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POSSIBLE ROLE OF SOME PLANT CONDITIONING MATERIALS ON THE
PRODUCTION OF TOMATO AS A FUNCTIONAL FOOD
J u d it P e t ő , Z s u z sa n n a T ó t h n é T a s k o v ic s , A t t il a H ü v e l y , A n d r á s K o v á c s

Kecskemét College
Faculty of Horticulture
Department of Horticulture
Kecskemét, Erdei F. tér 1-3. 6000
peto.judit@kfk.kefo.hu

ABSTRACT
Tomatoes and tomato products are among the most appropriated functional foods. In our study, we used
natural soil and plant conditioning materials in the production of tomato in an open field trial, in the study
garden of Kecskemét College. A plant conditioning product made by phosphoric acid digestion of zeolite tufa
(Rioplant), combined with Plantafosz Universal and Zeon A was used. Our test plant was tomato cultivar
‘Mobil’. Different doses and combinations of conditioning materials were used. Tests were made in our
laboratory (Soil and Plant Testing Laboratory of Faculty of Horticulture). Total crop quantity, crop size and
total pieces of the fruits were tracked in the vegetation phase and compared to the control plants. Our results
showed that soil and plant conditioning materials had no significant effect on the crop quantity. Regarding
the crop quality however, vitamin C content increased in fruits after each treatment, compared to the control.
This increase was significant after combined treatment with Rioplant and Plantafosz Universal.
Keywords: tomato, functional food, soil conditioner, crop quantity, vitamin C.

INTRODUCTION
There is an increasing demand for environmentally friendly plant growing technologies
and growing of healthier vegetables and fruits. These horticultural products are generally
accepted to be beneficial foods thanks to their high mineral, vitamin and so called
“bioactive” substance contents, positive effects on the acid-alkaline balance of the body,
health and prevention of disease. Conventional vegetables and fruits are often categorized
as functional foods.
The term ‘functional food’ is commonly used but it does not have a universal definition.
However, specific definitions have been put forward by many organizations. The concept
originally conceived in Japan; first was used by the Japanese Ministry of Health, in 1991,
and by FAO in 2007 and different dietetic associations thereafter. Functional foods contain
“bioactive compounds” or naturally occurring chemicals that act on our bodies and offer
the health and wellness benefits that have been linked to functional foods (A s h w e l l , 2001,
V a n K l eef e t a l ., 2005, B a b o o t a et a l ., 2013). These foods offer the potential of
reducing the risk of chronic diseases. Functional foods can be divided into categories,
according to their health benefit: heart, bone, intestine or immune system. In this way,
there is a lot of potential for functional foods to contribute to improved health, particularly
for older adults.
As we have mentioned that “functional food” has no universally accepted definition, some
categorizations define functional foods as conventional foods that have been modified; this
elimination of the conventional fruits and vegetables from functional foods is ineligible. A
functional food can contain an added ingredient that makes the traditional food functional
(e.g. probiotic bacteria in a dairy product). These types of functional foods are similar in
appearance to the conventional foods (beverage, food matrix), consumed as part of the
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usual diet, which contains biologically active components with demonstrated physiological
benefits, but fortified with other components as well.
Epidemiological studies have established a positive correlation between the intake of fruits
and vegetables and prevention of diseases like atherosclerosis, cancer, diabetes, arthritis
and also ageing (K a u r a n d Ka p o o r , 2001). Tomatoes and tomato products are known
among the most appropriated functional foods, mainly because of their high antioxidant
capacity (Fusco e t a l ., 2001, W il l c o x e t a l ., 2004). The main color component of
tomato is the phytochemical lycopene. Strong evidence exists for the role of lycopene in
the reduction of prostate cancer, but it may also reduce the risk of certain other cancers
through its inhibiting effect on cell proliferation. The risk of heart diseases might be
reduced as well. Tomatoes are popular worldwide, the fourth most commonly consumed
fresh vegetable and the most frequently consumed canned vegetable in the American diet.
Many common foods contain tomato (fresh or canned tomatoes, dried tomato, tomato
paste, ketchup, tomato soup, pizza or salsa).
Phenolic flavonoids, lycopene, carotenoids and antioxidant vitamins are among the most
thoroughly studied antioxidants. As a powerful antioxidant, vitamin C (ascorbic acid) helps
lessen oxidative stress to the body and is thought to lower cancer risk. Vitamin C ascorbic
acid is essential for the growth and repair of tissues, development and maintenance of
blood vessels and cartilage. Ascorbic acid is also necessary for creating ATP, peptide
hormones, dopamine, and other essential compounds. It is still not known whether vitamin
C contributes to these benefits directly (Padayatty ET al, 2003). High vitamin C content
foods include peppers, dark leafy greens, kiwis, broccoli, berries, citrus fruits, peas, and
tomato is among the foods with the highest vitamin C content as well.
Another fact in vegetable and fruit consumption is that products with better nutritional
properties are strongly promoted.
This way, environmentally friendly plant growing technologies, using natural organic
material carriers, should certainly be advantageous.
Soil conditioners are used more often to improve soil structure, aeration and water
retention. Some of them increase soil nutrient content, ion-exchange capacity, organic
matter content and microbiological activity. Zeolite containing materials are permitted for
using in ecological agricultural production. These materials have the ability of reversible
hydration/dehydration process and increase nutrient retention, thus reduce environmental
nutrient losses and fertilizer requirements.
Applied conditioners: Rioplant (containing natural rhyolite tufa; composition is patented)
is a soil conditioner that protects plants from pests, diseases and other harmful
environmental impacts resulting in physiologic abnormality. Plantafosz Universal
(Cheminova) strengthens the natural defenses of plants, so the usage of pesticides is
reduced, and also provides nutrients to the plants. Plantafosz stimulates the uptake of
nutrients in the most intensively dividing plant parts in the intensive vegetative and
reproductive growth stages, supporting nutrient uptake in this way. Plantafosz Universal is
rapidly taken up by the plants through both the leaves and the roots. Zeon-A is natural
plant conditioning material originating from zeolite enriched with natural sulphur.
The aim of our study was to investigate the result of the usage of soil and plant
conditioning materials during the growing phases on physical status and crop mass of
tomato. Another interesting question was to determine a potentially inducing effect of
these substances on the production of phytoactive compounds, e. g. vitamin C levels in
tomato fruit.
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MATERIAL AND METHOD
In our examinations tomato was used as a test plant. Tomato cultivar ‘Mobil’ manufactured
by the Vegetable Research Institute in Kecskemét was offered for field growing.
Experiments were carried out in the study garden of our Faculty of Horticulture in 2012.
The soil of the garden is sandy soil with low humus content, moderately filled up with N,
P, K nutrients.
Tomato seedlings were planted in the end of May (29th May), in double rows; with 110+50
cm row spaces and 33 cm plant distances. This meant 3.78 plants/m2.
In our study we applied 4 repetitions, in random block layout, with 30-30 plants in each
repetition.
Plant conditional treatments took place between 15 May and 9 August. Five treatments
were used as follows:
Treatment 1 - control: normal field growing (moderate NH4NO3 fertilizer use) without
any conditioner.
Treatment 2 - 500 kg/ha Rioplant (thoroughly mixed into the soil before planting).
Treatment 3 - 500 kg/ha Rioplant (thoroughly mixed into the soil before planting) +
Plantafosz Universal 4 L/ha spayed on the leaves every ten days,
altogether in six cases.
Treatment 4 - 500 kg/ha Rioplant (thoroughly mixed into the soil before planting) +
Zeon-A 4 L/ha spayed on the leaves every ten days, altogether in six cases.
Treatment 5 - 500 kg/ha Rioplant (thoroughly mixed into the soil before planting) +
Plantafosz Universal 4 L/ha + Zeon-A 4 L/ha spayed on the leaves every
ten days, altogether in six cases.
The growing phases, physical status, crop size and crop mass of tomato were determined in
the different phases of the vegetation period.
Vitamin C levels in tomato crop harvested on 18 September were determined in the Soil
and Plant Testing Laboratory of Faculty of Horticulture (Kecskemét College). Vitamin C
content in tomato fruit was analyzed after water extraction by volumetric method following
extraction described previously (C se r n i ET a l ., 2007). The results were given in mg/100g
fresh tomato fruit. Statistical analysis was made by Student’s unpaired t-test.

RESULTS
The grown tomato plants seemed to be visually healthy but the extraordinary atmospheric
drought set back the development of the plants in spite of watering. The initial flowering
was very weak, and the ripening of the berries was stretched. First harvest was only in
early August. Most crops were collected in September. Harvest was made in four times till
middle of September. Most crops were collected in September. Harvesting data are shown
in Figure 1 and Figure 2.
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Figure 1. Crop mass (kg/m2) in different phases of vegetation after different
treatments (1 to 5)

Table 1. Total amount of harvested tomato fruit after treatments (1-5)
Total crop (kg/m2)

Tr 1
6.56

Tr 2

Tr 3

Tr 4

Tr 5

6.73

6.05

5.71

6.13

In our experiment we reached moderate yields. Total amount of tomato did not change
after using the conditioning materials. The highest yields were reached after Treatment 2,
but changes were not significant among the treatments in 95% level (Table 1).

■ Tri
■ Tr2
■ Tr3
■ Tr4
■ Tr5

Figure 2. Pieces of tomato fruits/m2 after treatments 1 to 5
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As shown in Figure 2, most pieces of tomato fruits were harvested after Treatment 3 (91.8
pcs/m2), followed by Treatment 4 and 5. In addition to the berry crop we tested average
weights of fruits per treatment. The highest average fruit weight was obtained in the
control treatment (109.6 g/berry). The smallest average fruit mass was obtained in the
Treatment 3, nearly 66 g. In the other 3 treatments (2, 4, 5) the average berry weight
ranged 76-90 g.
In the samples collected on 18th September vitamin C content was analyzed as well. The
results are illustrated in Table 2. Increase in vitamin C concentration proved to be
significant (level p<0,05; 5%).
Table 2. Changes in vitamin C levels in tomato after different treatments (1-5)
Treatment
No
1
2
3
4
5

Vitamin C
(mg/100g)
16.38
20.95
28.36
21.49
25.19

CONCLUSIONS
Functional foods do not have an internationally agreed definition but they can be defined
as foods that provide a health benefit beyond basic nutrition.
Tomato is one of the most common and favorite fruit all over the world. Investigations
focused on the increase of the intake of specific functional foods showed that the vast
majority of the participants intended to consume more tomatoes and tomato products
(P e ll e t ie r e t a l ., 2002).
It can be said that the materials used in a plant production had positive effects on the
treated plants the crop yield and resulted in increased fruit quantity as well. Both plant
protection products applied to the plants positively influenced the vitamin C content of the
tomato fruit. The values show that the control treatment had the lowest content of vitamin
C, while each treatment raised it for various degrees. The highest vitamin C content was
measured in Treatment 3 (28.36 mg /100 g).
This test should be carried out and continued throughout the duration of the growing
season for vitamin C content determination.
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ABSTRACT
The DON toxin in terms of human and animal health is a serious food safety risk factor. Thanks to the
favorable impact of vintage effect occurring in recent years the Fusarium contamination of wheat and
consequently a high DON toxin concentration often cause problem. Therefore, it is important that there be
methods during of wheat milling process, which reduces the level of toxin. Experience has shown that
Triticum durum wheat species is more sensitive to Fusarium infection than Triticum aestivum species.
According to professional literature, almost the prevention is considered to be the exclusive method to keep
the content of DON-toxin below safe level. It is very difficult, sometimes impossible to correct those food
safety risks, which polluted the products in the process of cropping. My objective was to investigate, if it
possible to decrease DON-toxin content of durum wheat and to minimize the food safety risk by application
of milling technology with good production practice and technological conditions. According to results of
measurements, Sortex Z color sorting decreased DON-toxin content of wheat.
Keywords: DON-toxin, food safety, food chain, Fusarium, cereals

INTRODUCTION
Nowadays, the majority of food production happens in large-scale industrial circumstances
thanks to structural transformation and change of lifestyle. The development of food
processing technology made possible to produce sufficient quantity of food for several
thousand people in one locality. The food processing technology has changed according to
the change of the lifestyle and demand of consumers. It was necessary to increase the
efficiency by mechanization of processing and ensure suitable technical background. Due
to the changes of techniques and processes new food safety risks turn up with its necessary
management (V a s s , 2007). The large-scale food processing might carry that food safety
problem affects wide range of customers and might cause extended food safety incidence
in time and space. From this point of view there is an extremely high risk at the basic foods
which are consumed relatively regularly and in large quantities.
Products made of cereals, such as flour, bread and bakery products are classifiable as basic
foods, but we consume lot of pasta and cake, too. Large-scale consumption of basic foods
is a feature of adult and children population equally. At these products, the fundamental
importance to use primary materials which are free from biological and chemical pollutants
is unambiguous.
Recent years the Fusarium infection caused serious problems in cereals, especially in
durum wheat, depending on climatic factors of the given year. The Fusarium spp. moulds
produce micotoxins during their life activities. These secondary metabolites generate
harmful processes in the human body.
DON toxin can be found more frequently among the fusarium toxins in durum wheat. If
this secondary metabolite produced by moulds gets into the human body it causes nausea,
vomit, sometimes diarrhea, abdominal pain, headache, dizziness. Big quantity might cause
immune system and hematopoietic organs problems. It is proved by experiments that even
small quantity has unfavourable effect on immune system (Szeitzné, 2009). DON toxin
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resists to heat, so the heat treatment doesn’t decrease its concentration in the course of
processing. Therefore, we have to make efforts to ensure the freedom from toxin of
primary products used for processing and milling which is primarily feasible with
appropriate cultivation, storage technology and by reasonable choice of varieties
(K e c s k é s n é , 2015). According to the literature, the efficiency of this possibility is
considered to be low.
During our research work we looked for answer, whether DON-toxin content can be
decreased below the allowable, safe level determined by law with adequate technical
conditions and modem machinery in the milling process.
MATERIAL AND METHOD
We investigated the DON-toxin content of durum wheat before and after the cleaning
process in the course of milling.

Figure 1. Ear of ‘Elsadur’ durum wheat variety
Dumm wheat which was the subject of our investigation is cultivated among the wheat
species on the second largest territory in the world (Figure 1). It is particularly popular in
the mediterranean region. The flour made from hard, glassy wheat grains (Figure 2) is used
primarily by pasta industry but Sicilians bake bread from that also. Its nutritional value is
better than that of T. aestivum, which is widely grown in our area. Its consumption is
advantageous because of its beta-carotene content, amino acid and protein composition,
slowly resorbable carbohydrate content. Owing to its beta-carotene and protein content,
pasta can be produced from dumm wheat without eggs. But growing experiences indicate
that dumm wheat is more sensitive to Fusarium infection than other wheat species.
Cleaning of dumm wheat means color sorting in the preceding phase of milling. This work
operation was implemented by Sortex Z+ color sorter. In the first step of technology
process metal contaminations are selected and the lot of wheat is sorted by size and
specific gravity. Latter sorting removes rough dirts, foreign substances (foreign seeds,
other contaminations, etc.), broken and frivolous grain of wheat. This cleaning process
may increase the efficiency of color sorting among others.
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Figure 2. Grains of durum wheat
The color of the grain of wheat infected by Fusarium mould species is mostly different
from healthy grains. Depending on the phenophase when the infection happened and its
degree, the wheat grains may get light or pink discoloration may appear on them. But,
unfortunately, there are grains on which can not be seen unambiguous signs of infection
with naked eye. So, it is important to investigate and to prove experimentally what extent
of toxin reduction can be achieved by color sorting of wheat. The experimental samples
were taken in line with the steps of the technological process. In the phase before Sortex
Z+, we took samples which were cleaned from rough dirt and foreign materials. This can
be considered as primary input material of processing. The speed of grains in the
production process can be calculated depending on machine performance. So, the sampling
time can be settled exactly after color sorting. Consequently, we took samples from the
same lot of wheat before and after color sorting. In this phase of the experiment we
processed and evaluated data of 25 sample-pairs by statistical methods.

RESULTS
Analysis of DON values of durum wheat before and after cleaning aimed to define the
correlation intervals and their relative errors at 95 % confidence level of the given samples.
This case 95% confidence level, that is 5% significance level means: 2.5% is the
probability, that values of samples less than the mean of samples, and 2.5% is the
probability they are above the mean. Examined the confidence intervals before and after
treatments it is determinable, whether two intervals have common part, and the common
part what proportion represents compared to the union of two intervals. On the other hand
conclusion can be drawn about strength of standard deviation from the relative errors of
confidence-intervals.
The relative error of the confidence bands is 10-20% in both sampling, that is why standard
deviation is moderate compared to means.
Figures 3-4 demonstrate measured data, their mean and confidence bands calculated
around mean.
Only one-third (32%) of data measured before treatment {Figure 3) are in the confidenceband, while two-third (68 %) are outside. According to the values of data, 6 are below
(24%) and 11 are above (44%) the confidence-band.
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Figure 3. Evaluation of DON toxin content of durum wheat before color sorting by
interval estimation
There are more data in the confidence interval from the sampling after treatment, but the
majority of data are outside, too (below 28%, above 36%).

Figure 4. Evaluation of DON toxin content of durum wheat after color sorting by
interval estimation
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Figure 5 illustrates the values together. The chart shows, that confidence intervals don’t
have common section. The conclusion from this is that DON-toxin values of samples
before and after treatment are significantly different from each other.
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Figure 5. Evaluation of DON toxin content of durum wheat before and after color
sorting by interval estimation

CONCLUSIONS
We come to the conclusion from the examination of results, that color sorting of wheat has
statistically verifiable effect on the reduction of toxin content. Figure 3 clearly shows that
the confidence-intervals of samples taken before and after treatment are disjoint, that is the
effect of cleaning is provable on 95% probability level. Since this is a food safety question,
it is important to clarify the results to what extent can be considered stable and repeatable.
We didn’t get unambiguous answer to this.
Further investigations are required to determine the extent of correlation between different
initial micotoxin content of wheat before sorting and efficiency of cleaning. This can give
answers whether we can meet food safety regulations consequently and on appropriate
level with the application of Sortex Z+ color sorter. The question is whether the method of
color sorting is enough to make usable the lot of wheat with higher DON-toxin content for
production of flour.
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ABSTRACT
Lobelia inflata L. (Indian tobacco) is a traditional medicinal plant native to North America. It belongs to the
family Campanulaceae. The plan can reach the height of 60 cm. It contains several piperidine alkaloids.
Interest in Lobelia alkaloids, and in particular (-)-lobeline, the most active of them, has increased in recent
years due to their activity on the central nervous system, drug abuse and multidrug resistance. Our studies
have been completed in an attempt to introduce this species into cultivation in Hungary. The open field trials
were aimed mainly at optimizing the method and quantity of fertilizer application on the biomass of alkaloid
production of plants. The seeds were sown in glasshouse. The seedlings were transplanted into the open field.
From June to August 2010 we observed significant damages caused by Spanish slug (Árion vulgaris) and
Roman snail (Helix pomatia). The experiments show that Carakol-6 slug pellet agent was used successfully
in the plant stand. The highest biomass value of the herb was in the 50 kg/ha N treatment (5.87 g). The lowest
values were recorded for the untreated control (3.51 g).
Keywords: Lobelia inflata L., Spanish slug (Árion vulgaris), Roman snail (Helix pomatia), plant protection,
open field

INTRODUCTION
Indian tobacco {Lobelia inflata) is a native North American species (K r o c h m a l , 1968;
G o t t f r ie d , 2001). It is mainly an annual plant (F e l pin a n d L e b r e t o n , 2004), but
biennial populations can be found, too (B o w d e n , 1959; K e l l y , 1992; V o jn ic h e t a l ,
2011). The plant can reach the height of 60 cm, its stem is square-chinned, roughly-haired,
its lower part is often red-violet coloured and anthocyaned. The leaves are diffusepositioned, mildly-haired. Lobelia is named after Flemish Botanist Matthias de L'Obel
(1538-1616) (M o t t r a m , 2002).
Lobelia inflata synthesize important medicinal materials (B e c k m a n n e t a l ., 2010, A n a n d
e t a l ., 2011). The herb contains several piperidine skeleton alkaloids (F e l pin a n d
L e b r e t o n 2004; K u r s in s z k i e t a l . 2008; K u r sin sz k i a n d S z ő k e 2015).
It is important to protect the plant against various pests. Several snail species damage the
plants of the Campanulaceae (URL1, URL2). According to the current taxonomic
classification, L. inflata belongs to the family of Campanulaceae and to the genus of
Lobelia (S z a b ó , 2009; B r e m e r et a l ., 2009).
The aim of our studies was the biological plant protection of L. inflata in open field
conditions.
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MATERIAL AND METHOD
In the course of the open field trials different nutrients were applied according to the
following methods in 2010: untreated (control), 50 kg/ha Nitrogen-, 100 kg/ha Nitrogen
ground fertilizers and 50 kg/ha Mg ground fertilizer. Experimental plants were propagated
by seedling and subsequent transplants were grown in glasshouse controlled by a fully
automatic energy-umbrella. The experiment was performed in the Botanic Garden of the
Faculty of Agriculture and Food Science of the University of West Hungary in
Mosonmagyaróvár. Seeds were sown in glasshouse on 15th of January 2010 and seedlings
were transplanted to multi-cellular transplant raising trays between 1st of May and 5th of
May. They were further grown for one and a half month.
Mg (2%) - and N (34%) fertilizers were spread onto the soil surface, one day prior to
transplanting. Date of transplanting was 15th of June 2010. The number of plants per plot
was 27. The surface of a plot was 1.2 m2. The experimental design was a randomized block
arrangement, with 4 repetitions. As a result, several plants had to be substituted.
Mechanical weed control was applied. No chemicals or herbicides were applied. Plant
height (cm), leaf length and width were measured four times: 8th of July, 17th of July, 24th
of July and 1st of August, and fresh biomass (g) on 5-6th August. In each treatment 7 plants
were measured. The harvest took place on 5-6th of August, when the biomass was
recorded.
A significant damage was caused by Spanish slug (Árion vulgaris) and Roman snail [Helix
pomatia). Major problems were observed during plant growth. In 2010 the rainy weather
favoured the reproduction of snail species in the experimental area and the number of
snails increased. Carakol-6 slug pellet was used against the snails. It contains metaldehyde
(6%) as active ingredient and it was applied to the open field area in 0.6 g/m2 dose. Higher
concentrations are moderately hazardous to aquatic organisms. Following the harvest, the
plants were dried in a shaded and well-ventilated greenhouse. The dry weight was
determined on 30th of August. Flowering was observed between July and September
(K r o c h m a l e t a l ., 1970; H o f f m a n n , 1991).

RESULTS
The results of the experiments show that Carakol-6 slug pellet agent was used successfully
in the plant stand. Figures 1-3 show the daily number of Árion vulgaris and Helix pomatia
on the L. inflata plantation from June to August in 2010. The damage was caused by Helix
pomatia (10%) and Árion vulgaris (90%). The slug pellet was used on 18th June and the
following day 28 snails were found [Figure 1). In July low amount of snails were found in
the experimental area [Figure 2). The highest number of snails was reckoned on 7th July in
the Lobelia inflata plantation. Until the harvest (5-6th August), the number of snails
decreased. On the last day of our experiment (6th August), 7 snails were found [Figure 3).
The dry biomass values were recorded in 2010 for above ground plant parts. At bloom the
highest biomass was recorded at the 50 kg/ha N-treatment (5.87 g), followed by the 50
kg/ha Mg fertilizer (4.16 g) and 100 kg/ha N- treatment (3.65 g). The lowest value was
recorded at the control plants (3.51 g).
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Figure 1. The daily number of Árion vulgaris and Helix pomatia on the L. inflata
plantation from June 2010
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plantation from July 2010
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Table 1 summarizes the effect of fertilizers on plant growth.

