
 

 
early sowing 

date 
optimal sowing 

date 
late sowing 

date 
Soil temperature in the first decade of April -0,540** - - 

Soil temperature in the second decade of April -0,523** -0,924** - 
Soil temperature in the third decade of April -0,693** -0,815** - 
Soil temperature in the first decade of May -0,298 -0,600** 0,465** 

Soil temperature in the second decade of May -0,386* -0,753** 0,599** 
Temperature in the second decade of April -0,765 -0,869** - 
Temperature in the third decade of April -0,912** -0,534** - 

Temperature in the second decade of May -0,405** -0,531** 0,460** 
Precipitation in the first decade of April -0,892** - - 
Precipitation in the third decade of April 0,261 0,901** - 

Precipitation in the second decade of May 0,716** -0,102 -0,288 
*correlation at LSD5% 
**correlation at LSD1% 
 
In the case of the earliest sowing time the tested weather parameters did not affect 
considerably the number of days before blooming. There was a medium positive 
correlation between the precipitation in the second and third decades of June and the 
number of days before blooming. The impact of weather factors, which affect the length 
of the vegetative period, appeared most strongly at the latest (beginning of May) sowing 
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time, which means that the weather factors heavily affect the length of the vegetative 
period and the yield in the case of a later sowing time. The precipitation at the 
beginning of June and July caused a longer vegetative period, but the precipitation of 
July shortened it (Table 2).  
 
Table 2. Correlation coefficients between weather parameters during the vegetation period and the number of 

days before blooming at sunflower (Debrecen, 2000-2008) 
 

 
early sowing 

date 
optimal sowing 

date 
late sowing 

date 
Temperature in the first decade of April 0,583** - - 

Temperature in the second decade of June -0,648** -0,597** -0,880** 
Temperature in the third decade of June -0,522** -0,409* -0,765** 
Precipitation in the third decade of April 0,687** 0,356* - 

Precipitation in the second decade of May -0,365* -0,484** -0,812** 
Precipitation in the third  decade of May -0,345* -0,597** -0,830** 
Precipitation in the first decade of June 0,657** 0,377* 0,559** 

Precipitation in the second decade of June 0,678** 0,559** 0,797** 
Precipitation in the third decade of June 0,565** 0,658** 0,897** 
Precipitation in the first decade of July 0,062 0,238 0,509** 

Precipitation in the second decade of July -0,382* -0,344* -0,567** 
*correlation at LSD5% 
**correlation at LSD1% 
 
Conclusions 
The climatic factors determined the time of the early phonological stages on the 
sunflower hybrids. The temperature of soil in depth of sowing causes big effect in the 
time of emergence in different cropyears. The sowing time also have an effect on the 
period of the emergence. In early sowing time the emergence period longer, in late 
sowing time this period is shorter in proportion to the conventional or average sowing 
time (middle of April). The time of the generative period depend on the climatic factors 
(the temperature and the precipitation during the time of blooming of sunflower). 
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RESILIENCE OF THE NUTRIENT FRESH-SUPPLY IN THE 
CASE OF SOME DECIDUOUS TREE SPECIES 
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1 NYÍRERDİ Nyírség Forestry Corporation, Kótaji u. 29. H-4400 Nyíregyháza, Hungary, 
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Abstract: Wood ash has been identified as an alternative chemical fertilizer to increase soil fertility and crop 
production in sustainable farming. This experiment has investigated the effects of wood ash on forest 
production. The higher dose wood ash treatment has increased the dry matter accumulation and nutrient 
uptake by plants. Generally, significant positive height growth response of trees to wood ash application has 
been found. The main problem with utilizing wood ash is its heavy metal content. The solubility of heavy 
metals is very low, and therefore there is no risk in using wood ash in agriculture and silviculture. 

Keywords: wood ash, chlorophyll contents, height growth, concentration of elements 

 

Introduction 

Acidification is considered to be an unfavourable process in forest soils. Acidification 
imposes a risk of damage on plant roots and a subsequent risk of decline in ecosystem 
productivity. Soil acidification has been defined as leading to decrease in the acid 
neutralization capacity of the soil (Van Breemen et al., 1984). Acid stress can originate 
from the acidic deposition of air pollutants, biomass, utilization and the natural 
biological activity of ecosystems (Ulrich, 1983a; Van Breemen et al., 1984) 
Wood ash can be used for counteracting the natural and anthropogenic acidification of 
forest soils and the loss of nutrients as a consequence of tree harvesting (Åbyhammar et 
al., 1994; Mälkönen, 1996), and thus nutrients can be fed back to forest soils by means 
of wood ash fertilization. 
 

Materials and methods 

The experiments have been conducted at the Hajdúböszörmény 40 C (Bodaszılı) forest 
blocks of NYÍRERDİ Forestry Corporation with humic sandy soil. The investigated 
trees species have been black locust (Robinia pseudoacacia L), oak (Quercus robur L) 
and poplar (Populus x euramericana Guinier). The experimental plots have had 1,000 
sq m unit areas, and 10 trees have been selected on each plot. The element contents of 
wood ash and leaves have been measured with ICP, and the relative chlorophyll 
contents have been studies with the use of SPAD 502 (Minolta). The radial and height 
growth of trees have also been measured. The wood ash (acacia ash) has come from the 
Nyírbátor Woodworking Factory of NYÍRERDİ Forestry Corporation. The following 
two wood ash doses have been applied to each treatment plot of 20×50 sq m: 5 tons ha-1 
wood ash and 1 tons ha-1 wood ash. 
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Results and discussion  

The physical and chemical properties of wood ash vary significantly in view of several 
factors. Hardwoods usually produce more ash than softwoods, while the bark and leaves 
generally produce more ash than the inner woody parts of the tree. One of the main 
valuable properties of wood ash is its ability to increase the pH of acid soils. This is due 
to the presence of calcium, potassium, magnesium. The results are shown in Table 1. 
 

Table 1. Contents of different (essential and potentially toxic) elements in wood ash (mg kg-1) 

Essential Elements Mean SD. Potentially Toxic Elements Mean SD. 

Ca 34,3070.0 7,725.0 Al 4,018.0 150.0 
Mg 19,378.0 527.0 Cd 3.3 0.1 
P 34,042.0 4,750.0 Ni 40.7 1.2 

Fe 4,235.0 217.0 Pb 30.3 0.9 

Mn 11,870.0 411.0    
Cu 97.7 2.9    
Zn 96.6 2.8    

 
Calcium is the most abundant element in wood ash. Ash is also a good source of 
potassium, phosphorus and magnesium. The wood ash is a good source of a lot of 
micronutrients needed in trace amounts for adequate plant growth. Wood ash contains 
few elements that pose environmental problems. Cadmium has caused concerns about 
environmental risks. Heavy metal concentrations are typically low. Field and 
greenhouse research confirms the safety and applicability of recycled wood ash on 
agricultural lands (Lévai et al., 2008).  
 
The effects of different wood ash doses on the growth of trees have also been examined. 
A faster initial growing phase has been identified in case of saplings. This means the 
potential reduction of wild damage because the saplings become trees sooner than the 
wild can eat them. The growth of the experimental plants shows that plants treated with 
wood ash are more luxuriant, and their horizontal growth is increased in comparison 
with the controll plants. It is another hindering factor for games to damage the peak of 
the shoot. In the first year after higher wood ash dose application, the increase in height 
growth was larger than 1 t ha-1 ash application. The results are shown in Table 2. 
 

Table 2. Effects of different wood ash doses on height growth (cm), (n=10±s.e.) 
 

 Hajdúböszörmény 40 C (Bodaszılı) 

 Controll 
5 t ha -1 

wood ash 
1 t ha -1 

wood ash 
 Mean SD. Mean SD. Mean SD. 

Oak 24.8 0.93 31.9 0.3 30.1 0.6 
Poplar 133.2 0.51 147.6 1.05 137.6 1.5 
Acacia 145.6 0.46 155.9 0.7 151.1 0.4 
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There exists a close correlation between the chlorophyll contents of leaves and their 
photosynthetic activity. Therefore, it has been reasonable to examine the effects of 
different treatments on the relative chlorophyll contents of the leaves. More intensive 
photosynthesis leads to more organic matter. Figure 1 shows changes in the relative 
chlorophyll contents of leaves as an outcome of various treatments. 
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Figure 1. Effects of different dose wood ash on the relative chlorophyll contents of leaves (Spad unit) 

There is no correlation between the amount of the utilized wood ash and changes in the 
elements. At the same time, much more plant mass has grown on areas treated with 
wood ash. There have been remarkable changes detected at poplars as compared with 
the controll. In this case, the Ca and Cd contents have become tripled, the Fe and P 
contents have increased by 70 %, while the Mg and Na contents have become 30 % 
larger, which latter changes explain the higher growing intensity. The amounts of K and 
Al are similar to the controll values, and the potential reason is that the alkaline effect of 
wood ash results in reduced uptake of Al, yet the question is why the level of Cd has 
increased. One probable answer is that the ion uptake mechanism of poplar filters the 
usable nutrients selectively, which calls for further searches. The results are shown in 
Table 3. 
 

Table 3. Contents of the examined elements in the fully developed leaves of oak, poplar, acacia plantation, 
treated with 5 t ha-1wood ash and 1 t ha -1 wood ash Bodaszılı region (mg kg-1).  

The samples were taken on 09.09.2009 (n=4) 

Hajdúböszörmény 40 C (Bodaszılı) 

  Controll 5 t ha-1 wood ash 1 t ha-1 wood ash 

Elements Oak Poplar Acacia Oak Poplar Acacia Oak Poplar Acacia 
Al 165.1 185.5 87.3 168.4 221.3 76.9 165.3 216.3 74.6 
Ca 7,484.3 13,337.5 15,315.2 8,774.0 18,179.0 15,996.5 9,802.5 14,575.5 19,025.5 
Cd 0.2 1.0 0.5 0.3 1.3 0.8 0.4 1.0 0.6 
Fe 169.7 238.9 105.0 142.6 212.2 104.7 171.8 189.8 108.0 
K 7,886.8 11,683.0 14,604.5 8,186.0 12,443.0 13,376.0 13,391.0 11,370.0 15,339.0 

Mg 1,682.0 2,980.0 2,158.7 1,192.5 3,271.0 2,214.7 1,957.6 3,199.5 2,454.6 
Na 596.2 1,164.0 1,381.6 643.7 1,080.0 928.9 839.1 1,238.9 1,284.7 
P 1,577.0 2,459.5 2,718.8 1,784.0 2,637.5 2,267.5 2,880.4 2,130.0 1,980.5 
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Conclusions 

The only way to ensure the long-term progress in the life quality of society is that the 
social and economic development should go hand in hand with the protection of our 
natural resources with an appropriate environmental protection strategy. The use of 
wood ash is line with the requirement for environmental friendly nutrient supply. Wood 
ash application potentially means increased availability of nutrients for the tree in an 
environmental friendly way towards the maintenance of forestry soils where the cation 
cycle is opened. The major reported adverse ecological impacts involve acidophilic 
ecosystems, particularly the constituent bryophyte, soil bacteria and ectomycorrhizal 

communities. 
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RESILIENT CHANGES OF COLORATION AND DENSITY OF 
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Abstract: Basically three things can regulate the growing of grass the water the nutrient and temperature. The 
summer of 2008 was very wet in July: 165 mm rainwater compare with 2007 which was drier July 19 mm 
rainwater were fallen at the experimental site in Hungary. We made the experiment on a park type grass, 
which took place in the botanical garden of Szent István University. On these plots there is no sited irrigation 
system, so the rainwater is the most resilient influencing element. Therefore the fertilizer anticipated rate of 
use changed and shows significant variance on the green mass and the coloration. In July 2008 the total green 
mass was 33,8 kg in July 2007 it was 25,5 kg. The less nitrogen uptake affects on the density and allows space 
for weeds. Accordingly the bristlegrass (Setaria), hairy crabgrass (Digitaria sanguinalis) got enough heat to 
germinate and appeared on the plots. 

Keywords: turf, mower, nutrient, coloration of turf 

 

Introduction 

The beautiful green turf is a determinative element in the garden (Hessayon, 2002). 
Colour is an important constituent of turfgrass cultivar appearance which is often 
described subjectively with visual scores (Shildrick et al., 1985; Gooding et al.1989). 
Individual evaluations of plant leaf color, however have been shown to vary wieldy 
amongst different assessors (Tanno et al., 1982), and the lack of standardisation can 
make it difficult to compare result from different seasons and experiments. Mowing is a 
basic cultural technique necessary for turf production. Good mowing practices enhance 
the aesthetic values of a turfgrass facility and contribute, as much as any single factor, 
to the well-groomed appearance of turfgrass. Mowing is necessary to develop and to 
maintain a satisfactory playing surface on those turf sites used for recreational activity. 
Mowing restricts root development, but proper clipping of adapted grasses stimulates 
development of tillers and shoots either from the crown or from basal buds of rhizomes 
and stolons. Thus, proper mowing encourages more rapid coverage of newly established 
turfgrass and promotes density of established turf. Also, since grasses exhibit basal as 
opposed to terminal growth, mowing serves to check the growth of weeds.  
Plants not grazed could reach generative phase, which supports grassland biodiversity 
(Szemán et.al., 2008). Evaluation of turfgrass nitrogen (N) status is important for 
determining proper rates and timing of N fertilizer applications. Although analytical 
procedures are available for direct determination of foliar N concentrations, collection 
and sample preparation are time consuming and analysis can be expensive if numerous 
determinations are desired. Because of these limitations, practitioners and researchers 
frequently use visual assessments of turfgrass colour as an indirect measure of N status. 
Several authors have observed associations between foliar N concentrations and the 
colour of turfgrasses and some crop plants (Landschoot and Waddington 1987; 
Schepers et al. 1992; Takebe and Yoneyama 1989; Wood et al. 1992). 
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The National Turfgrass Evaluation Program (NTEP) is a leader in evaluation of 
turfgrass species. The turfgrass industry in the USA and many parts of the world rely 
heavily on NTEP data. The information collected and summarized by NTEP is currently 
requested in thirty countries. The quality and scientific merit of NTEP data is extremely 
important. However, the evaluation of turfgrass species and cultivars is a difficult and 
complex issue. Furthermore, turfgrass evaluation is generally a subjective process based 
on visual estimates of factors, like genetic colour, stand density, leaf texture, uniformity 
and quality. These factors cannot be measured in the same way as other agricultural 
crops. Turfgrass quality is not a measure of yield or nutritive value. Turfgrass quality is 
a measure of aesthetics (i.e. density, uniformity, texture, smoothness, growth habit and 
colour), and functional use. The most common way of assessing turfgrass quality is a 
visual rating system that is based on the turfgrass evaluator's judgement. 
Turfgrass Quality is based on 9 being outstanding or ideal turf and 1 being poorest or 
dead. A rating of 6 or above is generally considered acceptable. A quality rating value 
of 9 is reserved for a perfect or ideal grass, but it also can reflect an absolutely 
outstanding treatment plot. The NTEP requires quality ratings on a monthly basis. 
Quality ratings take into account the aesthetic and functional aspects of the turf. Quality 
ratings are not based on colour alone, but on a combination of colour, density, 
uniformity, texture, and disease or environmental stress (Kevin, 2004). 
Lolium.perenne, like all pasture species, is adapted to defoliation, fertilization, and 
regrowth cycles that quickly alter carbon source and sink capacities. In the Swiss FACE 
experiment, L. perenne was managed as a frequently cut pasture crop at both low- and 
high-N supply (Hebeisen, Lüscher and Nösberger 1997). 

Materials and methods 

Turf grass quality is visually evaluated by human assessors based on a scale of 1 
(poorest, the grass is dead) to 9 (ideal, the grass is of outstanding quality) using a 
common assessment method. A rating of 6 or greater indicates adequate turf quality. 
Because this evaluation practice is subjective, individual biases are inevitable and lead 
to some level of inconsistency, even among the most highly trained observers. This 
variability led to the need for a more objective evaluation technique. 
Researchers have developed the Normalized Difference Vegetative Index (NDVI). The 
Field Scout TCM 500 “NDVI” Turf Color Meter measures reflected light from turf 
grass in the red (660nm) and near infrared (850 nm -NIR) spectral bands. 
Normalized Difference Vegetative Index (NDVI) is defined as: 
NDVI= (NIR – Red):( NIR+ Red) Where: 
NDVI = Normalized Difference Vegetation Index 
NIR = Reflectance in the band of 850 + 5 nm 
Red = Reflectance in the band of 660 + 5 nm 
The Grass Index has a scale of 1 to 9 and approximates the rating a visual observer 
would assign to the turf grass. This provides a more objective value for this, generally, 
very subjective parameter. The Grass Index is calculated as follows: 
Grass Index = (NDVI X 6.6) + 2.26 
The experimental site and the plots are located at the Botanical garden of Szent István 
University. It has sown in fall 2000 from a “park” type mixture (40g/m2) which 
contains: rye-grass (Lolium perenne):20%, red fescue (Festuca rubra) + (Festuca 
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heteophilla Lam.): 70%, meadow-grass (Poa pratensis) 10%. The experiment placed on 
fourteen parcels, seven were cut by rotary mower and seven were cut by push reel 
mower. The Turf was sustained by regular mowing in the rhythm of growing grass. The 
height of turf in case of rotary mower was 50 mm, while in case of reel mower it was 32 
mm. Mowing is an important tool for the management and restoration of prairie 
vegetation. Although mowing is largely non-selective, varying the time of mowing can 
be used to target specific species (Hover and Bragg 1981; Mitchell et al. 1996). Only 30 
% of the vegetation was removed by mowing so at least 2-3 of the leaves were always 
left on the blades of grass. This is the rule of one third. Every time in each parcel 
mowing was performed by a grass collecting mower. Yield was measured in every 
parcel at times and regularity listed in the table while weight of green mass was 
indicated in the table and illustrated in the diagram. Watering happened occasionally 
when the stress of droop appeared. 

Results and discussion 

Because chlorophyll absorbs the red band (660 nm) of incoming radiation, the 
reflectance at that wavelength is relatively low due to the strong absorption of the light 
by the plant pigments. The high reflectance in the NIR (850nm) band is caused by the 
cellular structure of the plant leaves, particularly the spongy mesophyll leaf structure. 
As we can see figure 1 the used on each fertilizers were: Ammonium-nitrate 34% (150g 
were used), Sierrablen 5-6months N28+P5+K5+Fe (50g were used), Sierrablen 8-9 
N27+P5+K5+Fe (60g were used). One plot was 10m2 The control plots were given the 
poorest green colour around 7,05 the greenest plots were the Sb56 treated over 7,35. 

 
Figure 1. Grass index averages on turf stand 

Conclusions 

In 2009 the plots did not show significant differences in grass index because the regular 
and control released fertilisers were used correctly. Regular fertiliser was spread three 
times so the grass had the possibility to achieve the nitrogen when it was needed. 
Control released fertilizers was spread once. These kind of fertilisers have a resin husk 
where the dissolved nutrients can diffuse in case of the level of humidity is lower in the 
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outside than it is inside. The control plots had given fertiliser only in autumn therefore 
the grasses on these plots could reach minimally sufficient level of nitrogen. 
 

