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TECHNOLOGY

R. ToMmOskOzI-FARKAS**, M. BERKI?, M. NAGY-GASzTONYT, I. WoLF® and Zs. POLGAR®

*National Agricultural Research and Innovation Centre, Food Science Research Institute,
H-1022 Budapest, Herman Ott6 0t 15. Hungary
®Potato Research Centre, University of Pannonia, H-8360 Keszthely, Deak F. ut 16. Hungary

(Received: 11 April 2014; accepted: 14 July 2014)

We have investigated the Total Glycoalcaloid (TGA), nitrite, and nitrate contents of some Hungarian and foreign
potato cultivars in relation to the effect of different combination of fertilisers and green manure, late blight
management strategies (none, programmed, or prediction based spraying), and irrigation regime for three years. The
Hungarian cultivars have exotic potato species like S. acaule, S. demissum, S. stoloniferum, S. vernei, or S. tub. ssp.
andigenum in their genetic background as sources of resistance genes. No effect of fertilisers or irrigation was found
on the level of glycoalkaloids and nitrate contents, which were influenced mostly by the genotype and season. In
conclusion, the absolute amount and the presence of different antinutritive components of potato tubers were
influenced by the technology, genotype, and season in a complex manner. These results in general prove that ware
potato production utilising intensive commercial agrotechnical practices and common cultivars is safe regarding the
nitrate and TGA content of tubers.
Keywords: potato, glycoalkaloids, nitrate, production technology, HPLC

Potato is one of the most important staple foods and it plays a significant role in human diet
worldwide (FAO, 2008). Its profitable cultivation assumes the operation of intensive plant
nutrition, irrigation, and plant protection systems basically based on the mass use of fertilisers
and plant protective chemicals. The decrease of environmental and food safety risk of
intensive potato production is a major challenge for today’s growers. To meet the increasing
demands, the use of cultivars having wide range of adaptability to diverse environmental
factors (KnuTHseN et al., 2009; Hassanranah, 2010), good nitrogen use efficiency (GHOLIPOURI
& Kanp, 2012), resistance against the most important pathogens and pests (FOrRBEs, 1999) is
one of the possibilities. The other is the optimisation of nutrition and plant protection practices
to the specific needs of cultivars and environmental circumstances (e.g. combination of late
blight resistant cultivars with signalling based integrated plant protection technology).

From the human nutrition point of view, occurrence of several types of antinutritive
components, such as steroidal glycoalkaloids, threatens consumers’ health (see review by
NEema and co-workers, 2008; FrRiebman and LEviN, 2009). The glycoalkaloid content in tubers
is affected by the genotype, climate, production technology, storage time, sprouting, and
exposure to light and heat.

Nitrogen fertilisation can cause significant increase in nitrate and nitrite content of
tubers, but the genotype and production technology may have an effect on the concentration
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of these compounds (AucusTIN et al., 1977; Hamouz et al., 1999). Nitrogen is absorbed by
plants in the form of either ammonium (NH, ) or nitrate (NO,"), depending on the species,
cultivar, age, and soil conditions (GREENwoOD & HunT, 1986; Rao & Puttanna, 2000).
Nitrate accumulation in plants is a natural phenomenon resulting from uptake of the nitrate
ion in excess of its reduction and subsequent assimilation. The Expert Committee of FAO/
WHO determined the Acceptable Daily Intake (ADI) value as 5 mg sodium nitrate and 0.2
mg sodium nitrite/body weight kg. Consumption of high levels of nitrate may cause health
problems, for example methaemoglobinaemia in babies (Rao & Puttanna, 2000) and some
types of cancer (FormaN & DoLL, 1985; MENSINGA et al., 2003).

The aim of the present study was to compare some pathogen resistant Hungarian potato
cultivars with in general pathogen sensitive foreign ones regarding quality components of
their tubers, such as steroidal glycoalkaloids, nitrate and nitrite content, grown under different
farming practices (different fertiliser combinations, signalling based late blight management
strategies, and irrigation system). Studying the effect of seasonal variation for 4 years was
also aimed.