Table 1. Influence of N- and Mg fertilization on the growth (height in cm) of Indian
tobacco (Lobelia inflata) in the vegetation period in 2010
Height of the plants (cm)

Treatments

Control

8th July

17th July

24th July

1st August

6.6

11.0

19.3

30.6

7

7

7

7

Std. Deviation

3.59

6.56

9.52

7.89

Minimum

3.0

3.0

4.0

16.0

Maximum

13.0

21.0

31.0

39.0

14.0

22.4

32.4

40.3

7

7

7

7

Std. Deviation

7.95

10.84

12.60

11.75

Minimum

3.0

4.0

7.0

15.0

Maximum

28.0

38.0

44.0

49.0

3.4

4.6

6.4

16.0

7

7

7

7

Std. Deviation

0.53

0.97

1.81

5.94

Minimum

3.0

3.0

5.0

5.0

Maximum

4.0

6.0

10.0

25.0

3.6

4.7

9.0

23.1

7

7

7

7

Std. Deviation

0.47

0.75

2.94

6.44

Minimum

3.0

4.0

5.0

10.0

Maximum

4.0

6.0

12.0

28.0

Mean
Number

50 kg/ha N Mean
Number

100 kg/ha N Mean
Number

50 kg/ha Mg Mean
Number
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CONCLUSIONS
The snail damages were detected between June and August. The damage was caused by
Spanish slug {Árion vulgaris) and Roman snail {Helix pomatia). The highest number of
snails in the Lobelia inflata plantation was found on 19lh June (28 pieces). In July, most
snails were reckoned (8 numbers) on 7th July. The number of snails decreased from 8th July
to 1st August.
In the field trials of Lobelia inflata we have evaluated the favourable effect of fertilization.
The average above ground dry biomass weight (g/plant) was 5.87 g/plant after 50 kg/ha N
ground fertilizer treatment, while it was 4.16 g/plant after 50 kg/ha Mg treatment.
Based on the experiments, chemical plant protection was needed against the snail species.
These increased the cost of production, but resulted better quality and higher quantity of
harvested crops. It is necessary to develop new specific agronomic techniques for
disregarding the application of pesticides.
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ABSTRACT
In recent years there has been an increasing interest in growing grapes in ecologically friendly and organic
viticulture. The Research Station of Viticulture and Enology in Eger has introduced several interspecific
cultivars free from an undesired off flavour by crossing American Vitis species with traditional European
Vitis vinifera. This cultivar is the result of crossing Muscat Ottonel with Seyve-Villard 12375. In this paper a
new resistant hybrid, ‘Aletta’ was evaluated during the registration process. The evaluation was performed
within the period of 2005-2009 in several production sites in Hungary. ‘Aletta’ was compared to ‘Bianca’
cultivar. ‘Aletta’ showed about 50% more yield but was distinguished by lower sugar content. Wine acidity
was not significantly different from ‘Bianca’. In sensory evaluation ‘Aletta’ achieved better scores. The wine
had harmonious acid composition and muscat flavour. Vine is vigorous but spur pruning is recommended
because of the big cluster weight and high bud fertility. The intemodes are long and the canopy is loose that
results an easier canopy management. Since ‘Aletta’ was registered in 2009 its vineyard surface has reached
1300 hectares in Hungary.
Keywords: grapevine, cultivar, grape breeding, fungal diseases, resistance, quality, wine

INTRODUCTION
In the 19th century several grapevine pathogens and pests were carried from North
America to Europe. V. vinifera cultivars that were cultivated here for more than 5000 years
are susceptible to these diseases and pests (PLANCTON, 1879). A grape breeding program
was launched in the first half of the 1800s in the United States. These hybrids, e.g. Isabella,
Concord, Clinton, Elvira, Noah, Humboldt, 70 Jaeger, Taylor, etc. were of unknown origin
either chance seedlings or deliberate cross-breeds (G a l e t , 1988). After the European
appearance of epidemics a conscious resistance breeding program started in France. The
American Vitis species and hybrids were crossed with each other through a number of
generations. In each case V. vinifera cultivars were used as parents. Since this work was
done mostly by French breeders, these thousand hybrids were named after them, e.g.
Seibel, Seyval, Villard, Couderc, Bacon, Gaillard (A l l e w e l d t , 1979). Several European
breeders continued the resistance breeding work with the best Seyval, Villard Seibel
hybrids.
Polygenetic character of disease resistance makes the improvement of fruit quality difficult
(B o u q u e t , 1986).
‘Aletta’ is the result of crossing ‘Muscat Ottonel’ with ‘Seyve-Villard 12375’ (Figure 2)
carried out by J. D. Csizmazia and L. Bereznai at Eger Research Station of Viticulture and
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Enology in 1957. Muscat Ottonel is a cross of Chasselas and Muscat de Saumur. SeyveVillard 12375 (synonym is Villard blanc) is a Seibel 6468 x Seibel 6905 hybrid. These
Seibel hybrids are representation of V. labrusca, V. rupestrís, V. aestivalis, V. cinerea, V.
berlandieri and V. vinifera species ( G a l e t , 1988).
r CHASSELAS

r - MUSCAT OTTONEL
L MUSCAT DE SAUMUR

.ALETTA
r- SEIBEL 646 S
— SEWE-VILLARD i:3 7 s —
- SEIBEL 6905

Figure 1. Pedigree of ‘Aletta’
’Aletta’ is an interspecific cultivar intended for the production of white wines. It is suitable
for growing in ecologically maintained and organic viticulture (Figure 1). ‘Aletta’ belongs
to cultivars with enhanced resistance to fungal diseases. The cultivar ‘Aletta’ was
registered for cultivation in Hungary in 2009. Its production surface has increased in
vineyards in Hungary (Table 1). In the state certification process ‘Aletta’ was compared to
‘Bianca’. In downy mildew provocative experiments ‘Aletta’ was compared to ‘Villard
blanc’ ‘Pinot noir M 2’ and ‘Syrah’ cultivars.
‘Aletta’ is mostly spread in the Kunság Wine District which has continental climate, hot
summer and cold winter. Winter and spring frosts occur frequently in this region. This
cultivar became popular in the mid-‘80s when winter temperature dropped below -20
degrees Celsius in three consecutive years (1985-1988).
The cultivar was named after Aletta van der Maet who was the wife of János Apáczai
Csere, a famous Hungarian writer.
The leaf is medium sized and has three lobes. It has a rarely dentate leaf margin. The
bottom side of the leaf is hairless. The petiole sinus is open or slightly overlapped. Clusters
are medium to large size. The berries are arranged in the cluster with low density. The size
of the berry is medium, the shape is spherical with greenish-yellow colour and waxy
coating. Ripe berries facing the sun are tinted with a delicate orange colour. Berries have
high juice-skin proportion.
The side shoots are less developed that results a loose canopy. Canopy management is
simple, hand picking is easy.
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Table 1. Plantation area of ‘Aletta’ and ‘Bianca’ cultivars in 2008-2013 in Hungary
(ha)

2008
2011
2013
2008/2013

Aletta

Bianca

144
940
1340
930%

1440
2922
4400
314%

Vineyard surface of
white cultivars
48443
45180
42766
88%

(Source: National Council of Wine Communities database)

MATERIAL AND METHOD
’Aletta’ was evaluated from 2005-2009 at the OMMI Experimental Station for Cultivars in
Helvécia. Downy mildew resistance was evaluated at the OMMI Experimental Station in
Pölöske. The experimental vineyard in Helvécia is located in the centre of Hungary
(geographical coordinates of lat. 46°49'59" N, long. 19°37'00" E). Pölöske is in TransDanubia (46°45’0'' N, 16°56'0" E) where the climate is Atlantic. Because of the higher
rainfall downy mildew infection is more common in this region.
The vineyards are planted at 3.0 x 1.0 m spacing. The vines are trained with one trunk and
one arm (height 0.8 m) and with simple spur pruning (6 buds per nr). ‘Aletta’ was
compared with ‘Bianca’. ‘Bianca’ originated in Hungary by hybridizing ‘Seyve-Villard
12375’ with ‘Bouvier.

Figure 2. Mature cluster of ‘Aletta’
Source: BAGLYAS (2010)

RESULTS
The average cluster and berry weight, berry diameter were measured and the number of
berries were calculated in 2009-2009 period in Helvécia Research Station (Table 2).
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Table 2. Comparison of uvological parameters of ‘Aletta’ and ‘Bianca’, cluster and
berry weight, berry diameter and number of berries per cluster during 2005-2008 at
Helvécia
Cluster weight (g)x

Berry weight (g)

Berry diameter
(mm)

Number of berries

Aletta

Bianca

Aletta

Bianca

Aletta

Bianca

Aletta

Bianca

2005

245

147

2.81

2.18

15.7

14.63

98

71

2006

150

86

2.53

1.52

15.35

13.78

66

61

2007

180

73.5

2.44

1.47

15.95

13.5

76

64

2008

205

121

2.51

1.73

15.95

14.25

97

67

2009

235

84

2.34

1.9

15.95

15.2

103

48

15.78

14.272

88

62.2

Mean
203
102.3
xMean of 25 stocks in 4 parcels

2.526

1.76

‘Aletta’ almost has a double cluster weight compared with ‘Bianca’ (Table 2). Berries are
also bigger and there are more berries in the cluster (Table 2).

Table 3. Bud load, yield, ripening time, sugar content (Klosternauburger degree) and
titratable acidity of cultivar ‘Aletta’ and ‘Bianca’ at harvest during 2005-2008 at
Helvécia
Sugar degree

Titratable acid

Aletta Bianca

Aletta Bianca

Buds/m2y

Yield (kg/m2)z

Date of harvest

Aletta Bianca

Aletta Bianca

Aletta

Bianca

0.47
0.57a

18 Sept

19 Sept

18

17.5

7.4

6.9

18 Sept

19 Sept

16.5

19.5

6.3

6.5

11 Sept

05 Sept

17.5

20.15

5.6

4.25

5.7

6.35

2005

2.2

2.37

0.64

2006

4.33

5.01

0.76a

2007

4.29b

5.77e

0.76ab 0.79ab
1.53
1.57

2008
2009

6.45

6.37c

5.7

6.06cd

lb

Mean

4.59

5.12

0.94

19 Sept

06 Sept

18

20.15

0.93c

10 Sept

03 Sept

18

21.5

5.5

5.4

0.86

15 Sept

10 Sept

17.6

19.75

6.1

5.85

0.35
ns
sig.
0.7
Significant difference was determined between yearly bud load by Tukey’s test

ns

Bud load increased by the years. In 2008, it was almost threefold compared with the year
2005. The optimal bud load as is about 6 in our conditions, which is lower than that of
Bianca. ‘Aletta’ has higher average yield then ‘Bianca’ eventhough a lower bud load was
applied at his later variety (Table 3). Statistical difference, however, cannot be observed
between the two cultivars. The sugar content was two degrees lower and the titratable
acidity was a bit higher.
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Table 4. Comparision of the wines of ‘Aletta’ and ‘Bianca’ according to titratable
acidity, alcohol and sugar free extract during 2005-2008 at Helvécia
Titratable acidity (gL-1)

Alcohol v/v

Aletta

Bianca

Aletta

Bianca

2005

6.8

6.4

2006

6.8

11.7
13.2

12.1

6

2007

6.2

5.6

11.3

2008

5.3

5.5

Mean

6.1

6.1

Sugar free extract gL-1
Aletta

Bianca

12.9

20.7

21.4

11.5

14.05

19

19.8

11.9

12.7

19.9

20.6

11.9

‘Bianca’ wines had higher alcohol content than ‘Aletta’ because the juice had higher sugar
content. ‘Bianca’ wines also had higher sugar free extract (Table 4).
Table 5. Sensory evaluation of wines of ‘Aletta’ in compared with ‘Bianca’ during
2006-2008 at Helvécia
Fragrance

Clarity

Colour

Taste

Total points

Aletta

Bianca

Aletta

Bianca

Aletta

Bianca

Aletta

Bianca

2006

1.9

1.9

1.9

1.9

3.3

2.6

10

9.3

17.1

15.7

2007

1.8

1.8

2

1.9

3.4

2.7

9.7

9.4

16.9

15.8

2008

1.9

1.9

1.9

1.9

2.9

2.8

9.1

9.4

15.9

15.9

Mean

1.9

1.9

1.9

1.9

3.2

2.7

9.6

9.4

16.6

15.8

Aletta Bianca

The 20 point scale sensory evaluation is commonly used in international and national wine
competitions. This method is relatively simple. The drawback of this method is that taste
flavour and not broken into components thus gives less information about wines. ‘Aletta’
wines were more fragrant and had a better flavour in each of the three years than that of
‘Bianca’. This is due to the fact that ‘Aletta’ is a Muscat Ottonel hybrid (Table 5).

Table 6. Downy mildew provocation test of ‘Aletta’ compared with Villard blanc.
Pinot noir M 2 and Syrah cultivars in 2007 at Pölöske
Numbers indicate the percent of infected area on the leaf
Aletta

Villard blanc

Pinot noir M 2

Syrah

2007

15

10

50

40

2008

15

5

20

30

2009

10

0

30

Mean

13

5

33

30
33
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According to the provocation test (Table 6) ‘Villard blanc’ showed the highest resistance
followed by ‘Aletta’. The varieties of pure Vitis vinifera origin showed a low degree of
resistance.
‘Aletta’ requires plenty of solar radiation and light sandy soil for a higher Brix. The
fragrance and acidity were different in the two varieties. ‘Aletta’ is a water-demanding
cultivar similarly to most of the Seyve-Villard 12375 hybrids.
The wine has Muscat fragrance hinted with elder flavor, it has lower alcohol and acids. It
requires reductive technology. Some of the growers produce cheap grape by overloading
vines. This worsens the quality of the wine. ‘Aletta’ has won several prizes in wine
competitions and is suitable to produce varietal wine. ‘Aletta’ represents high disease
resistance and can be used in organic viticulture.
‘Aletta’ is grown on. single curtain. The optimal bud load is 6-8 buds per m2. On this bud
load the average yield is 10-12 tons per hectare. Vines are spur pruned as lower buds are
fertile and the cluster is big. In cane pruning the amount of carbohydrates in the canes as
well as the sugar content of the berries is low. ‘Aletta’ is a highly winter hardy cultivar
which reduces the risk of growing in low elevation sites.

CONCLUSIONS
Aletta grape variety is winter hardy, buds break late so spring frost damage is less. The
operation cost of grape growing is low, the yield is high (sometimes 15-20 t/ha). This
makes possible to produce cheap table wine. Due to the tolerance to downy and powdery
mildew diseases this variety is suitable for eco-friendly cultivation. This is the only
resistant grapevine variety in Hungary that has muscat flavor. Also, grape juice and grape
brandy can be made from the crop and it can be consumed as fresh fruit.
Bianca is more widespread now in Hungary but the acrage of Aletta is increasing.
The ‘Aletta’ grape is propagated by grapevine nurseries in Hungary. Since this cultivar is
mostly grown in sandy, phylloxera immune soil, self-rooted propagation material is used
for planting.
The Eger Research Station of Viticulture and Enology is the owner of proprietary right to
the cultivar (2010).
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ABSTRACT
This paper examines the differentiated development and the levels of development of 20 unit areas of
Hungary (19 counties + Budapest) over the time. The authors form indicators from the data of 1994, 2003
and 2014(2013) as well as from the census data of 2001 and 2011 and they draw conclusions from the
extreme values. They claim that, over the two decades, spatial differences occurred instead of levelling. The
ratio of the upper and lower extreme values all relevant indicators increased. Considering the important
indicators some regions might have stepped forward in the development ranking, the others lagging behind
and also the extending investment volume inhibited the progress and as a result the expansion of the field
strengthened. Over the last two decades the development resources - including those for catching up - did not
bring the expected results. This is most detrimental for the population living and working in regions lagging
behind. The resulting migration - in case the investment policy does not change - will worsen the situation
further.
Keywords: GDP per capita, the ratio of range, infrastructure, spatial differences, exclusion

INTRODUCTION
In our globalizing world spatiality came to the forefront again. Porter claimed first that
although the market is global, the competition is global, however the long-term
competitive advantage is local (PORTER, 1990). The importance of the place(s) is also
emphasized by the Nobel-prize awarded Paul R. Krugman, when he established the "new
economic geography". He acknowledged that the theories of economics for a long time did
not take adequately into account the obvious fact that production takes place in welldefined areas. The new aspect of spatiality approach included spatial issues into the
important questions of economics and thus put a lot of revaluation challenge for science. In
his works he gave a new interpretation of territorial concentration (K r u g m a n , 1991;
K r u g m a n e t a l ., 2003; V e r e s , 2010).

MATERIAL AND METHOD
The authors drew conclusions from the analysis (range, standard deviation, extreme values
quotient, correlation analysis) of national and county spatial and temporal indicators
(distribution ratios, intensity ratios, dynamic ratios). The years of 1994, 2003 and 2014
(2013) were examined. Where it was only the census that provided basic information, the
resources for the years 2001 and 2011 were used. The inductive analysis methods were
applied, however the previous findings of authors and other spatial researchers were also
referred to. The figures (cartograms) illustrate the development values of the indicators in
five categories in a colour spectrum.
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RESULTS
Next we project a snapshot on how these regional processes went on in Hungary NUTS-3
levels over the past 20 years.
It is known when analyzing the volume and the specific values of gross domestic product a
number of critical comments regarding the objective of this nature arise, but there are still
no better indicators for expressing the complex development of the regions. Since in our
country the county level GDP data have been available since 1994, during our research we
relied on the data of the years of 1994, 2003 and 2014 (when that is not yet available, then
for 2013) (Figure 1). We examined how the GDP per capita changed in the three examined
periods and how it correlates with other indicators of priority.
The limiting factor in the selection of indicators to compare was the one that the data
gathering of the Central Statistical Office (CSO) changed over the past two decades. Thus,
a number of indicators were eliminated from the system as the basic data were absent.
The following conclusions can be drawn from the two-decade changes in specific values:
- The prominent role of the capital was not only stabilized, but the rate grew dynamically.
The range rate (how many times the difference is between the two extremes) rose strongly
(Nemes Nagy, 2005).
X m ax

K=
X m in

(where the maximum was Budapest and Szabolcs-Szatmár-Bereg and Nógrád, alternating,
were the minimum)
K.1994 = 2.92 K2003 = 3.73 K2013 = 4.98
It was not just because of the very dynamic development of the capital city, but also of the
slow forwarding of the regions lagging behind.
- Out of the counties, the upper extreme was always Győr-Moson-Sopron County. The
forefront always included the Western and Northem-Transdanubian counties. In 1994 it
was only Komárom-Esztergom County that was able to enter the vanguard of GyőrMoson-Sopron and Vas County.
- Among the lower extreme groups no marked change occurred, because in the base year
Szabolcs-Szatmár-Bereg, Nógrád and Borsod-Abaúj-Zemplén were the most lagging, and
by 2013 together with Nógrád and Szabolcs-Szatmár-Bereg Counties it was Békés County
that also dropped behind.
- It is remarkable that the six Great Plain counties, with the exception of Bács-Kiskun
County, fell further behind in the national field, with Békés and Csongrád County having
the strongest decline.
- When examining the range ratio of the 19 counties without Budapest, again a strong
differentiation can be observed.
K 1994 = 1.68 K2oo3 = 2.16 K2013 = 2.83
So the developed counties are becoming more and more developed, while those at the back
were further declining. Not surprisingly, the unemployment rate has many similarities to
the GDP per capita rankings (Figure 2). Although in 1994 the capital, Pest and GyőrMoson-Sopron Counties were in the best position, by 2014 Győr-Moson-Sopron, Vas and
Komárom-Esztergom Counties took the lead.
In the base year the highest unemployment rate was in Szabolcs-Szatmár-Bereg, BorsodAbaúj-Zemplén and Nógrád Counties, while in 2014 Békés and Hajdú-Bihar Counties
lined up next to Szabolcs-Szatmár-Bereg and Borsod-Abaúj-Zemplén. These changes also
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show the powerful fall-back of the Great Plains counties. The range-ratio rose from 2.66
through 3.29 up to 4.53, which again shows the field stretching apart.

Figure 1. Per capita gross domestic product (GDP) (thousand HUF- at current price)
Source: own calculation
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Figure 2. Unemployment rate (%)
Source: own calculation

We know that a well-developed infrastructure helps regional development. Although the
development of the infrastructure does not always bring about the development of the
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whole economy, however with undeveloped, underdeveloped infrastructure a modem,
competitive economy cannot develop.
Not all sectors or elements of the infrastructure sector influence the development of the
economy. Particularly it is good accessibility, advanced transportation and communication,
and the development of human capital that have powerful beneficial effect (Abonyiné,
2007). Out of the latter, it is important to emphasize the role of education and health care.
It is therefore worth reviewing the changes of the key infrastructural provision of our
examined spatial units.
When studying the territorial development of the number of main telephone stations, in
addition to an extremely high value in Budapest there are well-equipped counties in the
Transdanubian Region, while the less equipped are located on the Great Plain and Northern
Hungary (Figure 3).
One aspect to consider the traffic-geographical situation can be the automobile supply
(.Figure 4). This is characterized by the number of passenger cars per thousand inhabitants.
In 1994, in addition to the Transdanubian counties Budapest and Bács-Kiskun was in the
lead, however in 2014 Pest County took the first place instead of the former 14th; in
Transdanubia some restructuring took place, and Bács-Kiskun County was in the forefront
this time as well. With the exception of the latter, the counties on the Great Plain were at
the back again.
The performance of a region is greatly enhanced by the education, preparedness and
professional skills of the people living and working there. These kinds of territorial serial
data are available only in the census. Therefore, we compared the ratio of university or
college diploma holders on the basis of the 2001 and 2011 censuses regarding the
population over 25 years (Figure 5).
In the year of 2001 Budapest, Pest and Győr-Moson-Sopron Counties as well as Csongrád,
Hajdú-Bihar and Baranya Counties were outstanding in this area. The latter ones got in the
prestigious category because of their universities.
The leading counties regarding in this indicator are also distinguished in the specific value
of GDP with the exception of two counties on the Great Plain. So the much higher
proportion of graduates is not enough in itself to boost the economy of the region, and even
some of them slid back in the rankings.
When we investigate the actual number of staff per thousand inhabitants at the research
and development (R & D) places, it is Budapest as well as Csongrád, Hajdú-Bihar,
Baranya, Győr-Moson-Sopron and Veszprém Counties that stand out. So this high
intellectual activity is not able to reverse the fail-back eg. in the two counties in the Great
Plain. At the same time the higher values of the Transdanubian counties show a positive
correlation between the development level of regions. Although several branches of the
infrastructure show a medium, or closer relationship with the development level of the
region, when the investment is implemented geographically unevenly, those regions that
enjoy a long term privileged status due to the steady growth of investments, usually
become more dynamic, and where less development resources are allocated, or they are
less effective, permanently will fall behind (Abonyiné et al., 2011).
Krugman writes that there is tug of war between the centripetal and centrifugal forces of
spatial concentration and sprawl of the economy. There are winners and losers in this
opposite direction development (Krugman, 1991).
The economic power, the level of development and the dynamics of the region are also
determined by the pace of housing construction in the region. The number of newly built
dwellings per thousand inhabitants in the past year was the highest in Győr-Moson-Sopron,
Hajdú-Bihar, Pest and Somogy Counties. It also shows some consistency with the former.
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Figure 3. The number of main telephone stations per thousand inhabitants
Source: own calculation
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Figure 4. The number of passenger cars per thousand inhabitants
Source: own calculation
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2011

highly developed
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Figure 5. The proportion of university and college diploma holders out of the
population aged over 25 (%)
Source: own calculation

In terms of hospital beds the picture is quite heterogeneous. The range ratio, of course,
shows an upward trend between 1994 and 2014 (2.2, then 2.6 and 3.0). Budapest has by far
the most outstanding role, but Veszprém, Baranya and Csongrád Counties also indicate
high values as well. The Great Plains counties are located at the end of the rankings again.