 
 

Figure 2. Spectral Reflection on leaf. The numbers shows the water contains in %, the vertical lines shows the 
water spectral absorption line. 

References  
Gooding, M.J. – Newel, A.J. – Peel, C.H.: 1989. Characteristics of different Poa pratensis and Phleum spp. 

cultivars under close mowing. J. Sports Turf Res. Inst. 65, 102-108. 
Hebeisen T. – Lüscher A. – Nösberger J.: 1997a. Effects of elevated atmospheric CO2 and nitrogen 

fertilisation on yield of Trifolium repens and Lolium perenne. Acta Oecologica 18, 277–284. 
Hessayon, D. G.: 2005. The Lawn Expert, Transworld Publishers, London. 
Hover, E.I. – Bragg, T.B.: 1981. Effect of season of burning and mowing on an eastern Nebraska Stipa-

Andropogon prairie. Am. Midl. Nat. 105:13-19. 
Kevin N. Morris: National Turfgrass Evaluation Program, Inc.: . National Perennial Ryegrass Test 2008 Data 

Progress Report NTEP No. 09-11. 
Landschoot, PJ. – Waddington, D.V.: 1987. Response of turfgrass to various nitrogen sources. Soil Science 

Society of America Journal 51, 225-230. 
Mitchell, R.B. – Masters, R.A. – Waller, S.S. – Moore, K.J. – Young, L.J.: 1996. Tallgrass prairie vegetation 

response to spring burning dates, fertilizer, and atrazine. J. Range Manage. 49: 131-136. 
Schepers, J.S. – Francis, D.D. – Vigel, M. – Below, F.E.: 1992. Comparison of corn leaf nitrogen 

concentration and chlorophyll meter readings. Communications in Soil Science and Plant Analysis 23, 
2173-2187. 

Shildrick, J.P. – Peel, C.H.: 1982. Preliminary trials of meadow-grass (Poa) species, J Sports Turf Res. Inst. 
61, 111-131. 

Szemán L. – Bajnok M. – Harcsa M. – Prutkay J. – Zsigó G.: 2008. The effect of soil nutrients and animal 
excrete on grassland biodiversity improvement 36.:1935-1938. 

Takebe, M. – Yoneyama, T.: 1989. Measurement of leaf color scores and its implication to nitrogen nutrition 
of rice plants. Japan Agricultural Research Quarterly 23, 86-93. 

Tanno, F. – Takeda, T. – Kai, K.: 1982. Research related to nutritional diagnosis of and predictive technology 
for wet-land rice. No 4. report: Study of a nutritional diagnosis method that uses leaf colour. Fukushima 
Agricultural Experimental Research report 21, 61-72 

Wood, C.W. – Reeves, D.W. – Duffield, RR. – Edmisten, K.L.: 1992. Field chlorophyll measurements for 
evaluation of corn nitrogen status. Journal of Plant Nutrition 15: 487-500. 

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 01/16/22 02:06 PM UTC



9th Alps-Adria Scientific Workshop Špičák, Czech Republic, 2010 
 

485      DOI: 10.1556/Novenyterm.59.2010.Suppl.4 
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RESILIENCE OF HYBRIDSPECIFIC SUNFLOWER 
PRODUCTION 
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Abstract: There are great differences in the yielding capacity, yield stability, stalk bending parameters and 
disease resistance of the modern sunflower hybrids in practical growing. Hybrids respond differently to the 
changes in the environmental parameters and the applied agriculture elements. To determine the optimum 
yield and yield safety a joint study of the three factors is necessary (study of the genotype x environment 
interactions). In a field experiment, we studied the stalk bending parameters, phytopathological factors 
(infection by Sclerotinia, Diaporthe, and head diseases) and yielding ability of 13 sunflower hybrids at 
different plant density levels and sowing times on chernozem soil in the vegetation season of 2009. Based on 
the results, we concluded that by delaying sowing time the diseases infections were reduced, however, the 
maximum yield was obtained at the average sowing time at mid-April in the average of hybrids (4717 kg ha-1). 
When an early sowing time (end of March) was applied, a greater yield reduction was observed than at a late 
sowing time at the beginning of May (3712 kg ha-1, 4228 kg ha-1). The plant density response of the tested 
hybrids was also significant. An increasement in plant density from 35000 plants ha-1 to 65000 plants ha-1 
resulted higher disease infections and accordingly in a deterioration of stalk bending. For most of the hybrids 
studied (7 hybrids) the optimum plant density was 55000 plants ha-1. The yield of hybrids at different plant 
densities ranged from 3350 kg ha-1 to 6045 kg ha-1. 

Keywords: sunflower, plant density, sowing time, infection, yield 
 

Introduction 

Oil plants, including sunflower, have an increasing importance in Hungarian crop 
production. (Bíró and Pepó, 2008).  
After cereals and maize, sunflower has the largest growing area among crops produced 
in Hungary (Lehoczky and Sárkány, 2007; Göksoy and Turan, 2007). 
Sunflower hybrids that can be successfully grown commercially have to fulfil the 
requirements of yield safety, yield capacity and quality at the same time. Unlike in other 
crops, yield safety is the most important quality among these three factors (Pepó et al., 
2003). Due to its favourable adaptive capacity, sunflower can adapt well to extreme 
year effects (Bíró and Pepó, 2008). 
Sunflower can adapt well to the Hungarian climate conditions, it can be grown well in 
Hungary. The application of the proper agrotechniques has a decisive impact on the 
success of growing. The most favourable yields were achieved at around 40 thousand 
plants/ha-1 taking the average of the different genotypes and years on chernozem soil in 
the Hajdúság region. The increase of plant density (above 50-55 thousand plants/ha-1) is 
a cost-increasing and yield-reducing factor (Pepó et al., 2002). 
Based on his experiments, Zsombik (2008) found that the testes sunflower hybrids gave 
the highest yields at an early sowing date (3913 kg ha-1), yields were lower at the 
average sowing date (3865 kg ha-1), while the lowest yields were obtained at the late 
sowing date in May (3422 kg ha-1). According to Pepó and Szabó, (2005), the response 
of sunflower hybrids to increasing plant density is influenced both by the year and the 
genotype. Increasing plant density will result in an increasing pathogen pressure. 
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Materials and methods 

The experiment was carried out at the Látókép Experimental Station of the University 
of Debrecen, Centre for Agricultural Sciences and Engineering, Farm and Regional 
Research Institute in the Hajdúság in 2009. The experimental plots were set up in a 
randomized block design in four repetitions. In the experiment, we tested 13 modern 
sunflower hybrids. Four different plant densities were applied (35000-65000 plants ha-1) 
increasing in 10000 plants ha-1 steps. In the experiment, the sunflower hybrids were 
sown at early (end of March), average (mid-April) and late (beginning of May) sowing 
times. The yields were standardized for a moisture content of 8 %.  
 

Results and discussion 

The realized yield of modern sunflower hybrids is influenced by several factors. The 
climate requirements of sunflower are different from those of Hungary’s prevailing 
crops. Due to its strong root system, good drought tolerance and great phytopathological 
sensitivity, outstanding yields can be expected in dry years. In addition to these, the 
application of a sowing technology fitted to the hybrid and the growing region – which 
can be influenced as opposed to the year – can be the most effective tool for 
maximizing yields. Plant density and sowing time have a significant influence on the 
harvested yield, the degree of which varies with the hybrid. The weather of 2009 can be 
described by an alternation of dry and very wet periods. The sunflower hybrids tolerated 
these effects well.  
The stem firmness parameters of the hybrids varied greatly. The degree of stalk bending 
was lower than the average of hybrids (6.3%) for nine hybrids and higher than the 
average for four hybrids. The greatest stalk bending taking the average of the different 
plant densities was observed in the hybrids ES Primis (10.6%) and Ollimi (11.4%). The 
lowest average stalk bending values were measured in the hybrids NK Sinfoni (3.0%) 
and NX 63732 (3.9%). The average value of stem breaking under the head was the 
highest in the hybrids Petunia (7.4%) and Ollimi. In most of the hybrids, the ratio of 
broken heads was low, under 4 %. The most favourable values were observed in the 
hybrids PR64H42 (1.9%), SF Acton (2.2%) and NX 63732 (2.3%). An increase in plant 
density resulted in the deterioration of stem firmness parameters. An increase in plant 
density increased also the phytopathological pressure by Diaporthe helianthi, 
Sclerotinia sclerotiorum and head diseases. Infection by head diseases was the highest 
in the hybrids Ollimi (22.1%),  PR64H42 (19.9%), and Petunia (18.1%). The lowest 
values were measured for the hybrids NX 63762 (8.1%) and NK Kondi. Hybrids most 
sensitive to infection by Sclerotinia sclerotiorum were NK Simfoni (2.9%) and 
PR64H62 (2.8%). The lowest damages were observed in the hybrids Paraisol (1.1 %), 
NK Kondi (1.4%), SF Acton (1.5%) and NK Neoma (1.6%). The sensitivity of the 
tested hybrids to Diaporthe helianthi varied with the genotype. The highest infections 
were observed in the hybrids Ollimi (22%), ES Artimis (22%), and ES Petunia (18%).  
The most resistant hybrids were SF Acton (10%),  DKF 3333 (12%), NK Neoma (13%), 
ES Primis (13%) and Paraisol (13%) (Table 1). 
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Table 1. Pathological parameters of sunflower averaging plant density levels in 2009 
 (Debrecen-Látókép, 2009)  
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(%) average of plant density 
Stalk bending (%) 5,9 5,8 4,6 10,6 6,2 8,5 5,6 11,4 3,0 3,9 7,3 4,2 4,6 
Broken Heads (%) 7,4 3,5 4,3 3,6 2,7 4,1 2,6 6,2 3,9 2,3 2,9 2,2 1,9 
Head diseases (%) 18,1 9,5 13,5 15,2 13,8 11,5 12,8 22,1 12,7 8,1 11,2 11,7 19,9 

Sclerotinia (%) 2,4 1,4 1,6 1,8 2,4 1,1 1,9 2,2 2,9 2,4 1,9 1,5 2,8 
Diaporthe (%) 18,0 14,0 13,0 13,0 22,0 13,0 14,0 22,0 15,0 17,0 12,0 10,0 14,0 

 
Yield of sunflower hybrids was also greatly influenced by plant density. The hybrids 
responded differently to the increase of plant density. The highest yields were obtained 
at plant densities of 45000-65000 plants ha-1 varying with the hybrid. The highest yields 
were obtained at a low plant density of 45000 plants ha-1 in the hybrids NK Neoma 
(4828 kg ha-1), and NX 63732 (4926 kg ha-1). The yield of the hybrids ES Artimis (4326 
kg ha-1), Paraisol (5270 kg ha-1) and Ollimi (4926 kg ha-1) was the highest at the plant 
density of 65000 plants ha-1. Maximum yields in the other tested hybrids were achieved 
at the plant density of 55000 plants ha-1. Taking the average of the plant densities, 
hybrids with the highest yields were NK Kondi (5714 kg ha-1), SF Acton (4896 kg ha-1) 
and Paraisol (4832 kg ha-1). The lowest yields were realized in the hybrids ES Artimis 
(3886 kg ha-1) and PR64H32 (3914 kg ha-1). Increasing plant density resulted in a 
reduction in the productivity of hybrids due to the increasing phytopathological 
pressure. The lowest yield was obtained at the plant density of 35000 plants ha-1 (Table 
2). 

Table 2. Yields of sunflower hybrids according to different plant density levelss in 2009 
 (Debrecen-Látókép, 2009)  
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Plant/ha kg ha-1 
35000 4013 5451 4430 4243 3350 4055 4441 3676 4227 4515 4120 4663 3586 4213 
45000 4515 5802 4828 4671 3889 4861 4532 4230 4803 4926 4441 4814 4145 4651 
55000 4680 6045 4430 4852 3978 5140 4990 4681 4980 4810 4959 5296 4050 4838 
65000 4587 5559 4408 4770 4326 5270 4902 4926 4836 4702 4647 4811 3874 4740 

LSD5% 310 kg ha-1  
Average 4449 5714 4524 4634 3886 4832 4716 4378 4712 4738 4542 4896 3914 4610 

 
As a result of increasing plant density, yield increased up to 55000 plants ha-1 (4838 kg 
ha-1), however, yield reduction due to the increase of plant density was observed at the 
plant density of 65000 plants ha-1 (4740 kg ha-1).  
The selection of the proper sowing time of the sunflower hybrid also greatly contributes 
to achieving a maximum yield and to reducing the damage caused by phytopathological 
factors. At an early sowing, higher occurrence of and damage by pathogens and 
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consequently a reduced stem firmness can be expected.  In the experiment, the lowest 
infestation and the best stem firmness were observed at the third (late) sowing date. 
Maximum yield was obtained at the average sowing date for all the tested hybrids. 
Hybrids with the highest cropping capacity were NK Kondi (5221 kg ha-1) and NK 
Simfoni (4667 kg ha-1) (Table 3). 
  

Table 3. Yields of sunflower hybrids according to different sowing times in 2009 
 (Debrecen-Látókép, 2009) 
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1. s.t. 3141 4351 3989 3972 2903 3710 3760 3150 4563 3907 4128 3693 2993 386 3712 
2. s.t. 4592 5896 4408 4789 3824 4967 4730 4487 4910 4890 4743 4990 4090 408 4717 
3. s.t. 4220 5416 3684 4507 3664 4519 4405 3506 4528 4153 4576 4260 3520 379 4228 
Aver. 3984 5221 4027 4423 3464 4399 4298 3714 4667 4317 4482 4314 3534 391 4219 

 

Conclusions 

Enhancement of yield safety in commercially grown, modern sunflower hybrids 
necessitates the optimization of agrotechnical factors. Sowing technology can greatly 
compensate for the unfavourable year effect and can contribute to performing a more 
successful crop protection and to maximizing yields. Plant density and sowing time are 
cornerstones of the agrotechniques. Increase in plant density can result in a higher 
disease pressure, especially in rainy years. In the dry year of 2009, the plant density of 
55000 plants ha-1 proved to be optimal (4838 kg ha-1). Taking the average of hybrids, 
the maximum yield was obtained at the sowing date of mid-April in 2009 (4717 kg ha-1). 
Earlier or later sowing dates both resulted in yield depression (3712 kg ha-1, 4228 kg ha-

1). Damage caused by the pathogens gradually decreased with delaying sowing time. 
The response of hybrids to changes in plant density and sowing time varied with the 
genotype. 
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Abstract: The aim of the experiments was to monitor the immediate impact of water deficit on the energy 
content in selected genotypes of maize. A broader genotype set of maize types was selected as the 
experimental material (5 in-bred parental lines and their cross-breeds). The maize plants were cultivated under 
controlled conditions in a climate box - the control group and the stressed group. The plants from the control 
group were irrigated at 70% of the field water capacity. In the stressed group, irrigation was completely 
stopped for 18 days. The energy content was identified by the combustion calorimeter IKA C200. It follows 
from the obtained results that the energy content in the DM of roots was lowest in the stressed plants 704*810 
(15.96 kJ g-1) and highest in the control plants 2086 (21.19 kJ g-1). The provably lowest energy content in DM 
of leaves was identified in the stressed genotype 23*86 – 16.97 kJ g-1 and the highest in leaves was identified 
in the control genotype 704*13 (19.82 kJ g-1). The genotype 810*13 responds sensitively to stress caused by 
drought and the genotype CE704 seems to be tolerant to this kind of stress.  

Keywords: drought, maize, Zea mays L., net energy 

 

Introduction  

The economic losses resulting from drought are very substantial in the production of 
maize and this is why it is currently desirable to breed plants with regard to their 
resistance to drought (Bäzinger and Araus, 2007). Maize responds to water deficit by 
reducing its yield as well as its energy content, particularly during the blooming period 
and the grain filling period but water deficit can also have effect during the juvenile 
phases of the development of the plants. This is why the goal of the plant breeding is to 
find such crossbreds, which would show resistance to water deficit. The current strategy 
of increasing the resistance of plants to drought is to study the genome, including QTL 
identification and cloning, as stated, for example, by Bruce et al. (2002) but these 
methods still have their pitfalls. An alternative way of breeding plants is to use indirect 
selective criteria such as physiological characteristics. Mainly the study of gas exchange 
(Chaves et al., 2009) and calorimetric measurement of the energy content in the plants’ 
biomass can be included among these criteria. It follows from the results of the work of 
Bláha et al. (2003) that the energy content identified by combustion calorimetry is 
provably lower in the plants exposed to example drought. The purpose of this work was 
to identify the changes in the energy content in the parental genotypes of maize and 
their crossbreds in correlation to the effect of water deficit and to find out whether it is 
possible to use the said method as an indirect selective method in plant breeding.  

Materials and methods  

A broader genotype set of maize was chosen for the experimental material (5 in-bred 
parental lines – 2013, 2023, 2086, CE704, CE810 – and their reciprocal crossbreds of 
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F1 generation), organised as dialellic cross. The juvenile maize plants were grown in 
vessels with a mixture of garden substrate A and sand in the ratio of 2:1, under the 
controlled conditions of a climate box where the light regimen was 16 hours of light and 
8 hours of darkness. The scheme of the experiment included two groups: the control 
group (the irrigated group) and the stressed group. The control plants were irrigated at 
the level of 70 % of field water capacity. In the stressed group, the plants were not 
irrigated for eighteen days. The experiment was started when four right leaves were 
produced. The irrigation was controlled according to the results obtained by the 
instrument AT Theta Kit (Delta – T Device, the United Kingdom). The amount of the 
irrigation water was 250 ml for the stressed plants. In the dry matter of the individual 
maize organs, the amount of energy was measured at two-day intervals by means of the 
combustion calorimeter IKA C200.  The identification of the gross and net energy was 
based on the valid ČSN ISO 1928 standards.  
The data obtained in the measurements were statistically processed by means of 
StatSoft, Inc. (2001) -STATISTICA Cz [a software system for data analysis], version 
9.0.  
 

Results and discussion  

The obtained levels of combustion heat of the maize roots indicate a statistically 
provable influence of the altered conditions on this monitored characteristic. The mean 
value of the combustion heat of the roots of the stressed plants was10.08 kJ¨g-1 while in 
the control plants it was 12.32 kJ g-1. Expressed as a percentage, it is an 18.18 % 
decrease of the combustion heat of the roots of juvenile maize plants. These conclusions 
are confirmed, for example, by Bláha et al. (2003). 
It is apparent from fig.1 at the energy content of the root system was decreasing with the 
deepening water deficit, that is, simultaneously with the ontogenetic development of 
plants. In the control plants, an inverse trend was observed. The 12th and 14th days of the 
stress were an exception to this trend because on these days, the energy content in the 
roots provably increased in comparison with the 10th day of the stress. As opposed to 
that, in the control plants, the content of energy-rich substances in the root biomass was 
at its lowest on the 0th day of the stress and was at its highest on the 16th day.  