1. Materials and methods

1.1. Plant materials and growth conditions

Hungarian potato cultivars of University of Pannonia (Balatoni Rézsa, Rioja, Vénusz Gold,
White Lady) having complex resistance to potato viruses, fungi and bacteria and pathogen
susceptible foreign cultivars (Laura, Red Scarlet, Desiree, Cherie, Franceline, Natasha,
Saline) were grown at two locations (Komarom and Solt, Hungary) using standard agricultural
practices (tillage, 75 cm row and 30 cm within row spacing) for four years (2010-2013) in
four replications (plot size 1000 m?). Soil quality was determined by official soil sampling.
The pH of soils varied between 6.8-7.2.
I. Natural precipitation, no irrigation:
2010: Komarom 605 mm, Solt 416 mm (April-August)
2011: Komarom 216 mm, Solt 170 mm(April-August)
2012: Komarom 139 mm, Solt 98 mm(April-August)
2013: Komarom 264 mm, Solt 303 mm (April-August)
II. Natural precipitation + irrigation:
2010: Komarom 605 mm+10+45+15 mm (May, July, August),
Solt 416 mm+20 mm (July)
2011: Komarom 216 mm+20+45+25 mm (May, June, July),
Solt 170 mm+20+40+20 mm (June, July, August),
2012: Komérom 139 mm+50+20+20+20 mm (May, June, July, August),
Solt 98 mm+20+40+50+75 +65+20 mm (April, May, June, July,August, September)
2013: Komarom 264 mm+10+40+40 mm (May, July, August) ,
Solt 303 mm+56+106 mm (July, August)
Late blight control strategy:
I. None
II. Programmed application (5—10 times in 6—8 days interval depending on the seasonal
needs)
II1. Prognostic application (based on NoBlight computer modelling program)
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Fertilization:

MT1: Fertiliser 1 (N 50 + 200, P,0, 150, K,O 300 kg ha™')
MTI+Z: Fertiliser 1 + green manure (oil radish)

MT2: Fertiliser 2 (N 100 + 200, P,0, 150, K,0 300 kg ha™')

MT2+Z: Fertiliser 2 + green manure (oil radish)

1.2. Chemicals

The standard materials (a-solanine and a-chachonine) and chemicals were purchased from
Sigma-Aldrich Ltd. (St Louis, USA). Acetonitrile was purchased from Merck (Darmstadt,
Germany). All reagents were of analytical reagent grade. Ultrapure water generated by the
Milli-Q System (Millipore, Darmstadt, Germany) was used. SPE (Solid Phase Extraction)
cartridge (ENVI-18 6 ml) and PTFE (Polytetrafluorethylene) sample filter (25 mm x 0.45 um)
were purchased from Supelco Co. (St Louis, USA).

1.3. Sampling

After harvest, 20 kg of tubers from each experimental parcel representing the farming
technologies were collected. For the 3 parallel measurements 3x3 tubers were selected and
prepared to get homogenous samples.

1.4. Potato processing

Potatoes were washed, peeled (2 mm thickness), and raw tuber material was crushed by a
chopper (Philips HR 1392). All samples were then freeze dried and subjected to further
analysis. The lyophilised samples were ground to powder (Bosch MKM6003). Potato powder
was stored at room temperature until the analyses were performed. The investigated
components are stable at room temperature and our preliminary experiments proved that
under the applied conditions the freeze drying method did not damage any of these compounds.
The dry matter content was calculated from the weight of the raw and the lyophilised potato
tubers.

1.5. Chemical determinations

1.5.1. Glycoalkaloid analysis. To concentrate the glycoalkaloids from the potato samples,
solid-phase extraction (SPE) with a disposable Supelclean C18 column was used (HouBEN &
BRUNT, 1994).

HPLC analysis was performed using an Agilent 1200 Separation Module, consisting of
an autosampler with a 20 pul loop and an Agilent diode array detector. The data were evaluated
with ChemStation Software. Agilent Eclipse XDB-C18 4.6 mm x150 mm x5 pm column
was used with acetonitrile:buffer (50:50, v/v) as the mobile phase. The buffer was prepared
by dissolving 1.2 g (NH,),HPO, in 1000 ml of bidistilled water. The isocratic elution was
performed at flow rate of 0.5 ml min!. The column effluent was monitored at 202 nm and
20 pl were injected (ToMOskOzI-FArkAs et al., 2006).