CONCLUSIONS
During the past two decades, the spatial inequality increased in Hungary based on the
following indicators.
The prominent role of Budapest not only became steady but also the intensity rose through
its dynamic growth.
The backlog of the coherent, extensive peripherals (South West Hungary, Northern and
Southern Great Plain, Northern Hungary) strengthened. In this respect, Békés and Nógrád
Counties falling behind the more developed regions are particularly spectacular.
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The difference between the extremes and ratio indicators (range-rate) also increased on the
level of development in counties without capital.
The differentiation of the development level of the counties is not random (the change in
this area is not hectic) but tendentious. During the two decades the relative level of
development showed that the developed became more and more developed, while the
undeveloped got more and more lagging behind.
This trend is more reflected in the unemployment rate. The range ratio increased from 2.66
to 4.53. In this respect, the field is most drawn apart, despite the fact that internal migration
had a slight pull-back effect on the process.
The specific value of main telephone stations and automobile supply indicate a similar
trend. Pest County forging ahead is due to the radiation of Budapest and the development
of the agglomeration in and near the capital.
The rate of higher education graduates indicates similar differentiation growth. In this
context, it is conspicuous that Csongrád, Hajdú-Bihar and Baranya Counties stand out as
islands from the regions. It is in connection with the three major universities and related
institutions. At the same time it is thought-provoking that in the 21st century knowledge
and skilled labour in this region cannot act to strengthen the economy of the counties and
stop them falling behind.
It is clear from the above that during the two decades in question, the strengthening of
spatial differences occurred instead of levelling. Over the past two decades, and especially
since the EU accession of Hungary, the resources used for development made it possible to
have some territorial cohesion. A more rational use of development funds for innovative,
more competitive productive sectors could have prevented the tendentious fail-back of
large areas such as the Great Plains region.
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ABSTRACT
In the pilot farm of Szeged University Faculty of Agriculture we keep two varieties of the Hungarian
speckled hen, the feathered-neck variant and the bare-neck type since 1977. The three colour variations of the
domestic hen species were bred from the Hungarian lea-land bird by the middle of the 20th Century. Because
of the spread of intensive poultry keeping the population of this species has become endangered. Programs
supporting ecological-biological farming that began in the last two decades placed the domestically bred
birds in the forefront both as purebreds and as candidates in projects for developing merchandisable bio
poultry. Beside the gene preservation, we endeavour to find the best way for the production-purpose
utilisation of the speckled hen stock. On the basis of our experiments the laying hens can be used in small
scale egg production. We examined the hatching results of both type of speckled hens, during more than 20
generations.
Keywords: Hungarian Speckled Hen, Speckled Transylvanian Naked Neck Hen, genetic preservation,
hatching results, infertile eggs.

INTRODUCTION
Humanity is constantly forming and shaping its environment, including the values created
by its own in the animal kingdom. Owing to the changing human need we are creating
newer and newer species with better and better qualities, sometimes leaving our older
species to be lost. Our old species are not compatible with the modem ones and cannot
keep up with the industry-like economical production. For this reason we have to endeavor
to preserve our old species and to keep their important characteristics that can be utilized
for breeding later on. One of the criteria of the gene preservation of our aboriginal species
is to keep our species in an unaltered form with minimal gene loss preserving their original
variability. From the fifties years of the twentieth century the poultry hybrids fully
transformed the structure of species. Due to the emergence of hybrids, the number of hen
varieties, which play a role in the poultry-farming economy, greatly reduced. As a result of
the chicken domestication, more than 200 varieties developed (H o r n , 1981).
To produces high-performance hybrids only 5-6 different types of lines are used, however
the pure-bred varieties are increasingly relegated to the background. During the animal
breeding, the result of selection for economically advantageous characteristics, some
important features like the body strength, the resistance, the adaptability and the variation,
etc. disappear (Kiss, 1994).
Nowadays keeping traditional species is more and more preferred both in plant production
(Jakab ET. AL., 2014) and animal production (Benk, 2014). Indigenous species require less
manual care than species kept with intensive methods, however adequate keeping
tenchnology and animal welfare must be provided for all them (PiNNYEY, 2002). The
protected traditional species represent a great genetic value. In order to be maintained the
complete genome of chicken is necessary to protect the species situated in the Carpathian
Basin, which include the Hungarian Speckled Hen and the Speckled Transylvanian Naked
Neck Hen to.
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The Association of Hungarian Small Animal Breeders for Gene Conservation serve the
purpose of gene preservation of the old poultry farms that carry out the breed conservation
duties and represent the breeders to the state organizations and breeder authorities. The aim
of the Association furthermore is to represent and hold together the institutions, enterprises
and private breeders as a breeding organization.
The experiments and studies carried out in Hungarian Speckled Hen stock kept since 1977
on the Pilot Farm of the Szeged University Faculty of Agriculture also served the purpose
of finding the place of Hungarian poultry in hen production of goods (SÓFALVY, 1990).

MATERIAL AND METHOD
The native speckled hen stock was founded in our pilot farm in 1977. The aim is to
maintain and conserve the breed. We are breeding two species: the Hungarian Speckled
Hen (further: feathered neck) and Speckled Transylvanian Naked Neck Hen (further:
naked neck). We maintain 4 lines from the feathered neck breed and 1 line from the naked
neck breed.
Hatching takes place in spring every year preceded by a 7-10-days’ egg collection period.
The hatched chickens are marked with individual numbers wing bands, and they are taken
to a nursery building”. There are separate places for the feathered neck stock and the naked
neck stock. The measurement of live weight will take place every 4 weeks.
The preselection is made at 10 weeks based on body development, feathering, health status
and skin colour. Chicks which are not suitable for the breeding program will be selected. In
15 weeks of age cocks are separated from pullets. In cocks stock there is a greater selection
pressure, we keep those cocks who have optimal body development level, optimal feathers
and skin colour corresponding to the standard. The colonization of pullets will be held in
20 weeks of age.
The elite stock is placed in 35 compartments. In 7 compartments we establish strains pér
imés. We register the feathered neck variety lines with 21, 22, 24, 28 codes, and the naked
neck line with a 26 code. The lines are separated by age groups, so that two-year-old hens
are placed in three pens, and one-year-old hens are put in four pens. We put young, oneyear-old cockerels in each pen. After the end of summer colonization the supernumerary
pullets and cockerels will be sold.
In the laying period the egg production of each pen is recorded. Our trap-door nest
technology is suitable for the measurement of individual egg production as well.
At the end of March we carry out a 7-10 day breeding egg gathering before the hatching. In
this period we weigh the weight, length, width of the breeding eggs and record the shell
color of the eggs. The egg weigh is weighed on 1 g punctuality scales and the measurement
of the length and with is carried out by vernier. The egg shell color is classified in one of
the four classes we defined (white, light, beige, brown).
The eggs are stored in an air-conditioned chamber during the breeding egg collection
period. The pedigree hatching according to the lines is carried out at private entrepreneurs.
On the tenth day of the hatching candling is done as a result of which the proportion of the
infertile eggs can be calculated. We calculate hatching percent after the hatching of chicks.
There are detailed and evaluable statistical data since 1992, thus I could assess the results
of more than 20 generations.
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RESULTS
The examination of hatching results
The data of the hatching in the feathered-necked stock ( Table 1) show results in the case of
the four lines. The hatching percentage of our stock in the fourth year after the initial years
increased to 70%, then after eleven generation this value following a slow downward trend
dropped below 70%.
The crossing between the lines did not cause any change having regard to the hatching
results of the feathered-necked stock after this period. Hatching results could have been
expected to improve. The change of incubators in 2008 caused outstanding improvement in
the hatching results. Over 80% hatching percentages were produced by the feathered
necked stock during the last six years.
Table 1. The hatching results of speckled feathered-neck stock and naked-necked
stock
Years
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Line 21
74.32
71.04
61.15
66.72
77.33
78.03
73.57
72.44
83.19
73.65
57.32
74.09
70.58
71.87
71.84
63.47
80.68
86.00
80.77
79.15
86.71
84.22
85.31

Hatching results (%)
Feathered-neck lines
Line 28
Line 24
Line 22
81.95
46.50
50.00
70.00
71.08
65.00
61.57
65.28
59.41
64.83
64.59
68.71
76.67
77.89
77.04
78.18
74.67
76.11
75.44
69.66
73.75
63.25
66.67
69.84
77.31
76.44
71.06
67.70
73.10
75.48
54.69
57.53
53.37
72.59
74.92
72.73
67.64
68.79
68.06
69.40
65.06
63.45
68.56
66.84
65.75
67.00
67.94
63.88
72.55
69.94
73.32
82.46
84.69
87.25
83.33
80.77
84.23
87.80
83.15
80.20
83.92
85.69
80.60
85.23
86.76
82.84
84.34
86.72
83.63

Naked-neck line
Line 26
51.80
61.41
54.72
62.95
68.28
68.19
62.93
58.59
64.41
57.11
51.47
61.66
56.71
50.80
52.36
56.10
64.19
66.81
59.50
65.77
56.30
68.41
70.35

During the last twenty-three years, the naked-necked stock produced lower hatching results
than the feathered one supposedly because of a high degree of inbreeding. During the first
five years of the study period, the hatching percentage showed an improving tendency, but
in the year of 2005, the naked-necked stock produced only around 50% hatching results.
From the second year after the blood-freshing through four generation we can experience a
growing trend having regard to the hatching results. During the latter three years decrease
can be seen in the hatching results of the naked-necked stock.
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By examining the hatching results of twenty-three generations, we can see (Table 2) that
the infertile egg ratio of around 10% initial values decreased to under 10% of values. The
annual rate of the infertile eggs in 2002 is so high due to the failures of the hatching
technology. During that year a lot of eggs became addled at the first candling because of
the malfunction of the hatchery, which increased the percentage of the infertile eggs.
The „improvement” of the infertile egg rate may be the result of the crossing between the
lines.
By examining the proportion of infertile eggs, it can be seen that the 26th line can be
characterized by greater degree of infertility, than the others (only one generation is an
exeptional from the tested 20 generation).
The infertility among the naked-necked stock, compared to the stable results of the mid90s
(12%), significantly decreased by the early 2000s (15%). During the period following this,
the infertility of the Transylvanian naked-necked hens shows a rather fluctuating status.
Not taking into consideration the initial year, between 2006 and 2007 was the difference
the maximum (some 10.1%) measuring it by the percentage of the infertile eggs.
Table 2. The infertile egg ratio of feathered-neck stock and naked-neck stock
The infertile egg ratio (%)
Years
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Line 21
9.38
9.25
11.54
9.51
7.50
9.31
9.11
8.84
7.65
7.60
15.00
8.39
7.44
8.60
6.53
11.70
7.27
7.56
9.23
5.42
5.35
4.34
6.32

Feathered-neck lines
Line 24
Line 22
16.00
17.32
9.85
11.32
12.26
11.18
11.48
10.00
10.07
8.31
10.24
7.96
7.68
9.83
8.35
9.46
11.54
13.83
13.71
8.69
13.46
17.35
7.81
7.24
8.59
6.26
11.11
8.33
7.43
7.40
10.25
6.62
7.16
3.89
7.84
7.55
7.12
9.04
14.33
5.35
4.68
7.43
8.32
5.23
7.49
4.04

Line 28
8.78
8.94
8.43
11.17
9.47
9.49
7.54
8.76
9.76
11.67
16.30
8.67
7.94
9.29
6.90
9.39
9.61
8.77
7.75
5.42
10.78
3.44
7.33

Naked-neck line
Line 26
21.60
12.34
13.19
12.46
12.59
13.49
10.52
12.47
15.92
14.33
19.07
14.92
13.16
16.79
9.43
15.08
10.59
11.30
19.53
10.25
12.61
10.21
8.45

After the year when the blood-freshing was applied to the naked-necked lines in 2004, the
proportion of the infertile eggs declined by 3.63%. Since it can be seen by examining the
results of the other lines in this particular year that the proportion of infertile eggs declined,
it is presumable that the lower hatching proportion can be the result of some kinds of
technological problems.
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CONCLUSIONS
By examining the hatching outcomes of twenty-three years, we can conclude that the race
preserving breeding can be considered successful in the feather-necked stock, since the
major changes occured in the hatching results can be attributed to technological
malfunctions and changes. The major fluctuations, experienced in the hatching results of
the naked-necked stock, are supposedly due to hatching technological faults, changes, and
of course because of a greater degree of inbreeding.
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ABSTRACT
We examined the effect of foliar fertilization on the yield of maize in 2014. The experiment was set up on the
area of an ecological farm in Hódmezővásárhely-Kútvölgy, Hungary. The trial was carried out in three
replications. The soil was chernozem, the reaction of which was nearly neutral (p H kcl 6.86). Before setting
up the experiment, the soil analysis data showed that it had proper nitrogen, plenty of phosphorous and very
good potassium contents. In 2014, the amount of precipitation in the vegetation period of maize was higher
by 264 mm than the average, but its distribution was uneven. The preceding crop was winter wheat. Fall
tillage involved deep ploughing at 30-35 cm depth. Secondary tillage in spring was made by heavy harrow,
and seedbed preparation was made by a combinator. The foliar fertilizer was applied two times during the
vegetation period of maize in a dosage of 5 1/ha. We harvested the parcels by hand. We processed the
obtained data by single factor variant analysis. The yield of the control plots was 11.3 t/ha, on the average of
3 replications, the foliar fertilization plots’ yield was 11.97 t/ha. The foliar fertilization increased the yield,
but the difference between the average yields of control and foliar fertilization plots was not significant.
Factual conclusion can be drawn only after the results of several years. We wish to continue our
examinations.
Keywords: maize, organic farming, nutrient supply, foliar fertilization, environmental protection

INTRODUCTION
Today, organic farming is one of the fastest growing way of farming in the world. More
and more people (producers, processors and consumers) think that it is the only form of
long-term sustainable agricultural, which is able to produce healthy, safe, sufficient quality
and nutrient-rich food with gentle use of the environment. In addition, it is the only form of
production, which is almost the same everywhere in the world and it has a legal
background. Legislation specifies the criteria for this form of farming, for all stages of the
production from raw material production to food preparation, which is controlled by
independent verification, certification organizations, (Hungária Öko Garancia Ltd.,
Biokontroll Hungária Nonprofit Ltd.) in compliance with state supervision (National Food
Chain Safety Office) (ROSZÍK, 2008; ROSZÍK, 2010; J a k a b n É, 2011). Indigenous breeds are
of great importance in organic farming, both in crop production and animal husbandry
(B e n k , 2014).
Considering the aspects of efficiency and environment protection, maize needs only N óo120, P2O5 45-90, K2O53-106 kg ha"1 active agent. With N doses larger than Neo-no kg ha'1 the
quantity of NO3-N reaches 150-200 mg kg"1in the 100-120 cm soil profile which can result
in marked environment pollution ( S Á R V Á R I , 1995).
The amount of precipitation in the crop year had a great effect on the nutrient utilization.
V a d AND D ó k a (2009) examined the effect of crop year on the yield of maize. Their
scientific results proved, that the effects of abiotic stresses could be strongly reduced by
using the optimum crop models in maize production. They obtained 8.6-11.0 t/ha
maximum yields of maize in water stress crop year and 13.7-14.2 t/ha in optimum crop
year on chernozem soil with using appropriate agrotechnical elements.
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Széles et al (2012) found, that in 2007, the lack of rainfall caused yield stress in the nonirrigated treatment, in contrast to the significantly reduced yield in comparison with the
non-irrigated treatment recorded in 2008, due to the extremely high amounts of rainfall.
KÁDÁR (2008) says that the macro and micro element requirements of most arable crops
can be satisfied through soil. The future spreading of foliar fertilisation must be grounded
by comprehensive experimental research. Accurate, repeated small plot trials are necessary
to clarify the factors influencing the effectiveness of foliar fertilizers and recommendations
must be developed for consultation.
Foliar fertilizers are unanimously considered stimulating and corrective products for
mineral nutrition. They exhibit a secondary fertilizing role, that determines a significant
increase of the productive consumption for soil elements and soil-applied elements without
substituting root fertilization methods (through the soil), where foliar fertilizers are
supplementary in balancing and optimizing the fertilization system applied to agricultural
and horticultural plants (Ryan, 2002; Dorneanu ET al., 2005; Rusu ET AL., 2008;
Toader et al., 2012).
MATERIAL AND METHOD
Soil properties of the experimental field
The experiment was set up on the area of an ecological farm. The soil was chernozem, the
reaction of which was nearly neutral (p H kcl 6.86). The soil analysis data showed that it
had proper nitrogen, plenty of phosphor and very good potassium contents (Table 1).
Table 1. Main soil characteristics of the experimental field
K2O
Humus
Soil plasticity value
P2O 5
PH
(H 2 O )
(m g/k g)
(m g /k g)
(K a)
(%)
6.86
604
42
653
2.8
Weather in the experimental year
The year 2014 was favourable for maize production. In 2014, the amount of precipitation
in the vegetation phase of maize was higher by 264 mm than the average, but its
distribution was unfavourable. In July, the large amount of precipitation caused soil
compaction and made soil aeration difficult. In August, the amount of precipitation was by
37 mm lower than the average. The lack of precipitation was unfavourable for the
development of grains. A large amount of precipitation fell in September, which could not
be utilized by the com, therefore the com harvest was delayed (Table 2).
Table 2. The distribution of precipitation in the vegetative period of maize in 2014
Month
Rainfall
Average rainfall
Difference
(mm)
(mm)
(mm)
April
47
42
+5
May
88
47
+41
June
73
72
+1
July
218
60
+158
August
17
54
-37
128
September
32
+96
571
Total amount of
307
+264
rainfall (mm)
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Main features of the agro-technology applied
The small-scaled plough experiment was set up in three replications. The preceding crop
was winter wheat. Fall tillage involved deep ploughing at 35 cm depth. Secondary tillage
in spring was made by heavy harrow, and seedbed preparation was made by combinator.
The foliar fertilization was applied twice (15th of May, 6th of June) in a dosage of 5-5 1/ha.
During the vegetation period of maize mechanical weed control was made three times. We
processed the obtained data by single factor variant analysis (S v á b , 1981).

RESULTS
Without foliar fertilization, the yield of the examined hybrid was ranging between 10.6611.84 t/ha. In control plots, the yield fluctuation was 1.18 t/ha. With foliar fertilization the
yield was 11.81-12.07 t/ha. Under the influence of foliar fertilization treatments the yield
fluctuation was lower 0.26 t/ha (Table 3).
Table 3. The effect of foliar fertilization on the yield fluctuation of maize (t/ha)
yield
yield
2. repl.
3. repl.
1. repl.
(average repl.) fluctuation
11.41
11.84
control
10.66
11.3
1.18
11.81
12.05
foliar
12.07
11.97
0.26
fertilization
LSD 5%
1.60
The yield of the control plots on the average of three replications was 11.3 t/ha. Under the
influence of foliar fertilization the yield was 11.97 t/ha. The foliar fertilization had positive
effect on the maize yield, but statistically the increase was not significant (LSD 5 %= 1.60
t/ha) (Figure 1).
14
12

11.3

11.97

control

foliar fertilizer
Treatments

10

f

8

2

6
4
2

0
LSD 5 0 o

Figure 1. The effect of foliar fertilization on the yield of maize (t/ha)

CONCLUSIONS
We can conclude, that in our experiment the foliar fertilization had a positive effect on the
yield of maize. The yield fluctuation decreased with the application of foliar fertilizers.
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The foliar fertilization of com is currently not part of the production technology. As
Kádár (2008) said, the future spread of foliar fertilization should be grounded by a
comprehensive experimental research. Accurate, repeated small plot trials are necessary to
clarify the factors influencing the effectiveness of foliar fertilizers and to develop proposals
for consultancy. Our experiment and its continuation also serve this purpose.
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ABSTRACT
The objective of our study was to examine the effect of different fertilization treatments and seed size on the
germination percentage of two triticale varieties. The held experiment was set on the area of Cereal Research
Non-Profit Ltd. in Fülöpszállás, in four replications. The soil was meadow soil, its nutrient content was good.
There were ten different fertilizer treatments. We porcessed the obtained data by analysis of variance. The
nutrient supply did not have significant effect on the germination percentage. The maximum germination
percentage of GK Szemes was obtained in the N0PK30 treatment. GK Idus reached the highest germination
percentage in the N30PK.0 and N0PK90 treatments. We studied the effect of seed size on the germination
percentage, too. After the harvesting we divided the seeds into three groups. The first group contains seeds
smaller than 2.2 mm, the second group is for grains between 2.2-2.8 mm, and the third one for grains bigger
than 2.8 mm. Along with the growing grain size, the germination percentage was also improving. In the case
of GK Idus the germination percentage difference between the highest and lowest seed size was statistically
justified.
Keywords: triticale, fertilization, seed size, germination percentage

INTRODUCTION
Triticale can be utilized in many different ways. In Europe, it is mainly used for animal
feed, while in India and Ethiopia it is used for human consumption. Due to its favorable
amino acid composition it has good feed value, so it is a good component of feeds.
Nowadays, there are varieties, which have good baking properties, therefore it is suitable
for human use (Bòna and Á c s , 2012).
In Hungary, the sowing area of triticale is between 110-150 thousand hectares and the
harvested yield ranged between 300-600 thousand tons/year ( h t t p I). The successful
triticale production is determined by the complex effect of ecological, biological, and
agrotechnical factors. Among the biological factors the different seed testing parameters
(germination percentage, thousand seed weight, germination vigour) are very important
(Szabó, 1981).
The most important feature of the seed is the germination. The germination result will
decide whether the seed is suitable for field production (Kruppa, 2004).
For good germination of cereals, the proper nitrogen supply is essential (Lieres, 1996;
Monostori, 2004; PethŐ, 2004). The satisfactory nitrogen supply provides big thousand
seed weight (Kruppa, 2004).
Drena (2004) examined the effect of seed size of different cereals (winter wheat, winter
barley, rye, oat, triticale) on the germination percentage and germination vigour. After
sowing, the seeds were divided into three groups: small, medium and big. The nonsieving/unscreened seeds were also tested. It was stated, that the germination vigour of the
small seeds was the lowest. The germination vigour of the small seeds was 5% lower than
that of the non-sieving//unscreened seeds. The total germination of small seeds was lower,
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the big seeds was higher. The germination difference between the small and big seeds was
10% .

MATERIAL AND METHOD
Soil properties of the experimental field
The field experiment was performed on the area of the Cereal Research Non-Profit Ltd in
Fülöpszállás. The soil was meadow soil. The soil analysis data showed that it had good
nitrogen, phosphorus and potassium contents (Table 1).

p H (H 2O )

P2O5
(m g/k g )

K2O

H um us

S o il p la s tic ity

(m g/k g )

172

384

(%)
3.03

v a lu e ( K a )

7.57

48

We examined the seed germination percentage of 2 triticale varieties (GK Szemes and GK
Idus). Triticale seeds originated from a fertilizer treatment where we used ten different
nutrient treatments (N0PK0, N30PK0, N60PK0, N90PK0, N0PK30, N0PK60, N0PK90,
N60PK30, N120PK60, N180PK90). We devided the seeds into three groups. The first
group contains seeds smaller than 2.2 mm, the second group is for grains between 2.2-2.8
mm, and the third one is for grains bigger than 2.8 mm.
Laboratory experiments
We studied the germination percentage of the triticale varieties in the laboratory of the
Institute of Plant Sciences and Environmental Protection of the University of Szeged
Faculty of Agriculture.
We made the germination tests on wet filter paper in rolls. The temperature was 20-22 °C,
and the humidity was 80-90%. The humidity of the filter paper rolls was checked daily,
and if necessary, the rolls were sprayed with water to avoid dehydration. The filter paper
rolls were opened after three, five, and seven days. The normal germs were selected and
counted. We processed the obtained data by single factor variant analysis (Sváb, 1981).

RESULTS
The effect of nutrient supply on the germination percentage
The germination percentage of GK Szemes was 94.67% in the N0PK0 treatment.
Compared to this data, the unilateral N treatments increased the germination percentage
(95-95.83%). The unilateral PK fertilizers - except for the N0PK60 treatment - also
improved the germination percentage compared to the control. We measured the maximum
value of germination percentage (96.17%) in the N0PK30 treatment. Compared to the
control value, we measured lower results in the N60PK30 and N120PK60 treatments (92.5
and 94.33%, respectively). In the N180PK90 treatment, the germination percentage
(95.33%) was higher than in the control. The fertilization did not cause significant change
of germination percentage (Figure 1).
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Figure 1. The germination percentage of GK Szemes in different fertilizer treatments
The germination percentage of GK Idus was 96% in the non-fertilized treatment.
Compared to the control, the unilateral N treatments increased the germination percentage
(96.83 and 98.83%). We measured the highest germination percentage of 98.83% in the
N30PK0 treatment. Compared to the control, the unilateral PK fertilization caused similar
or better results. We got the second highest value 98.83% in N0PK90 treatment. The
N60PK30, N120PK60 and N180PK90 treatments also improved the germination
percentage of GK Idus. The fertilization treatments did not cause significant changes in the
germination percentage (Figure 2).