 
 
 

Figure 1. Net energy content (kJ.g-1) in the roots      Figure 2. Net energy content (kJ.g-1) in the roots  
    of maize, according to the experimental group.         of maize, according to the genotypes. 
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The obtained results show that the energy content of the root system of maize plants is 
fairly even, which is documented in Fig. 2. The smallest differences were identified 
between the groups with genotypes CE704 (0.64 kJ g-1), the control plants had a higher 
energy content in comparison with the stressed plants. Based on these results, it is 
possible to state that these genotypes are more tolerant to water deficit. The highest 
provable differences between the stressed and control plants, as concerns the energy 
content in their roots, were observed between the genotype 23x704 - 2.86 kJ g-1 in 
comparison with the stressed plants. The obtained values correspond to the conclusions 
of Fuksa et al. (2006). 
Similarly like with the energy content in roots, the effect of water deficit showed on the 
levels of combustion heat of the above-ground biomass because the mean value of this 
characteristic was 13.09 kJ g-1 in the stressed plants; see fig. 3. In the control plants, it 
was higher by 20.63%. In comparison with the energy content in roots, there was a 
more significant decrease of the combustion heat in the above-ground biomass. This 
trend probably resulted from the reduced gas exchange in the leaves, which, in turn, 
resulted in reduced photosynthesis (Lawlor and Tezara, 2009). 
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Figure 3. Net energy content (kJ.g-1) in the leves    Figure 4. Net energy content (kJ.g-1) in the leaves 
    of maize, according to the experimental group.         of maize, according to the genotypes. 
 

The amount of substances rich in energy, accumulated in the above-ground biomass, was 
provably decreasing over the period of water deficit. Similarly, the production of dry 
matter of the above-ground biomass decreases, as it is declared in the paper by Úžik and 
Žofajová (2006). On the eighteenth day of the water deficit, the average energy content 
was 12.39 kJ g-1, as it is documented in fig. 3. At the beginning of the monitored period, 
that is, before inducement of the stress, the average energy content was 12.13 kJ g-1. In the 
stressed group, there was a sharp increase of energy content on the second day after the 
stress started and a level of 15.45 kJ g-1 was reached. Then, there was gradual decline of 
the combustion heat levels. The energy content in the control plants was between 12.13 
kJ g-1 (the 0th day) and 17.67 kJ g-1 (the 18th day). These conclusions are confirmed, for 
example, by Bláha et al. (2003). 
The net energy of the above-ground biomass was also influenced by the sensitivity of 
the given genotype to drought stress. The said chart also shows that all the monitored 
genotypes decreased the content of substances rich in energy in their leaves during the 
water deficit as compared with the control group. From among the monitored genotypes 
in the experimental groups, this decrease of the content of substances rich in energy was 
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lowest in the genotype 23x(23x704). The difference between the control group and the 
stressed group was 1.91 kJ g-1. This trend was also confirmed in the paper by 
Christensen and Feldmann (2007). 
Based on these results, it is possible to state that these are genotypes, which are more 
tolerant to water deficit. The highest provable differences between the stressed and 
control plants in the energy content in the above-ground biomass were observed in the 
genotypes (23x704)x(704x23) – 3.11 kJ g-1. It follows from the obtained results that 
these genotypes respond to drought stress more sensitively than the other monitored 
plants. Similar results are also stated by Nagy (2009) and Berzsenyi (2009) in their 
papers. 

Conclusions  

The obtained results show that the stressed plants provably reduced the energy content 
in their roots and above-ground biomass in comparison with the control plants. The 
influence of genotypes on the content of substances rich in energy, accumulated in the 
individual plant organs, was proved. Therefore, it can be stated that the method of 
combustion calorimetry can be used as one of the indirect selective methods usable in 
plant breeding. 
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Abstract: Poly-factor field experiments with corn were founded in years 2003-2005, in a corn production 
area, situated in a very hot, dry sub-area with the average annual temperature of 9.7 °C and average annual 
rainfall of 564 mm. The soil is clayey, medium heavy, medium supplied P (37.7-56.0 mg.kg-1 of soil) and little 
or well supplied K (105-220 mg.kg-1 of soil), humus content 4.53 %, neutral soil reaction (pH 6.5-7.2). 
In years 2003-2005 we monitored the effect of the agricultural year and nutrition on the yield of grain of a late 
hybrid LG 24.81 and on its energy balance. The achieved results showed a significant influence of the year 
and fertilisation on the amount of yield and on the sum of output energy and energy profit. The increase of 
yield caused by a favourable year achieved 20.14-52.97 %. The difference between the sum of output energy 
and the energy profit affected by the year achieved 61.50 GJ.ha-1 and 48.53 GJ.ha-1. From the point of view of 
the achieved yield (10.34 t.ha-1) the optimal level of fertilisation seemed to be the C level (fertilisation for a 
theoretical yield of 8 tons of grain and the given biomass), but it was the most energy demanding among the 
three monitored years (163.48 GJ.ha-1). The highest energy profit (130.92 GJ.ha-1) was achieved with the B 
level fertilisation (fertilisation for a theoretical yield of 6 tons of grain and the given biomass). The energy 
effectiveness (Enef) was decreasing with the increasing doses of nutrition. The highest energy effectiveness 
(6.40 J.1J output-1) was achieved on the non-fertilised variant A. 

Keywords: energy balance, corn production, fertilisation 

 

Introduction  

Energy efficiency is closely related not only to economic but also to ecological aspects 
of agricultural production. The level of inputs and outputs of crop production energy 
and individual crops energy is limited by particular units of the site, such as climatic 
and soil conditions which human can significantly affect, but also by factors that can 
people affect, such as additional inputs of energy and so on. Energy evaluation is one of 
the significant objective criteria of expediency of the agricultural production as a whole 
(Pospíšil and Vilček, 2000). For Slovakian conditions Čislák (1990) analysed the 
structure of energy inputs. Within the whole agriculture the share of plant production on 
the consumption of additional energy is 62.2%. One of the biggest energy inputs in 
plant production are fertilizers. Therefore lately arised the question of the rational use of 
nutrition by using overground fytomass (dry mass) while the present stability of grain 
crop and soil fertility are secured. Searching for possibilities of optimizing nutrition and 
fertilisation for this crop-plant is the subject of research of many authors both internal 
and foreign (El Hallof and Sárvári, 2006; Ványiné Széles, 2008; Macák et al., 2008 ). 
Čislák (1990) included grain maize and sugar beet between the most energy demanding 
crops with energy input from 30.24 GJ to 43.1 GJ.ha-1. Differences in the energy 
balances are caused by agro-climatic differences and possibly also by using different 
energy equivalents in calculating the inputs and energy outputs (Danko and Repka, 
1995). The aim of this work was to find out the crop and energy balance of corn grown 
for grain in dependency on nutrition and year. 
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Materials and methods 

Polyfactorial field experiments with corn were founded in years 2003-2005 in district 
Komárno Slovakia. The locality is a corn production area with the average annual 
temperature of 9.7°C and average annual rainfall of 564 mm. Phosphorus content of soil 
was 37.7-56.0 mg.kg-1, potassium 105-220 mg.kg-1, humus 4.53 %, pH 6.5-7.2. Soil 
type is black soil. Experimental parcels were organized by the method of divided blocks 
in three repetitions. We used a late corn hybrid LG 24. 

Table 1. The really applied N, P, K rates in pure nutrients per hectare 
 

Year 
Level of fertilisation 

 
Nitrogen 
kg.ha-1 

Phosphorus 
kg.ha-1 

Potassium 
kg.ha-1 

Total applied NPK in kg.ha-1 

A control without fertilization  
B 65.0 8.0 73.0 146.0 2003 
C 115.0 18.0 130.0 263.0 
A control without fertilization  
B 39.0 0.8 46.0 85.8 2004 
C 89.0 11.0 103.0 203.0 
A control without fertilization  
B 108.0 0 114.0 222.0 2005 
C 158.0 7.0 171.0 336.0 

Nutrition and fertilisation – we monitored three levels of fertilisation (A, B, C). The 
dosage of nutritive nutriment was determined according to an agrochemical soil 
analysis, which was based on the theoretical need of NPK for 1 ton of theoretical crop 
of grain and given biomass of corn i.e. 25 kg N, 5 kg P and 29 kg K (Fecenko and 
Ložek, 2000). The nutrition levels were: A-without the application of industry 
fertilizers; B-the level of fertilization for 6 t.ha-1 of grain and the given biomass; C-the 
level of fertilization for 8 t.ha-1 of grain and the given biomass.  

Table 2. Values for the energy inputs calculation 
 

1 MWh electric energy 12 GJ 
1000 l diesel 47.8 GJ 

1000 h human labour 26.6 GJ 
Direct inputs 

1000 m3 gas 49.5 GJ 
1 ton net nutrients nitrogen (N) 78.1 GJ 

1 ton net nutrients phosphorus (P) 39.9 GJ 
1ton net nutrients potassium (K) 14.0 GJ 

1 ton pesticides 110.0 GJ 
1 ton seeds of corn 100.0 GJ 

Indirect inputs 

1 ton dry mass of the main product of corn 15.81 GJ. t –1 

Energy inputs were calculated from the really applied fertilizers, seed, fuel, herbicides, 
and human labor by multiplying the appropriate value according to the authors Demo 
and Kudrna (1994) and Hernanz and Oritz - Canavate (1999) (Table 2). The data for 
yield, sum of energy inputs and outputs, energy profit and energy effectiveness (ENef) 
were subjected to analyses of variance using program Statistica 8. The means were 
compared with the Tukey test at the P = 0.05 level.  
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Results and discussion 
The achieved results showed a significant influence of the year and fertilisation on the 
amount of yield and on the sum of output energy and energy profit. The increase of 
yield caused by a favourable year achieved 16.9-52 %. The difference between the sum 
of output energy and the energy profit affected by the year achieved 61.50 GJ.ha-1 and 
48.53 GJ.ha-1. The highest value of energy efficiency (ENef 6.3-8.3) at the unfertilized 
control variant (A) noted that with increasing doses of the nutrients this value decreases, 
which is in full compliance with relevant law of a decreasing effect of the increasing 
energy input rates in rational energy input rates in rational production 
 

Table 3. Yield of maize, sum of energy input and output, energy profit and effectiveness 
 

Year Fertilization Yield of 
grain t.ha-1 

Sum of 
Energy 
inputs 
GJ.ha-1 

Sum of 
energy 
outputs 
GJ.ha-1 

Energy 
profit 

GJ.ha-1 
ENef 

A 7.25 b 13.73 d 114.62 a 100.89 a 8.30 b 

B 7.60 bc 20.65 a 120.16 a 99.51 a 5.80 a 2003 

C 8.30 bcde 26.85 b 131.22 ab 104.37 a 4.90 a 

A 8.06 bcd 20.13a 127.43 ab 107.30 a 6.30 a 
B 10.80 ae 28.21 b 170.75 ab 142.54 ab 6.10 a 2004 

C 10.10 acde 32.22 bc 159.68 ab 127.46ab 5.00 a 

A 10.80 ade 23.13 a 160.95 ab 137.80 ab 7.00 a 

B 12.02 a 35.90 b 190.04 ab 154.14 ab 5.30 a 2005 

C 12.62 a 41.11 e 199.52 b 158.41 b 4.85 a 

A 8.50 21.13 134.39  113.26  6.40 

B 10.14  30.39 161.31  130.92  5.31 
2003 – 
 2005 

C 10.34  35.85 163.48  127.63  4.56 

Enef –coefficient of energy effectiveness  
 
process. This observation has a great importance for the agronomic decision making in 
determining the intensity of fertilization and discuss about the need for a rational 
fertilization. The overall input energy reached 21.13-35.85 GJ.ha-1 in dependence on the 
monitored fertilisation levels. A notable variability of these values achieved by Hruška 
and Jeníček (1982) (8.9-37.75 GJ.ha-1) and Hülsberg at. al (2001) (8.9-36.9 GJ.ha-1). We 
found, that the direct energy inputs had 59.4-87.1 % share from the total energy input 
involved (Table 4). This proportion is much higher than what Pospišil (1995) presented 
(26.66-29.61%). Different values may be due to agroclimatic differences, as well as the 
possible use of different energy equivalents for the calculation of input and output 
energy. The fertilizers had an important place from the indirect energy inputs with a 
share of 22.2 to 33.0 % (Table 4), Danko and Repka’s (1995) indicated 40.0 %. The 
cost of pesticides, despite their high complexity production presented low share of total 
inputs (0.6-1.1 %) (Table 4). Čislák indicated (1990) 1.3 %. The share of seed energy 
input reached 7.0-11.8 % share, Dvořáková (1991) indicates 13.6 %. On average during 
the three monitored years it can be conducted, that the C level of fertilisation was 
energetically most demanding (35.85 GJ.ha-1) with most energy output (163.48 GJ.ha-1)  
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Table 4. Overall shares energy inputs in years 2003 – 2005 
 

Fertilization A B C 
Human labour + Fossil energy 87.1 % 68.1 % 59.4 % 

Industrial fertilizers 0 % 22.2 % 33.0 % 
Pesticides 1.1 % 0.8 % 0.6 % 

Seed 11.8 % 8.9 % 7.0 % 
Sum of energy input 100 % 100 % 100 % 

 
where the greater yield of maize grain was achieved (10.34 t.ha-1) (Table 3). The highest 
energy profit (130.92 GJ.ha-1) was achieved with the B level fertilisation (fertilized up 
to 6 t.ha-1 of grain and given biomass). The energy effectiveness was greater at the 
control variant (A) 6.4 J.1J-1 of input energy.  
 

Conclusions  

The increase of corn yield caused by a favourable year achieved 20.14 %-52 %. During 
the three years period the energy inputs grew gradually caused by the human labour and 
fossil energy input. The results suggest that the energy effectiveness was decreasing 
with the increasing doses of nutrition. The highest energy profit (130.92 GJ.ha-1) 
achieved by corn at the level of fertilisation up to 6 t.ha-1 of grain and given biomass 
was optimal, even the highest grain yield was achieved at the level of fertilisation up to 
8 t.ha-1 of grain and given biomass. 
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Abstract: Wastes of biogas production and those of several other biomass-energy sources were used in our 
experiments. Qualitative and quantitative changes of fungal populations during the composting process were 
followed by microbiological culturing methods. We found that the succession of fungal populations in 
composting processes changed according to regular ecological dynamics. The diversity of thermophilic fungi 
in the composting mixtures proved to be relatively high. 10 different species were identified from the samples 
in the thermophilic phase. 

Keywords: composting, thermophilic fungi, biogas slurry, sewage sludge 
 
Introduction 

The course of biomass energy production can be sustained only in case of appropriate 
treatment of its wastes. Moreover, composting of these wastes supplies a valuable 
humus-containing fertiliser for crop production (Nagy et al., 2008), which is valuable 
because sustainable agriculture should use composts, beside farmyard manure, for 
replacement of organic materials to soil (Cserháti et al., 2006). Particularly high quality 
composts could be used even in horticultural applications. We can benefit from their 
ability to be the base of different second generation inoculations used in agriculture and 
bioremediation. Special composts are often applied for improvement of sandy and rocky 
soils of low organic content (Antal et al., 2009). However, their possibly high heavy 
metal content is a limiting factor for agricultural use (Anton and Máthé-Gáspár, 2005). 
Composts not applicable in agriculture are suitable for covering landfills at recultivation 
(Alexa and Füleky, 2002). 
In modern composting technologies, more and more materials of complex composition, 
harmful to the environment are also processed (Hatvani et al., 2007). The most intensive 
decomposition takes place in the thermophilic phase. 
Biogas as a source of energy may have only limited importance in developed countries 
at present. Nevertheless, its production increases due to its environmental benefit. The 
biogas as a product is proceeded from anaerobic decomposition of fluid mass. The most 
significant waste of that process is a liquid substance, rich in nutrients but it is 
environmentally objectionable. In the course of bioethanol production another liquid 
waste, so called vinasse is formed, which could also be composted. Beside the 
numerous environmental advantages of the biomass incinerators, they have a serious 
disadvantage. Wood-ashes emitted by them are very aggressive solid wastes, harmful to 
soil life. Recycling it to the soil by composting could solve that problem. The most 
significant waste of the modern sewage treatment is sewage sludge; its energy content 
as biogas is also obtained by digestion.  
Composting different wastes of biomass energy production inclusively the presence and 
role of fungal population was the main goal of our experiments. 
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Materials and methods  

Composting materials 
The examined mixtures are consisted of the following materials: 
mixture 1: biogas slurry (60% dw), wheat straw (15% dw), “vinasse 60” (20% dw) and 
poultry manure (5% dw); 
mixture 2: biogas slurry (60% dw), wheat straw (25% dw), wood ashes (10% dw) and 
poultry manure (5% dw); 
mixture 3: digested sewage sludge (60% dw), garden cutting waste (35% dw) and 
poultry manure (5% dw). 
Composting procession was carried out at semi-technological scale and lasted for 40 
days.  

Cultivation and identification 
Qualitative and quantitative changes of fungal populations during the composting 
process were followed by microbiological culturing methods. Four mycological media 
(malt extract agar, potato dextrose agar, synthetic medium containing microcrystal 
cellulose, and that of containing pure lignin) were applied; the cultures were incubated 
at the actual temperatures of the compost pile. Isolates were obtained from primary 
cultures and the representative strains were maintained in culture collection and 
taxonomically identified on the basis of phenotypic characteristics. 

Results and discussion 

The diversity of thermophilic fungi in the composting mixtures proved to be relatively 
high. 10 different species were identified from the samples taken on day 10 and 20, and 
2 more types of isolate were not classifiable to any known species on the basis of 
phenotypic characteristics. We could differentiate 7-7 species from mixture 1 and 
mixture 2, while 9 form mixture 3. 4 species were common in each mixture. The 
average frequency of species was 4-12%, only Myceliophthora thermophila and 
Thermomyces lanuginosus seemed to be dominant (Table 1.).  