1.5.2. Determination of nitrate and nitrite contents. Measurements of nitrate and nitrite
were carried out with the standard method of AOAC (2000). 25 g of potato samples were
shaken with water for 15 min. After shaking, 2 ml Carrez I and 2 ml Carrez II solutions were
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added to precipitate proteins, it was made up to 50 ml and filtered. From the filtrate, 5 ml was
mixed with 5 ml Griess solution. After allowing to stand for 15 min, the absorbance of the
samples was measured against sample blank at 530 nm. To determine nitrite concentration,
0.5 ml of the filtrate was completed to 10 ml with water. Two ml ammonium solution (25%)
and 500 mg zinc powder were added. One ml of cadmium-acetate solution was injected and
was allowed to stand for 5 min without moving. The solution was shaken slowly for 15 min,
then it was completed to 50 ml with water and filtered. From this filtrate, 5 ml was mixed with
5 ml Griess solution. After allowing to stand for 15 min, the absorbance of the samples was
measured against sample blank at 530 nm.

1.6. Statistics

For statistical analysis of experimental two-sample t-probe, F-probe (Excel software) were
used.

2. Results and discussion

2.1. Effect of technology on glycoalkaloids

Late blight control strategy has great importance both of economic and environmental point
of view. Depending on season, 2—-3 sprayings could be executed. As Table 1 shows, there
were no significant differences in TGA content, regardless of applied spraying strategies, in
2011 and 2013. However, inverse effect was observed between fungicide use and TGA
content in 2012 (Fig. 1). (In 2010 we could not evaluate this part of the experiment due to
internal water damage of the experimental site.) Higher number of fungicide application
(programmed spraying) elevated the TGA content of tubers. The highest values were
measured in tubers from non-treated plots. This phenomenon could originate from the
cumulated effect of biotic and abiotic stresses caused by P. infestans infection and the severe
drought period of that year.

No correlation was observed between irrigation and TGA content of tubers (Table 2). As
the statistical analysis proved, the differences were not significant and consequent. Significant
difference was observed in case of Katica in 2013, but this could be originated from the
inadequate storage of these samples. The same tendencies were observed this year in the
fertilization experiments (Table 3). However, the average TGA content in tubers of all
cultivars were lower in samples from Komarom compared to Solt. This alteration may come
from the existing ecological differences of the two locations (e.g. soil type, alterations in
daily temperatures, number of days with heat, or water stress, etc.).

Results regarding fertilization methods can be seen in the Table 3. No consequent
tendency was observed between treatments and TGA content. Higher dose of N (Fertilizer 2,
MT2+Z) resulted in a lower TGA content in Red Scarlet, Katica, Laura, Rioja, and Balatoni
Roézsa in 2012, but this phenomenon was not found in 2011 and 2013. In most cases the
application of green manure caused a higher TGA content, but the differences were not
significant.

2.2. Effect of technology on nitrate and nitrite content

The effect of irrigation and fertilization was investigated on the concentration of nitrate and
nitrite in tubers.
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Fig. 1. Effect of late blight control strategy on TGA content in potato cultivars in 2012.
W:control; [I: programmed; CJ: prognostic

The nitrite content of tubers was lower than 0.1 mg kg, except in a few cases, and there
were no significant differences under the various circumstances (data are not shown). In most
cases the irrigated samples contained higher concentration of nitrate, but the differences were
not significant. The maximum levels of nitrate were found in Laura from Solt, 73 mg kg™
(2011), 170 mg kg ' (2012), and 132 mg kg' (2013). The tendency was the same in all
cultivars. Nitrate content was primarily influenced by the genotype and the season.

Results regarding fertilization methods can be seen in the Table 5. No significant
difference was observed between treatments (Fertilizer 1 and 2) in the three years. The effect
of green manure was observed in 2013, significantly higher concentration was measured in
the cultivars Red Scarlet and Laura. The mean concentration of nitrate was two times higher
in 2012 than 2011 in case of each cultivar, emphasising the stronger effect of the genotype
and season.

3. Conclusions

Based on our results, we can state that under the examined circumstances, the genotype had
the highest effect on the TGA and nitrate contents of tubers. However, the genetic
determination of these parameters can be significantly modified by seasonal effects. None of
the examined agrotechnical methods (different ways of fertilisation or late blight control
strategies) influenced consequently and significantly the investigated antinutritive components
of tubers. None of the investigated tuber values exceeded or came close to food safety
standards. These results in general prove that ware potato production utilising intensive
commercial agrotechnical practices and common cultivars is safe regarding the nitrate and
TGA content of tubers. However, other tuber components like heavy metals and chemical
residues also need to be investigated to come up with a more general statement about food

safety of table potato production.
*
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