Fertilizer treatments

Figure 2. The germination percentage of GK Idus in different fertilizer treatments
The effect of seed size on the germination percentage
The germination percentage of the smallest seeds of GK Szemes was 92.90%. Compared
to the control result, the values of germination percentage improved. The biggest seeds had
the best germination percentage (96.25%). The change of seed size did not cause
significant difference in germination percentage (Figure 3).
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Figure 3. The germination percentage of GK Szemes in different seed size
In the case of GK Idus, the lowest germination percentage had the smallest seeds, too
(95.85%).
The increasing seed size resulted in the improvement of germination percentage.
Compared to the smallest seed germination percentage (95.85%), the result of the biggest
seeds was statisticaly justified higher (98.88%, LSD5%=1.54). In this examination, the
germination percentage of GK Idus was better than that of GK Szemes (Figure 4).

< 2.2

2,2-2.8

2.8<

Seed size (min)

Figure 4. The germination percentage of GK Idus in different seed size

CONCLUSIONS
The fertilization treatments had different effect on the germination percetage of the
examined triticale varieties. In the case of GK Szemes, the unilateral N treatments and PK
treatments had positive effect. In the case of the GK Idus, all nutrient treatments caused
similar or better germination percentage compared to the control. We can conclude that the
genotype also had effect on the germination percentage. Under the influence of increasing
seed size, the germination percentage of the examined triticale genotypes improved, which
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proves that the grains smaller than 2.2 millimeters according to the standard are unsuitable
for utilization as seed.
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ABSTRACT
By 2030, the EU could be reducing its energy use by more than a third and generate almost half of the
remainder from renewables. Renewable energy sources from farm products - energy from plants and animal
materials - are becoming increasingly important in Hungarian energy systems, too. The wide variety of
available biomass feedstocks, conversion technologies, and integration strategies offer a broad range of
feasible bioenergy scenarios. The main objective of present study is to estimate the regional amount of
agricultural biomass and assess the possibilities of the development of the utilization. In Hungary a small part
of biomass from agricultural source is used for human consumption, 4.5-5 million tons. 16-17 million tons
are used for feeding animals, and a 6-7 million tons are processed by industries. A great majority of biomass
supplies the nutrients of the soils. Roots of plants and trees constitute a 7-8 million ton quantity, straws and
stems of annual crops comprise 12-14 million tons and manures compose 5-6 million tons annually. At
moment, a limited part of biomass from annual crops are utilised as energy source. The most primary
products used for biofuels is maize, and in changeable extent, rapeseeds. Straw of cereals are produced 4-4.5
million tons from which animal husbandry and industry uses 1.6-1.7 million tons. The rest (2.4-2.8 million
tons) could be utilised for renewable energy.
Keywords: bioenergy, agriculture, biomass, wastes, development

INTRODUCTION
By 2030, the EU could be reducing its energy use by more than a third and generate almost
half of the remainder from renewables. Renewable energy sources from farm products energy from plants and animal materials - are becoming increasingly important in
Hungarian energy systems, too. The wide variety of available biomass feedstocks,
conversion technologies, and integration strategies offer a broad range of feasible
bioenergy scenarios.
The term sustainable agriculture means an integrated system of plant and animal
production practices having a site-specific application that will, over the long term:
• satisfy human food and fibre needs;
• enhance environmental quality and the natural resource base upon which the
agricultural economy depends;
• make the most efficient use of non-renewable resources as well as on-farm
resources and integrate, where appropriate, natural biological cycles and controls;
• sustain the economic viability of farm operations; and
• enhance the quality of life for farmers and society as a whole (GOLD, 2007).

MATERIAL AND METHOD
The main objective of present study is to estimate the regional amount of agricultural
biomass in Hungary and assess the possibilities of the development of the utilization. The
preliminary research begins the assessment of statistical data from which some conclusions
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could be drawn. In order to propose a method to maximize energy production from
agriculture the characteristics of the local environment like current land use, proportion of
land usage and crop rotation.

RESULTS AND DISCUSSION
According to the forecasts of WWF ET AL. (2011) a fully renewable global energy system
is possible worldwide: 95% sustainably sourced energy supply can be reached by 2050.
There are upfront investments required to make this transition in the coming decades (12% of global GDP), but they will turn into a positive cash flow after 2035, leading to a
positive annual result of 2% of GDP in 2050.
Oil demand in Europe has already decreased to its lowest value during the last twenty
years after a six-year steady decline. While the average oil demand in Europe was 8.4
million barrels/day, it decreased to 7.6 million barrels/day in 2015 (Yardeni and
JOHNSON, 2015). This change is partly caused by the increasing energy efficiency and a
switch to alternative forms of energy. At the same time in the United States some grainethanol and biodiesel producers have had to shut down operations for lack of sufficient
revenue to cover variable costs. Reduced com production resulting from drought
conditions in 2011 and 2012 drove up prices for feedstock grain, and higher prices for fuel
ethanol are not possible given stable petroleum prices. Similarly, the availability of lowcost methane from shale gas has significantly reduced margins for biogas producers.
Existing bio-refiners would greatly benefit from expanding their options for feedstock
being able to be processed beyond just com and soybean oil, to other readily available,
lower-cost materials, such as lignocellulos ones. Although modem bio-refineries are very
efficient, improvements in functional robustness and efficiencies could have significant
impact on economic viability.
As a policy implication, energy policies which improve the biomass energy infrastructure
and biomass supply are the appropriate options for G7 countries since biomass energy
consumption increases the economic growth (Bilgili and Ozturk, 2015).
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Figure 1. Forecast for renewable energy production and its necessity
(Source: WWF-ECOFYS-OMA, 2011)
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One form of operational support instruments in Hungary is the feed-in tariff system. This
system supports renewable electricity production and waste-to-energy. The main goal is to
eliminate the competitive disadvantage of these forms of electricity production in
comparison to the other, mainly fossil based generation technologies. In the feed-in tariff
system, eligible electricity producers get pre-defmed feed-in tariffs by law for the
generated electricity sold in the feed-in tariff system. These tariffs are higher than the
electricity market price (except for large hydro power installations above 5 MW installed
capacity). On the other hand the responsible party has to buy this electricity at the predefmed feed-in tariffs. This subsidy form means that the supported producers are
segregated and protected from the free electricity market (Klein et al., 2010).

Figure 2. Change of feed-in tariffs in Hungary
(Source: own calculation)
Anaerobic digestion is a very promising solution for the treatment of agricultural by
products and waste, preventing pollution and leading to efficient energy production. In
particular the possibility of co-digestion seems to be very attractive for farmers who will be
able to treat their own waste together with other organic substrates. Their profit in this case
is double since they treat properly their own residues, taking advantage of the using or
selling of heat and electricity as well as the utilisation of a stabilised bio-fertilizer
(Karellas ET al., 2010). Making bio-refinery solutions more popular enables new
commercially-viable technologies to convert materials and by-products from agriculture
and for food production into fuels and other marketable products, as well as reduce risks
and increase profitability in existing industrial bio-refineries. By developing commercially
viable technologies for the production of bio-based industrial products, spread of biorefmery technologies could increase the demand for agricultural products and therefore
benefits both agricultural producers and rural communities (Ree AND ZEELAND, 2014).
On the south-eastern part of Hungary there are extensive rural territories and the main land
use form is arable. Therefore, the main feedstock for pellets is agricultural origin. Straw
pellets and pellets from energy grass are dominating the market. Several agricultural pellet
producers with limited production capacity operate with ad-hoc working time based on
orders (GYURIS AND CSEKŐ, 2009). According to several forecasts the territory of energy
plants is going to remain limited in that part of the country because the quality of soil is
quite good. Thus, the production of energy plants cannot generate as high income as
cereals or industrial plants, especially on those areas where irrigation is established.
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Ruminants have served and will continue to serve a valuable role in sustainable
agricultural systems. They are particularly useful in converting vast renewable resources
from rangeland, pasture, and crop residues or other by-products into food edible for
humans. With ruminants, land that is too poor or too erodible to cultivate becomes
productive. Also, nutrients in by- products are utilized and do not become a waste-disposal
problem. The need to maintain ruminants to utilize these humanly inedible foodstuffs and
convert them into high-quality foods for human consumption has been a characteristic of
advanced societies for several thousand years (Ö l t jé n a n d B e c k e t t , 1996).
In order to start thinking about alternative energy production of a certain region at first we
should estimate the potential of agricultural biomass, by-products and residues. Six
biomass resource categories for energy are identified: energy crops on surplus cropland,
energy crops on degraded land, agricultural residues, forest residues, animal manure and
organic wastes (HOOGWIJKET AL., 2003). In Hungary, a significant biomass potential could
be economically and competitively harvested (Table 1).
Table 1. Quantity and heating value of annual agricultural and forestry by-products
______________ ________________ in Hungary________________ _______________
Quantity produced
Consumable quantity
Heating value
By-product
(million ton/year)
(million ton/year)
MJ/kg
4.5-7.5
1.5-2.0
Baled staw
13.5
10.0-13.0
3.0-4.0
Com stalk
13
1.0-1.2
0.4-0.6
Com cob
13.5
0.4-1.0
0.3-0.4
Sunflower stalk
11.5
1.0-1.5
0.5-0.7
Loppings, vine
14.8
Timber waste
1.0-1.5
0.5-0.7
15
(Source: own calculation)
The quantity of by-products, side products and residues are rarely measured exactly but it
can be estimated on the basis of the quantity of main products. According to our
calculations, there is currently no sustainable potential for agricultural biomass, such as
energy crops. On the other hand, there is a substantial potential from woody biomass, crop
residues and by-products, as well as manure and waste biomass.
Table 2. Estimation of potential agricultural biomass in the South Great Plain region
in Hungary______
Product
Quantity (ton)
Quantity (ton)
Product
Winter wheat

790000
215000

Fruit plantations
Grape plantations

59000
116000

Sunflower

241000
83000

Pig
Beef cattle

553000
81000
19000
650000
172148

496000
Sheep
Poultry
1365000
Corn
469000
Egg
163000
IAlfalfa
1641000
Cow milk
719000
(Source: own calculation based on data 2015 of Central Statistical Office in Hungary)

56
Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
The main products are used for human or animal nutrition and industrial purposes. At the
same time the side- and by-products cause transportation and placement costs, in some
cases require the application of serious treatment technologies which needs setting of non
productive infrastructure. If we are aware of the volume of the available row products, we
can estimate the quantity of the side- and by-products, as well as waste. Some kinds of
products are appropriate to be handled on enterprise level, while others should be collected
and utilized in larger scale. Seeing that some biogas plants operate with more or less
serious difficulties, it must be highlighted that beyond the economic and technological
planning of the given plant, the main criteria of sustainability should also be analysed
thoroughly. Such criteria are for instance the prospective changes of land use structure in
the region and the changes of the agricultural and rural development subsidy system.
Consequently, the local producers and stakeholders should ensure the continuous supply in
the sufficient quantity of raw materials for fermentation.

CONCLUSIONS
In Hungary, a small part of biomass from agricultural source is used for human
consumption, a mere 4.5-5 million tons. 16-17 million tons are used for feeding animals,
and 6-7 million tons are processed by industries. A great majority of biomass supplies the
nutrients of the soils. Roots of plants and trees constitute a 7-8 million ton quantity, straws
and stems of annual crops comprise 12-14 million tons and manures compose 5-6 million
tons annually. At moment, a limited part of biomass from annual crops are utilised as
energy source. The most primary products used for biofuels are maize and, in changeable
extent, rapeseeds. Straw of cereals are produced 4-4.5 million tons from which animal
husbandry and industry use 1.6-1.7 million tons. The rest (2.4-2.8 million tons) could be
utilised for renewable energy.
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ABSTRACT
The aim of this study was to highlight certain aspects concerning the hunting tourism activity in the Southern
Great Plain Region in Hungary. The study is focused on the hunting tourism services provided both for
domestic and foreign hunters (form of hunting, game species, guiding, accommodation, catering, etc.) by
hunting associations and other enterprises and their appearance on the Internet. A SWOT analysis was carried
out on the offers of hunting tourism activities and its marketing.
The developed marketing communication is not widespread at these regions, because only a few hunting
lodges are advertised and can be found information on the Internet. It is more complicated to find websites
about specifically the hunting lodges, and not just some words about them on the websites of hunting
associations. On the other hand, some places have a well-managed website with adequate information, online
booking, GPS coordination, and last but not least, an attracting design. A part of the hunting tourism
providers still do not have any advertisements, their business is based on their previous partnership.
Keywords: hunting tourism, marketing, service providers, communication channels, South-East Hungary

INTRODUCTION
Rural tourism is a concept that treats the developed touristic activity in rural areas,
organized and carried out by the local population and based on linkage of the natural,
traditional and human environment. The classification of tourism of the accommodation
units related to rural tourism, such as a coded form of the integration of the comfort level
and of the scale of services, is based on reputation, a moral climate and a set of
requirements, criteria and standards of services (FORIS, 2014).
As a segment of rural tourism, hunting-tourism is closely associated with a number of
economic and non-economic activities, especially with forestry, agriculture, water
management, sports, education, science, and others, because the hunting-tourism in the
process of creating a ‘product’ relying on the rural resources. Segments of hunting-tourism
offer are the non-economic activities provide the elements for completing the huntingtourism by sports facilities, educational and cultural performances. Hunting-tourism is also
correlated with industries such as lodging services, catering, transport, trade, crafts, and the
supply of various essential items (vehicles, equipment), souvenirs and providing them with
certain services (Prentovic et al., 2012).
Hunting tourism is one of the selective types of tourism that is based on the use of natural
resources as the game and natural wildlife habitat are the main motive in hunting tourism
trends. It is clear, that the hunting tourism is more developed in those areas where
ecological, social and economic factors are favourable. In order to develop hunting
tourism, it is necessary for the hunting ground to have attractive game species as well as
the preserved natural environment. On the other hand, to invest in hunting, hunting is one
of the most important sources of financing, because always a certain amount of funds
generated through hunting tourism returns (Markovic ET al., 2012).
The main factors that contribute to the choice of tourism destinations identified by tourists
are: the price, the quality of services, the offers hunting organisations or travel agencies,
the reviews of friends, others (sites, specific publication) (T o a d e r et a l ., 2014).
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The combination between „products” and services will determine the experience that the
tourist will tell to his friends when he will return home. Therefore, the service provider is
the one who needs to create the „story” of the hunting ground, containing the main
elements they offer (C io l a c ET a l ., 2014).
In Hungary, the number of foreign guest hunters amounts to 23-25 thousand per year.
Generally, they spend 3-5 days in the country, which is annually nearly 100 thousand
nights. The majority of hunters arrive in the months of autumn and winter (hunting
season), which is the low season from the point of view of tourism. Foreign hunters spend
significant amounts of money on accommodation, meals, etc. apart from paying for the
high-value trophy game. It is necessary to emphasise that receiving foreign guest hunters
and providing them services could provide jobs for a lot of people (M a r s e l e k a n d
F a b ia n , 2008).
This research is about to show those hunting lodges in the Southern Great Plain Region in
Hungary, which appear on the Internet. The study covered Bács-Kiskun, Csongrád and
Békés counties. It is very important for an accommodation to advertise itself on the
Internet, because nowadays it is one of the biggest marketing surfaces, and if a place wants
to increase its attendance, it is obvious to appear on the Internet too. Although there are
plenty of hunting associations in these areas, just few of them have a website, and even less
mention their accommodation facilities. If a foreign hunter wants to hunt in Hungary, and
if he/she suffers from the lack of acquaintances in these regions, unfortunately it would be
really difficult for him/her to find a website, where he/she can find information in foreign
languages. The online marketing is essential because of not just the hunting guests, but a
hunting lodge can reach wider audiences with the good kind of marketing, for example
wedding ceremonies, conferences, professional developments, or just families who want to
relax at a picturesque and peaceful place. Nowadays if a hunting lodge wants to be
competitive, it has to extend its wide range of offers, but it can lure the mentioned guests
with the appropriate developments. The aim of this research is to present the incidence of
online marketing in these regions and make a SWOT analysis of the marketing of these
hunting tourism facilities.

MATERIAL AND METHOD
During the data collection the first step was the searching for the hunting associations in
the Southern Great Plain Region, than to find their websites on the Internet. The following
data were gained by questionnaires from the managers of the hunting lodges and were
checked on the web pages:
• information about accommodation facilities (total capacity, number of rooms and
beds, comfort category, private bath, cooking facilities),
• price of accommodation per night,
• the offered huntable game species,
• the spoken languages,
• the provided further services (professional guide, catering, wellness, etc.).
An interview was also carried out with the manager of the DALERD ZRT’s hunting lodge.
She also allowed us to make photos about the venue.
The data were aggregated by the counties and the type of services. The hunting
associations were compared by their published offers. The recommendations were drafted
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on the best practices which were found. The conclusions were summarized by SWOT
analysis.

RESULTS AND DISCUSSION
The research started in Bács-Kiskun County, where hunting associations can be found in
82 cities, but only just a few have a website. The capacity number of beds, the number and
type of rooms, the existence of bath in the room, the existence of kitchen and the prices
were analysed (Table 1).
Table 1. Accommodation facilities in Bács-Kiskun County
Hunting lodge
(firm)
Bugaci hunting
lodge (KEFAG) fink

Capacity Number and Bath in the Kitchen
number of type of rooms
room
beds
15

Kiskunfélegyházi
NA
hunting lodge (Petőfi
Vt.) link
Saskalaposi hunting
10
lodge (KEFAG) link
Panduri cabana
5
(Gemenc Zrt.) link
Porbolyi cabana
10
(Gemenc Zrt.) link
Haj osszentgyorgyi
10
cabana (Gemenc
Zrt.) link
Lenesi hunting lodge
12
(Gemenc Zrt.) link
(+8 in another
building)
* 1 EUR = 310 HUF
NA - Not available

1 triple room
6 double rooms

Price/day*
(VAT
included)
42 EUR/1 person
34 EUR/double
+ City tax
20 EUR

yes

yes

NA

NA

5 double rooms

yes

NA

2 double rooms
1 single room
2 double rooms
2 triple rooms
5 double rooms

yes

yes

26 EUR/person
+ City tax
19 EUR/person

yes

yes

19 EUR/person

NA

yes

19 EUR/person

yes

yes

NA

2 apartments
(double beds)
8 double rooms

NA

Source: the authors

The Petőfi Hunting Association showed information about accommodation on its website,
but it was the most incomplete, because only the price was mentioned, and there were
pictures about it, but nothing else. It was easier to find hunting lodges on the Internet. The
two biggest hunting associations with hunting lodges in this county were KEFAG and
Gemenc Zrt.
KEFAG has hunting territory in Kerekegyháza, Nyíri forest, Császártöltés, Bugac, Mélykút
(wild boar preserve) and Kelebia, but they have information about accommodations only
about the one in Bugac and about the one which is called Sáskalaposi hunting lodge, and it
can be found near to Kelebia. These hunting lodges did not have their own websites, but
information about them can be found on the website of KEFAG.
Gemenc Zrt. is very famous in Hungary, they have an outstanding red deer population, and
it is very popular amongst Hungarian and foreign hunters. That is why they have an
advanced website with a lot of information about tourism, forest school, forest
management and also wildlife management. They have hunting territory in BedaKarapancsa, Hajós-Homok, Lenes-Karasz and Gemenc, but only some of their hunting
lodges can be found in Bács-Kiskun County. The Panduri and Pörbölyi cabana is located

61
Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
near to Baja, the Hajósszentgyörgyi cabana is near to Érsekhalma and the Lenesi hunting
lodge is next to Dusnok.
The Lenesi hunting lodge has the highest capacity number of beds because there are 2
buildings, and the worst one is Panduri cabana, because the hunting lodge in
Kiskunfélegyháza did not show any data. Every accommodation has double rooms which
mentioned it, but only the Panduri cabana has a single room. They all have bath in the
room (if they mentioned it). The most expensive one is the hunting lodge in Bugac, and the
cheapest ones are the Panduri, Pörbölyi and Hajósszentgyörgyi cabanas.
In Békés County can be found 18 hunting associations can be found and the biggest one is
DALERD Zrt. (Table 2), which has hunting territory in Csongrád County too. The
Bélmegyeri hunting castle is located in Bélmegyer, and there is the Landowner of
Bélmegyer Wildlife Managing Hunting Association, but the Bélmegyeri hunting castle has
an own website, and there is not mentioned this hunting association.
Table 2. Accommodation facilities in Békés County
Hunting lodge Capacity Number and
type of
(firm)
number of
rooms
beds

Bath in
the
room

Kitchen

Price/day*
(VAT included)

Belmegyeri hunting
castle link

36

17 rooms
2 apartments

yes

yes

Devavanyai hunting
lodge (Davavanya
VO link, link
Sarkad-Remetei
hunting lodge
(DALERD Zrt.) link
Szanazugi hunting
lodge (DALERD
Zrt.) link

22

yes

yes

yes

yes

NA

Houses
with
kitchenette

NA

Pósteleki hunting
lodge link
Vadasz guesthouse
link

30

3 four bedded
rooms
3 double rooms
4 double bed
rooms
6 double rooms
4 four bedded
houses
1 double bedded
house
4 rooms

29 EUR/single room
58 EUR/double room
81 EUR/apartment
8 EUR/person/night

no

NA

NA

13 rooms

yes

NA

20

18

* 1 EUR = 310 HUF
NA - Not available

Houses
with
private
baths
no
yes

Source: the authors

The website is very advanced, there are English and German versions too, and people can
book online. The Dévaványai hunting lodge do not have an own website, it can be found
on the website of Dévaványa, and on other websites, and this accommodation is managed
by Dévaványa hunting association.
The earlier mentioned DALERD Zrt. has two hunting lodges here. The Sarkad-Remetei
one is located next to Sarkad, and the Szanazugi one can be found near Doboz. It does not
have an own website. The Pósteleki hunting lodge is between Békéscsaba and Gyula, and
it is not mentioned which hunting association can be found here. It does not have an own
website, and it has just a few information. Finally the Vadász guesthouse is in
Szabadkígyós, it has an own website with English and German versions.
The Bélmegyeri hunting castle has the most capacity number of beds, and the Szanazugi
hunting lodge has the less of it. The Bélmegyeri, the Pósteleki and the Vadász guesthouse
did not describe the types of rooms. Only the Pósteleki hunting lodge does not have baths
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in the rooms, and kitchen. Only the Bélmegyeri and Dévaványai hunting lodges featured
the prices, so it cannot be compared to each other.
Csongrád County has 60 hunting associations, but only two hunting lodges can be found
easily on the Internet (Table 3). The hunting lodge in Derekegyház does not have a
website, but it is managed by DALERD Zrt., and they write about it on their website, and
other booking sites too. The other one is the hunting house in Ásotthalom, it is also
managed by DALERD Zrt, and does not have a website.
Derekegyház has higher capacity number of beds and has more types of rooms, both of
them have bath in the room and kitchen, but only Derekegyház mentioned prices. They had
notable improvement in their facilities in the last few years, if we compare our findings
with the results of S k o b r á k B o d n á r and B a jo r h e g y i (2007).
Table 3. Accommodation in Csongrád County
Hunting
lodge (firm)

Capacity
number
of beds

Derekegyhazi
hunting lodge
(DALERD Zrt.)
link

30

Asotthalmi
8
hunting lodge
(DALERD Zrt.)
link
* 1 EUR =310 HUF
NA - Not available

Number and
type of rooms
2 single rooms
9 double rooms
2 double bedded
rooms
2 apartments
1 double bedded
apartment
3 double rooms

Bath in
the
room

Kitchen

yes

yes

yes

yes

Price/day*
(VAT included)
23 EUR/single room
45 EUR/double room
87 EUR/apartment (3
persons)
NA

Source: the authors

The provided services, huntable games and spoken languages were analysed too (Tables 46). Only 3 hunting lodges did not provide (or just not mentioned) services. This is a small
game area, but Gemenc has an outstanding red deer population too. Wild boar can be
found in these areas too. The ones which show the spoken languages promise English and
German.
The Bélmegyeri and Sarkad-Remetei hunting lodges have a lot of services, and the
Dévaványai and Pósteleki do not show any options. This is also a small game area but
fallow deer and wild boar can be found too. Only two places provide services in foreign
languages, the Bélmegyeri and the Vadász guesthouse.
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Table 4. Services provided in Bács-Kiskun County
Hunting lodge (firm)
Bugaci hunting lodge
(KEFAGI link
Kiskunfélegyházi hunting
lodge (Petőfi v.t.) link
Saskalaposi hunting lodge
(KEFAG) link
Panduri cabana (Gemenc
Zrt.) link
Porbölyi cabana (Gemenc
Zrt.) link
Hajosszentgyorgyi cabana
(Gemenc Zrt.) link
Lenesi hunting lodge
(Hajósi Forestry) link
NA - Not available

Languages spoken
Services
Huntable games
NA
sauna, clay tennis
red deer, fallow deer, roe
court, shotgun ground deer, wild boar
NA
roe deer, hare, pheasant English
German
NA
NA
red deer, fallow deer, roe
deer, wild boar
events hall for rent
English
red deer, roebuck, wild
professional guide
German
boar, hare, pheasant,
mallard, grey goose,
Eurasian collared dove
professional guide
English
red deer, roebuck, wild
horse-drawn carriage boar, hare, pheasant,
German
mallard, grey goose,
Eurasian collared dove
events hall for rent
red deer, roebuck, wild
English
boar, hare, pheasant,
professional guide
German
mallard, grey goose,
Eurasian collared dove
pheasant
NA
NA
Source: the authors

Table 5. Services provided in Békés County
Hunting lodge (firm)
Services
Belmegyeri hunting castle link wellness: wood-fired
Finnish sauna,
Jacuzzi
NA
Devavanyai hunting lodge
(Devavanya Vt.) link, link
Sarkad-Remetei hunting lodge Internet, meeting
room, horse-drawn
(DALERE) Zrt.) Unk
carriage, horse riding,
cycling, excursion,
photo safari
Szanazugi hunting lodge
campfire area
(DALERD Zrt.) link
NA
Posteleki hunting lodge link
Internet
Vadasz guesthouse
link
NA - Not available

Huntable games
pheasant
wild boar park

Languages spoken
English
German

NA
fallow deer

NA
NA

NA

NA

NA
NA
pheasant, hare, water fowl, English
roe deer
German
Source: the authors

Table 6. Services provided in Csongrád County
Languages spoken
Huntable games
Service
English
event house for 150 roe deer, pheasant, hare
persons, sauna, wine
bar
NA
event house for 35 wild boar park with fallow
Asotthalmi hunting lodge
persons, excursion, deer
(DALERD Zrt.) fink
horse-drawn carriage,
photo safari
NA - Not available
Source: the authors
Hunting lodge (firm)
Derekegyhazi hunting lodge
(DALERD Zrt.) link
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Both of them provide different services, the Ásotthalmi hunting lodge has a wildlife park
with wild boar and fallow deer, but both of them small game areas. Only the Derekegyházi
hunting lodge provides services in English. Most of the firms establish a permanent place
for the display of the hunting bag or have a Hubertus Mass ().
Most of the service providers do not emphasize their facilities although they are rich in
them (Figure 1).