Table 1. Incidence of thermophilic fungi in composting mixtures containing different wastes of biomass 
energy production 

Species mixture 1 mixture 2 mixture 3 
Acremonium thermophilum   4.7 
Chaetomium thermophilum 4.7 7.9  
Malbranchea cinnamomea 4.7 6.6 6.6 
Myceliophthora thermophila 22.5 27.1 31.5 
Paecilomyces sp.   9.3 
Rhizomucor pusillus 11.4 6.6 8.5 
Scytalidium thermophilum 10.5 4.7  
Talaromyces thermophilus   6.6 
Thermoascus aurantiacus   8.5 
Thermomyces lanuginosus 39.6 43.8 19.6 
Unknown no. 1   4.7 
Unknown no. 2 6.6 3.3  

In the initial phase of the composting process mixture 1 contained 106 CFU g-1 fungal 
elements, mesophilic fungi in majority (Fig. 1.). The degrading role of that living fungal 
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mass must be taken for granted. In the beginning, the quantity of the mesophiles 
progressively, later dramatically decreased. It was 1.6 × 104 on day 20, and only 1.5 × 
102 CFU g-1 on day 40. The thermotolerants, which can grow on 40-45 °C were 
represented only in 104 magnitude in the initial mixtures, but even on day 10 their 
number increased only to 2.3 × 105 CFU g-1. That value seemed to be their optimum. 
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Figure 1. Variation of different fungal populations 

with composting time in the mixture containing 
digested sewage sludge 

Figure 2. Variation of different fungal populations 
with composting time in the mixture containing 

biogas slurry 

Their presence was moderated from day 20 (end of thermophil phase), only 8.3 × 102 
CFU g-1 could be cultured at day 40 (final phase). In spite of the fact that thermophilic 
fungi may colonise both biogas slurry and poultry manure, they were presented in low 
quantity in the initial mixture but as the temperature rose their number reached the value 
of 5.8 × 106 CFU g-1 by day 10, though that extremely high value did not last for long. It 
fell to 2.1 × 104 CFU g-1 by day 20 and fell on by day 30 and 40 (4.2 × 103, and 1.3 × 
103 CFU g-1). As the metabolism and growth of thermophilic fungi is on minimal level 
under 40 °C, only persisting forms could be cultured. The initial number of mesophilic 
fungi was 7.1 × 106, that of the thermotolerants was 8.5 × 103,and that of the 
termophiles was not higher than 2.4 × 102 CFU g-1 in mixture 3 (Fig. 2.). Their number 
was almost equal to the number of fungal community in mixtures containing biogas 
slurry by day 40. The quantity of cellulolytic fungi was very high and changed 
according to ecological rules. Their number (2.1 × 103 CFU/g) in initial mixtures 
containing biogas slurry was relatively small (Fig. 3.). It can be discussed with medium-
level colonization of mesophilic cellulolytic fungi on the component cereal straw. The 
biogas slurry may contain thermophilic fungal elements in majority CFU g-1 103 - 104. 
Approximately half of the amount of cellulolytic fungi came from the down-bed poultry 
manure. On day 10 we could get the number (9.8 × 104 CFU g-1) of thermophilic fungi 
degrading straw on the high temperature. By that time the easily degradable 
carbohydrates and lipoids had been metabolised mainly by the activity of mesophilic 
bacteria and fungi. On day 20, culturing at 45 °C, we already experienced the decrease 
of cellulolytic fungi, with the dominance of thermophiles. Comparing the different 
mixtures, the quantity of thermophilic fungi was found to be higher in mixture 
containing digested sewage sludge than mixtures containing biogas slurry. 
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Figure 3. Change of the populations of cellulytic 

fungi with composting time 
Figure 4. Change of the population of ligninolytic 

fungi with composting time 

The development of the number of ligninolytic fungi indicated that their role was highly 
significant in composting processes. Their initial quantity was surprisingly low due to 
the fact that neither the biogas slurry nor the other components were colonised 
considerably by these organisms (Fig. 4.). 

Conclusions 

The quantity of both the cellulolytic and ligninolytic fungi was highly dependent on the 
initial composition of composting mixtures but the differences within both 
physiological groups seem to be converged by day 40. Changes both in quantity of 
fungal elements and taxonomic diversity were found. We could differentiate 7-7 species 
from mixture 1 and mixture 2, while 9 from mixture 3. 4 species were common in each 
mixture. The average frequency of species was 4-12%, with the dominance of 2 
common species, Myceliophthora thermophila and Thermomyces lanuginosus. An 
ecologically determined real succession of fungal populations can be concluded from 
their presence and role in composting wastes of biomass energy production. 
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Abstract: The paper deals with adaptations in winter wheat technology from high level inputs to a significant 
reduction of production costs and a maximum reliance upon natural resources on the weed infestation and 
grain yield of different cultivars. These adaptations must first and foremost build resilience within 
agroecosystem, increasing its ability to continue functioning when faced with unexpected events. Winter 
wheat technology consists from the following tillage systems: conventional, mulch tillage and no-tillage. Plots 
were fertilized with two nitrogen amount: rational level (60 kg ha

-1
) and high level (120 kg ha

-1
). Six Serbian 

cultivars were included in the trial. Four of them were chosen for low-input and two for high-input 
technology. Different tillage systems, nitrogen level and cultivars applied in four-year crop rotation (maize-
winter wheat-spring barley+red clover-red clover. Winter wheat technology based on conventional tillage 
systems had better effect on weed control than both conservation tillage systems (mulch and no-till.). Low-
input cultivars of winter wheat positively responded to different tillage systems and nitrogen level by their 
yield than high-input cultivars.  

Keywords: sustainable agriculture, low, high-input technology, tillage systems, N fertilization, weeds, winter 
wheat. 

 
Introduction 

Sustainable agriculture can be defined as a direction of agricultural development. It 
needs to secure satisfaction stability of food production and plant production used in 
other technical purposes, with respect to basic natural resources, energy, ecology, 
economical efficiency and profitability at the same time. Crop production based upon 
high mechanical and chemical inputs are becoming less rational because of economic 
and environmental problems (Barberi et al., 1997). For current conventional systems we 
have focused on modification and domination of the production environment, using 
genetic materials that could maximize productivity from these near-ideal conditions. A 
significant portion of winter wheat production efforts in R. Serbia takes place under 
conventional high-input conditions with cultivars, which are mostly adapted to these 
conditions. Conversion from conventional to low-input sustainable systems requires 
changes in management practices (Kovacevic et al., 1988; Birkas et al., 2006; Jug et al., 
2006). Low-input winter wheat technology for more sustainable production generally 
consist from reduces in tillage systems, lower level of applied chemical fertilizers and 
pesticides use, more diverse crop rotations. Rational technology with all these elements, 
would bring better equilibrium and stability of natural conditions inside of agricultural 
system (soil, water, climate, natural vegetation), and can protect soil from erosion, more 
effective and significantly decrease production expenses with no decrease of yield 
quantity and quality.  Agricultural producers invested their hopes in the development of 
sustainable agriculture, a concept that should rely on the breeding of low-input cultivars 
and cutbacks in production costs. As far as wheat is concerned, we have developed 
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several low-input cultivars. The main goal of this paper is to give readers the new 
survey of the research aspects in crop production and possible rationalities of intensive 
land production. 

Materials and methods  
The study was carried out during vegetation season from 2006/07-2007/08., at the 
Experimental fields of the Faculty of Agriculture - Zemun named "Radmilovac". The 
trial was located on chernozem luvic soil type. The experiment was conducted under 4-
yr rotations (maize - winter wheat - barley + red clover - red clover) where legumes red 
clover was nitrogen source. The previous crop every year to winter wheat were maize. 
The following technology for winter wheat were included three tillage systems in 
investigations: 1. Conventional tillage system (CT) - traditional, classical tillage 
mouldboard plow to the depth of 25cm + seed bed preparation by disking tools and 
harowing 2. Mulch tillage (MT) - chisel plow to the depth 25cm + seed bed preparation 
with disking and harowing 3. No-tillage (NT). The whole amounts of chopped residues 
where lefted on the ground after harvesting of maize on the MT and NT plots. Since 
more than 30% of land surface were covered with organic residues those tillage systems 
could be marked as conservation tillage practice. Six Serbian cultivars were included in 
the trial. Four of them were chosen for low-input according to previous experience 
(Pobeda, Francuska, Lasta, NS Rana 5) and two created for intensive technology 
(Pesma, Rana niska). The main plot N treatments were arranged in three subplot 
treatment: 1-Control without N fertilizer 2. Rational level N fertilizer, amounth 60 kg 
ha-1 3. High level, amounth 120 kg ha -1. Nitrogen applied (UREA 46%N) in tillering 
stage of growth. Investigation plots were herbicide treatment with 1,5 l ha -1 Monosan S 
(2,4-D-DMA+MCPA). Each year, floristic composition, weed number and biomass was 
assessed at the heading stage of winter wheat. Weed density was assessed by counting 
the number of plants of each species found in m-2 with four replication. After the harvest 
plant material was measured and than analysed for morphological characteristics and 
yield component. Al data were subjected to analysis of variance. 

Results and discussion 
Objective of these studies was to determine the effect of different level intensity 
technology on weed sinuzia as important segment winter wheat technology in  

Figure 1. The effect of different winter wheat technology on weed number and biomass  
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interaction with environment. Weed communities were product applied technology and 
crop competition. Dominated species in winter wheat weed sinuzia were Stenactis 
annua (L.) Ness., from annuals and Agropyrum repens (L.) Beauv., and Convolvulus 
arvensis L. Technology with conventional tillage had better efficacy decreases number 
of perennial weeds and biomass compared with both conservation tillage system (MT 
and NT). Increasing nitrogen amount can increase the ability of cereals to suppress 
weeds, with the result that number of species and biomass decline (Figure 1). 
Conservation tillage methods increase number of perennial weeds and biomass 
compared with conventional and make weed control difficult. Inorganic N fertilizers 
increase individuals of weed number and biomass with high amount. However, 
application with high N amount decreased total perennial weed species, but increase 
biomass. Grain yield (Table 1) showed high positive reaction of low-input cultivars to 
reduction in tillage systems and level inorganic N fertilizers (3.24 t ha-1) compared with 
cultivars for high-input condition which gave significantly lower grain yield in that 
condition (3.04 t ha-1).  
 

Table 1. Effects of different technology on winter wheat grain yield (t ha
-1

). Average 2006/07-2007/08. 

Cultivars (C) Average Tillage 
systems (A) Low-input High-input  

 

Nitrogen 
amounth 

(B) Pobeda Lasta Evropa NS rana 5 Pesma Rana niska AB A 

control 2.52 2.46 2.69 2.54 2.56 2.57 2.56 

60 kg/ha 3.59 3.82 3.55 3.51 3.61 3.99 3.68 
Conventional 

tillage 120 kg/ha 6.08 5.80 5.95 6.14 5.70 5.48 5.86 

 
4.03 

Average AC 4.06 4.03 4.06 4.06 3.96 4.01   

control 2.09 2.25 2.59 2.24 2.03 1.72 2.15 

60 kg/ha 3.03 2.90 2.75 2.71 2.82 2.50 2.78 
Mulch   
tillage 120 kg/ha 4.30 4.04 4.66 4.46 4.44 4.88 4.46 

 
3.13 

Average AC 3.14 3.06 3.33 3.14 3.10 3.03   

control 1.79 1.48 1.59 1.50 1.49 1.41 1.54 

60 kg/ha 2.42 2.66 2.13 2.10 2.13 1.80 2.21 

No-tillage 120 kg/ha 3.54 3.74 3.66 3.44 3.04 2.69 3.35 

 
2.37 

Average AC 2.58 2.63 2.46 2.35 2.22 1.97   
2.13 2.06 2.29 2.09 2.03 1.90 2.08 

3.01 3.13 2.81 2.77 2.85 2.76 2.89 

BC 4.64 4.53 4.76 4.68 4.39 4.35 4.56 B 

Average C 3.26 3.24 3.29 3.18 3.09 3.00 3.18  

 3.24 3.04   

 
LSD   0.05      0.01                    0.05      0.01                   0.05     0.01 
     A   0.112    0.148      AB      0.275    0.364    ABC      0.476  0.631 
     B   0.112   0.148      AC      0.194    0.257 
     C   0.159   0.210      BC      0.275    0.364 
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Winter wheat technology with conservation tillage systems (MT and NT) also generally 
gave statistically lower grain yield (3.13 t ha-1 – 2.37 t ha-1). Conventional tillage system 
with both amounts inorganic N gave a higher grain yield (4.03 t ha-1). Results of 
investigation shows that yield in both conservation tillage were lower than those in 
conventional practice. The yields in NT system are distinctively lower. These are partly 
caused by the usually less even germination in the rough and compacted seedbed on the 
no-tilled soil. Grain yield of winter wheat increased with amount inorganic N, especially 
in conventional tillage system. Both groups of cultivars have higher yield in interactions 
with conventional tillage systems. In winter wheat technology with conservation tillage 
systems decrease significantly grain yield compared with conventional system. Wheat 
cultivars have different reaction in yield compared three different level intensity of 
inputs in winter wheat technology. The semi-dwarf cultivars Pobeda, Lasta, Evropa, NS 
Rana 5 and Pesma show higher differences in yield comparing with tall cultivar Rana 
niska. Reason for that is probably that in tall cultivars genetic potential for yield is 
generally low compared to semidwarf genotypes. So that cultivars yielded in low level 
even under favourable conditions. 
 

Conclusions 

Research has shown that low-input technology which includes conservation tillage, 
especially no-tillage system increased number of perennial weeds and biomass. Low-
input cultivars positively responded to reduces in tillage systems and different N 
amounth. Growing practice with certain reduction of tillage, N fertilizer and weed 
control was more favorable for low-input cultivars which positively responded by their 
yield compared with high-input cultivars. These results demonstrate potential new 
technologies comprehend higher flexibility of cultural practices (soil tillage, 
fertilization, integrated weed management, crop rotation,) with proper choose of wheat 
cultivars adapted on these conditions. 
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Abstract: A pot experiment with Avena sativa L. was carried out to examine the effect of two levels of 
cadmium nutrition (2 and 20 mg Cd.kg-1 of soil) with various accompanying mobile anions in the fertiliser 
(NO3

-, Cl- and SO4
2-) on the cadmium content in the dry matter of leaves, the weight of the oat plants, the 

chlorophyll content in the leaves, the photosynthesis rate, the stomatal conductivity and transpiration rate. The 
cadmium nutrition had a significant effect in the form of a higher cadmium content in the leaves, especially 
with the higher intensity of Cd nutrition. In the variants with the higher intensity of CdCl2 nutrition, a 
significantly higher cadmium content was identified as compared with the variants for which the nutrition 
containing Cd(NO3)2 and CdSO4 was used. High levels of correlation were found between the measured levels 
of photosynthesis rate, stomatal conductivity and transpiration rate but no correlation between these levels and 
the cadmium content in the leaves was proved. In the variants with the Cd nutrition, insignificantly higher 
levels of photosynthesis rate were observed in the measurements in comparison with the zero variant. 

Keywords: oat, cadmium content, photosynthesis rate, transpiration rate, gas conductance 

 

Introduction  

The resilience of ecosystems and the response of plants to stressful conditions created 
by the risk elements is a comprehensive manifestation. The adaptability of plants to 
these factors can be considerable (Hasan et al., 2009). Cd is easily received by the root 
system and its mobility in xylem and phloem is relatively good (Hart et al., 1998). The 
most frequently mentioned symptoms of the toxic effect of Cd include the browning of 
root hair, root tips and necrosis on leaves. Thus, Cd influences the structure of leaves 
and brings about many physiological changes. This is related to the negative effect of 
Cd on the production of chlorophyll, carotenoids, the activity and reduction of 
regeneration of enzymes, which participate in the fixation of CO2 (De Filippis and 
Ziegler, 1993; Pankovič et al., 2000; Gouia et al., 2003; Ekmekçi et al., 2008). 
Consequently, a decrease of the gas exchange parameters also occurs, the openness of 
stomata is reduced and the transpiration rates and photosynthesis rates decrease (Sanitá 
di Toppi and Gabrielli, 1999). With the decreasing life parameters, the synthesis of 
defensive and reparation proteins increases at the same time. This is true, for example, 
for glutathione, which is connected with starting the processes of adaptation to Cd (Hall, 
2002). 

Materials and methods  

The research was carried out in the form of a pot experiment. The experimental crop 
was common oat (Avena sativa L.), the Atego variety. Polyethylene buckets with 
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perforated bottoms were used as the experimental vessels. 10 kg of dry soil, including a 
dose of fertilisers, were weighed and put into each experimental vessels. The agro-
chemical specifications of the soil used were as follows : pH/CaCl2 – 6,2; the content of 
exchangeable P 30, K 382, Mg 166; all this in mg kg-1 in a Mehlich III leach; the 
content levels of chemical elements were as follows: As – 8.96; Cd - <0.5; Cr – 27,0; 
Hg – 0.066; Ni – 12.3; Pb – 16.9; Zn – 49.8; all this in mg kg-1 in an aqua regia leach; 
CEC 142  mmol.kg-1. In the experiment, 7 variants with different versions of 
fertilisation with triple repetition were created. The diagram of the experiment and the 
doses of chemicals per pot are stated in Table 1. 
 

Table 1. Scheme of experiment 
 

Chemicals (g per pot) Variant 
No. 

Concentration mg Cd kg-1 
/Accompanying anion Cd(NO3)2 

    .4H2O 
CdCl2 

. 2 . 5 H 2 O  
CdSO4 

. 8 H 2 O  
NH4NO3 

 

I. control - - - - 
II. Cd 2 / NO3

- 0.055 - - 1.130 

III. Cd 20 / NO3
- 0.549 - - 1.001 

IV.                    Cd 2  / Cl- - 0.041 - 1.144 

V. Cd 20 / Cl- - 0.405 - 1.144 

VI. Cd 2  / SO4
2- - - 0.046 1.144 

VII. Cd 20 / SO4
2- - - 0.456 1.144 

 
The experiment took place outdoors with the optimum water regimen. Each 
experimental pot was sown with 30 cereal grains (14/05/2009). After germination, the 
number of plants was adjusted to 25. The measurement of physiological characteristics 
– photosynthesis rate (PN), transpiration rate (E) and gas conductance (gs) – took place 
at the stage of 71 DC by means of the infra-red gas analyser LCpro+, manufactured by 
ADC BioScientific Ltd. UK. Chlorophyll content was measured by the chlorophyll-
meter CCM 200, manufactured by OptiScience.  The plants were taken on 05/08/2009 in 
the phase of medium milk ripeness – 75 DC. The upper green, photosynthetically active 
leaves were separately analysed for Cd content using of atom absorption. The results 
were statistically processed in the Statistica software, using analysis of variance, the 
Wilkinson test with the significance level of 0.95 and a correlation analysis. 

