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ABSTRACT

Potato is an important nutrient source in humamitiart. Potato tuber quality is affected by a oudti, en-
vironmental conditions and agricultural practicEse study examined the effect of dose (0.2 te'* and
0.4 dnf ha?) and date of Tytarfitapplication (a single foliar application at thaflelevelopment stage —
BBCH 14-16 or at the tuber formation stage — BBCH4&], and a double foliar application at the BBCH
14-16 and BBCH 41-43 stages) on the tuber qualityeeof early potato cultivars (‘Lord’ and ‘Mitek’Po-
tatoes were harvested 75 days after planting (tHeoédune). Tytanit (8.5 g Ti in 1 drf) did not affect the
content of dry matter, starch, monosaccharidesteproL-ascorbic acid or nitrates in potato tubers.
The very early potato cultivars responded diffdettt the Tytani? applied. This growth stimulant caused
an increase in total sugars content in the tubkeislitlek’ and had a greater effect on the discotara of
tuber flesh after cooking of this cultivar. The temts of dry matter, starch, total sugars and prdte
‘Mitek’ tubers were higher than in ‘Lord’ tubers, vidithe content of monosaccharides, L-ascorbic acid
and nitrates in tubers of both cultivars did ndtedisignificantly.
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INTRODUCTION

Potato Solanum tuberosum L.) is the one of the and cooked tuber flesh is an important quality abar
most important food crops in the world in terms oteristics of potatoes [Wang-Pruski and Nowak 2004].
human consumption. Potato tubers are a significaThe chemical composition of potato tubers depends
source of protein of high biological value (thetiegt on the genetic character of the cultivar, tubee siad
of all plant proteins), vitamin C (mainly L-ascozbi maturity, but may change under climatic and agro-
acid and smaller amounts of dehydroascorbic acicnomic factors [Sawicka and Mikos-Bielak 1995;
minerals and other health-promoting compoundWierzbicka 2006; Trawczski 2016; Wegener et al.
Many compounds in potatoes contribute to antiox2017]. Potato growth is influenced by various loti
dant activity. Moreover, due to their starch cohtenand abiotic stress factors.
potatoes provide energy. Apart from nutrients, fwota  In intensive plant production focusing on high
tubers also contain anti-nutritional substancef sisc value products, plant growth stimulants have been
nitrates. Nitrates are non-toxic, but their metédbsl gaining increasing importance. Growth stimulants
can produce a number of health effects [Haase 20(increase plant resistance to abiotic and biotiesses,
Love and Pavek 2008; Camire et al. 2009; Leszczywhich allows better use of the cultivar production
ski 2012; Andre et al. 2014]. The darkening of rawpotential under the environmental conditions of the
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cultivar area [Calvo et al. 2014; Bulgari et al18D [Lyu et al. 2017]. Sawicka et al. [2015] indicatibat
Titanium is classified as a beneficial element fothe dry matter content and chemical composition of
plant growth [Carvajal and Alcaraz 1998; Lyu et alpotato tubers are associated with different extént
2017]. Water-soluble and pH-stable chelate forms the physiological indicators of potato growth sash
titanium such as ascorbate, citrate and malate heassimilation leaf area, chlorophglandb content in

a beneficial effect on various physiological pree=s leaves, fluorescence yield, efficiency of photosgst

i.e. an increase in iron and magnesium contents in dark and plant growth rate.

plants tissues and chlorophyll biosynthesis, inezda One of the foliar fertilizers containing Ti-
activity of many enzymes (catalase, preoxidase, lascorbate used in central and eastern European coun
poxygenase, nitrogen reductase), strengtheningsstrtries for improving crop production is TytaRifpro-
tolerance, as well as accelerate plant growth [&arvduced in Poland), which has been categorized as
jal and Alcaraz 1998; Hruby et al. 2002; KuZel ket aa plant growth stimulant since 2013. A study calrie
2003; Du et al. 2010; Bacilieri et al. 2017; Lyuagt out by Grzékiewicz and Trawczfyski [1998] showed
2017]. This suggest the possible role of titanium ithat a double Tytarfitapplication (plant cover com-
promoting the photosynthetic activity of leavesai plete stage — BBCH 39 with repeated treatment after
nium participates in electron transfer processes CCyyo weeks) in the dose of 0.2 dima® did not have
nected to photosynthesis [Alcaraz et al. 1991fa-Tit gy effect on starch content in tubers and after-
nium supplementation through Ti-ascorbate can ecqoking darkening of medium-early potato cultivar
courage carbohydrate production and plant grow'nyza’, In a study carried out by Kotodziejczyk and
[C_arvaJ.aI and Alcaraz 1998]. Titanium fertlllzer—ap.SZmigid [2007], using a double Tytahiapplication
plied via roots or leaves stimulates plant growth | (formation of basal side shoots stage — BBCH 21-23

a species-specific manner. The effect of titaniury g in the beginning of flowering — BBCH 61) in the

depends on the plant species, plant age and Mtisdose of 0.3 drhha, resulted in an increase in starch
concentration of other minerals [Dumon and Erns:

19981, Althouah titani fimulates the plantsa | ‘content and a decrease in protein content in tulfers
] ough titanium stimulates the piants early cultivar ‘Drop’ and did not have any effeat o

doses, it is phytotoxic at higher doses [Kuzel let ®the accumulation of these components in tubers of