Facilities of
the Southern
Great Plain
Region

Source: the authors by Petroman, 2014
Figure 1. The main facilities of the region

Figure 2. The courtyard of the hunting lodge at Derekegyház
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The following SWOT analysis was carried out to identify the internal and external factors
that are favourable and unfavourable to achieve the development of promotion in hunting
tourism:

•
•
•
•
•
•
•
•
•
•
•
•
•

•
•

•
•
•

STRENGTHS
different type of rooms
most of them have private bath in
the rooms
most of them have kitchen
wide range of services
wide range of offer of high quality
huntable games
old hunting traditions
well prepared professional hunters
good traffic connection (Csongrád
and Bács-Kiskun counties
vicinity of outbound market
OPPORTUNITIES
Educating members of hunting
alliances about tourism
Internet is available all over the
region
a lot of firm create and maintain
websites
the region is rich in natural
resources, cultural heritage and
attractions
the number of foreign hunters
interested in Hungary
not only guest hunters are
interested in hunting lodges but
their services too
a lot of hunting associations exist
Strong engagement of inspection in
protection from poaching
Connection of the offer of health,
rural, and hunting tourism in a
cluster

WEAKNESSES
• the lack of websites
• the lack of up-to-date information
• the lack of online booking
• not every place provides foreign
languages
• a lot of hunting associations, but
just a few have hunting lodges
• the lack of knowledge about
online marketing
• the printed materials (brochures
and leaflets) are hardly used
• no ads in TV or radio
THREATS
• hard to find a good website with
fascinating design as an example
• the hunting tourism is seasonal
• hunting tourism is not supported
from sources of rural development
• Strengthening of competition of
the neighbouring countries
• Societies for animal protection
became stronger

Source: the authors

CONCLUSIONS
An integrated approach of marketing communication was not found in the region. The
advertisements and online marketing are not widespread at these regions, because only a
few hunting lodges can be found on the Internet. It is more complicated to find websites
about specifically the hunting lodges, and not just some words about them on the websites
of hunting associations. On the other hand, some places have a well-managed website with
adequate information, online booking, GPS coordination, and last but not least, an
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attracting design. These places can set a good example for those ones, who think that
online marketing is not important, or they just do not pay attention to advertising. It is a
problem that a lot of hunting associations do not have a hunting lodge either. It is more
attractive for a guest if the accommodation offers meals, and they do not have to drive
from the hunting territory to a hotel/restaurant every day, and they can find everything
locally. The extra services are more and more important when a guest choose an
accommodation. These regions have to be competitive because there are excellent hunting
opportunities, and the neighbouring countries are rivals.
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ABSTRACT

Sweet potato [Ipomoea batatas (L.) Lam.] is a root crop plant of tropical-subtropical origin which is widely
produced in the temperate zone, too. Along with several European countries, it is also grown in Hungary for
decades but the increase of its growing area was stimulated by the continuously increasing consumers’
demand in the last couple of years. Despite the available cultivation guides and experiences, yield stability is
still not fully solved, growing site- and genotype-specific recommendations are still missing. Due to the lack
of severe plant health problems detected until our days, a Pathogen Tested (PT) scheme for the production of
sweet potato planting material has not been organized yet. With the increase of the growing area, however,
the occurrence of various diseases and even that of leaf and root pests is expected, possibly in a short period.
Thus, the stabilization of sweet potato among the cultivated plants in Hungary will require the establishing of
a PT scheme for the country’s conditions, as far as possible, under the control of the responsible supervisory
organizations.
Keywords: sweet potato, Ipomoea batatas, botany, ecological requirements, transplant production

INTRODUCTION
Sweet potato, also called batata, camote, boniato, kumara, nyamis, uwi, ubi, etc. [Ipomoea
batatas (L.) Lam.] is a tropical-subtropical plant by origin, however, it has also been grown
in temperate climate for centuries. It belongs to the traditional cultures in the Southern
states of the US (North Carolina, Mississippi, Louisiana, California, Oklahoma, Arkansas,
etc.), but it is also registered by FAO in several European countries such as Spain,
Portugal, Italy and Greece (FAO, 2014). Although the rapidly increasing consumers’
demand in Europe led to a considerable increase in sweet potato import from the US
(Pullmann, 2015), the interest of European farmers has also been increasing. Besides the
above mentioned, sweet potato growing is also published in Hungary (Horváth,
1991a ,b,c ; URL3,4), Croatia (Novak et al., 2007a,b; N ovak et al., 2008; BuSic, date
unknown), Slovenia (Bavec and Bavec, 2006; Kunstelj et al., 2013), Serbia (URL6),
Ukraina (Yukalo et al., 2014), Romania (Radut, 2014; D inu and Soare, 2015), Poland
(Krochmal-Marczak and Sawiczka, 2010) and the southern part of England (Lucas,
2013; Hyde, 2015; Sanderson, date unknown), among others.
Following the first attempts for growing one hundred as well as sixty years ago (SURÁNYI,
1916; PORPÁCZY, 1953), sweet potato is cultivated in Hungary for more than twentyfive
years but it became well-known and popular in the last years only - thanks to media
appearances and its increasing commercial availability (Horváth, 1991a,b,C; URL3,4).
Currently, the consumers’ demands for sweet potato are so high that cannot be fulfilled
even by the intensively growing producers’ circle. Besides the growing area of
unsatisfactory size, other reasons can be local problems in yield stability still occurring
frequently, in spite of the available guides and experiences in production technology. A
crucial question is to develop technological manuals based on the optimization of the
technological elements in growing site- and cultivar-specific experiments. The practical
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experiences can serve as starting point that can be verified or open to be modified this way.
It is essential to set up experiments from the transplant growing up to the storage.
This work, as the first part of a series of reviews on sweet potato production, aims to give a
complex view of the importance and usage as well as the botanical features and ecological
requirements of the plant. Further goal is to discuss the various methods of the production
of planting material with special focus on agro-ecological conditions in Hungary.

THE IMPORTANCE AND USAGE OF SWEET POTATO
Sweet potato is the 6th most important food crop in the world following rice, wheat, potato,
maize and cassava (URLI). At the same time, sweet potato is an important fodder crop,
too. Along with its cultivation history of thousands of years, its remarkable composition
and nutrition physiological effects can also explain the importance of sweet potato.
Sweet potato is a high-energy food, 100 grams giving 113 cal energy compared to 75 cal of
potato. Its storage roots possess a total carbohydrate content of 25-30%, 98% of which is
easily digestible (VlLLORDON, 2013). During storage, amylase activity is increasing in
storage roots. It results in the decreasing of the initial starch content (47-74%), its
metabolism into glucose and sucrose, already during the first 60 days of storage (ZHANG ET
AL., 2002).
One of the most important physiological effects of sweet potato is its role in the potential
improvement of blood sugar regulation thus being efficacious in the management of type 2
diabetes mellitus. It has a glycémie index (GI) ranking of medium: 63±6 (Atkinson et
al., 2008). However, GI (41 ±5 - 93±5) can depend significantly on the processing method
and to a lesser extent on intravarietal differences. Samples prepared by boiling show the
lowest, while those processed by baking and roasting the highest values (Bahado-Singh
ET AL., 2011). Its antidiabetic effect is primarily related with its high fibre content and its
increasing effect on blood level of adiponectin, which positively affect carbohydrate
absorption and insulin level, respectively (Ludvik et al., 2008).
Sweet potato (primarily the orange-fleshed cultivars) is an important source of provitamin
A carotenoids, 100 grams containing 5,345 international units (IU) referring to 121% of
the recommended dietary allowance (VlLLORDON, 2013).
Sweet potato also is a source of vitamin C (20-30 mg/100 g), some components of the
vitamin B complex (thiamine, riboflavin, niacin), potassium (204-340 mg/100 g),
phosphorus (28-49 mg/100 g), calcium (21-30 mg/100 g), magnesium (10-24 mg/100 g)
and iron (0.8 mg/100 g), among others (Antonio et al., 2011; V illordon, 2013).
Its purple-fleshed cultivars show antioxidant and anti-inflammatory effects due to their
high anthocianin (peonidins, cyanidins) content. Defined genes coding for enzymes of
anthocianin biosynthesis are IbMYBl, IbMYB2 (Mano ET al., 2007).
Protein content of sweet potato is low (2.5-7.5% of dry matter). Eighty percentage of its
protein content is sporamine which has antioxidant effect. At the same time, sporamine has
a significant trypsine-inhibitory effect which must be considered if storage roots are used
as animal fodder (Matsuoka et al., 1990). Proteins of sweet potato have a high lysine
(higher than in rice) and low leucine content (VlLLORDON, 2013).
Along with its storage roots, leaves of sweet potato are also a remarkable source of food
and fodder. One hundred grams of fresh batata leaves contain, among others, 117 mg
calcium, 1.8 mg iron, 3.5 mg carotene, 7.2 mg vitamin C, 1.6 mg vitamin E and 0.56 mg
vitamin K, giving a quality similar to that of spinach. Besides, it contains at least 15
anthocyanin and 6 polyphenolic compounds that can contribute to antioxidant,
antimutagenic, anti-inflammatory, anticarcinogenic, antibacterial and antidiabetic effects
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(Islam, 2006, 2007). Sweet potato leaves have a crude protein content of 25.5-29.8%
showing a digestability of 74-76% in pigs (An , 2004).
Sweet potato is very important as animal fodder as well. The major producer of the world,
China utilizes ca. 40% of the crop in this way. Both its storage roots (fresh or processed by
boiling, drying, pelleting, milling, etc.) and its foliage (fresh, dried or ensiled) can be used
for feeding pigs (primarily with roots but also with leaves), cattle (primarily with foliage)
and other livestock (SCOTT, 1991; An , 2004). Storage roots can be produced directly for
feeding purposes or can be utilized as byproducts of food processing. Fresh sweet potato
tubers usually show a high level of trypsin inhibitor activity (TLA): 153.5 - 628.2 mg
trypsin inhibited per g protein. Depending on genotype, this level could be reduced to 12.1
- 525.2 by heat treatment (Senanayake et al., 2013). The main factors responsible for
TIA are storage proteins (primarily sporamin) giving ca. 60% of water-soluble proteins.
TIA is positively correlated with the protein content of roots (TSOU ET AL., 1989). The
reduction in digestibility can reach 27%. One of the most effective methods for the
inactivation of trypsin inhibitors is heat treatment at 100 °C for 5 - 15 minutes (Lin, 1989;
Senanayake et al., 2013). On the other hand, digestibility of storage roots can also be
improved by selecting varieties with low TIA thus making utilization without heat
treatment possible (Tsou et al., 1989). According to Oke and Workneh (2013), the
opportunities for expanding the use of sweet potato are in three categories such as fresh
and processed for human consumption, fresh and dried for animal feed, starches and flours
for food and non-fod uses.
Industrial utilization of sweet potato is relatively less important in our days; however, it
can be found in several fields. In the region of China, Japan and South Korea 30-63% of
sweet potato production is used for starch extraction (Fuglie et al., 2006). Due to its high
starch/carbohydrate content, sweet potato can be an important raw material for ethanol
production, 100 kg fresh roots yielding 14.5 1 ethanol compared to 11.4 1 for potato, 11.9 1
for sugar beet, 17.6 1 for wheat, barley, oat, and 44.9 1 for maize (ViLLORDON, 2013).
Under given conditions in the USA (Alabama and Maryland) calculated ethanol yields (m3
per hectare) were 5.2-6.4 for sweet potato which was comparable with 2.0-2.8 for com,
and 4.0 for cassava, only sugar cane - the most important plant source for bioethanol giving better result of 6.4-9.6. However, start-up costs due to hand-labor associated with
planting, cultivation and harvesting make the cost of culinary sweet potatoes as bioethanol
prohibitively expensive (ZlSKA ET AL., 2009). Breeding and development works are
underway to develop sweet potato cultivars of increased yield and high carbohydrate
content that can be grown successfully by mechanically planting root pieces - thus
reducing costs (George ET AL., 2015). A unique utilization possibility for sweet potato is
the production of biodegradable and carbon neutral bioplastics for automotive products
(e.g. at Toyota), plastic sheeting for crop propagation and for domestic refuse bags
(URL9).
The majority of patents reviewed by Barnes and Sanders (2012) focusing on the
functional use of sweet potato fall under the category of ornamental products (for
landscape and/or containerized gardens) and alternative food products (e.g. fries and chips,
flakes, yogurt, juices), with only a few fuel ethanol products.

BOTANY
Sweet potato is a dicotyledonous plant belonging to the order Solanales, to the morning
glory family (Convolvulaceae), to the genus of Ipomoea {Figure 1). It is a tuberous root
plant, with a vine system expanding horizontally and developing a relatively shallow

71
Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
canopy. Branching pattern, intemode length, overall vine length, as well as the size, petiole
length, and shape of leaves show considerable variability among genotypes, the latter ones
even on the same plant (URLÌI). Batata flowers are complete, with petals united into a
trumpet-shaped corolla that is usually white with pink to purple throat. It is a short-day
plant (Bavec and Bavec, 2006). Seeds are borne in a capsule and have a hard seed coat.
They are dark brown to black, sometimes speckled or tan, and has prolonged dormancy.
They are 3-5 mm in diameter. Its 1000 grain weight is about 20 g (Stathers et al ., 2013).
Depending on genotype and growing conditions, however, flowering can fail, or sterility
occurs. Sweet potato is a hexaploid with 90 chromosomes (Huamán, 1999a).
The formation of storage roots can be closed or open cluster, disperse or very disperse. The
roots vary in shape and size: round, round-elliptic, elliptic, ovate, obovate, oblong, long
oblong, long elliptic, and long irregular or curved. The root skin color can be whitish,
cream, yellow, orange, brown-orange, pink, red-purple, and very dark purple. The flesh
color can be white, cream, yellow, or orange. However, red-purple pigmentation can also
occur in the flesh in various patterns (Huamán, 1999b). The two main commercial types
of sweet potato are
- the ‘staple type’ cultivars with white- to cream-colored flesh, higher dry matter, starch
and protein content, as well as a chestnut-like flavor, and
- the ‘dessert type’ cultivars of orange flesh, higher ß-carotene and simple sugar content, as
well as with a flavor similar to that of baked squash or carrot.
According to Austin (1988), the primary center of origin of sweet potato was between the
Yucatan peninsula (Mexico) and the mouth of the Orinoco River (Venezuela). Although
early sweet potato remnants dating back to 8000 BC are known from Peru (Steingold,
2008), the much lower molecular diversity found in the Peru-Ecuador region suggests that
this region could be considered as a secondary center of diversity (Zhang et al., 1999).
The 'cultigen' was most likely spread by local people to the Caribbean and South America
by 2500 BC (Austin, 1988).

Figure 1. Foliage, flower and storage roots of sweet potato
Source: authors
Sweet potato is a naturally transgenic crop: it carries the /òT-DNAl és /ÒT-DNA2
sequences of Agrobacterium tumefaciens and A. rhizogenes origin. Homologies between
open reading frames (ORFs) of the foreign sequences and genes of defined role (e.g.
tryptophan-2-monooxygenase - iaaM, indole-3-acetamide hydrolase - iaaH, C-protein - Cprot, agrocinopine synthase - Acs) were detected but their actual physiological role is still
to be determined. As at least one of the T-DNAs is present in all the 291 tested cultivated

72
Review on Agriculture and Rural Development 2015 voi 4 (1-2) ISSN 2063-4803
clones, but not in the closely related wild relatives, it is therefore conceivable that the
transferred genes contributed to the expression of a trait that was subsequently selected for
during domestication (Kyndt et al., 2015).

SWEET POTATO PRODUCTION
Sweet potato production quantities by continent are shown in Table 7. In the order of
countries, China is the first one with a total production of 70,963,630 tons, giving 68% of
the world’s sweet potato yield. On the 2nd to 10th places China is followed by Nigeria,
United Republic of Tanzania, Ethiopia, Indonesia, Angola, Uganda, Vietnam, United
States of America, and Mozambique with productions at a lower order of magnitude
(between 3,478,270 and 1,313,380 tons) (FAO, 2014). In Europe, sweet potato production
is registered by FAO in Portugal (22,440 t), Spain (21,800 t), Italy (6,723 t) and Greece
(5,150 t) only, but it is cultivated in numbers of other countries, too (see above).
Table 1. Total production (tons) of sweet potato in the world and by continents
(FAO 2014)
World
Asia
Africa
Americas
South America
Northern America
Caribbean
Central America
Oceania
Australia
Europe

104,453,966
78,615,157
21,110,486
3,879,431
1,364,385
1,342,070
1,122,937
50,038
792,780
43,690
56,113

ECOLOGICAL REQUIREMENTS
Sweet potato is considered the most widely adapted of the agriculturally important root
crops native to the humid tropic and subtropic regions, and is successfully grown in many
temperate regions.
Climate
The zone of sweet potato cultivation is in latitudes between about 40° N and 40° S and
from sea level to about 2000 m elevation in tropical highland zones. It requires a minimum
frost-free period of 120-150 days. Thrives if minimum is above 24 °C, and does not grow
well below 10°C. It prefers plenty of sunlight and warm nights, does not tolerate shadow
(Huaman, 1999b; Clark, 2013; URL3; URL8; URLIO). Short days promote fleshy root
development and flowering, while long days promote top growth (URL5).
It needs 500 mm of rainfall while growing, but 750-1000 mm of rain for the whole year. A
dry period 50 days after planting is unfavorable because the storage roots are forming.
After roots initiated, sweet potato withstands drought, but it does well with 2-2.5 cm per
week rain or irrigation. When the crop is close to be harvested, little or no rain is preferred
(Clark, 2013; Thompson e t al., 2014; URLIO). Water stress during the tuber initiation
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and tuber maturity phases adversely affect tuber development and yield, compared to the
stress during the tuber development phase (Nair et al., 1989).
Soil
For the development of more and better quality roots, a well-drained, light, sandy loam, or
silt loam soil is needed. On rich, heavy soils sweet potatoes produce high yields of lowquality roots, while on extremely poor, light sandy soils low yields of high-quality roots.
Both surface and internal drainage are important, because poor surface drainage may cause
wet spots reducing yields, and poor internal drainage also reduces yields. Soils of poor
internal drainage have a high moisture content and poor aeration that cause batata roots to
be large, misshapen, cracked and rough skinned (Clark, 2013; URL5). Areas just broken
from sod or pasture, as well as excessive amounts of organic matter should be avoided
(Thompson et al., 2014). Sweet potato tolerates soil pFI between 5.5 and 6.8, the
optimum being 5.8 to 6.0 (Clark, 2013).