Results and discussion  

The Cd content and the photosynthesis rate levels in the oat leaves are shown in Fig. 1. 
It is apparent from the this figure that the Cd nutrition resulted in a significantly higher 
Cd content in the leaves, especially in the variants with higher intensity (variants III, V 
and VII) in comparison with the unfertilised zero variant (variant I, control). In the 
variant with the higher intensity of nutrition with CdCl2 (variant V), a significantly 
higher Cd content was identified as compared with the variants with the nutrition 
containing Cd(NO3)2 and CdSO4. McLaughlin et al. (1994) and Backstrom et al. (2004) 
arrived at similar results. The increased Cd content can be associated with the direct 
intake of CdCl2, or possibly with the production of chlorine complexes, which increase 
the diffusion of Cd from soil into roots. 
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Figure 1. The cadmium content and photosynthesis rate levels in oat leaves 

 
In all the variants with Cd nutrition, only an insignificant decrease of the weight of the 
above-ground part of the plants was observed in comparison with the zero variant. A 
more marked decrease of the weight of the plants in the variants with the Cd nutrition 
might have also been partly eliminated by the dose of nitrogen. No significant decrease 
of chlorophyll content was observed and no correlation between Cd content and 
chlorophyll content in leaves was identified. Even in the experiments carried out by 
Lagriffoul  et al., (1998) and Cheng et al. (2002), a decrease of chlorophyll content was 
observed only with the highest level of Cd contamination.  
High levels of correlation have been identified between the measured levels of 
photosynthesis rate, stomatal conductivity and transpiration rate (linear correlation 
coefficients R2= 0.7194; or R2= 0.776, n= 21) but no correlation between these levels 
and the Cd content in leaves was proved. In the variants with the Cd nutrition, 
insignificantly higher levels of photosynthesis rate were identified in the measurements 
as compared with the zero variant. The first response of plants to stress can be the 
increase of the metabolic processes. It follows from the results that oat has a fairly good 
tolerance and adaptability to a stress induced by a higher content of ions Cd2+. For 
example, Vassilev et al. (2004) state the following for barley: The maximal shoot Cd 
concentration—41 ± 8 mg Cd kg-1 DW—without any visual toxicity symptoms on the 
shoots was found at 28 mg Cd kg-1 sand. Reduced leaf gas exchange, photosynthetic 
pigments content and electron transport activity but not altered lipid peroxidation status 
of thylakoids was, however, detected at the highest treatment—42 mg Cd kg-1 sand.   
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Conclusions  

The cadmium nutrition had a significant consequence in the form of a higher cadmium 
content in leaves, mainly with the higher intensity of Cd nutrition. In the variants with a 
higher intensity of nutrition with CdCl2, a significantly higher cadmium content was 
identified in comparison with the variants where Cd(NO3)2 and CdSO4 nutrition was 
used. In all the variants with Cd nutrition, only an insignificant decrease of the weight 
of the above-ground part of the plants was observed. No significant decrease of the 
chlorophyll content in leaves was observed. Based on the measured levels of 
photosynthesis rate, stomatal conductivity and transpiration rate, no correlation between 
these characteristics and the cadmium content in leaves was proved. Oat has developed 
fairly good tolerance to stress induced by a higher content of Cd2+ ions. 
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Abstract: Scientists are breeding crop varieties resistant to diseases, pests and other biotic and abiotic 
constraints. The new varieties lead to improved agricultural productivity, which contributes to human food 
and ecosystem resilience. But their continuous and extensive cultivation in the form of genetically uniformed 
monocultures renders the crops and the whole agricultural system vulnerable to pest and disease attacks. 
Variety mixtures are recognized to offer useful disease control. The objective of this study was to investigate 
the effect of variety mixtures on fungal disease development in the heterogeneous plant populations of winter 
wheat in the eastern part of Slovakia. The variety mixture trial implemented seven varieties of wheat. Three of 
them were very well adapted to local conditions of potato growing region and they were mixed with others, 
having a high degree of disease resistance, in 3-component variety mixtures. Treatments in this experiment 
included each variety grown alone and nineteen mixture variants in three different growing seasons. Mixtures 
in comparison with pure varieties reduced the severity of brown rust, mildew and leaf spot diseases. Severity 
of yellow rust was not affected by variety mixtures. Disease intensity was strongly dependent on the year and 
on the variety of components used in the mixtures. This study revealed that variety mixtures may be used as 
added elements of functional diversity to reduce levels of fungal diseases and they would provide benefits to 
wheat production and enhancing the resilience in agricultural systems.  

Keywords: agro-ecosystem, crop diversity, variety mixtures, fungal diseases, winter wheat  

 

Introduction  

Undoubtedly, environmental factors as well as the level of water, fertilizer, pesticide 
application play a key role in crop yield increasing (Jolánkai et al., 2006; Kováčik, 
2009; Kotorová et al., 2009). Together with the genetic factor represents by a great 
number of varieties is also very important. Scientists and breeders do not stop to 
develop new improved varieties. However, many of them have narrow genetic base and 
they are often grown on a large acreage of land in genetically uniform monoculture. The 
pressures to increase the uniformity and productivity of crops have resulted in major 
losses in agricultural biodiversity, which can affect the stability and resilience of the 
agricultural ecosystems. Much of the resilience of the agro-ecosystems is due to 
complex interactions among species and genotypes at all levels of the system (Finckh, 
2008). The lack of genetic diversity can lead to very rapid overcoming of variety 
resistance and often giving rise to periodic plant disease epidemics.  
To manage diversity in a better way, diversification concepts have been developed by 
pathologists and breeders since the 1950s. Diversification strategies in time and space 
are being used in many agricultural systems to achieve acceptable levels of important 
diseases, pests, and weeds together with high product quality and stable yields (Finckh 
and Wolfe, 2006). There are many possibilities for diversifying cropping system. One of 
them are variety mixtures, which can help to reduce disease by diluting the inoculum of 
pathogens, through a barrier effect against spore dispersal provided by resistant plants in 
the canopy and by induced resistance when nonpathogenic spores trigger biochemical 
defenses that help protect plants against patogenic strains (Mundt, 2002). 
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The objective of the research was to explore the effect of variety mixtures on the fungal 
disease development in winter wheat under natural field conditions. 
 

Materials and methods  

Experiments were conducted during the 2006-07, 2007-08 and 2008-09 winter wheat 
seasons at Research-breeding station (RBS) in Malý Šariš, located in the eastern part of 
Slovakia. This location receives approximately 603 mm annual rainfall and the long-
term average temperature is 7,94oC. The experimental design was a randomized 
complete block with four replications. The plots were 10 m2 large.  
The set of genotypes selected for research comprised of 7 winter wheat varieties. First 
group made varieties bred at RBS in M. Šariš Malvína (A), Malyska (B), Torysa (C) 
with good adaptation for growing in potato growing region. In the second group were 
varieties Barroko (D), Ilias (E), Hermann (F), Manhattan (G), which were chosen for 
mixing on the base of their complementarity for disease resistance characteristics. Each 
of domestic varieties was mixed with two others from the second group in the 1:1:1 
three-component mixtures. One mixture (ABC) was composed only from the domestic 
varieties. Seeding rate was 400 seeds per m2. Treatments in this experiment included 
each variety grown alone and nineteen mixture variants. 
Disease severity of mildew, leaf rust, stripe rust and leaf spot diseases was assessed as 
% of leaf area infected. Disease ratings will be taken 3-4 times according to seasons and 
area under the disease progress curve (AUDPC) was produced. AUDPC measures 
intensity as well as the rate of the disease increase.  
 

Results and discussion  

Fig. 1 shows the means of AUDPC values of pure line varieties averaged over 3 years. 
The AUDPC of yellow rust is from 2007, because it occurred only in that year. Wheat 
varieties used in mixtures as supplement (D, E, F, G) to domestic ones (A, B, C) were 
fully resistant to yellow rust and high resistant to brown rust and powdery mildew. All 
varieties showed only moderate to low resistance to leaf spot diseases, primarily caused 
by Mycosphaerella graminicola and Pyrenophora tritici-repentis.  

 
Figure 1. AUDPC values of the individual components used in variety mixtures.  
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The paired t-test revealed significant differences (p<0.01) for AUDPC between mean of 
mixtures and mean calculated from the average of the corresponding pure varieties. The 
observed mean AUDPC of mixtures was lower than expected one for all diseases except 
yellow rust (Table 1). Variety mixtures exceeded expected AUDPC mean for yellow 
rust by 67 % (without ABC). The ability of mixtures to reduce spreading of yellow rust 
in this study with 33.3 % proportion of very susceptible variety was insufficient and it is 
suitable to avoid using those varieties in mixtures in the area where yellow rust is a 
potential risk. Only in the mixtures with variety Malyska (BDE-BFG) was observed a 
low reduction in AUDPC. Mixture ABC, consisted only from domestic susceptible 
varieties, had 2.2 times higher AUDPC than expected. Lannou et al. (1994) suggested 
that mixture efficacy was limited for a large-lesion parasite as yellow rust because of 
fast host-plant saturation and they found that substantial lesion expansion of yellow rust 
decreased host-diversity effect for reduce disease by half compared with brown rust.  
 

Table 1. AUDPC values of the mixtures and differences between mean of the mixtures and mean calculated 
from the average of variety components 

Powdery mildew Yellow rust  Brown rust Leaf spot diseases 
Mixture AUDPC Differencea AUDPC Difference AUDPC Difference AUDPC Difference 

ADE 10.6 -6.4 243.5 111.0 21.4 -27.3 179.0 -65.3 
ADF 17.5 -9.4 271.5 139.0 27.1 -29.4 158.5 -69.7 
ADG 13.2 -7.5 301.9 169.4 22.2 -32.0 174.4 -71.6 
AEF 14.4 -11.1 187.5 55.0 21.0 -31.0 136.2 -27.2 
AEG 11.8 -7.5 258.6 126.2 19.7 -29.9 155.3 -25.9 
AFG 18.9 -10.4 280.4 147.9 27.6 -29.8 138.0 -27.0 
BDE 41.0 -55.2 30.6 -13.5 38.9 -42.3 237.9 -64.9 
BDF 61.9 -44.4 42.9 -1.2 55.1 -33.9 209.3 -77.3 
BDG 73.5 -26.5 34.3 -9.8 46.7 -39.9 223.4 -81.0 
BEF 51.4 -53.4 38.1 -6.0 35.8 -48.8 170.2 -51.5 
BEG 41.6 -56.9 33.9 -10.2 40.2 -42.0 175.6 -64.0 
BFG 80.6 -28.0 29.3 -14.8 66.8 -23.1 162.8 -60.5 
CDE 14.1 0.0 13.5 4.4 113.6 20.8 266.4 -43.2 
CDF 14.7 -9.4 17.0 7.9 108.5 7.8 261.3 -32.1 
CDG 10.1 -7.7 19.9 10.8 114.8 16.5 283.8 -27.5 
CEF 14.5 -8.2 15.9 6.8 91.8 -4.3 226.9 -1.8 
CEG 13.0 -3.3 17.0 7.9 88.0 -5.7 254.0 7.5 
CFG 24.4 -2.0 22.0 12.9 87.5 -14.0 221.3 -9.0 
ABC 95.4 -10.7 414.3 228.6 109.4 -90.6 203.7 -33.5 
Mean         
 Observed 32.8 ** -18.9 119.6 ** 51.2 59.8 ** -25.2 202.0 ** -43.4 
 Expected 51.6  68.4  85.0  245.4  

** Difference between the observed mixture mean and the expected one significant at 0.01 probability levels. 
a Difference between the observed mixture mean and mean calculated from the average of variety components  
 
Garret and Mundt (1999) suggest that the effects of host diversity will tend to be 
greatest when the pathogen’s dispersal gradient is shallow, characteristic lesion size are 
small, and the number of pathogen generation is large. This is typical for powdery 
mildew and partially for brown rust with less number of pathogen cycles. Percentage 
reduction in AUDPC was 57 % for mildew and 14 % for brown rust. In mildew, the 
lowest AUDPC values showed mixtures with resistant varieties Malvína and Torysa, 
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but reduction in disease was usually greater in mixtures with the most susceptible 
variety Malyska compared to the other ones. Regarding brown rust only 3 mixtures with 
Torysa (CDE, CDF, CDG) had higher AUDPC values than expected. In these cases 
besides the susceptibility of Torysa, the presence of other variety Barroko with reduced 
plant height may play a role in disease progress due to a minor barrier effect. It is 
noteworthy that significant reductions -90.6 occurred in AUDPC of mixture ABC even 
though all its components are susceptible varieties to brown rust. Comparison the 
development of both rusts in this mixture confirms findings concerning different 
mechanism of rust spreading in the canopy and the influence of lesion expansion of 
these rusts on host-diversity effects (Lannou et al., 1994). 
Mixtures were also effective in reducing AUDPC for leaf spot diseases in 18 of the 19 
mixtures, though the amount of reduction varied considerably among mixtures. An 
average reduction of 21 % was recorded in AUDPC of mixtures compared to the 
weighted means of the component varieties. 
 

Conclusions  

Variety mixtures in comparison with pure line varieties reduced the severity of brown 
rust, mildew and leaf spot diseases. Severity of yellow rust was not affected by variety 
mixtures. This study revealed that mixtures of wheat varieties with different levels of 
resistance may be used as alternative strategy of managing some fungal diseases to 
retard their progress and they would provide benefits to wheat production and 
enhancing the resilience in agricultural systems.  
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Abstract: Yield variability of triticale cultivar Favorit and weediness in triticale crops affected by different 
regime of mineral nutrition were studied. The study was conducted at the long term experiment on control 
variant (without fertilizers), second variant without nitrogen application (two subvariants with different rate of 
P) 2P1 (80kg P ha-1) and  2P2 (120kg P ha-1), third variant with NP fertilizer with two different rate of N 
application: 3N1 (80-100kg NP ha-1) and  3N2 (120-100kg NP ha-1) and fourth variant 4N1 (80-60kg NP ha-1) 
and 4N2 (120-60kg NP ha-1). Weediness depends of rate and variant of fertilization. The dominant weed 
species Consolida regalis, Convolvulus arvensis, Polygonum aviculare, Cirsium arvense, Agropyrum repens, 
Polygonum convolvulus was on fertilized plots. The analyzed variability of grain yield depends of applied 
fertilizer variants. The lowest grain yield was found on control variant while the highest grain yield (4880kg 
ha-1) and low weediness expressed in variant 4N2 (120-60 kg N ha-1). 

Keywords: grain yield, nutrition, rate of fertilizer, weediness, triticale  
 

Intoduction  

Yield and yield components of triticale varied under various factors: scientific farming 
measures, rate of nitrogen fertilization, usage of pesticides, (Jolánkai et al., 2008) 
weediness, meteorological conditions (Márton, 2008). In crop production triticale is a 
better competitor than wheat against the weeds (Kiec, 2003; Avramovic and Knezevic, 
2007). Numerous studies reported that yield of wheat, as well other small grains, is in 
dependence of interaction of genotypes/environment (Pepo, 2007; Oracka and Łapiński, 
2006) mineral elements availability (Kovacevic et al., 2005) agro ecological condition 
(Drezner et al., 2007) precipitation (Balogh et al. 2006) crop weediness (Fodor and 
Pálmai, 2008; Knezevic et al., 2008). Triticale can achieve high yield and quality under 
adequately scientific farming measure: soil tillage, optimal time and density of sowing, 
level of water, fertilizer, pesticide (Oettler et al. 2000; Pawlonka and Skrzyczyńska, 
2004; Füleky, 2008). In triticale and other cereals, yield losses at average weediness can 
reach about 30% (Mason et al., 2007). One of the most important factors of crops 
protection is weed control (Jolánkai et al., 2006). Time of sowing and density (Walter et 
al., 2002) of triticale is important for tillering, enough to suppress weeds in spring 
season and reduce yield losses caused by late sowing, low temperature during winter 
and early spring time (Tarnawa et al., 2009). In addition, optimal application of 
fertilizer will increase vigour and competitiveness of cereal crop (Paunović et al., 2007). 
Grain yield and protein content are in dependence of NP fertilizer rates (Aguirre et al. 
2006; Kassai et al., 2006; Varga et al., 2007). The increasing of N rate is in connection 
with increasing of biomass of both cereal and weeds plants (Jolánkai et al., 2006; 
Knezevic et al., 2007). Within triticale growing technology, herbicides use to suppress 
damage effect of weeds to grain yield. The aim of this paper is investigation of the 
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effect of fertilization to weed communities of winter triticale and variation of grain 
yield. 

Materials and methods  

The weediness and grain yield of Favorit triticale crop, grown under different regime of 
N nutrition were studied. Cultivar was grown on long term experimental field of Center 
for Small Grains in Kragujevac on control variant (unfertilized), second variant without 
nitrogen (two sub variants with different rate of P) 2P1 (80kg P ha-1) and  2P2 (120kg P 
ha-1), third variant by NP fertilizer with two different rate of N: 3N1 (80-100kg NP ha-1) 
and  3N2 (120-100kg NP ha-1) and fourth variant  4N1 (80-60kg NP ha-1) and  4N2 (120-
60kg NP ha-1). Analysis of weed community and yield of triticale were conducted on 
four basic variants of soil fertilization and three replications. Unfertilized plots belonged 
to type of soil smonitza in the process of degradation with pH=6.03-6.10 in water and 
4.76-4.84 in KC1. Floristic structure estimated by method Braun-Blanquet (1964). 

Results and discussion  

The weed species in triticale crops cultivated under different regime of fertilization 
were identified. Different rates of nitrogen and phosphorus were influenced differences 
of weediness (table 1). The lowest weediness registered on the plots of triticale crops 
where applied the highest rate of nitrogen. In each variant of applied rate of fertilizer, 
were registered between 8 and 10 weed species in crop of Favorit cultivar. Mainly in all 
variants of nitrogen fertilization the weed species Cirsium arvense Consolida regalis, 
Convolvulus arvensis, Polygonum aviculare was dominant (table 1).  
 