THE PRODUCTION OF PLANTING MATERIAL
Cultivation strategies of sweet potato vary according to the region: in the tropics, plants are
produced and maintained on the field whole year, while in temperate regions roots are
stored during winter to serve as initial material for sprout production for the subsequent
crop (Clark, 2013).
In sweet potato growing, ‘slips’ - sprouts grown from mature storage roots - are used as
planting material. The application of seed tubers like in potato growing is considered to be
useless here (Horváth, 1991c), although according to some authors, it can be useful if the
availability of slips is not sufficient (URL7). Early Hungarian cultivation trials showed the
benefits of using slips instead of seed roots: the storage root yield was 25% higher in the
former case (SURÁNYI, 1916; PORPÁCZY, 1953). The techniques for deriving slips (also
called ‘draws’) of proper quality show some variability - primarily according to the
growing region. Well-organized Pathogen Tested (PT) schemes providing the highest
quality of planting material are in use in several countries, however, they are lacking in
most of the tropical-subtropical regions (for review, see HENDERSON, 2015).
Transplant production in tropical and sub-tropical regions
In most of the tropical regions, sweet potatoes are grown throughout the year, thus
traditionally; propagation is performed using field cuttings from vines. In the two basic
systems used, vine cuttings (slips) derive from nursery beds, or from commercial fields
(Kapinga et al., 2009; Stathers et al., 2013). When planting material is collected from
vines, the top (apical) portion of three nodes ca. 20-30 cm in length must be cut for various
reasons. This part recovers from shocks by cutting and planting most easily, and
establishes faster than the lower parts of the vine. The tip of the vine is more likely free of
sweet potato weevil pupae, larvae or eggs, or stemborer eggs. From longer vines several
cuttings can be taken, however a vine portion of at least 15 cm must remain on the plant. In
the case of slips deriving from starter roots, the selection is performed as described later in
this paper (Stathers et al., 2013).
The so-called rapid multiplication technique is also widely used in the tropics. This case,
nursery beds are established by planting ’mini cuttings’ derived from the upper 25-30 cm
part of the vine cut into short pieces of 2 or 3 nodes, and one leaf at the top part left.
Longer cuttings (at least 3 nodes, ca. 20 cm) perform better than the shorter (ca. 10 cm)
ones. Donor plants that are free of diseases, pests and drought effects should be preferably
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2-3 months old. Cuttings are planted upright or at a slant at a spacing of 10 cm x 20 cm,
with at least two of the nodes buried under the soil (Kapinga et al., 2009; Stathers et
AL., 2013). The first harvest of vine cuttings is possible after 6 to 8 weeks, and can be
repeated (’rattooning’) up to 3 times (Stathers et al., 2013).
In PT systems, to obtain large numbers of stem cuttings in a short period of time, a
sequence of rapid multiplication techniques is applied. These include the propagation from
in vitro plantlets free of viruses, the use of microcuttings with 1-2 nodes, the production of
mini-storage roots, and the sprouting of storage roots (Huamánet al., 1999; Stathers et
al., 2013). In Israel, plantlets of in vitro origin are raised in insect-proof greenhouse. Slips
taken from these stock plants are transplanted into nursery beds. Slips containing the apical
four nodes are collected here and used in the commercial fields (Z. Dar, personal
communication). Nursery beds are usually fertilized with complex fertilizers of high
nitrogen content (Table 7).
Transplant production in temperate regions
In areas where the cold seasons or other sanitary reasons do not allow a continuous
multiplication via collecting stem cuttings, sprouting of storage roots is the common
method for the multiplication of transplants (ÜUAMÁN ETAL., 1999). It was experimentally
revealed that transplants derived from transplanting young slips into the seed bed give
better yield of marketable roots compared to those obtained directly from dormant sweet
potato root sprouts (Novak et al., 2007b).
Transplants are usually produced in plant beds from seed stock the choice of which
influences the success of the sweet potato crop. Roots selected for seed stock from the
previous year’s crop must be true to varietal type, free from disease or insect damage, must
have firm flesh, bright skin color, and free from veins. They must be harvested before any
danger of frost. Hills producing at least four No. 1 potatoes must be chosen, and all
damaged roots or those less than 3.8-4 cm in diameter must be discarded
(Brandenberger et al., 2014; Thompson et al., 2014). In the USA, the usage of
smaller roots not reaching the marketable grade is usual (Smith et al., 2009), otherwise
the medium size is recommended (Huamân ETAL., 1999).
Virus-free planting materials have a crucial importance in maximising sweet potato
slipschemes (for review, see HENDERSON, 2015). In countries where viral diseases are a
regular problem, subsequent generations of virus-free nuclear stock roots/plants,
foundation plants, generation zero (GO), Gl and G2 plants are produced under strict
pathogen (virus) control. Foundation seed should be obtained every 4 years to maintain
uniformity and high quality (Thompson et al., 2014). To build a foundation stock of roots
to be used to grow seed stock next year, well-shaped roots free from insects and diseases
and true to variety must be chosen, off-types (mutants) must be discarded. Seed stock is
produced from vine cuttings taken from foundation stock. Seed stock potatoes must be
handled very carefully with cotton gloves. They must be harvested before frost, and must
not stay in the field unprotected from the sun after digging (DAFF, 2011).
Seed stock produced from vine cuttings is less likely to transmit diseases from seed beds to
the commercial fields, compared to those derived from pulling slips. Cuttings are derived
by cutting vines 2.5 cm (in USA) up to 10 cm (in China) above the soil surface, and held
24-48 hours in an upright position to promote rooting before transplanting (Zhang et al.,
2009; Thompson et al., 2014).
The most efficient way for producing virus-free plants is in vitro micropropagation the
detailed discussion of which is not aimed in the current paper (Lizarraga ET AL., 1992;
Dennien etal , 2013; Thompson et al., 2014). Furthermore, instead of cycles of bedding
root-based propagation, micropropagation along with nodal cultures is recommended to
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reduce the opportunity of genetic drift (VlLLORDON AND LaBonte, 1996; Dolinski and
Olek, 2013; Ubalua and Okoroafor, 2013).
Maximum sprout production can be achieved if roots are presprouted at (21)25-30 °C and
90% relative humidity for 2-4 weeks prior to bedding (HUAMÁN et al., 1999; SMITH ET
al., 2009; Clark, 2013; Brandenberger et al., 2014). Presprouting lasts until most
roots have sprouts of ca. 6 mm in length (Thompson ET al., 2014). In regions where the
sprout growing season is cold, sprouts are available 4-6 weeks after bedding in heated
beds, while in 7-8 weeks in cold frames, that period can be decreased by one week if roots
have been pre-sprouted (Brandenberger et al., 2014).
The average number of sprouts per bedding root is between 0.7 and 10.0 (H o r v á t h a n d
S z e n t k ir á l y i , 1995). To plant one hectare sweet potato, 750-900 kg (S m it h et a l ., 2009),
or even up to 800-1,500 kg (C l a r k , 2013) bedding roots are required to generate enough
transplants. They are expected to produce around 150-250 (THOMPSON ET AL., 2014), or
even up to 1500 sprouts per m2 of plant bed (URL7). Slips must be hardened a few days
before cutting by reducing the amount of water, but avoiding plants to wilt (T h o m p s o n et
AL., 2014).
In our days, the Australian sweet potato commercial system is considered one of the most
intensive and highest yielding plant bed type systems in the world (H e n d e r s o n , 2015).
Virus-free plants are grown in vitro from meristems, deflasked plants are grown in insectproof tent (‘igloo’), and 30-45 cm long tip cuttings are taken from plants in igloo followed
by planting in field. Storage roots are harvested after 120-150 days and cured in shed for 45 days. Washed roots are clipped in fungicide then packed and sent to growers. Growers
are supplied with bedding roots, and produce planting material on-farm (D e n n ie n e t a l .,
2013). Small, oversized and misshapen roots are excluded from production. Depending on
the season and/or genotype, bedding roots may be pre-sprouted at 25-30 °C. Planting in
raised beds around 1 m wide, with roots hand-placed (not touching) and covered with 2030 mm of soil are advised. Complex fertilizers (Table 1) and light irrigation are applied.
Early season beds are warmed using plastic covers, however aeration is supplied to prevent
over-heating, CO2 toxicity, or excessive humidity (H e n d e r s o n , 2015). Roots placed in the
beds can be covered with five-centimeter mesh chicken wire to prevent roots from being
pulled up when slips are pulled from the beds. Roots are covered by five centimeters of
clean sand or sandy soil (BRANDENBERGER ET AL., 2014). Besides the method described
above, a wide range of PT and non-PT transplant growing strategies are in use in the
temperate regions (for review, see H e n d e r s o n , 2015).
In Hungary, transplants are produced by various methods, and without an official PT
scheme. If produced in one step, in the 1st week of April, selected roots are densely
distributed on the surface of a bed prepared directly on soil, or in racks filled with a soil or
sand layer of 8-10 cm depth. Roots are covered with a soil/sand layer of 1.5-3 cm. Soil
must be kept wet continuously. Shoots appear at 24-30 °C after 2-3 weeks and grow quick
but at higher temperature weak slips will develop. Shadowing must be avoided. Slips are
harvested by tearing off the shoots. To reduce the number of stock roots, slips can be
harvested two times. This case, the growing process starts 1-2 weeks earlier, and
transplants from the first harvest are stored in wet sand at 15-18 °C in dim light for 5-10
days. Efficiency of transplant growing can be increased if (1) roots are pretreated at 43 °C
for 26 hours, or (2) presprouted at 24-26 °C for two weeks, or (3) cut into 3-5 pieces to
finish apical dominance. If transplants are grown in two or more steps, mother plants are
raised early spring under the conditions described above. Developing vines are cut into
pieces of two nodules in the middle of April, and the slips are cultivated in flower soil or
fertilizer blocks at 25-30 °C, under foil cover until the appearance of the first axillary
shoots (Horváth, 1991c).
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To achieve a good sprouting and a high yield of transplants, nutrient supply of plant beds is
applied in most areas (Table 1). Unlike in the nutrient supply for storage root production
where potassium supply is dominating, here an even proportion of nutrients or the
dominance of nitrogen is preferred. The only exception is the advice of SMITH and
VlLLORDON (2009) for Louisiana conditions stating that the plants use more bed-applied
nitrogen when field-applied nitrogen is applied split or sidedress after planting.
Table 1. Recommended complex fertilizer doses for transplant growing
NPK
Dose
(kg/ha) fertilizer
5,000
8-8-8
4,000
976
336561
50
250
420
1,000

10-10-10
or
12-12-12
8-24-24
or
7-21-21
20-20-20
25-5-5
23-21-0
5-6-5

Additional information

Region

References

raked into +60-180 kg/ha N
tops of bed
after
incorporated sprout cutting or
leaching rain
pre-bedding

USA

Smith et al., 2009; URL8

USA

Brandenberger et al.,
2014

USA

Smith and Villordon,
2009

n/a

Huamánetal., 1999

optionally,
Kenya,
Stathers et al., 2013
+130
kg/ha
urea
Tanzania
+4S
Australia Lovatt, 2013
+30-40 kg/ha N

By Hungarian experts, NPK supply of 0.03 kg each per n r is recommended with an
additional 0.03-0.05 kg per m2 nitrogen after the first cutting of slips (Horváth, 1991c).
Along with irrigation, after each pulling or cutting an additional 11 kg per m2 NaNCb topdressed is advised (URL8).
Roots continue to produce sprouts for several weeks, depending on cultivar, root size and
the vigor of the bedded seedstock, however a genotype-dependent capacity of shoot
production can be observed during the whole bedding season (KUEPPER, 2014; URL8).
For the conservation of germplasm, both field and in vitro genebanks are used world-wide
- both having advantages and disadvantages. Sweet potato genotypes can be stored in vitro
in three ways: as test tube plantlets (currently being the most common form), as artificial
seed, or by cryopreservation for long-term storage (Guo ET AL., 2001).

CONCLUSIONS
The production of planting material for sweet potato, one of the most important food crops
with high importance also in animal nutrition and in several industrial fields, is a crucial
step in determining a profitable yield and high quality of storage roots. For this purpose,
well-organized Pathogen Tested (PT) schemes are needed to provide virus-free and
genetically certified transplants. Systems of this type are usually based on initial planting
materials of in vitro tissue culture origin and are established in prominent sweet potato
growing countries under temperate climate (for review, see H enderson, 2015).
Due to the lack of severe plant health problems detected until our days, and due to the
consumers’ and growers’ interest increasing only recently, a PT system for the production
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of sweet potato planting material has not been organized in Hungary yet. Transplants are
produced by some growers and distributed via commercial channels (URL2,3), and
genotype samples are available from the gene bank of the Research Centre for
Agrobiodiversity (URLIO). Currently, the planting material is produced by traditional
methods but successful in vitro micropropagation experiments are under way (J. Pauk,
personal communication). With the increase of the growing area, however, the
occurrence of various diseases and even that of leaf and root pests is expected, possibly in
a short period. Thus, the stabilization of sweet potato among the cultivated plants in
Hungary will require the establishing of a PT scheme for the country’s conditions, possibly
under the control of the responsible supervisory authorities.

REFERENCES
An , L.V. (2004): Sweet potato leaves for growing pigs: Biomass yield, digestion and
nutritive value. Doctor’s dissertation. Swedish University of Agricultural Scieneces,
Uppsala. 47 p.
Antonio, G.C., Takeiti, C.Y., de Oliveira, R.A., Park, K.J. (2011): Sweet potato:
production, morphological and physicochemical characteristics, and technological process.
Fruit, Vegetable and Cereal Science and Biotechnology 5 (special issue 2): 1-18.
Atkinson, F.S., Foster-Powell, K., Brand-Miller, J.C. (2008): International tables of
glycémie index and glycémie load values: 2008. Diabetes Care 31(12): 2281-2283.
Austin, D.F. (1988): The taxonomy, evolution and genetic diversity of sweet potatoes and
related wild species. In: Gregory, P. (ed.): Exploration, Maintenance, and Utilization of
Sweet Potato Genetic Resources. First Sweet Potato Planning Conference, 1987. Lima,
Peru: International Potato Center, pp. 27-60.
Bahado-Singh, P.S., Riley, C.K., Wheatley, A.O., Lowe, H.I.C. (2011): Relationship
between processing method and the glycémie indices of ten sweet potato (Ipomoea
batatas) cultivars commonly consumed in Jamaica. Journal of Nutrition and Metabolism
Voi. 2011, Article ID 584832, doi: 10.1155/2011/584832, 6 p.
Barnes, S.L., Sanders, S.A. (2012): Advances in Functional Use of Sweet Potato,
[Ipomoea batatas (L.) Lam], Recent Patents on Food, Nutrition & Agriculture 4: 148-154
Bavec, F., Bavec, M. (2006): Sweet potato. In: Bavec, F., Bavec, M.: Organic production
and use of alternative crops. CRC Press, Taylor & Francis Group. Pp. 189-200. 214 p.
Brandenberger, L., Shrefler, J., Rebek, E., Damicone, J. (2014): Sweet potato
production. Oklahoma Cooperative Extension Service, HLA-6022. Oklahoma State
University, 8 p.
Busic, Z. (date unknown): Batat. Hrvatski Zavod za Poljoprivrednu Savjetodavnu Sluzbu.
8p.

CLARK, C. (2013): Cultivation and storage. In: Clark, C.A., Ferrin, D.M., Smith, T.P.,
Holmes, G.J. (eds.): Compendium of sweet potato disease, pests, and disorders. Second
edition. APS Press, St. Paul, Minnesota. Pp. 4-7.
DAFF - Department of Agriculture, Forestry and Fisheries (2011): Sweet potato
{Ipomoea batatas L.) production. Department of Agriculture, Forestry and Fisheries.
Republic of South Africa. 20 p.
Dennien, S., Homare, D., Hughes, M., Lovatt, J., Coleman, E., Jackson, G. (2013):
Growing healthy sweetpotato: best practices for producing planting material. ACIAR
Monograph No. 153. Australian Centre for International Agricultural Research: Canberra.
176 p.

78
Review on Agriculture and Rural Development 2015 voi 4 (1-2) ISSN 2063-4803
Dinu, M , S o a r e , R. (2015): Researches on the sweet potato (Ipomea batatas L.)
behaviour under the soil and climatic conditions of the South-West of Romania. Journal of
Horticulture, Forestry and Biotechnology 19(1): 79-84.
D o l in s k i , R., O l e k , A. (2013): Micropropagation of sweet potato (Ipomoea batatas (L.)
Lam.) from node expiants. Acta Sci. Pol., Hortorum Cultus 12(4): 117-127.
FAO (2014): http://faostat3.fao.Org/download/Q/QC/E
F u g l ie , K.O., O a t e s , C.G., J ia n g X ia n (2006): Root crops, starch and agro
industrialization in Asia. International Potato Center (CIP), Lima, Peru. 20 p.
G e o r g e , N.A., P e c o t a , K.V., Y e n c h o , G.C. (2015): The carbohydrate yield of
sweetpotato {Ipomoea batatas) grown from slips and root pieces in North Carolina. Hort
Science 50(11): 1610-1617.
Guo, X., Z h o u , M.D., Wang, Y. (2001): In vitro conservation of sweetpotato germplasm.
In: Rao, V.R., Hermann, M. (eds.): Conservation and Utilization of Sweetpotato Genetic
Diversity in Asia. Proc. of the Asian Network for Sweetpotato Genetic Resources
Workshop, 3-5.11. 1999, Bogor, Indonesia. IPGRI-APO, Serdan, Malaysia. Pp. 16-24.
H e n d e r s o n , C. (2015): Managing sweetpotato plant beds in Australia. Literature review
March 2015. For HIA Ltd Project VG13004 - Innovating new virus diagnostics and plant
bed management in the Australian sweetpotato industry. Horticulture Innovation Australia
Ltd, State of Queensland. 18 p.
H o r v á t h L. (1991a): A batáta és termesztése: Az édesburgonya Magyarországon.
Kertészet és Szőlészet 40(15): 16-17.
HORVÁTH L. (1991b): A batáta Magyarországon: Védelem, tárolás. Kertészet és Szőlészet
40(16): 16.
Horváth L. (1991c): A batáta szaporítása. Kertészet és Szőlészet 40(21): 7.
H o r v á t h L., S z e n t k ir á l y i F. (1995): Értékelő vizsgálatok a batáta honosítási alapanyag
gyűjteményében. Növénynemesíítési Tudományos Napok ’94, 1995.01.16-17. MTA,
Budapest. Pp. 79.
Huamán, Z. (1999a): Botany, origin, evolution and biodiversity of the sweetpotato. In:
Huaman, Z. (ed.): Sweetpotato germplasm management {Ipomoea batatas) - Training
manual. Sweetpotato - Sect. 1.2 - 99. International Potato Center (CIP). Pp. 1-11.
H u a m á n , Z. (1999b): Systematic botany and morphology of the sweetpotato plant. In:
Huaman, Z. (ed.): Sweetpotato germplasm management {Ipomoea batatas) - Training
manual. Sweetpotato - Sect. 1.1 - 99. International Potato Center (CIP). Pp. 1-16.
H u a m á n , Z., M a r c a , J.L., A g u il a r , C. (1999): Techniques for rapid multiplication of
sweetpotato planting materials. In: Huaman, Z. (ed.): Sweetpotato germplasm management
{Ipomoea batatas) - Training manual. Sweetpotato - Sect. 2.3 - 99. International Potato
Center (CIP). Pp. 1-9.
H yde,
D. (2015): Sweet potatoes grown in Britain for first time.
http://www.telegraph.co.Uk/news/shopping-and-consumer-news/l 1941067/Sweetpotatoes-grown-in-Britain-for-first-time.html
I s l a m , S. (2006): Sweetpotato {Ipomoea batatas L.) Leaf: Its potential effect on human
health and nutrition. Journal of Food Science 71(2): 13-21.
ISLAM, S. (2007): Nutritional and Medicinal Qualities of Sweetpotato Tops and Leaves.
FSA-6135. University of Arkansas at Pine Bluff. Cooperative Extension Program. 4 p.
K a p in g a , R., B y a r u h a n g a , P., Z s c h o c k e , T., T u m w e g a m ir e , S. (2009): Growing
orange-fleshed sweetpotato for a healthy diet. A supplementary learners’ resource book for
upper primary schools. International Potato Center (CIP), Kampala, Uganda. 142 p.
K r o c h m a l -M a r c z a k , B., S a w ic k a , B. (2010): Variability of economic characteristics of
Ipomoea batatas L. (Lam.) in the conditions of cultivation under cover. Annales
Universitatis Mariae Curie-Sklodowska Lublin - Polonia 65(4): 29-40.

79
Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
G. (2014): Small-scale technology and practices for sweet potato growing in
Southeast Oklahoma. Kerr Center for Sustainable Agriculture, Poteau, Oklahoma. 12 p.
K u n s t e l j , N., Z n id a r c ic , D., S t e r , B. (2013): Using association rules mining for sweet
potato (Ipomoea batatas L.) in Slovenia: A case study. Journal of Food, Agriculture and
Environment 11(1): 253-258.
K y n d t , T., Q u is p e , D., Z h a i , H., J a r r e t , R., G h is l a in , M., L iu , Q., G h e y s e n , G.,
K r e u z e , J.F. (2015): The genome of cultivated sweet potato contains Agrobacterium TDNAs with expressed genes: An example of a naturally transgenic food crop. PNAS
112(18): 5844-5849.
L in , Y.H. (1989): Relationship between trypsin - inhibitor activity and water - soluble
protein and cumulative rainfall in sweet potato. Journal of the American Society of
Horticultural Science 114: 814-818.
L iz a r r a g a , R., P a n t a , A., E s p in o z a , N., D o d d s , J.H. (1992): Tissue culture of Ipomoea
batatas: micropropagation and maintenance. CIP Research Guide 32, International Potato
Center, Lima, Peru. 21 p.
LOVATT, J. (2013): Producing sweetpotato sprouts as planting material. In: Lovatt, J. (ed.):
Voi. 2014. (Department of Agriculture, Fisheries and Forestry (QLD): Brisbane, Australia)
L u c a s , I. (2013): Ipomoea batatas - Sweet Potato or When is a potato not a potato?
http://blogs.reading.ac.uk/tropical-biodiversity/2013/01/ipomoea-batatas/
LUDVIK, B., H a n e f e l d , M., P a c in i , G. (2008): Improved metabolic control by Ipomoea
batatas (Caiapo) is associated with increased adiponectin and decreased fibrinogen levels
in type 2 diabetic subjects. Diabetes Obes Metab 10(7): 586-592.
M a n o , H., O g a s a w a r a , F., S a t o , K ., H ig o , H ., M in ő b e , Y. (2007): Isolation of a
regulatory gene of anthocyanin biosynthesis in tuberous roots of purple-fleshed sweet
potato. Plant Physiology 143: 1252-1268.
M a t s u o k a , K., M a t s u m o t o , S., H a t t o r i , T., M a c h id a , Y., N a k a m u r a , K., M a e s h im a ,
M. (1990): Vacuolar targeting and post translational processing of the precursor to the
sweet potato tuberous root storage protein in heterologous plant cells. The Journal of
Biological Chemistry 265: 19750-19757.
N a ïr , G.M., R a v in d r a n , C.S., M o o r t h y , S.N., G h o s h , S.P. (1989): Sweet potato:
indigenous technologies and recent advances of production, processing, and utilization in
India. In: Mackay, K.T., Palomar, M.K., Sanico, R.T. (eds.): Sweet potato research and
development for small farmers. SEAMEO-SEARCA College, Laguna, the Philippines. Pp.
301-312.
N o v a k , B., Z u t ic , I., T o t h , N . (2007a): Effects of mycorrhizal fungi and colored mulch in
sweet potato production. Acta Hortic. 729: 245-248.
N o v a k , B., Z u t ic , I., TOTH, N., D o b r ic e v ic , N. (2007b): Sweet potato [Ipomoea batatas
(L.) Lam] yield influenced by seedlings and mulching. Agriculturae Conspectus
Scientificus 72(4): 357-359.
Novak, B., Zutic, I., Toth, N., Benko, B., Fabek, S. (2008): Evaluation of sweet potato
growing in different environments of Croatia. Cereal Research Communications 36 (Suppl.
5): 291-294.
O k e , M.O., W o r k n e h , T.S. (2013): A review on sweet potato postharvest processing and
preservation technology. African Journal of Agricultural Research 8(40): 4990-5003.
PORPÁCZY, A. (1953): Batátatermesztési kísérletek. A Magyar Tudományos Akadémia
Agrártudományi Osztályának Közleményei 2: 19-28.
Pullmann, N. (2015): US grows European sweet potato market share.
http://www.fruitnet.com/fpj/article/166007/us-grows-european-sweet-potato-market-share
Radut, C. (2014): Romanian innovations: sweet potatoes and purple potatoes.
http://www.nineoclock.ro/romanian-innovations-sweet-potatoes-and-purple-potatoes/
K u e ppe r ,

80
Review on Agriculture and Rural Development 2015 voi 4 (1-2) ISSN 2063-4803
S a n d e r s o n , S. (date unknown): How to grow sweet potatoes in the UK.
http://www.thompson-morgan.com/how-to-grow-sweet-potatoes
S C O T T , G.J. (1991): Sweet potatoes as animal feed in developing countries: present
patterns and future prospects. FAO Experts Consultation on ’The use of roots, tubers,
plantains and bananas in animal feeding’ at CIAT, Cali, Colombia, 21-25 January 1991.
Pp. 183-202.
S e n a n a y a k e , S.A., R a n a w e e r a , K.K.D.S., G u n a r a t n e , A., B a m u n u a r a c h c h i , A.
(2013): Comparative analysis of nutritional quality of five different cultivars of sweet
potatoes (Ipomea batatas (L) Lam) in Sri Lanka. Food Science & Nutrition 1: 284-291.
S m it h , T.P., S t o d d a r d , S., S h a n k l e , M., S c h u l t h e is , J. (2009): Sweetpotato production
in the United States. In: Loebenstein, G., Thottappilly, G. (eds.): The sweetpotato. pp. 287323.
S m it h , T.P., V il l o r d o n , A.Q. (2009): Nitrogen management in Louisiana sweet potatoes.
Louisiana State University Agricultural Center, Pubi. 3138. 4 p.
S t a t h e r s , T., M c E w a n , M., G ib s o n , R., M w a n g a , R., C a r e y , E., N a m a n d a , S., A b id in ,
E., Low, J., M a l in g a , J., A g il i , S., A n d r a d e , M., M k u m b ir a , J. (2013): Everything You
Ever Wanted to Know about Sweetpotato: Reaching Agents of Change ToT Manual. Voi.
3: Sweetpotato seed systems. International Potato Center, Nairobi, Kenya. Pp. 93-142.
S t e in g o l d , A.C. (2008): The über tuber. Hana Hou! 11(4): 2 p.
S U R Á N Y I , J. (1916): Termelési kísérletek édes burgonyával (Ipomea batatas) 1913. és
1914. években. Kísérletügyi Közlemények 19(1): 41-49.
T h o m p s o n , P., W il l ia m s , M., B y r d , J., T h o m a s , J., P a r v in , D., K il l e b r e w , F. (2014):
Commercial sweetpotato production in Mississippi. Mississippi State University Extension
Service. Publication 1678. http://msucares.com/pubs/publications/pl678.html
Tsou, S.C.S., K a n , K.K., W a n g , SJ. (1989): Biochemical studies on sweet potato for
better utilization at AVRDC. In: Mackay, K.T., Palomar, M.K., Sanico, R.T. (eds.): Sweet
potato research and development for small farmers. SEAMEO-SEARCA College, Laguna,
the Philippines. Pp. 197-211.
Ubalua, A.O., Okoroafor, U.E. (2013): Micropropagation and postflask management of
sweet potato using locally available materials as substrates for hardening. Plant Knowledge
Journal 2(2): 56-61.
V il l o r d o n , A. (2013): Importance and utilization of sweetpotato. In: Clark, C.A., Ferrin,
D.M., Smith, T.P., Holmes, G.J. (eds.): Compendium of sweet potato disease, pests, and
disorders. Second edition. APS Press, St. Paul, Minnesota. P. 1.
V il l o r d o n , A.Q., L a B o n t e , D.R. (1996): Genetic variation among sweetpotatoes
propagated through nodal and adventitious sprouts. Journal of the American Society for
Horticultural Science 121(2): 170-174.
Y u k a l o , V.G., M e l n ic h u k , O.E., S e l s k y , V.R. (2014): Research on chemical
composition of sweet potatoes, which grow in Ukraine. PUET: Technical Sciences 70(1):
68-72.
Z h a n g , D.P., G h is l a in , M., H u a m a n , Z., C e r v a n t e s , J.C., C a r e y , E.E. (1999): AFLP
assessment of sweetpotato genetic diversity in four tropical American regions.
International Potato Center (CIP) Sweetpotato Program Report 1997-1998. Pp. 303-310.
Z h a n g , L., W a n g , Q., L iu , Q., W a n g , Q. (2009): Sweetpotato in China. In: Loebenstein,
G., Thottappilly, G. (eds.): The Sweetpotato. Springer Science+Business Media. Pp. 325358.
Z h a n g , Z., W h e a t l e y , C.C., C o r r e , H. (2002): Biochemical changes during storage of
sweet potato roots differing in dry matter content. Posthar. Biol. Technoi. 24: 317-325.