Table 1. Weed species in triticale crops on controls variant (no fertilized plots)1N1,1N2, and on variant with 
application of different NP fertilizer rates 2P1 (80kg P ha-1) and 2P2 (120 kg P ha-1) 3N1 (80-100 kg NP ha-1) 

and 3N2 (120-100 kg NP ha-1)4N1 (80-60 kg NP ha-1) and 4N2 (120-60 kg NP ha-1) 

Cultivar Triticale- Favorit cultivar 

Variant of fertilizer 
Weed species 

1N1 1N2 2N1 
(2P1) 

2N1  
(2P2) 

3N1  
(NP) 

3N2 
(NP
) 

4N1  

(NP) 
4N2  
(NP) 

Agropyrum repens  +.1  +.1 +.1 +.1 +.1 R 
Consolida regalis +.1 +.1 +.1 +.1 +.1-1.1 +.1 1.1 +.1-1.1 
Convolvulus 
arvensis 

+.1 +.1 +.1 +.1 +.1 +.1 1.1-1.1 +.1 

Linaria vulgaris +.1 +.1 +.1 R +.1  +.1 +.1 
Setaria halepense   R   R +.1 +.1 
Lamium 
amplexicaule 

    R    

Viola arvensis +.1  R +.1  +.1 +.1 +.1 
Taraxacum officinale     +.1    
Polygonum aviculare +.1 +.1 +.1 +.1 +.1 +.1 1.1 1.1 
Polygonum 
convolvulus  

+.1 +.1 +.1 +.1 +.1 +.1 +.1 +.1-1.1 

Chenoodium album    R  R  R 
Cirsium arvense 1.1-2.2 1.1 +.1-2.2 1.1-2.2 1.1 1.1 +.1-1.1 1.1-2.2 
Rubus caesius +.1 +.1  R  R   
Total no. of species: 8 8 8 10 9 10 9 10 
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Different rates of nitrogen fertilization are not affected on the weediness level and 
botanical composition of the community. On control and fertilized plots was expressed 
similar weediness in triticale crop. By study of floristic structure, determined, that 
weedy community represents a fragment of association of Consolida regalis-Polygonum 
aviculare having in its composition 13 species. The weed species Consolida regalis, 
Convolvulus arvensis, Polygonum aviculare, Cirsium arvens, Polygonum convolvulus 
were dominant on fertilized plots. These results are in agreement with previous 
investigation Knezevic et al. (2008). Climatic condition (precipitation, temperature) as 
well as agronomic scientific farming influence to composition of weed species (Jolànkai 
et al., 2008; Tarnawa et al., 2009). By investigation other authors were registered the 
most prevalent weed species Capsella bursa-pastoris and Taraxacum officinale (Harker 
et al. 2000). Density of weeds is in dependence of weed species and soil properties (Tỳr 
et al., 2009). Therefore, negative cross-correlation between the density of Viola arvensis 
Murray and clay content, while, density of Lamium purpureum L. was positively cross-
correlated with the phosphorus content in the soil (Walter et al., 2002). The interaction 
between variety and N supply was significant for yield. In this investigation analyzed 
influence of weed and fertilizer to variation of grain yield in triticale crop. The highest 
grain yield of triticale Favorit cultivars was found on plots with the highest fertilizer 
rates. Cultivar Favorit expressed the highest grain yield (5380kg ha-1) and low 
weediness in applied variant of fertilizers N2 (120-60 kg NP ha-1) what could be 
advantage for cultivation (table 2).  

Table 2. Average yield of grain of analyzed triticale Favorit cv. under the different variants of fertilization 

Variant 
of 

nutrition 
Control 1 Control 2 

2N1 (60 
kg Pha-1) 

2N2 (100 
kg Pha-1) 

N1 (80-
100  kg 
NP ha-1) 

N2 (120-
100  kg 
NP ha-1) 

N1 (80-60  
kg NP ha-

1) 

N2 (120-
60  kg NP 

ha-1) 
Average yield of grain kg ha-1 

Plot 1090 1110 1670 1910 2210 2470 2580 2690 
Hectare 2180 2220 3340 3820 4420 4940 5160 5380 

In general, increasing rates of NPK fertilization only caused a significant increasing of 
yields. Similar results obtained in the crop rotation at lower rates 150–300 kg NPK ha-1 
Füleky (2008). Some investigation showed that spring triticale strongly reduced the 
number of weed especially of wild oat plants. In addition, the yield reduction of triticale 
by studied weed was much lower as compared to other spring small grains, Kiec (2003).  
Conclusion 

This study showed that genotype/nitrogen interaction has influence to cultivar traits and 
weed infestation. The increasing of grain yield of triticale and abundance of weed 
species in triticale crop are influenced by increased rate of applied fertilizer. In variant 
by higher rates of N was efficient competition of triticale plants and weeds that leads to 
increase of grain yield. The highest yield of triticale (5380kg ha-1) was found on variant 
N2 (120-60kg NP ha-1). The different weeds with prevalence of weed species Cirsium 
arvense. Consolida regalis, Convolvulus arvensis, Polygonum aviculare were identified 
in triticale crop grown under different regime of N nutrition. For weed management 
strategy in triticale should be following the same principles as used for wheat.  
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Abstract: Occurrence of climatic changes brings the question how the increased temperature will influence 
the leaves and crop growth of cereal plants in Slovak region. In experiments with spring barley (Hordeum 
vulgare L.) growing in conditions of full irradiance and light restriction, the effect of air temperature was 
collected during two vegetation periods. Mainly at the beginning of growth season leaf appearance and growth 
was affected by air temperature; rising of average daily temperature was accelerating main stem leaves growth 
in both light regimes. The rate of leaf expansion was more sensitive to environment influence than duration of 
expansion. In our experiments leaf expansion rate was in close correlation with air temperature regardless of 
irradiance amount. The results show that in restricted light conditions leaf area increased because of leaves 
elongation growth was supported and lower accumulated irradiance sum calculated for the similar elongation 
growth was required for shaded plants. Quantification of leaf appearance and leaf growth dynamics can be 
useful for leaf growth models under climatic change conditions to predict the trend of crop development at 
rising air temperature.  

Keywords: spring barley, temperature, leaf growth, leaf elongation rate, leaf expansion duration  

 
Introduction  
The 20-year period 1988-2007 represents a start of unusual climate warming also in 
Slovakia, when the annual temperature increase in 1.6°C and annual precipitation 
decrease in 24 mm were registered. Regimes of air humidity, potential and actual 
evapotranspiration, soil moisture and air temperature have been changed predominantly 
in the southern part of Slovakia (Lapin et al., 2009). Rising of accumulated air 
temperature sum in 32% during the main growth period is expected till the period of 
2075. Changes of climate conditions cause the shifts in plants phenological 
development (Nagy, 2008; Arduini et al., 2009) and changes of physiology reactions 
(Zivcak et al., 2008). Lapin et al. (2009) remarks that the climate change development 
in Slovakia is at annual temperature rise more rapid than it was supposed by any 
scenario designed in 1991-2000.  
For crops and biomass production, leaf area is the main determining factor affecting 
light interception. An occurrence of spacious leaf area produced in short time interval is 
typical trait for spring cereals. Leaf appearance is one of the important aspects of 
development, which can be used to determine the response of development to 
temperature (Yin and Kropff, 1996). It is widely accepted that temperature primarily 
controls the phyllochron and the rate of leaf formation on the stems, with light in 
secondary role (Porter and Gawith, 1999; McMaster et al. 2003). It was observed that, 
when air temperature increases, time interval of two successive leaf tips appearance is 
dropped. The effect of other factors as light environment and soil temperature on leaf 
growth and tiller appearance in cereals is discussed (Bos and Neuteboom, 1998; 
Miralles and Richards, 2000; McMaster et al. 2003). The aim of our work was quantify 
the effect of air temperature to barley leaves appearance and growth situated in different 
light regimes during the vegetative seasons 2005 and 2006.  
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Materials and methods  
Barley plants (Hordeum vulgare L.) were cultivated in plastic pots with soil substrate in 
the natural environmental conditions with optimalized nutrient and water regimes 
during the 2005 and 2006 growing seasons. Two variants of light regime were applied; 
cultivation under natural light environment with full irradiation and under shaded 
conditions where direct sunlight was restricted to 20% of the daily solar irradiation.  
During whole growing season the microclimate conditions (photosynthetic active 
radiation, air and soil temperature, relative humidity) were monitored (LiCor 1400, 
LiCor, Nebraska, USA). Data of air and soil temperature were recorded each minute, 
photosynthetic photon flux density each second and from them daily maximum, 
minimum and average values were calculated. Accumulated temperature was calculated 
for defined time interval as a sum of average daily air temperatures.  
Leaves growth was measured by a non-destructive way as leaf area increase. Leaf area 
was calculated as: A=l*w*k, where l is leaf length, w is leaf width and k is a multiplying 
factor (0.64) usually used for barley (Šesták et al., 1971). Elongation of main stem 
leaves was evaluated as the rate of leaf expansion per unit time (LER, mm.d-1). LER 
was calculated as maximal individual leaf length divided by the growth period (Singh et 
al., 2006). Duration of leaf expansion (LED, d) was estimated as the number of days 
between the appearance and full emergence of an individual leaf (Bahmani et al., 2000). 
All measured data were evaluated by the statistical packet of Microsoft Excel.  
 
Results and discussion  
In term of climatic characteristic of whole vegetative season, results showed that the 
accumulated air temperature sum and average daily air temperature were similar during 
both growing seasons. Substantial differences were found for air temperature, mainly at 
the beginning of barley growth in April, when average daily temperature in 2006 was 
2°C higher than year before (Figure 1). This fact had result in reduction of time interval 
between appearances of successive leaves on the main stem. The first four leaves 
appeared in 2 - 4 days more quickly than season before. The shift in day of appearance 
was obtained for both plant variants, sun and shaded plants, independently to light 
regime in which they were growing (Table 1) (Yin and Kropff, 1996).  
It was interesting that in case of sun and shaded plants, accumulated air temperature 
sum required for each leaf appearance was almost similar for both experimental years 
(Table 1). This really showed that for leaf initiation and appearance cumulation of 
temperatures is inevitability as pointed Yin and Kropff (1996) and McMaster et al. 
(2003). Growth variability between sun and shaded variant emerged from different leaf 
elongation rate that was intensive, more sensitive to temperature in restricted light 
conditions (Bos and Neuteboom, 1998; Bahmani et al., 2000). In term of irradiance 
requirements for leaves growth, only small interval of accumulated irradiance sum (20-
90 mol.m-2) was measured to achieve maximal leaf length for shaded plants in 
comparison to sun variant, which needs seven times higher irradiance sum for equal leaf 
elongation rate.   
As Table 1 shows, average daily air temperature between sowing date and day of leaf 
appearance was higher for sun variant in 2006. The rate of leaf initiation and leaf 
emergence had linear relationships with temperature as also obtained Porter and Gawith 
(1999) and Hay and Porter (2006). 
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Figure 1. Average air temperature (°C) during April, at the beginning of growing season, when first four 
leaves of the main stem was appeared (left). Average air  temperature (°C) of whole growing season with 

fluctuation during 2005 and 2006 (right). 
 
Quantification of leaf elongation rate (LER) and duration of leaf expansion (LED) is 
coessential as the rate of leaf appearance for crop leaf area and its productivity. Hay and 
Porter (2006) stated that under optimal conditions, duration of leaf expansion from its 
emergence seems to be constant in thermal time. The results showed that accumulated 
air temperature sum had a significant effect on LED; leaf expansion duration was a 
linear function of increased accumulated air temperatures (Repková et al., 2009). 
 

Table 1. Comparison of number of days, accumulated air temperature sum (°C.d-1) and average air 
temperature (°C) between sowing day and day of leaf appearance on main stem during 2005 and 2006 

measured for sun and shaded barley variant. All leaves were numbered from stem basis in order as they had 
appeared. 

2005 2006 2005 2006 2005 2006

1st leaf 6 8 100,75 118,02 14,4 13,1

2nd leaf 11 10 153,16 154,81 12,8 14,1

3rd leaf 17 13 237,40 211,57 13,2 15,1

4th leaf 18 18 256,60 279,46 13,5 14,7

5th leaf 24 22 349,48 338,02 14,0 14,7

6th leaf 32 29 448,42 447,28 14,0 14,9

7th leaf 39 35 565,27 555,36 14,5 15,4

8th leaf 42 40 625,91 647,93 14,9 15,8

2005 2006 2005 2006 2005 2006

1st leaf 7 8 108,73 118,02 13,6 13,1

2nd leaf 12 10 165,23 154,81 12,7 14,1

3rd leaf 18 14 256,60 229,42 13,5 15,3

4th leaf 22 21 323,73 322,42 14,1 14,7

5th leaf 33 26 466,91 398,27 14,1 14,8

6th leaf 39 32 565,27 502,32 14,5 15,2

7th leaf 45 38 698,78 608,55 15,5 15,6

8th leaf 47 47 745,31 760,36 15,9 15,8

sowing day - leaf appearance

sowing day - leaf appearance

Sun variant

Days Air temperature sum (°C.d-1) Average air temperature (°C)

Shade variant

Days Air temperature sum (°C.d-1) Average air temperature (°C)

sowing day - leaf appearance sowing day - leaf appearance

sowing day - leaf appearance sowing day - leaf appearance
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In contrast to LED, the rate of leaf expansion is more sensitive to fluctuating 
environment as also previously described Hay and Porter (2006). LER decreased 
exponentially with raised accumulated air temperature sum without the reference to 
light regimes in which plants were growing. 
 

Conclusions  

Results showed that increasing of average air temperature at the beginning of growing 
season could accelerate the leaf appearance of the first four leaves on main stem, 
sometimes in 2-4 days earlier. Shading environment increased leaf expansion rate and 
duration of leaf expansion. Accumulated air temperature sum was in linear function 
with leaf expansion duration and in exponential relationship with leaf elongation.  
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Abstract: Maize is one of the major cereals in Hungary, it is grown on 30-32 % of the 4.5 million ha arable 
land. The national average yield ranged between 3.7 and 7.7 t ha-1 in the past decade. Its yield fluctuation 
reaches 50-60 %, which is very unfavourable. Yield fluctuation is caused by climate change and agrotechnical 
deficiencies. Climate change caused by global warming intensifies weather extremes. 

Keywords: crop rotation, sowing time, optimum plant density 

 

Introduction 

Optimum crop rotation is important due to our continental climate which is inclined to 
drought, but the forecrop also has a great impact on the propagation of weeds, 
pathogens and pests (Berzsenyi, 1995; Kissné, 2000). 
Among others, a great disadvantage of monoculture cropping is that it does not enable a 
proper rotation of other crops (Menyhért, 1979; Nagy, 1986; Sárvári, 1995). 
The optimum sowing time is influenced by climatic and soil features and is determined 
by the cold tolerance of the hybrid at germination. There is a correlation between 
sowing time and yield, but there is a significant, tight correlation between sowing time 
and the grain moisture content at harvest (Sárvári and Futó, 2001; Marton et al., 2005; 
Szél, 2005). 
In the duplication of yields, the applicability of higher plant densities had a significant 
role (Carlone and Russel, 1987). Increase of plant density is one of the methods for 
increasing the sunlight adsorption of leaves (Stinson and Moss, 1960). Via increasing 
plant density, the individual yield (cob size) decreases, while the yield per unit area 
increases until reaching the optimum plant density. A higher than optimum plant density 
causes water deficiency, increases the ratio of sterile plants which result in a yield 
reduction (Bodnár, 1982). 

Materials and methods 

The experiments were set up on meadow soil. The soil was characterized by hard 
tillability, great absorption of phosphorus and potash and a hard release of nitrogen in 
the spring. 
In the last two decades, ten years were dry (Figure 1). In the vegetation period of maize 
(April-September) the 30-year average of the mean temperature was 16.82 oC in the 
region of Debrecen, which increased by 2-3 oC in recent years. This further increases 
evaporation, surface evaporation and water deficiency. 
Crop rotation Triculture: pea– winter wheat – maize – maize, biculture: winter wheat 
– maize – maize – winter wheat, monoculture: maize. 
Fertilization: crop rotation experiment N 0-250, P2O5 0-200, K2O 0-200; sowing time 
and plant density experiment N 120, P2O5 80, K2O 110 kg ha-1 active ingredient. 
Sowing times in the sowing time experiment: 5-10 April, 22-25 April, 13-15 May. 
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In the plant density experiment, plant density varied from 20 to 100 thousand plants 
ha-1. 
The experiments were randomized block experiments in four repetitions. 
The experiments were evaluated by analysis of variance, factor analysis and parabolic 
regression analysis. 
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Figure 1. Precipitation data in the critical period and the vegetation period, Görbeháza, 1990-2009 

Results and discussion 

Among the ecological factors, climatic factors, precipitation and the changes in 
temperature greatly determined the yield. 
According to the principal component analysis for the 15-year period of 1973-1987, the 
rank of the yield-determining factors was: 
1. The amount of precipitation (mm) in the critical period of maize (June-July-August) 
2. The amount of precipitation in the vegetation period (April-September). 
3. The annual amount of precipitation (January-December). 
4. Temperatures in May, July and August. 
5. The amount of precipitation and the changes in temperature in June. 
The five factors accounted for 79 % of the changes in the yields. 
Average yields obtained in the 15-year period (1976-2000) in the different crop 
rotations (Figure 2): 
- Triculture (pea – winter wheat – maize – maize) 9.70 t ha-1, biculture (winter wheat – 
maize – maize – maize) 9.10 t ha-1, monoculture (maize) 8.71 t ha-1. 
The crop rotation influenced the changes in the pH value of the soil. In monoculture, the 
pH value of the soil had been significantly reduced by the 16th year of the experiment 
(Table 1). 

 
Table 1. Average pH (KCl) values of the soil in the crop rotation variations A, B and C 

 16th year 20th year 24th year 28th year 

Crop rotation A  5.8808 6.1333 6.3186 6.4859 
Crop rotation B  6.0023 6.1918 6.3744 6.3924 
Crop rotation C  5.7395 5.8264 5.6166 – 

SD5% 0.2358 0.2605 0.2229 0.1216 
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Figure 2. Effects of forecrop on maize yields, 1976-2000 

There is a tight correlation between sowing time and yield, and the grain moisture 
content at harvest. In the past, the optimum sowing time in Hungary was between 15 
April and 5 May, due to climate change, sowing can be performed 10-15 days earlier. 
Advantages of an earlier sowing time: 
– Flowering of male and female flowers and fertilization happen in a more favourable 

period (end of June), consequently, yield safety is increased. 
– Hybrids reach physiological maturity earlier, when the black layer is formed at the 

end of the grain next to the cob, there is no more nutrient accumulation and the grain 
starts to release water. In this way, the grain moisture content at harvest can be 
reduced by even 5-10 %. Via reducing the drying costs, the production efficacy of 
production can be increased. 
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Figure 3. Effect of sowing date on the yield of maize, Görbeháza 2007-2008. 

In Figure 3, it can be seen that the yield of the hybrid PR38A79 was the highest at the 
second sowing date (25 April). However, the yield of other hybrids was higher by 1.79-
2.06 t ha-1 at the earliest sowing date. 
Optimum plant density is a factor which has a great influence on yield. There is a tight 
correlation between the vegetation period of the hybrid, the water and nutrient supply 
and the optimum plant density. However, there are great differences among the hybrids 
in their response to increasing plant density. There are hybrids, which give the highest 
yield at 80-90 thousand plants ha-1, while there are hybrids the yield of which is greatly 
reduced at plant densities higher than 70 thousand plants ha-1 (Figure 4). 
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Figure 4. Relationship between plant density and yield of maize hybrids (2005, 2008) 

Hybrids can be classified into the following groups: hybrids with a wide optimum plant 
density interval; hybrids not requiring high plant density but having a good individual 
yield (prone to bearing several cobs); hybrids sensitive to increasing plant density 
having a tight optimum plant density interval. The determination of the plant density 
should be hybrid-specific, especially for the third group. 

Conclusions 

The yield and yield safety of maize could be improved by selecting the hybrid adapting 
to the ecological conditions, by applying a proper crop rotation and an earlier sowing 
time within the optimal interval and by ensuring a plant density harmonized with the 
ecological, biological and agrotechnical factors. 
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THE INFLUENCE OF MINERAL FERTILIZING ON THE YIELD 
COMPONENTS, POLYPHENOLS AND ATIOXIDANT 
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Abstract: Sweet potato is a perennial tropical plant which has recently been introduced into commercial 
production in Croatia. The aim of the research was to determine the influence of different mineral fertilization 
on the yield components, the concentration of polyphenols and the antioxidation activity of sweet potato. The 
fertilizing test in the field was conducted in 2008 and 2009 in Croatia and included two cultivars Boniato and 
Bat1, and mineral fertilization with three nitrogen-potassium ratios (1:1, 1:2.5 and 1:5). The yield components 
were determined on the basis of the root and leaf mass, as well as the share of larger root fraction. The 
analyses of the total quantity of polyphenols were conducted by means of UV/Vis spectrometric method, and 
the antioxidation activity by ORAC method. It was found out that the root mass of 'Boniato' and 'Bat1' had 
increased by 18 % and 12 % at the nitrogen-potassium ratio of 1:2.5 and 39 % and 41 % at the 1:5 ratio when 
compared to the control nitrogen-potassium ratio 1:1. More intensive fertilization resulted in a bigger portion 
of larger root fraction (the mass above 400 g) with both cultivars. Regardless of fertilization, 'Boniato' 
produced significantly larger mass of leaves (43 % to 120 %) than 'Bat1'. 'Boniato' root contained the total of 
polyphenols between 5.05-14.38 mg g-1 dry weight and the antioxidant activity ranging from 20.34 to 51.00 
µmol Trolox equivalent g-1 dw, whereas the total polyphenols concentration in the root of 'Bat1' ranged from 
2.30 to 16.08 mg g-1 dw, and the antioxidant activity from 9.26 to 73.03 µmol Trolox equivalent g-1 dw. 

Key words: cultivar, nitrogen- potassium ratio, leaves, root 
 

Introduction 

Sweet potato is an important new food crop in Croatia because of the high nutritional 
value of roots and leaves. Cultivation of sweet potato is explored at the Vegetable Crops 
Department of the Faculty of Agriculture, University of Zagreb (Novak et al., 2001). 
Sweet potato yields showed annual responses to increased application of N, P, and K 
fertilizer, but they also showed a tendency to decrease, or level off, under the highest 
application rates. Oya et al. (1977) mentioned that the yield of root tuber may be 
reduced when to much nitrogen is applied as recognized elsewhere, since excessive 
nitrogen brings in more vigorous growth of the vine rather than the root tuber of sweet 
potato. Excessive application of N fertilizer increased leaf yield but tended to decrease 
root yield, whereas (Okpara et al., 2009) reported that nitrogen application up to 120 kg 
N ha-1 increased light interception, leaf area index and shoot dry matter. Phosphorus 
applications had no effect on yield, grade, or quality of sweet potato (Nicholaides et al., 
1985). Field trials showed that adequate K inputs greatly increased sweet potato yields. 
Average tuber weight and starch content, indicators of quality, increased with K rates up 
to an optimum of 225 kg K2O ha-1 (Jian-Wei et al., 2001). Sweet potatoes are rich in 
dietary fiber, minerals, vitamins, and antioxidants, such as phenolic acid, anthocyanins, 
tocopherol and β-carotene (Teow et al., 2007). In recent years, several studies have 
indicated that the polyphenolic extracts from sweet potato exhibit antioxidant activity, 
antimutagenicity, potential chemopreventive properties, and antidiabetic effects (Rabah 
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et al., 2004; Islam et al., 2009). As previously reported for other vegetables 
polyphenolic content and antioxidant activity in sweet potato differed between cultivars 
due to genetic, environmental and cultivation factors (Teow et al., 2007; Padda et al., 
2008). Therefore, we found interesting to study the influence of different mineral 
fertilization on the yield components, total polyphenolic content and antioxidant activity 
in two different sweet potato cultivars. 

Materials and methods 

The experiment in the field was conducted in 2008 and 2009 on a the Experimental 
Field in Varaždin on an alluvial soil poor in humus, pH 7.2, with a medium quantity of  
N and P and poor in K. The experiment was organized according to the method of 
random block scheme in four repetations with two cultivars Bat 1 ( yellow skin, orange 
flesh, NK, NG1, NG2) and cultivar Boniato (red skin, white flesh, CK, CG1, CG2). 
Planting was done on 13th May 2008 and 12th May 2009 with the set of 2 plants m-² on 
elevated beds covered with PE film. Fertilization was conducted before planting (N 15, 
30 and 50 kg ha-1), (P 10, 15 and 30 kg ha-1), and (K 15, 75 and 250 kg ha-1). Although 
the average rainfall during vegetation was less than the needed 500 mm sweet potato 
was not irrigated except 0.5 l per plant immediately after planting and without applying 
any pesticide. In the course of the 145 days of vegetation the rainfall in 2008 was 444 
mm, whereas in 2009 it was only 260 mm, the average temperature in both years being 
18 ºC. The development of the leaf mass was surveyed by counting leaves in the first 
and second month after planting and the total yield and the root mass were measured 
after the root was taken out manually. Laboratory analyses of polyphenol and the 
antioxidant activity was conducted at the end of vegetation by picking top leaves and 
choosing average mercantile roots. Polyphenols were extracted twice from 5 g fresh 
sweet potato roots with 70 % aqueous methanol at 70 ºC for 15 min. Prepared extract 
was used for measurement of total polyphenolic content and antioxidant activity by 
ORAC assay. Total polyphenolic content was determined by Folin-Cicalteu method 
(Singleton et al., 1999). The absorbance was measured at 760 nm and results were 
expressed as mg of galic acid equivalent g-1 dw (six points from 0.01 to 0.1 mg L-1 galic 
acid in 70 % methanol). The Oxygen radical absorbance capacity (ORAC) was 
determined according to the method of Cao et al. (1993). Fluorescence was read every 
minute up to a value zero at 485 nm excitation, 520 nm emission. ORAC values were 
reported as µmol Trolox equivalents per g dw. 

Results and discussion 

'Boniato' has formed significantly larger leaf mass as compared with the 'Bat1' (Table 
1). The increased fertilization with potassium has had no influence on the increase of 
leaf mass but had influence on the increase of the yield of both cultivars by 12-41 %. 
The more potassium the fertilizer contained the higher percent of voluminous fraction of 
the root above 400 g there was, as compared with the control (Fig. 1 and 2). Influence of 
different mineral fertilization on total phenolic content and antioxidant activity 
determined by ORAC assay  in two cultivars of  sweet potato root grown in 2008 and 
2009 are given in Table 2. 
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Table 1. Influence of cultivar and fertilizing on the leaf mass 

Morphological quality  Runner length in cm Number of runners Number of leaves 

Year of research 2008. 2009. 2008. 2009. 2008. 2009. 
Factor A Cultivar 
Bat 1 - N 62,6 76,0 B 14,3 14,3 B 239,8 B 247,6 B 
Boniato - C 59,2 76,1 A 15,9 18,6 A 331,5 A 328,7 A 
LSD 7,6 n.s. 1,9 1,9 n.s. 2,3 42,1 26,0 
Factor B Fertilizing 
Control K (N:K - 1:1) 59,0 69,8 B 14,2 14,9 b 272,2 268,1 B 
FertilizingG1(N:K– 61,2 71,2 B 15,3 16,5 ab 284,5 287,9 AB 
Fertilizing G2 (N:K– 1:5) 62,6 73,7 A 15,8 18,0 a 300,2 308,4 A 
LSD 7,6 n.s. 2,4 2,4 n.s. 2,1 37,3 n.s. 31,9 
Interaction Cultivar x fertilizing 
NK 60,4 66,3 c 12,9 b 13,2 C 226,9 b 220,6 D 
NG1 63,8 67,1 c 15,2 ab 14,9 BC 253,9 b 250,3 CD 
NG2 63,8 67,7 c 14,8 ab 14,9 BC 238,6 b 271,8 BC 
CK 57,5 73,3 b 15,5 ab 16,5 BC 317,5 a 315,6 AB 
CG1 58,6 75,3 b 15,4 ab 18,1 AB 315,2 a 325,6 A 
CG2 61,5 79,7 a 16,8 a 21,1 A 361,7 a 345,0 A 
LSD 10,8 n.s. 2,4 3,4 4,0 52,7 45,1 

 
 
 
 
 
 
 
 

Figure 1. Root fraction 2008.                                    Figure 2. Root fraction 2009. 

We found variation of total polyphenols content between two cultivars as well as 
different influence of growing conditions. In general, total polyphenolic content was 
higher in both cultivars grown in 2009, probably due to the lower level of rainfall. We 
found the increase of total polyphenols in 'Bat1' growing in application of mineral 
fertilization with nitrogen-potassium ratios of 1:2.5 and 1:5 in both years while negative 
influence was found in 'Boniato'. The greatest antioxidant activity (ORAC=73.03 µmol 
Trolox g-1 dw) was noticed in 'Bat1' cultivars grown in 2009 with application of mineral 
fertilization with nitrogen-potassium ratios 1:2.5 which had the highest concentration of 
polyphenols, whilst the lowest antioxidant activity (ORAC=9.26, µmol Trolox g-1 dw) 
was also found in 'Bat1' grown as control with application of mineral fertilization with 
nitrogen-potassium ratios 1:1 grown in 2008. Our data were comparable to previous 
studies although great variations were reported (Padda et al., 2008 and Teow et al., 
2007). 
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Table 2. Influence of different mineral fertilization on total phenolic content and antioxidant activity 
determined by ORAC assay  in two cultivars of  sweet potato root grown in 2008 and 2009 * 

* Results are means ± S.D. (n=3), values of the same column followed by the same letter (a–d) are not 
statistically different (P<0.05) as measured by Duncan's test. 
** Sample: Bat1 cultivar- N; Boniato cultivar -C; K- control mineral fertilization with nitrogen-potassium ratio 
1:1; G1- ratio 1:2.5 and G2 - ratio 1:5. 

Conclusions 

In Croatia sweet potato can yield 20-30 t ha -1 of the root and about 15 t ha-1 of the leaf 
as valuable good with the balanced fertilization. This study established baseline data on 
the total polyphenolic content and antioxidant activity in 'Boniato' and 'Bat1' with 
addition of different mineral fertilization. These results could be useful for sweet potato 
producers when making decisions which mineral fertilizer to use and might be useful in 
the future for conventional programs for growing in order to improve the criteria for the 
desired quality of sweet potatoes. 
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2008 2009 

Total Polyphenols ORAC Total Polyphenols ORAC Sample** 
mg g-1 

dw 
SD** µmol 

Trolox g-1 

dw  

SD** mg g-1 dw SD** µmol 
Trolox g-1 

dw 

SD 

NK 2.30d 0.19 9.26e 0.79 13.03c 1.23 46.46c 6.18 
NG1 3.75c 0.14 15.10d 1.89 16.08a 0.40 73.03a 4.58 
NG2 4.32bc 0.03 17.40c 0.75 15.32b 0.11 63.42ab 2.48 
CK 7.62a 0.03 30.69a 2.21 14.38bc 0.86 51.00c 4.11 

CG1 5.30b 0.02 21.34b 1.31 13.17c 0.45 50.10c 5.10 
CG2 5.05b 0.08 20.34b 0.91 12.95c 1.33 48.08c 1.59 
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Abstract: In Hungary more than 11 % of the area (1.02 million ha) is grassland. A significant proportion of 
this area is occupied by extensively used fields where fodder is grown. Extensive grassland management does 
not necessarily exclude multiple harvests within one season. In our experiments, we tested the effect of cutting 
frequency on the species composition of grassland vegetation, the resilience of different grasslands. 
Utilisation frequencies (2, 3, 4 cuttings annually) were simulated by the same method at two sites, without 
fertiliser applications. The utilisation frequency of 2 cuttings/year was represented by a late first cutting (third 
decade of June) and an autumn cutting. The utilisation frequency of 3 cuttings/year was represented by 
vegetation surveys performed in the third decade of May, at the end of July and at the beginning of October. 
The utilisation frequency of 4 cuttings/year meant surveys in May, at the end of June, the end of July and at 
the beginning of October. 
In Mende, on a planted, wet meadow, surveys on vegetation composition mostly yielded less than 10 species. 
In Bösztör, on a dry, natural pasture, the number of identified species varied between 35-40. From the relative 
ecological indicators (BORHIDI, 1993), the distributions of relative temperature demand (TB) and social 
behaviour types (SBT) were analysed. 
According to the results of the examined 2 years, we may conclude that from the 3 different utilisation 
frequencies, the treatment with 3 cuttings/year had the most significant beneficial effect on maintaining or 
establishing a near-natural vegetation and resilience of grasslands. Further research is needed to confirm long 
time impacts. 

Keywords: utilisation frequencies, relative ecological indicators, biodiversity, near-natural vegetation 

 

Introduction 

More than 11 % of the area of Hungary (1.02 million ha) is under grassland 
management. The area of grassland has decreased significantly in recent decades as 
pieces of land of better quality have been transformed into arable fields (Barcsák et al., 
1986). Yields have been increased primarily by using artificial fertilisers. The amount of 
nutrient supply necessary to increase the yield of different grassland types has been 
studied extensively (Nagy, 1991). 
Over fertilising, while it increases yields, degrades soil quality (Láng, 1983) and 
reduces biodiversity (Müller, 1994). According to the results of Szemán (1998), the 
species diversity and yield of leguminous plants increase on unfertilised grasslands. 
Nitrogen increases the raw protein content of grass (Bánszki, 1988). Arming (1996) 
identified 39-68 plant species in an extensively managed plot of poor quality as opposed 
to the maximum number of 15 species found in intensively managed plots (where 50 % 
of species were weed species typical in arable fields or ruderal species). 
With the drastic decrease in livestock numbers since the 90’s, increasing yields is not as 
significant an issue as it used to be. As an alternative, new, environmentally friendly 
methods of pasture management have been introduced, e.g. organic and extensive 
grassland management (Kiss et al., 2006; Penksza et al., 2003, 2005; Szemán et al., 
2008). 
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Extensive grassland management does not necessarily exclude multiple cuttings within 
one season. In our experiments, we tested the effect of cutting frequency on the species 
composition of grassland vegetation, the related potential changes in composition and 
the resilience of different grasslands. 

Materials and methods 

Experiments were carried out in 2006, 2007 and 2008, at two locations, on flat ground. 
At one site (Mende), the experimental field, a wet meadow planted previously with 
Festuca arundinaceatum vegetation, was located in a valley, while at the other site 
(Bösztör) a dry saline grassland with Festuca pseudovinetum vegetation (in Bösztör) 
was used. Both sites are managed organically; no artificial fertilisers are applied. In the 
autumn of 2006, the manure dropped by grazing animals was simulated by broadcasting 
slurry, as the pastures were only mowed. Grasslands were utilised at 3 levels of 
intensity, represented by the number of cuttings (Table 1) 

Table 1. Details of treatments 

 2 cuts/year 3 cuts/year 4 cuts/year 

1st growth 19 Jun. 17 May 17 May 

2nd growth 10 Oct. 28 Jul. 19 Jun. 

3rd growth  10 Oct. 28 Jul. 

4th growth   10 Oct. 

Treatments were applied in 3 replicates. Vegetation composition was surveyed using the 
quadrat method Balázs, where the areas occupied by the different species inside the 
quadrat are expressed as coverage, or dominance value (DB). The dominance value is 
proportional to the area utilised by a given plant species. The highest possible value for 
DB is 32, standing for a surface coverage of 100 %. 
From the relative ecological indicators (BORHIDI, 1993), the distributions of relative 
temperature demand (TB), relative nitrogen demand (NB) and social behaviour types 
(SBT) were analysed. 

Results and discussion 

Prior to discussing dominance values, the differences between numbers of plant species 
at the two examined sites should be mentioned. In Mende, on the planted, wet meadow, 
surveys on vegetation composition yielded less than 10 species in most of the cases. In 
Bösztör, on the dry, natural pasture, the number of identified species varied between 35-
40. Classifying the examined sites according to the temperature demand shows a clear 
difference between the grasslands at Mende and Böször. The grassland in Mende 
(Figure 1) is mostly dominated by TB 5 vegetation (zone of montane deciduous 
mesophile forests). In 2008, in the plots with cutting frequencies of 2 and 4, the 
coverage of TB 6 species decreased; these species were replaced by the aforementioned 
TB 5 vegetation. 
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Figure 1. Distribution of plant species according to relative temperature demand (TB); Mende and Bösztör 

In Bösztör (Fig. 1), the grassland is mostly dominated by the plant species of 
thermophile forests and steppic woods (TB7) and the submediterranean sibljak and 
steppe zone (TB8). As a result of the increased frequency of cutting, the proportion of 
plant species of higher temperature demand increased. In the treatment with two 
cuttings, the first cutting is rather late (second half of June), thus the first growth after 
cutting has a significant shading effect. This may explain the proliferation of species 
with a lower temperature demand in the case of extensive management. 
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Figure 2. Distribution of plant species according to social behaviour types (SBT) in 2008 October; Mende and 

Bösztör 

The graph of social behaviour types shows a dominance of disturbance tolerant, 
naturally occurring species (DT) in Mende (Figure 2). Competitor plant species (C) 
indicating natural conditions have also appeared. In Bösztör, species indicating natural 
condition (C, S, G, NP) were found in higher numbers than species indicating 
disturbance (Figure 2). Natural competitors (C) occupied almost 50 % of the area. 
Endemic weed species were found only in low numbers. Rural competitor species of the 
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endemic flora benefited from the cutting frequencies of 2 and 4 (16.5 % and 13.7 %, 
respectively) as opposed to 3 cuttings/year (8.5%). 
As SBT values indicate the natural or disturbed nature of the relationship between plant 
species and their habitats, they may be attributed with indicator values of naturalness. 
For the wet grassland of good nutrient supply in Mende, indicator values were between 
202-216. For the grassland characterised by a high number of species and low nutrient 
supply, indicator values were between 350-402. As a result of cutting the grass 2 or 4 
times a year, indicator values decreased (to 350 and 354, respectively) whereas the 
treatment with 3 cuttings resulted in significantly higher values (402). 

Conclusions 

According to the results of the examined 2 years, we may conclude that from the 3 
different utilisation frequencies, the treatment with 3 cuttings/year had the most 
significant beneficial effect on maintaining or establishing a near-natural vegetation and 
it shows the most resilience of the composition of vegetation. Further research is needed 
to confirm long time impacts. 
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Abstract: A lack of amount of precipitation or their uneven distribution during vegetation period can be a 
limiting factor of yield. For this reason it is necessary to adapt the crop management practices of winter wheat 
to given climatic and soil conditions in such a way that sufficient supply of water to crops would be assured. 
The impacts of different agronomic factors on yield level of winter wheat were evaluated in a field trial established in 
dry region of South Moravia. The role of crop rotation, different methods of soil tillage, fungicide treatments and 
straw management were evaluated in years 2004-2008. The results shown that the fore-crop had the highest impact 
on grain yield of winter wheat (the difference was 0.87  t ha-1 in yield after safflower than winter wheat). Application 
of fungicides against fungi diseases increased yield over 0.61 t ha-1 in comparison with untreated variant. Application 
of nitrogen liquid fertilizers used for increasing of straw decomposition does not have significant impact on yield. 
Factor of soil tillage (conventional and minimum) was significant in interaction with fore-crop and year. The results 
obtained illustrate the importance of individual factors which influence winter wheat cropping and the way 
how do they interact. It is a source of knowledge how to manage these factors and increase or stabilize the 
yield of crops.  