81

Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
L.H., R u n io n , G.B., T o m e c e k , M., P r io r , S.A., T o r b e t , H.A., S ic h e r , R. (2009):
An evaluation of cassava, sweet potato and field com as potential carbohydrate sources for
bioethanol production in Alabama and Maryland. Biomass and Bioenergy 33: 1503-1508.
Z is k a ,

Internet sources (downloaded: 31.06.2014-30.11.2015):
URLI : http://cipotato.org/sweetpotato/facts-2/
URL2: http://edesburgonya.bio/termek/edesburgonya-palanta/
URL3: http://media.wix.com/ugd/a6aecc_731 Ib235e08a49cf817a3bd7de7bb6fe.pdf
URL4: http://media.wix.com/ugd/a6aecc_f3c3133791ef46058953d4699683dcal.pdf
URL5: http://www.clemson.edu/extension/hgic/pests/plant_pests/veg_fmit/hgic2215.html
URL6:
http://www.ekapija.com/website/en/page/1524485/Nutritional-sweet-potatoesconquering-Serbian-market-Sweet-potatoes-more-profitable-than-traditional-produce
URL7: http://www.infoagro.com/hortalizas/batata.htm
URL 8: http://www.ncsweetpotatoes.com/sweet-potato-industry/growing-sweet-potatoesin-north-carolina/growing-your-seedstock/
URL9: http://www.newcamet.co.uk/NCN_4075_featureitem2.html
URLI 0: http://www.nodik.hu/?pageid=501 &lang=en
URLI 1: http://www.uq.edu.au/_School_Science_Lessons/SPotProj.html

82

Review on Agriculture and Rural Development 2015 voi 4 (1-2) ISSN 2063-4803
A REVIEW ON SWEET POTATO WITH SPECIAL FOCUS ON HUNGARIAN
PRODUCTION II: AGRONOMY
T a m á s M o n o s t o r i , A d r ie n n S z a r v a s

University of Szeged, Faculty of Agriculture
H-6800 Hódmezővásárhely, Andrássy u. 15.
mt@mgk.u-szeged.hu

ABSTRACT
Sweet potato [Ipomoea batatas (L.) Lam.], despite its tropical-subtropical origin, has successfully been
grown for centuries also in temperate climate. Regarding the various aspects of agronomy, there are general
rules that must be followed irrespective of the site of growing. These include the avoidance of forecrops
promoting the accumulation of root-damaging pests and pathogens, as well as those increasing the risk of
excessive N release; potassium-stressed nutrient supply; planting spacing in the 100 cm x 30 cm range;
irrigation in the first 30-40 days; careful harvesting and post-harvest curing of storage roots, among others.
Even these factors, however, must be adjusted to the conditions of the site of growing and, as far as possible,
to the cultivars chosen. In our days in Hungary, cultivation methods based on international sweet potato
literature or adapted from technologies of other crops of similar requirements are generally in use and
continuously modified by individual experiences. The planning of scientifically recognized experiments for
establishing site- and cultivar-specific approaches to all aspects of agronomy must consider all this
information.
Keywords: sweet potato, fertilization, transplanting, plant protection, harvesting

INTRODUCTION
As described elsewhere, despite being a crop of tropical-subtropical origin, sweet potato
[Ipomoea batatas (L.) Lam.] is also grown in several areas under temperate climate Hungary and numbers of European countries among them (MONOSTORI AND SZARVAS,
2015). Due to its relatively recent introduction among field crops grown in Hungary,
manuals on site- and cultivar-specific growing technologies are not available yet and must
be prepared based on experiments performed during several crop years. Manuals based on
practical experiences as well as the overview of the international practice focusing on
temperate areas can be an initial step in planning a set of experiments comprising all
important aspects of the production technology.
Current work, as the second part of a series of reviews on sweet potato production, aims to
give a detailed discussion on the main aspects of the sweet potato production technology
including crop rotation, tillage, nutrient supply, planting, plant care, plant protection,
harvesting and storage. The importance and usage, botanical features, ecological
requirements as well as the various methods of the production of sweet potato planting
material are reviewed in the first part of this series of reviews (MONOSTORI AND SZARVAS,
2015).
THE ASPECTS OF SWEET POTATO AGRONOMY
Sweet potato growing strategies vary according to the region: in the tropics, plants are
produced and maintained on the field whole year, while in temperate regions roots are
stored during winter to serve as initial material for sprout production for the subsequent
crop. In the latter case, storage facilities, and additional land for production of plants from
roots are needed (CLARK, 2013).
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Crop rotation
A three to five year rotation is advised to reduce the chance of problems by soil-borne
diseases (C l a r k , 2013; B r a n d e n b e r g e r e t a l ., 2014), however, to control sweet potato
weevil efficiently, a minimum of four years rotation is preferred (URL 13). Herbicide
carryover problems, especially expected after clean-tilled crops must be avoided. Fields
with a history of morning glory problems should also be avoided: there is no effective
control of morning glory in sweet potato, and morning glory can be a host for the
sweetpotato weevil (T h o m pso n et a l ., 2014).
In rotational cycles in the tropics, sweet potato is often the leading crop, except for very
fertile soils, where an excessive vegetative growth at the expense of storage root formation
can occur (B a r k e r e t a l ., 2009). Sweet potato is a common forecrop of (upland) rice,
other recommended crops in the rotation are maize, sorghum, finger millet, beans,
cowpeas, soybeans and sesame. On the other hand, root and tuber crops such as yams,
cassava and potato should be avoided (K a p in g a e t a l ., 2009). In tropical regions with
fertile topsoil (e.g. Papua New Guinea), traditional winged bean - sweet potato rotation has
been replaced by peanut - sweet potato rotation or maize - peanut intercropping system
(K a n u a a n d R a n g a t , 1989). As sweet potato scarcely reacts to mineral fertilization
during the harvest year, it is recommended to be planted in rotation with more demanding
cultures (e.g. leaf vegetables) to take advantage of the residual effect of the previous
fertilization (A n t o n io e t a l ., 2011).
Under temperate climate in Oklahoma (USA), in organic systems sweet potato is treated as
early vegetable preceded by green fallow, usually sudangrass or sorghum-sudangrass
(K u e p p e r , 2014). In Spain, the most common forecrop is early potato, and sweet potato is
followed by onion, tomato, and other field vegetables (URL6). Forecrops promoting the
accumulation of root-damaging pests and pathogens (e.g. root and tuber crops, alfalfa,
brake-up of grasslands), as well as those increasing the risk of excessive N release which
may lead to cracks (e.g. alfalfa, clovers) should be avoided (C o w a n , DATE UNKNOWN;
URL7).
Nutrient supply
Sweet potato belongs to crops of moderate nutrient requirement. The recommended
fertilizer rates for production are usually based on crop removal figures. The determined
values, however, show a considerable variability at different authors, the only common
feature being the stress upon potassium utilization (Table 1).
Table 1. Nutrient removal by sweet potato crop
N
(kg/ha)

P 2O 5

K 2O

(kg/ha)

(kg/ha)

51.6

17.2

71

100
26
52
110
215

90
6
9
25
38

200
60
90
250
376

123.3

16.8

168

24

12

48

Remarks
10 t/ha tubers
+ 4 t/ha leaves

References
IFIA, 1992
DAFF, 2011

12 t/ha
50 t/ha

tubers
tubers+vines
tubers
tubers+vines

N o g u e r a -R a m k is s o o n ,

2011
B randenberger

12 t/ha tubers

2014
URL3

et

a l .,
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In contrast, in the recommended doses to be applied, a much lower variability can be
observed (Table 2). These doses, however, will result in high yields only if used in
conjunction with yearly soil nutrient testing (and petiole sap nutrient monitoring if
possible).
Table 2. Recommended nultrient doses
N
(kg/ha)
45
60
50
34-45
50
30-100
45-67

P 2O 5

K 2O

(kg/ha)
90
at low P2O5 supply only
50-90
50-101
100
20-200
65

(kg/ha)
135
120
80-120
84-169
150
50-200
168-225

References
URL6
URL5
Roy et al., 2006
Stathers et al., 2013b
BUSIC, DATE UNKNOWN
O’Sullivan, date unknown
URL3; URL 12

Nitrogen requirements can vary among cultivars, geographic locations, climates and
cropping seasons (Smith and Villordon, 2009). On most soils, nitrogen application
increases tuber yield, however, excess nitrogen stimulates foliage production at the
expense of tubers and may lead to tuber cracking. Nitrogen application is effective only if a
N:K20 ratio of 1:1.5 to 1:2 is realised (ROY ET AL., 2006). Other authors advise an N:P:K
ratio of 1:2:3 thus underlining the importance of potassium in the formation of storage
roots (URL6). The response to nitrogen is usually poor if deficiencies of other nutrients
(e.g. potassium) are overlooked and left untreated (O’Sullivan, date unknown).
Sweet potato is considered to be relatively tolerant of low phosphorous levels of soil.
Increased rates of phosphorous fertilizers do not have significant effect neither on yield nor
on storage quality (STODDARD, 2015). Residual phosphorous from previous crops seems to
be sufficient to supply the needs of the sweet potato (O’Sullivan, date unknown).
Mycorrhizza play an essential role in the phosphorous supply of sweet potato (O'Keefe
and Sylvia, 1992). Inoculation of sprouts with vesicular-arbuscular mycorrhizal (VAM)
isolates increase the storage root yield (O'Keefe and Sylvia, 1993). Sweet potato
varieties, however, differ in the level of mycorrhizal infection and in the response to the
applied phosphorous (Mulongoy et al., 1988).
Like other root crops, sweet potato also has a high requirement for potassium, its yield and
quality responding strongly to potassium application (Lu et al., 2001; O’Sullivan, date
UNKNOWN; URL7). Appropriate levels of potassium fertilizers can contribute to more
assimilates during the early and middle growth stages but also have higher sink strength of
storage roots leading to higher assimilate distribution in storage roots in the later growth
stages (Liu et al., 2013). Increased potassium doses result in higher number of
tubers/plant, weight of tubers/plant and tuber yield/ha. Various cultivars, however, respond
differently to potassium, the responsive ones developing longer vines, higher number of
leaves and branches/plant as well as heavier vine dry weight (UWAH ET AL., 2013;
Dumbuya, 2015). Regarding the form of potassium fertilizer, potassium sulphate can
result in higher tuber starch content, while potassium chloride increases fresh weight and
overall starch yield (Lu ET al., 2001). According to Roy et al., (2006), however,
potassium chloride can depress root dry-matter content, for this reason the use of
potassium sulphate or a mixture of the two sources is recommended.
For the application of fertilizers, different strategies are in use. Nitrogen is usually applied
pre-plant, along with phosphorus and potassium, incorporated in the soil broadcasted or in

85
Review on Agriculture and Rural Development 2015 voi. 4 (1-2) ISSN 2063-4803
the band. If heavy leaching (>5 cm rains, especially on sandy soils) is common, a split
application is advised. In this case, one half to two thirds of nitrogen are applied pre-plant
with an additional application 4 to 6 weeks after planting (Brandenberger ET al., 2014;
Cowan, date unknown). Additional fertilizers are normally applied sidedress banded,
e.g. positioning a band on either side of the row for nitrogen. For phosphorus, pre-plant
application in bands 7.5 cm to the side and 7.5 cm below the roots is more effective than
broadcasting. For potassium, pre-plant incorporation or banded application of one half to
two thirds of the dose is advised. The rest of potassium is applied with nitrogen together. If
leaching occurs shortly after sidedressing, additional potassium can be necessary (Cowan,
DATE unknown). A similar strategy is applying all phosphorus in the basal along with 50
kg of nitrogen and 50 kg of potassium. The remaining nitrogen and potassium, however,
should be divided into two side-dressings at 4 to 6 weeks and at 10 to 12 weeks from
planting {Table) (DAFF, 2011).
There are also recommendations on after-plant-only applications. High levels of nitrogen
are not required for optimal storage root initiation (ca. 13 days after transplanting), on the
other hand, maximum nitrogen uptake by storage roots is at the 23 and 40 days following
transplanting (Smith and Villordon, 2009). According to these observations, in NorthCarolina, the principal state in sweet potato production in the USA, nitrogen is applied 28
days after planting, phosphate at or shortly after planting, and one-fourth of potash at or
near planting, while the rest at layby when vines are beginning to increase growth
(URL 12). A method from Hungary recommends similar applications with differences of
nitrogen to be applied 14-21 days after planting, and remaining phosphorous at the start of
tuberation (URL3).
If single nutrient fertilizers are applied, a technology from Spain recommends (URL6):
- ammonium sulphate (21% N): 220 kg per ha
- superphosphate (18% P2O5): 500 kg per ha
- potassium sulphate (50% K2O): 280 kg per ha
Complex NPK fertilizers are also frequently applied but the recommended proportions and
doses are variable, depending on the local conditions. In Spain 500 kg per ha of NPK 9-1827, while in the USA (Alabama) 1,500 kg per ha of NPK 5-10-10 applied after-plant are
recommended (URLI; URL6). Unlike those of nitrogen and phosphorous, the applied
doses of potassium are still similar in these two cases.
In intensive growing of sweet potato where nutrient supply is based on fertigation, the
formulas can be varied adapted to the plants’ requirements in the given development stages
(URL4):
after planting NPK 15-30-15 to promote rooting;
in July NPK 25-10-10 to promote fast growing of vines;
from August to harvesting NPK 10-5-30 to achieve a high yield.
In any nutrient supply strategy, however, the genotype-specific nutrient requirements such
as the low nitrogen requirement of the cultivar ’Beauregard’ must be considered (Tuckey,
2001; Phillips et al., 2005; URLI2).
To adjust soil pH, calcium can be supplied by lime or dolomite, any additional calcium
may be applied in the basal as gypsum (DAFF, 2011). Sweet potato can suffer from
magnesium and sulphur deficiency, hence they may be applied in fertilization protocol
(O’SULLIVAN, date unknown). Trace element (e.g. zinc, copper, manganese, iron, boron)
deficiency can be detected by regular petiole testing, but two foliar applications around the
time of side-dressing should maintain adequate levels (DAFF, 2011). Boron (1-4 kg/ha) is
usually added to prevent a surface defect known as blister, either in soil (Borax) or as foliar
application (Solubor)(RoY et al., 2006; O’Sullivan, date unknown; URL3; URL5). In
Brasil, application of 2 kg/ha boron increased yield but neither the boron sources nor the
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application form had significant effects (E c h e r a n d C r e s t e , 2011). In California, US,
boron application did not have any significant impact neither on yield nor on storage
quality (S t o d d a r d , 2015).
Organic fertilizers are frequently applied in sweet potato. In general, sweet potato responds
better to composts of plant materials containing high potassium relative to nitrogen than to
animal manures being lower in potassium (O ’S u l l iv a n , d a te u n k n o w n ). Usually, grass
clippings or another biodegradable mulch are mixed into soil, however farmyard manure is
not recommended (URLI; URL3). Application of cow dung alone or in combination with
NPK fertilizers resulted in lower yield compared to NPK alone (H a l ir u e t a l ., 2015). As
exception, however, in Brasil cattle manure gave better results than biofertilizer (O l iv eira
e t a l .,

2010).