Keywords: winter wheat, yield, soil tillage, fore-crop, straw management, fungicide application 
 

Introduction 

The changes in cropping systems during the last 20 years were characteristic for the 
Czech agriculture. Mainly the reduction of animal husbandry brought changes in crop 
structure. Important decrease was observed in area of fodder crops (silage maize, 
luzerne), pulses, tuber and root crops (potato, sugar beet). Today, wheat (Triticum 
aestivum L.) is the most important crop in the Czech Republic, it covers more than a 
half of the production area of cereals. Because wheat production needs to be 
economically viable and environmentally sustainable, it is necessary to adapt the crop 
management practices of winter wheat to given climatic and soil conditions. The 
importance of improving fore-crop as a key factor influencing yield of wheat resulted 
(Rieger et al., 2008). The impact of suitable soil tillage is discussed in context with 
possibility of saving soil moisture, because available water is often a limiting factor for 
crop production in dry areas of the CR. Overall, the sustainability of arable cropping 
systems is strengthened with conservation tillage (Singh and Malhi, 2006; Cannell and 
Hawes, 1994). Besides other intensification factors (improving straw decomposition, 
fertilization, pesticide application) we have to respect, that weather conditions are the 
most important factors in determining yield of winter wheat (Macák et al., 2009). 
 

Materials and methods 

The impacts of different agronomic factors were evaluated in a field trial established in 
Žabčice in the years 2004-2008. This locality (179 m above sea level, 49°01′ N, 16°37′ E) is 
situated 25 km southwards from Brno (South Moravia region, Czech Republic). It is a warm 
and dry region with average annual temperature and precipitation of 9.2°C and 480 mm.  
The soil is classified as gleic fluvisol which has developed on alluvial sediments of the 
Svratka River, the groundwater level fluctuates between 0.8 and 2.5 m. By textural 
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classification, it is a heavy soil. The field trial was established in this locality as a model 
concept for farming without animal husbandry (all straw is cut and incorporated into the 
soil). The principle of this experiment was a 5-year crop rotation with a high 
concentration of cereals (spring barley, safflower, winter wheat, winter wheat, corn). As 
far as the winter wheat was concerned, the following four experimental factors were 
assessed: fore-crop (safflower – Carthamus tinctorius or winter wheat), soil tillage 
(conventional or minimum tillage), straw treatment with different fertilizers and 
fungicide treatment (treated or untreated). The variant of conventional tillage consisted 
of stubble breaking after harvest and ploughing down to the depth of 0.20-0.24 m. The 
variant of minimum tillage included stubble breaking after harvest followed by a 
shallow loosening to the depth of 0.15 m. Straw and crop residues of all crops were 
treated with four different liquid fertilizers (variants A-D); the aim of this treatment was 
to increase microbial activity and straw decomposition by nitrogen addition. The 
individual variants were as follows:  
A – Beta-liq – (a liquid molasses-based organo-mineral fertilizer containing 3% of N 
and 5% of K2O); the applied dose was 1 t ha-1, 
B – DAM 390 – (a nitrogen fertilizer solution composed of urea and ammonium nitrate, 
containing 30% N) – the applied dose was 100 kg ha-1 
C – Unifert – (liquid organo-mineral fertilizer on the base of alimentary waste products, 
containing 13% of N and 3% of K2O) – the applied dose was 230 kg ha-1 
D – Control – without fertilizers 
In the variant treated against leaf and ear diseases of winter wheat, fungicides were applied 
twice, at the beginning of stalk shooting (BBCH 32, TANGO SUPER – 84 g epoxiconazole 
+ 250 g fenpropimorph) at the dose of 1.0 l ha-1 and in the growth stage of heading (BBCH 
55, FALCON 460 EC – 250 g spiroxamine + 167 g tebuconazole + 43 g triadimenol) at 
the dose of 0.6 l ha-1. The winter wheat variety Sulamit was sown at the rate of 4 million of 
germinating seeds per hectare. The experimental dose of fertilizers was 120 kg N ha-1 (30 kg 
N prior to sowing as ammonium sulphate, 50 kg N in the spring for regeneration as 
calcium ammonium nitrate (CAN, 27.5%) and 40 kg N till the end of tillering as DAM 
390. Data were analysed using software Statistica, version 9 (Statsoft). 
 
Results and discussion 

The five-year results showed that four factors (fore-crop, tillage, fertilization of straw 
and fungicide treatment) had statistically significant impact on yield level of winter 
wheat in some years of study (Table 1, 2). Grain yield varied significantly among years, 
in a similar manner to rainfall during the growing season. Only the factor of fore-crop 
influenced yield significantly in each year. Higher yield was after safflower (0.87 t ha-1 
higher than after continuous winter wheat). The grain yield was not affect by soil tillage.  
Also López-Bellido et al., (1998) concluded that tillage method had no significant effect 
on grain yield for the three years in Spain. Differences, however, were significant in the 
wettest and driest years.  
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Table 1. ANOVA table 
Year/Mean square 

Source of variability Degrees  
of freedom 2004 2005 2006 2007 2008 

(1) Fore-crop 1 10.91** 22.001** 68.04** 31.037** 4.161** 

(2) Tillage 1 0.03 0.159 19.44** 10.943** 3.788** 

(3) Fertilization of straw 3 0.51** 0.488** 0.523 0.572** 0.053 
(4) Fungicide treatment 1 42.50** 32.86** 0.311 5.794** 2.915** 

1*2 1 0.01 5.956** 25.91** 2.705** 3.196** 

1*3 3 0.25 0.454 0.872** 2.384** 0.339** 

2*3 3 0.52** 0.186 0.268 0.585** 0.438** 

1*4 1 2.58** 4.69** 0.053 0.856** 0.013 
2*4 1 0.44 0.018 0.073 0.710 0.129 
3*4 3 1.31** 0.417 0.249 0.114 0.617** 

1*2*3 3 0.96** 0.112 0.242 0.825** 0.473** 

1*2*4 1 0.02 0.204 0.176 0.015 0.109 
1*3*4 3 0.12 0.364 0.038 0.671** 0.109 
2*3*4 3 0.22 0.225 0.288 0.503** 0.253** 

1*2*3*4 3 0.09 0.267 0.151 0.159 0.040 
**  Statistically highly significant effect (P = 0.99) 
 

Table 2. Grain yield of winter wheat (t ha-1) under different factors 
variants 

soil tillage fertilization of straw fungicide 
treatment 

year forecrop 
I II A B C D no yes 

Total 

safflower 9.19 9.14 9.15 9.32 9.02 9.15 8.73a 9.60b 9.16 2004 
winter wheat 8.59 8.57 8.81 8.63 8.46 8.42 7.86a 9.30b 8.58 

safflower 7.60 7.96 7.73 7.87 7.73 7.79 7.08a 8.48b 7.78 
2005 

winter wheat 7.20a 6.70b 6.84 6.84 6.82 7.30 6.64a 7.27b 6.95 
safflower 7.97 8.09 7.79a 8.27b 8.00ab 8.06ab 8.00 8.06 8.03 

2006 
winter wheat 7.41b 5.73a 6.80 6.62 6.28 6.60 6.50 6.64 6.57 

safflower 5.93a 6.81b 6.46b 6.03a 6.21a 6.80c 6.08a 6.67b 6.37 
2007 

winter wheat 5.24 5.53 5.43b 5.75c 5.17a 5.19a 5.26a 5.52b 5.39 
safflower 8.33a 9.00b 8.92b 8.53a 8.88b 8.79ab 8.60a 8.96b 8.78 

2008 
winter wheat 8.28 8.32 8.23a 8.42b 8.29ab 8.27ab 8.13a 8.47b 8.30 

Different letters (a, b, c, d) means significant differences (P=0.95) 
 
The yield average was 7.57 t ha-1 in conventional tillage and 7.59 t ha-1 in minimum 
tillage. This is in relation with other results coming from the Czech Republic and 
concluded that tillage system had no significant effect on grain yield (Šíp et al., 2009; 
Javůrek and Tajnsek, 2002; Javůrek et al., 2007). On the other hand, the interaction 
between fore-crop and soil tillage significantly influenced the yield of winter wheat. 
When winter wheat was grown after safflower, the higher yield was on minimum tillage 
(0.4 t ha-1 higher). The higher yield (difference 0.37 t ha-1) was in continuous growing 
of winter wheat stand established with conventional tillage system. Explanation of these 
results could be in different effect of fore-crops on soil properties, especially in extreme 
years. Wet weather in the second half of vegetative period in 2006 caused yield 
decrease (1.68 t ha-1) on variant with reduced tillage grown after winter wheat. It could 
be connected with negative effect of winter wheat on soil structure, stability of soil 
aggregates, what in combination with reduced tillage means a lack of oxygen which is 
necessary for roots and also lower level of mineralization. Year 2007 was the opposite 
of this situation, when drought in April and May caused higher yield in minimum tillage 
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after safflower (0.88 t ha-1) because this technology conserved soil moisture. The 
fungicide application increased the yield after both fore-crops, after winter wheat it was 
0.56 t ha-1 and after safflower 0.66 t ha-1. The effect of application of liquid fertilizers to 
straw was not significant, the differences among variants were almost small, changeable 
in years. 
 
Conclusions 

The five-year results showed which agronomic factors play important role in yield 
formation of winter wheat. The cropping system without animal husbandry is resilient 
in yield, if good fore-crop, which can improve soil fertility, is used and if fungicides 
against fungal diseases are applied. Tillage system has to be appropriate to chosen fore-
crop. When winter wheat was grown after safflower, the higher yield was obtained in 
minimum tillage (0.4 t ha-1 higher) applications. The higher yield (difference 0.37 t ha-1) 
was in continuous growing of winter wheat stand established with conventional tillage 
system. Application of nitrogen liquid fertilizers used for increasing of straw decomposition 
does not have significant impact on yield. Modification of crop management practices 
provide possibility how to stabilize a yield level of winter wheat.  
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Abstract: In our work we investigated the influence of nitrogen on chlorophyll content and its effect on 
productivity triticale. Chlorophyll content in flag leaf of triticale cultivar Favorit were estimated in two 
development stage: booting and flowering. Triticale was grown at the long term experiment under three 
variant of fertilization: first- control variant (without nutrition), second - variant with two subvariants of 
nitrogen rate: 2N1 (80 kg N ha-1) and  2N2 (120 kg N ha-1) and third variant with NPK fertilizer with two 
different rate of N application: 3N1 (80-60-60  kg N ha-1) and 3N2 (120-60-60 kg N ha-1). The results indicate 
that chlorophyll content depends from the content of mineral elements in soil. The content of chlorophyll a 
and chlorophyll b is the lowest in control variants (unfertilized plots). Also content of chlorophyll a was 
higher than that of chlorophyll b. Concentration of chlorophyll a is higher in booting phase than in flowering 
phase. Concentration of both chlorophyll a and b increasing with increasing of fertilizer rate. The highest 
concentration of chlorophyll a (1.892 mg/g) and b (1.347 mg/g) in booting phase is in variant 3N2 (120-60-60 
kg N ha-1)  while in flowering phase chlorophyll a (1.772 mg/g) and b (0.872 mg/g) is in variant 3N1 (80-60-
60  kg N ha-1). The grain yield of triticale cultivar Favorit depends from rate of fertilizer and was the highest  
on variant N2 (120-60-60 kg N ha-1) 

Keywords: triticale, cultivar, nutrition, chlorophyll, yield  

 

Introduction  

Living activity of plants is closely connected to the surrounding environment. By 
starting with the plants’ need for environmental factors which determine the possibility 
for development of a particular plant species, its productivity and quality of its products, 
it is possible to determine the degree of conditions favourable for growing a particular 
plant species. Adaptive value of plants changes to a particular degree in dependence on 
changes in the environment. In agro-ecosystem, with the aim of achieving larger and 
higher quality yield by applying agro-technical measures, the technological process of 
agricultural production must be improved. The additional nutrition by using different 
variants of manure is one of the aspects of anthropogenic influence. The quantity of 
used nitrogen depends on type and soil fertility, sort and planned yield. Application of 
mineral fertilizers have influence to dynamics of leaf surface formation and the 
photosynthetic potential as well productivity of photosynthesis (Pepó, 2005). The 
chlorophyll synthesis depends from mineral nutrition. 
The chlorophylls, Chl a and Chl b, are the most important of photosynthetic pigments, 
and are thus virtually essenial for the oxygenic conversion of light energy to the stored 
chemical energy that powers the biosphere. The amount of solar radiation absorbed by a 
leaf is largely a function of the concentrations of leaf photosynthetic pigments and, 
therefore, low concentrations of chlorophyll can directly limit photosynthetic potential 
and hence primary production (Curran et al., 1990). Much of leaf nitrogen is 
incorporated in chlorophyll, so quantifying chlorophyll content gives an indirect 
measure of nutrient status (Moran et al., 2000). Chlorophyll content would provide a 
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rapid estimation of wheat N status (Filella et al., 1995). Assessment of chlorophyll 
content is a valuable tool for agricultural ecosystem studies, since it provides 
information on key vegetation properties that are, in turn, linked to net primary 
production (Serrano, 2008). Leaf chlorophyll content varies from 0.05 to 0.30% of fresh 
matter. Differences in chlorophyll contents depends of genetic factors as well 
environmental factors (Nelson, 1988; Richards, 2000).  
The aim of this paper is study of variability of chlorophyll content in flag leaf in 
triticale, grown under different applied rate of nitrogen in booting and flowering stage 
of plant development. 
 

Materials and methods  

Triticale cultivar Favorit were grown on long term experimental field  of Center for 
Small Grains in Kragujevac. For analysis flag leaves collected at the two developmental 
phase: booting phase and flowering phase. For analysis of chlorophyll content, samples 
were taken from three basic variants of soil fertilization (Table 1). At the each plots was 
added given the same amounts of potassium ammonium nitrate (27 %), superphosphate 
(18 or 45 % P2O5) and potassium chloride (60 % KCl). Unfertilized plots belonged to 
the smonitza type of soil in the process of degradation with  pH of 6.03 to 6.10 in water 
and 4.76 to 4.84 in KC1. For analysis measured 0.5 g of plant leaves which macerated 
with the addition of 5-10 ml of 80 % acetone and small amount of MgCO3. This 
material was homogenized during 3 minutes and filtrated. Since the concentration of 
pigments was in most cases too great for reading to be performed on a 
spectrophotometer, the obtained extract was diluted by adding 9 ml of 80% acetone per 
ml of extract. The extract used for reading at the spectrophotometer at 662, 644 and 440 
nm. Chlorophyll content was computed according to Holm. 
 

Results and discussion  

The  results of measuring chlorophyll content in flag leaf of triticale in booting phase of 
development presented  in Figure 1. The content of chlorophyll a and chlorophyll b is  
higher at all fertilized variants than in control variants - unfertilized plots (C1 and C2). 
Also content of chlorophyll a was higher than of chlorophyll b  in all variants of soil 
fertilization. Concentration of both chlorophyll a and b increasing with increasing of 
fertilizer rate. The highest chlorophyll content (chlorophyll a and b) 3.239 mg/g  was 
found in variant  3N2 (120-60-60 kg N ha-1). The concentration of chlorophyll a at this 
variant of fertilization 1.892 mg/g, while concentration of chlorophyll b 1.347 mg/g 
(Figure 1). Also high concentrations of chlorophyll a and b (2.853 mg/g) were found in 
variants 2N1 (80 kg N ha-1). Concentration of chlorophyll a and b is higher in booting 
phase than in flowering phase, except for variations 2N1.   
The lowest amounts of chlorophyll in the flowering phase in all fertilization variants 
were found in the flag leaf (Figure 2). Thus, the content of chlorophyll content and 
levels of other leaf biochemical constituents can be used as indicators of crop stress 
under conditions of nutritional or water deficiencies. The highest chlorophyll content 
(chlorophyll a and b)  in flowering phase was found in variants 2N1 (80 kg N ha-1). The 
concentration  of chlorophyll  a  varied from 0.434 mg/g (unfertilized plots) to 2.882 
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mg/g (2N1 80 kg N ha-1), while concentration of chlorophyll b varied 0.269 mg/g 
(unfertilized plots) to 1.669 mg/g (2N1 80 kg N ha-1) Figure 2. Also high concentrations 
of chlorophyll a and b were found in variants N1 (80 kg N ha-1).  
Decreasing of chlorophyll content in flowering phase in relation to booting phase of 
wheat development could be effected by unfavorable environmental factors. (Djukic 
and Knezevic, 2008) 
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Figure 1. Chlorophyll concentration in triticale flag leaves at booting phase 

 

Figure 2. Chlorophyll concentration in triticale flag leaves at flowering phase 
 

The photosynthesis efficiency can enhanced by optimal nutrition. Among mineral 
elements, the nitrogen play the main role in wheat nutrition because of its importance in 
protein and nucleic acid synthesis as well plant productivity (Knezevic et al., 2007).  On 
the base of dynamics N efficiency absorption and its introduction of organic synthesis 
are increasing speed of these processes and plant productivity. For this reason, wheat 
responds very positively to application of mineral fertilizers  (Nemeth et al. 2000; Pepo,  
2005; Balogh et al., 2006).  
In this investigation were established differences of grain yield among in variant of 
applied fertilizer. Grain yield for analyzed triticale was the lowest at control variant. 
The highest grain yield  of triticale cultivar Favorit the fertilized plots were found (5020 
kg ha-1) in variant of  NPK fertilizer application by rate 3N2 (120-60-60 kg N ha-1) 
Table 1. 
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Table 1. Average yield of grain of analyzed triticale Favorit cv. under the different variants of fertilization 

Variant 
of 
nutrition 

Control 1 Control 2 2N1  
(80 kg N ha-1) 

2N2 
(120 kg N ha-1) 

3N1 
 (80-60-60  
 kg N ha-1) 

3N2 
(120-60-60  
kg N ha-1) 

 Average yield of grain kg ha-1 
Plot 1150 1180 1730 1970 2280 2510 
Hectare 2300 2360 3460 3940 4560 5020 

  

Conclusions  

Chlorophyll content indicating potential of cultivars photosynthesis and productivity of 
plants. Photosynthetic activity is very important for increasing grain yield and quality of 
triticale cultivars. The significant influence to triticale plants development  and their leaf 
surface have  nitrogen, which effect could improve by phosphorus and by potassium. 
Optimization of N application requires knowledge of the response of crop growth 
processes to N. Variation in dry matter yield in response to N may arise from 
differences in the amount of intercepted photosynthetically active radiation by the 
canopy, the light use efficiency and harvest index. 
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