Tillage
Sweet potato is grown in rows prepared as level or raised beds, the raised being preferred
in most areas to improve drainage (C l a r k , 2013). The soil is ploughed 15-20 to 40 cm
deep to loosen topsoil, to incorporate limestone and other fertilizers if needed (T h o m p s o n
ET AL., 2014). According to PORPÁCZY (1953), tillage need not be deeper than 20-30 cm
because in loose soil layers storage roots become longer while reaching a compact soil
layer forces the formation of tubers. Beds should be at least 20 cm high and as wide as
equipments allow. Narrow beds can dry quickly, reducing yield, while high beds aid in
preventing excess water damage (THOMPSON ET a l ., 2014). Wide ridges of 25-30 cm
height without turn rows are recommended for North-Carolina (URLI 1).
In tropical Africa (e.g. Uganda), sweet potato is grown on mounds (100 m wide, 60 cm
high) on flat areas, or in the case of mole and root rot problems. On hilly or slopy regions
ridges (100 cm apart, 60 cm high) are preferred to prevent erosion (K a p in g a ET AL., 2009).
In Australia, planting on the flat is not frequently used because of the poor drainage despite
making the soil loose. Other method is planting on ridges or moulded beds that are
prepared by ploughs, or occasionally by hand. Planting on mounds is considered to be the
best method of planting. Mounds are made by hand, or they are formed from ridges made
by a plough first. Mounds may be ca. 25 to 90 cm wide across the top and 15 to 40 cm
high. Plant materials are usually incorporated in the mound to make it very loose providing
good drainage, as well as to make the soil warm (URL8).
In Northern areas of the USA, the covering of flat soils or the raised beds with black plastic
or black fabric mulch about 3 weeks prior to planting is recommended to warm up soil
(URLI; URL13). Similarly, if drip irrigation is applied, polyethylene foils are necessary to
cover soil. In Croatia, black foils are recommended for the continental, while white ones
for the mediterranean regions. On sloping fields low balks (like for cucumber production)
are prepared and foils of 120 cm width, on flat areas high balks (like for strawberry) and
foils of 140-150 cm width are necessary (Busic, DATE u n k n o w n ).
In Hungary, primarily on loose soils, cultivation on the flat is used with great efficiency,
especially in less intensive cultures (L. H o r v á t h , T. V á r a l ja i , pe r s o n a l
c o m m u n ic a t io n ). Ridges prepared 70-80 cm apart prior to or at transplanting, as well as
ridges and beds originally prepared for horticultural crops (e.g. strawberry) are also used,
primarily for intensive growing (H o r v á t h , 1991a).
Transplanting
Field planting can be started when frosts are passed, and soil temperature reaches at least
18 °C at a 10 cm depth for 4 consecutive days. Plants set out too early may be injured by
frost, roots of the transplants do not grow, vines develop a purple color, vigor is reduced,
root yield is low, furthermore, roots are round or chunky rather than oblong (THOMPSON ET
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AL., 2014; URLI 1). Under Hungarian conditions, planting should be performed in the third
decade of May (Horváth, date unknown). Practical experiences, however, show that
planting started after the first decade of May and finished one, or even two months later
can result in an acceptable yield (T. Váraljai, personal communication).
Slips are transplanted at a depth of 7.5 cm with a minimum of two plant nodes in the
ground and at least two leaves or more above the ground. Transplants are planted into soil
manually with a notched stick, or by drag as well as precision transplanters with set
distances (URLÌI). The usage of rootless transplants, or trimming roots to some
millimeters helps to avoid the development of deformed storage roots if transplants’ roots
are far too long (URL2).
The row distance generally applied in sweet potato production is between 70 and 107 cm,
the most preferred being 100 cm. The usual plant-to-plant distance is 17 to 30 cm, the 30
cm being most widely used (Bavec and Bavec, 2006; Clark, 2013; URL2; URL5;
URLÌI). In North Carolina, 15 cm plant-to-plant distance at a 107 cm row distance
resulted in the highest number of No. 1 roots and the greatest investment return in
experiments with two cultivars (Barkley et al., 2015b). In Croatia, looser plant spacing
(120 cm X 30-40 cm) is recommended (Busic, DATE unknown). Like in the tropics, ridges
or mounds 70-80 cm apart are recommended for temperate zone, too. The plant density is
3-4 per m2 in good, and 4-5 per m2 in bad growing conditions. On the top of each mould,
2-3 slips must be planted (Horváth, 1991a ; URL13). Spacing plants evenly is important
to produce high yields of No. 1 fresh market grade, otherwise genotype-specific
requirements must be considered to improve yield (URLÌI). For ‘Beauregard’, for
example, 15 cm or 23 cm spacing would be recommended depending on the anticipated
harvest being early or late, respectively (Schultheis ETAL., 1999).
In general, slips cut about 20 cm from the tip of the vines with all the leaves trimmed off
except for the two youngest emerging leaves are usually used. Cuttings can be also made
from stem pieces of 5 nodes: the bottom 3 nodes are buried, 2 of them are above ground
(URL 14). Cutting with less than five nodes were not found to give high yields while
cuttings with more than five nodes do not result in higher yield thus constituting a waste of
planting material (Amoah, 1997). The preferred size of transplants, however, is variable in
the different countries, according to the traditions based on experiences, the growth type of
the cultivars, the method of transplant production and the usual way of planting. In the
USA, slips of 25 to 30 cm in length with a stem diameter of 0.6 cm or greater are desired to
increase the number of nodes that can be placed below the soil surface. Increasing slip
planting depth increases yields with a maximum at a depth of 13 cm. The reasons for this
feautere can be: more nodes underground increase the potential number of storage roots to
be produced, while deeper planting provides the slip with a less variable environment
compared to the conditions nearer the soil surface (Meyers, 2013). ’Marginal’ transplants
of 13-18 cm length can also be used but weak transplants of less than 8 leaves and slender
stem, are not expected to survive in the field. On the other hand, plant cuttings longer than
30 cm can create a problem if a precision-type transplanter is used, and they will be
difficult to cultivate even if transplanted successfully (URLIO). Australian growers prefer
35-45 cm sprouts, depending on the planting process, but sprouts in the range of 20-50 cm
are considered acceptable (for review, see Henderson, 2015). In Hungary, slips of 15-25
cm with at least 3-5 leaves are preferred, those longer than 30 cm are hard to transplant
manually (Horváth, 1991c; Horváth, date unknown). It is also recommended to
remove and dispose the bottom 2.5 cm from each slip of 15-23 cm, as that part sometimes
harbors disease organisms (URL 13).
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Several methods of planting are kown. Cuttings can be planted in vertical position; at an
angle of 30 or 60 to soil surface; or the bottom part buried horizontally and the top part
bent upwards (URL 14).
Slips should be transplanted as soon as possible after removal from the bed (URLIO),
however transplants shipped by supplyers to growers can survive several days if packed in
wet paper tissue. After arrival, they can be stored in wet soil-peat mixture until
transplanting (URL2). Transplants, however, must not be dipped in water thus avoiding the
spreading of pathogens causing bacterial soft rot, pox, fusarium root, stem rot and other
diseases (URLIO).
After transplanting, watering with 0.04 to 0.06 1 (URLIO) or 0.12 to 0.24 1 (THOMPSON ET
AL., 2014) is necessary.
Adventitious roots start growing in 24 hours after transplanting. The number of roots
becoming storage roots is determined in the first two weeks after transplanting. Under ideal
conditions, adventitious roots become storage roots. If the conditions are unfavorable or
the root is damaged, they become fibrous roots. When the initially favorable conditions
become adverse later, long, slightly thickened ‘pencil’ roots develop (MEYERS, 2013).
Plant care
Irrigation
Soil moisture appears to be the most limiting factor in determining storage root-number
during the critical early developmental stages of one to 30 days after transplanting (Smith
and Villordon, 2009). Sweet potato is thought to be an - at least moderately - droughttolerant crop responding very well to irrigation even if water is naturally available
(Rashid, 1989; DAF, 2011; Thompson, 2014). Drought stress reduces nitrogenous
compounds and root yield, while it increases root dry matter, the latter one serving as the
best indicator and selection criterion for drought resistance (Ekanayake AND COLLINS,
2004). If irrigated at transplanting and in the first 40 days on demand, the plants are
expected to survive later water stress. In fact, however, irregular watering, too little or too
much water cause reductions in yield and quality: uneven water availability causes growth
cracks, and drought may reduce yields. Excess water in extremely wet soils cause problem
due to the lack of oxygen. In saturated soils, lenticels expand, and if rainy conditions
persist, roots sour and rot (URL5; URLÌI). Irrigation of sweet potato beyond 60% field
capacity was found non-economic (Nair et al., 1989).
Recommendations for irrigation regime are variable. Irrigation is recommended when 40 to
50% of the field-capacity moisture has been depleted (URL5). Under dry conditions, 2.5
cm of water should be provided weekly until 2 weeks before harvesting (URL 13).
According to Horváth (date unknown), the most critical are the first 5-6 weeks and the
periods affected by drought, however, between the 40th and 60th days irrigation should not
be applied. Similarly, suspension of irrigation for 5 days in the last week of July is
recommended to promote storage root development by drought stress (URL4). Too much
water should not be applied at once to avoid cracking of tubers, and in the last 1-1.5
months prior to harvesting irrigation must be quit (URL2; URL5). According to Clemson
(URL5), on the other hand, a constant water supply, especially during the tuber formation
stage at 7 to 9 weeks is considered to be important.
In Spain, three or four irrigations were found to be sufficient during the whole growing
season. Under extremely dry conditions, however, eight to nine irrigations every fifteen
days are recommended (URL6). Generally, 18 to 20 mm water per week can be applied
early in the season, and 40 to 45 mm per week during the middle part of the season when
storage roots are enlarging rapidly and a reduction to about 20 mm late in the season
(DAFF, 2011).
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In sweet potato, various irrigation systems can be efficiently applied, depending on the
current climatic and soil conditions, as well as on genotype, among others. Overhead (pivot
or linear systems, pipe and risers or a side-roll system), drip, and furrow irrigation are the
systems used the most frequently (B r a n d e n b e r g e r et a l ., 2014). Drip irrigation was
found to be more water-conserving compared to sprinklers (T r a y n o r e t a l ., d a t e
UNKNOWN; K u e p p e r , 2014). On the other hand, it resulted higher yield compared to
blocked furrow systems, although showing a higher water use efficiency (ÖNDER ET AL.,
2015).
Mechanical weed control, vine lifting and vine harvesting
Interrow tillage by cultivators or by hand hoeing should be applied, to control weeds (see
below) until rapidly growing vines cover the inter-row space (B r a n d e n b e r g e r e t a l .,
2014).
Specialists have different opinion about the necessity of lifting vines to prevent the
formation of under-developed secondary storage roots at the points where shoots nodes
touch the soil surface. Some authors feel it necessary to force the plants to develop storage
roots under the main vine only (URL2; URL 14) but others not (H o r v á t h , d a t e
u n k n o w n ). The effect of vine lifting on yield can depend on the variety: if it is bushy and
its vines do not root, vine lifting has no effect, but if the variety is creeping with a lot of
lateral roots, then vine lifting may have a positive effect on yield (A n o n y m o u s , 1989;
A m a n t e a n d O ’S u l l iv a n , d a t e u n k n o w n ). An important aspect in performing it is not
to turn the lifted vines over to avoid the rot of the leaves (S t a t h e r s et a l ., 2013b). In the
tropics, lifting is usually performed once or twice during the wet season only. Vine lifting
is advised not to be a routine practice, but to be undertaken only after root growth on stem
nodes has been observed (A m a n t e a n d O ’S u l l iv a n , d a t e u n k n o w n ).
Under tropical and subtropical conditions, growers harvest vines to be used as fodder for
livestock. Vine harvesting can be performed several times during the second half of the
growing season, beginning at 30-45 days after planting (the beds are covered by vines),
and repeating every 10-15 days. Two to four of the longest vines per plant are cut, leaving
about 15 cm length. Harvesting of vines, however, can reduce the storage root yield to
some extent (A m a n t e a n d O ’S u l l iv a n , d a t e u n k n o w n ).
Plant protection
In countries with centuries-long tradition of sweet potato cultivation, the growers must face
several plant protection problems in the fields or during storage. Where sweet potato has
been grown only for some decades, such as Hungary, plant protection does not need the
application of pesticides at the moment, the plant can be cultivated by manual or
mechanical control of pests similarly like in ecological farming systems.
Weed control
Weed control is necessary in the first four to six weeks only, because later most sweet
potato crops cover the ground completely and effectively shade out weeds (Horváth,
1991a; Stathers et a l ., 2013b). In conventional production, herbicides can be used to
provide weed control during the early period. For the herbicides and active ingredients
effective in and recommended for sweet potato, current information must be collected. In
organic production, cultivation by cultivators or by hand hoeing are ways of weed control
(Brandenberger et a l ., 2014). In the tropics, mulching and intercropping can also
contribute to the decrease of weed growth (Stathers et a l ., 2013b). Positive effect of
black plastic mulch on sweet potato yield was revealed in the temperate zone, too (Novak,
2007a,b ; Busic, date unknown). T o prevent damage to developing roots, weeds must be
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cultivated with implements that does not scrape or remove soil from the bed, e.g. disc
hillers, rolling cultivators, or other equipment. These throw soil to the bed, avoid root
damage, and increase the bed height. To achieve less damage to vines, rows must be
cultivated in the same direction each time. Hand hoeing, as well as mulching (plastic films
or organic mulches) can also be used to reduce weed competition (Horváth; 1991a ;
Brandenberger et al., 2014).
Against perennial weeds, Glyphosate can be applied at least two weeks before planting
(Liu ET al., 2014). Herbicides with atrazine and S-metolachlor active ingredients were
found to be effective for use in sweet potato 1 to 2 days after planting. In special cases (e.g.
against Imperata cylindrica), a mixture of Glyphosate+Prometryn/S-metolachlor can be
used at 4, 8, and 12 weeks after planting (Stathers et al., 2013b).
Herbicide active ingredients registered for application in sweet potato in North Carolina,
USA are clomazone, DCPA, flumioxazin, glyphosate, S-metolachlor, napropamide,
carfentrazone-ethyl, clethodim, fluazifop, and sethoxydim (Barkley e t al. 2015a). In
Hungary, diphenamid and chloramben herbicides are recommended (Horváth, 1991a).
Pathogens
In Hungary and neighbouring countries, sweet potato is considered to be relatively less
susceptible to diseases compared to countries with a centuries long tradition of its
cultivation. Regarding the dominance of soil-borne, polyphagous pathogens attacking
storage roots, the pathogen control of sweet potato is a complex activity. The occurrence of
diseases can be prevented by the application of resistant genotypes, by proper selection of
the site for growing, by crop rotation, by avoiding mechanical damages of storage roots
during harvesting, carrying and storage, as well as by applying healthy propagating
materials (Horváth, 1991b; Rubatzky and Yamaguchi, 1997). There are numbers of
reference papers reviewing the most common diseases and pests of sweet potato (Clark
and Moyer, 1988; Ames et al., 1997; Clark et al., 2009; Ekman and Lovatt, 2015).
Over 30 viruses belonging to 9 families have been identified, half of them from the
families Geminiviridae and Caulimoviridae. Most of these viruses can be associated with
symptomless infections (Clark ET al., 2012). On the other hand, however, virus diseases
can contribute even up to 40% to yield losses, and the usage of virus-tested planting
material can result in the increase of yields up to 7 times and more (LOEBENSTEIN et AL.,
2009).
In plant beds, the most destructive diseases are southern blight, Rhizoctonia stem canker
and slime molds (Clark and Moyer, 1988). Most important root-borne diseases being
important if storage roots are used to initiate propagation material are black rot, scurf, foot
rot, as well as viral diseases. In the control, crop rotation, the use of disease-free and/or
fungicide-treated roots for seed, cutting slips at least 2-3 cm above ground can play a
decisive role (Clark et al., 2009). Soil-borne diseases such as soil rot (pox), Fusarium
wilt, Fusarium root rot and stem canker, circular spot and bacterial wilt can be responsible
for severe losses of yield. On the other hand, foliar diseases - the most important being
stem and leaf scab, Altemaria stem and petiole blight, white rust and chlorotic leaf
destruction - usually have little effect on production. Storage root and post-harvest diseases
include, among others, Rhizopus soft rot, bacterial root and stem rot, Java black rot, foot
rot and charcoal rot. These diseases usually develop after harvest or after packaging for
long-distance transport (Clark et al., 2009; Ames et al., 1997).
Table 3 gives a list of major pathogens of sweet potato from various parts of the world
(Ames, 1997; Clark et al., 2009; Loebenstein et al., 2009; Sorensen, 2009; Fiume,
2015).
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In Hungary, detailed description of diseases has not been prepared yet. Regarding the
presence of the pathogens in the region, however, infections by Aiternaria, Erwinia,
Fusarium, Rhizopus and others can be expected. Rhizoctonia sp. has already been detected
in sweet potato plantlets showing symptoms of damping-off (G. B e s e , p e r s o n a l
c o m m u n ic a t io n ).

Table 3. The most important pathogens of swee potato
Species

Root

Damage
Stem Foliage

Viral diseases
Sweet potato feathery mottle virus (SPFMV)

•X*

X

Sweet potato chlorotic stunt virus (SPCSV)/S. p. sunken vein virus (SPSW )
Sweet potato virus disease (SPVD): SPFMV and SPCSV/SPSVV interaction
Sweet potato mild mottle virus (SPMMV)
Bacterial diseases
Bacterial stem and root rot - Erwinia chrysanthemi
Bacterial wilt (RalstonialPseudomonas solanacearum)
Soil rot/Pox (Streptomyces ipomoea)

X
X
X

X
X
X

X
X

Phytoplasma
Little leaf (proliferation disease)/Witches’ broom

X

X

X

X

X

Fungal diseases
Aiternaria leaf spot and stem blight (Altemaria spp.)
Altemaria storage rot (Aiternaria spp.)
Altemaria stem and petiole blight (Altemaria spp.)
Anthracnose (Colletotrichum coccodes)
Black rot (Ceratocystis fimbriata)
Cercospora leaf spot (Cercospora spp.)
Charcoal rot (Macrophomina phaseolina)
Chlorotic leaf distortion (Fusarium denticulatum)
Circular spot (Sclerotium rolfsii)
Foot rot (Plenodomus destruens)
Fusarium root rot and stem canker (Fusarium solani)
Fusarium wilt (stem rot) (Fusarium oxysporum f.sp. batatas)
Java black rot (Lasiodiplodia theobromae)
Mottle necrosis (Pythium ultimum)
Phyllosticta leaf blight (Phomopsis ipomeae-batatas/Phyllosticta batatas)
Rhizoctonia stem canker (sprout rot) (Rhizoctonia solani)
Rhizopus soft rot (Rhizopus spp.Rhizopus stolonifer)
Rootlet rot (Pythium ultimum, Rhizoctonia solani)
Rust, red (Coleosporium ipomoeae)
Rust, white (Albugo ipomoeae-panduratae)
Scab, leaf and stem (Sphaceloma batatas)
Southem/Sclerotial blight (Sclerotium rolfsii)
Scurf (Monilochaetes infuscans)
Septoria leaf spot (Septoria bataticola)
Violet root rot (Helicobasidium mompa)
* depending on SPFMV strain and sweet potato variety

X
X
X

X
X
X
X
X
X
X
X
X

X
X

X

X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
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Pests
Worldwide, the sweet potato weevil is the most important insect pest both in the field and
storage, the second one being vine borer (Lebot, 2009; SORENSEN, 2009). Since most
sweet potatoes are produced in low-input agricultural systems, insect losses reach 60100% (Sorensen, 2009). Weevils can be controlled by numbers of pest managment
practices: hilling up, field sanitation, using uninfested planting material, crop rotation,
timely harvesting to avoid soil cracking in dry season (in tropical regions), plot separation,
natural enemies (entomopathogenic nematodes, bacteria and fiingi, e.g. Beauveria
bassiana préparâtes), sterile insect technique, barrier crops, mulching, flooding (after
harvesting), chemical control (difficult due to the characteristics of the insect’s life cycle,
and the limited availability of approved products), resistant varieties, pheromone traps
(Sorensen, 2009; Stathers et al., 2013b; Hue and Low, 2015). Wine borer can be
controlled by insecticides and parasitoids, as well as proper selection of cultivars
(Sorensen, 2009). In general, soil-borne insects can be controlled by insecticides applied
pre-plant or at planting (Brandenberger et al., 2014).
Table 4. The most important pests of sweet potato
Species
Arthropods
Sweet potato weevil (Cylas formicarius, C. brunneus, C. puncticollis)
West Indian sweet potato weevil (Euscepes postfasciatus)
Rough sweet potato weevil (Blosyrus spp.)
Clearwing moth (Synanthedon spp.)
Peloropus weevil (Peloropus batatae)
White grubs (Plectris aliena, Phyllophaga ephilada, Polyphylla fullo,
Anomala vitis, Melolontha melolontha, etc.)
Mole cricket (Gryllotalpa gryllotalpa)
Wireworms (Agriotes ustulatus, Conoderes amplicollis, etc.)
Sweet potato stemborer (Omphisa anastomasilis)
Striped sweet potato weevil (Alcidodes spp.)
Mites {Aceria spp., Eriophyes gastrotrichus, Tetranychus urticae)
Sweet potato butterfly (Acraea acerata)
Tortoiseshell beetles (Aspidomorpha spp.)
Armyworms (Spodoptera spp.)
Sweet potato homworm {Agrius cingulata)
Leaf folders (Brachmia convolvuli, Herpetogramma hipponalis)
Strobiderus beetle (Strobiderus aequatorialis)
Flea beetles (Chaetocnema confinis)
Cucumber beetles (Diabrotica spp.)
Southern green stink bug (Nezara viridula)
Aphids {Aphis gossypii, Myzus persicae, etc.)
Whiteflies (Bemisia tabaci)
Nematodes
Brown ring of roots (bulb and stem nematode) (Ditylenchus dipsaci, D.
destructor)
Lesion {Pratylenchus brachyurus, P. coffeae)
Reniform {Rotylenchulus reniformis)
Root-knot {Meloidogyne spp.)

Root
X
X
X
X
X
X

Damage
Stem

Foliage

X

X
X

X
X

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X
X

X
X
X
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Table 4 gives a list of major pests of sweet potato from various parts of the world (Ames,
1997; Lebot, 2009; Sorensen, 2009; Fiume, 2015). Recent publications list ca. 270 insect
and mite pests for sweet potato (Liu ET AL., 2014).
Based on unpublished observations, under the temperate climate and soil conditions of
Hungary, soil-borne pests such as white grubs (Polyphylla fullo, Anomala vitis, Melolontha
melolontha, etc.), mole cricket (Gryllotalpa gryllotalpa), wireworms and cutworm of
turnip moth (Agrotis segetum) cause serious damages in storage roots (M o n o s t o r i ,
u n pu b l ish e d ). Damages by arthropodal pests such as spider mite, Southern green stink
bug, green peach aphid, silverleaf whitefly, as well as caterpillars of various butterflies and
moths can be expected or has already been detected on plant parts above ground but they
rarely contributed to serious losses in leaf surface and yield.
Some species of plant-parasitic nematodes can be responsible for considerable damages of
sweet potato, causing production losses up to 10%. Resistant cultivars, non-host crops in
rotation with sweet potato, as well as nematicides can be means of nematode control
(Overstreet, 2009).
Disorders
Table 5 summarizes the disorders caused by nutritional deficiencies and by adverse
environmental effects on the storage roots and/or above-ground parts of the sweet potato
plants (Clark and Moyer, 1988; Ames et al., 1997; Ekman and Lovatt, 2015). Unlike
infectious diseases, non-infectious disorders are not progressive, however their symptoms
can occasionally be confused with those of some infectious ones (Clark and Moyer,
1988). Depending on the given macro- or microelement, deficiency symptoms can be
observed as stunted growth, discolouring (yellow, pale, etc.), distortion, wilting of leaves,
holes, spots on leaves, brittle, distorted stems, lesions, discolouring of storage roots, etc.
(Ekman and Lovatt, 2015).
Table 5. Disorders caused by adverse environmental effects
Disorder
Nutrient deficiency symptomps
N, P, K, Ca, Mg, B, Cu, Zn, Mn, Fe
acid soil and aluminium toxicity
alligator skin
cold damage
corky skin
growth cracks
herbicide damage
salinity
sunburn, sunscald
veins on roots
water stress, water blisters
souring
intumescence
skinning
lightning damages
fasciation (flat stems)
distal end rot
subcutaneous roots
false broomrape

Cause
lack or restricted availability of the given nutrient
low soil pH causing increased Al solubility
hot, wet conditions; pH; nutrition
<15 °C - on leaves and shoots; <13 °C on storage roots
in excessively wet soils
fluctuating growth: changes of dry and wet periods
inappropriate herbicide, leaking spray tank; overspray
>25 pM (EC=5.6 dS/m) NaCl in irrigation water (200 pM: lethal)
insufficient soil coverage (due to erosion, hard underground pan)
secondary root growth under skin
insufficient or excess water
soil saturated with water before harvesting
reduced transpiration + high humidity and low light intensity
crude handling at harvest, packing, shipping
lightning
unknown (unaffected growth)
unknown (developing during curing or storage)
unknown (extended storage?)
unknown (bacteria?)
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Harvesting and storage
Sweet potato is a perennial plant grown as annual under the temperate climate. Thus,
storage roots are not biologically mature at harvest - unlike the tubers of potato. Storage
roots can be harvested any time after reaching marketable size in a sufficient number
(Brandenberger et al., 2014). The screening of the cut surface of tubers can help to
determine maturity: if it is getting black, the tubers are still not ready for being harvested
(Horváth, 1991b). Harvesting too early or too late can result in low yields due to tubers
not reaching their maximum size in the first case and roots becoming fibrous, being
attacked by weevils or root rots in the second (Stathers et al., 2013a). Furthermore, too
early harvesting can worsen storage quality (Horváth and Proksza, 2005). Harvesting is
usually started when the leaves lose their dark green colour and begin to turn yellow, as
well as the soil begins to crack (Liu et al., 2014; Fiume, 2015). Sweet potato can be
injured below 13 °C, especially below 7 °C. Depending on the utilization purposes,
however, harvesting can be prolonged up to the first frosts due to the temperature still
being in the safe range near the roots (Sumner, 1984; Fiume, 2015). Regarding the growth
period of 4-6 months, under the general weather conditions of Hungary, it is recommended
to finish harvesting between 5th and 10th of October (Horváth and Proksza, 2005).
Foliage is usually cut 2-4 to 15 days prior to harvesting (Stathers et al., 2013a ; URL6).
Pre-harvest removal of canopy (e.g. with a rotary mower or modified flail chopper) has a
‘curing’ effect: skinning damage was reduced by 62, 53 and 26% if canopy was mowed 10,
8 and 4 days earlier, respectively (La Bonte and Wright, 1993).
To prevent the thin and delicate skin of sweet potato from bruising and abrasions,
harvesting and handling must be performed with much care. In small fields, storage roots
are digged out manually with a spade fork, hoe, pickax or other suitable tools
(B r a n d e n b e r g e r e t a l ., 2014; Liu e t a l ., 2014). For mechanical harvest on small fields
a modified disk, a moldboard plough (with the tip of the wing cut off) or a middle buster
(with a notched coulter), on larger areas a three-point hitch chain-digger, a low, flat-bed
potato digger, rod link chain conveyors, or a combine can be used (SUMNER, 1984;
S t a t h er s e t a l ., 2013a ; B r a n d e n b e r g e r e t a l ., 2014). Depending on the harvesting
method, roots moved to soil surface are collected as far as possible by hand. Sweet
potatoes are removed from vines, excess dirt is shaken off, and excess root length is broken
off (S u m n e r , 1984; F iu m e , 2015). Harvested roots may be scalded by the sun if left in the
sun for more than 30 min at temperatures above 32 °C. Scalded areas turn purplish-brown
and become more susceptible to storage rots (S t a t h e r s et a l ., 2013a ; URL8).
Sweet potatoes sold soon after harvest (“green”) are less sweet than those that have not
been cured. If storage for an extended period is planned, sweet potato must be cured to
promote the formation of a second skin over scratches and bruises. Benefits of curing can
be summarized as enhancing culinary characteristics (eating quality, e.g. increased sugar
content and flavour), aiding in wound healing (suberization), increasing shelf life by
reducing respiration and losses due to shrinkage and diseases, setting the skin (E d m u n d s
ET AL., 2008; L e b o t , 2009). In the course of curing, the roots are stored in a warm place
(27-30 °C) at high humidity (85-90%) for 5-8 days (H o r v á t h a n d P r o k s z a , 2005;
URL9). The duration depends on the difference between the root pulp temperature and 29
°C - at higher pulp temperature being even as low as 3-5 days. Curing must be started
some hours after harvest. A delay of as few as 12 hours has been shown to be detrimental
to successful curing (E d m u n d s et a l ., 2008).
Sweet potatoes must be stored at a temperature of at least 13 °C, the ideal range being 13
to 16 °C (DAFF, 2011; Fiume, 2015). Storage below 10 °C or above 20 °C must be
avoided (H o r v á t h a n d P r o k s z a , 2005). Improper storage conditions can be responsible
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for several problems such as dry matter loss and pithiness, sprouting in storage, chilling
injury, excessive shrinkage, disease development in storage (Edmunds et al., 2008).
CONCLUSIONS
Despite its tropical-subtropical origin, sweet potato has successfully been grown for
centuries also in temperate climate. Regarding the various aspects of agronomy, there are
general rules that must be followed irrespective of the site of growing. These include the
avoidance of forecrops promoting the accumulation of root-damaging pests and pathogens,
as well as those increasing the risk of excessive N release; potassium-stressed nutrient
supply; planting spacing in the 100 cm x 30 cm range; irrigation in the first 30-40 days;
careful harvesting and post-harvest curing of storage roots, among others. Even these
factors, however, must be adjusted to the conditions of the site of growing and, as far as
possible, to the cultivars chosen. According to Horváth and Proksza (2005), during the
whole production process, activities must focus on the prevention of diseases. To achieve
this, the most important aspects to consider are: growing resistant varieties; proper
selection of the growing site considering soil requirements and growing conditions;
avoiding damage of storage roots in the course of cultivation, harvesting, storage and
transport; thorough curing of storage roots; professional storage. An essential step in the
stabilization of sweet potato among the cultivated plants in Hungary would be the
establishing of a Pathogen Tested (PT) scheme in transplant production (Monostori and
Szarvas, 2015).
In our days in Hungary, cultivation methods based on international sweet potato literature
or adapted from technologies of other crops of similar requirements (e.g. potato, root
vegetables, strawberry) are generally in use and continuously modified by individual
experiences. The planning of scientifically recognized experiments for establishing siteand cultivar-specific approaches to all aspects of agronomy must consider all this
information.
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