2003]. The physiological role of titanium in pIantSmedium-early cultivar ‘Maryna’. A study carried out

can k?e elucidated in f:on_nect!on with its distribati in the Czech Republic showed that triple titanium
and intracellular-localization in plants. The umak

and distribution of Ti-ascorbate by the plants defollar application in the form of Ti-citrate (at dh

pended on the method of nutrition supply — via 51;001beglnnlng of June with a plant height of 30 cm and

or via leaves. When sprayed onto the leaf su rfaLcr_epeated treatment in two-week intervals) in theedo

. _1 . .
titanium is distributed about equally between th»Of 10 g Ti ha” in each treatment did not have any

leaves and roots. If supplied through the roots, ﬂeffect on the dry weight of potato tuber yield of

majority of titanium taken up remained in the roots COrdoba’ cultivar [TlustoS et al. 2005]. A study

while a relatively small amount are translocated tcarried out in south-eastern Lithuania showed that

the leaves. Root-absorbed titanium is transported _Tytanlf@ in the dose of 0.2 diha” and liquid com-
shoots through xylem stream, whereas titanium ablex mlc_roe_lements fertilizers combined treatmert (
sorbed by leaves is translocated via phloem flovth® beginning of plant cover — BBCH 31 or at the
Titanium taken up by roots is accumulated mainly iP€ginning of plant cover — BBCH 31 and at the be-
the cell nucleus, while taken up by leaves in thginning of flowering — BBCH 60-62) increased the
chloroplasts. Foliar application is more effectioe  Starch content in tubers of the early cultivar ‘@od
titanium absorption [Kelemen et al. 1993; DumoilAsakavtiate and Lisova 2009]. According to Carva-
and Ernst 1998; Lyu et al. 2017]. Titanium througlal et al. [1994], it is very difficult to know whieer
stimulating a various physiological processes irtitanium affected the synthesis or degradation of
creases crop yield and can also improve crop gualistarch, because starch concentration increasedronly
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fruits of titanium-treated pepper plants, whereas dNatural Sciences and Humanities, in central-eastern
creases in starch content in roots and leaves wePoland (52°03'N; 22°33'E) during three growing
observed. If one od the effects of titanium is éme  seasons (2009, 2010 and 2012). The field experiment
hancement of plant growth, a higher energy will bwas carried out on loamy soil (Luvisol) with an
required, so inducing more starch degradation witacidic-to-slightly-acid reaction (pH in 1 mol din
a concomitant decrease of the levels in root aafl IeKCI from 4.7 to 6.6). The content of available phos
[Carvajal and Alcaraz 1998]. Titanium foliar applic phorus in the soil ranged from 88 to 128 mg P-kg
tions caused an increase in ascorbic acid contentpotassium from 104 to 204 mg K Rgand magne-
pepper fruits [Martinez-Sanchez et al. 1993], an irsium from 22 to 45 mg Mg kipf soil.
crease in the ascorbic acid and total sugars ctenten The titanium (Ti) source was the mineral plant
in carrot roots and significantly reduced the étra growth stimulant Tytanft produced by INTERMAG
content, but did not have any effect on the drytenat Ltd., Olkusz, Poland. Tytaffitcontained 8.5 g Ti per
carotenoid or phenolic content [Kwiatkowski et all dn? (0.8% m/m), in the form of Ti-ascorbate. The
2013, 2015]. Biacs et al. [1988] reported thatvitfa effect of dose (0.2 dinha® and 0.4 drfiha?) and
(titanium ascorbate) caused an increase in vitadnin date of Tytanit application (a single foliar applica-
total organic acid and sugar content in tomatat,fruition at the leaf development stage — BBCH 14-16 or
whereas a study carried out by Kleiber anat the tuber formation stage — BBCH 41-43, and
Markiewicz [2013] showed no significant effect ofa double foliar application at the leaf development
Tytanit® on dry matter or sugars contents in tomatand tuber formation stages — BBCH 14-16 and
fruits grown in a greenhouse, or their active agidi BBCH 41-43) on the tuber quality of very early po-
Titanium as a nutrient solution additive causedya s tato cultivars (‘Lord’ and ‘Mitek’) was investigate
nificant increase in dissolved sugar contents arThe field experiment was established in a splitklo
a drop in nitrate and nitrite content in Chinesb-ca split-plot design with a control object without Ty-
bage [Zheng et al. 2010]. tanit® in three replication. The forecrop for the potato
Many beneficial effects, as well as a few adverswas spring triticale. Farmyard manure was apphed i
effects of titanium application on crop quality,ear autumn, at the rate of 30 t iand mineral fertilizers
described in the literature. Taking into accourg thwere applied at the rates of 80 kg N (ammonium
above premises, a hypothesis was made in the stunitrate), 35 kg P (superphosphate) and 100 kg K (po
that the stimulation of potato plant growth byritan tassium sulphate) per hectare in the spring tillage
foliar application would contribute to improve tube In successive years, 6-week pre-sprouted seed pota-
guality. An assumption was also made that the potetoes were planted on 513" and 1% April, with
response to titanium depends on the dose and tlatea row spacing of 25 cm and 67.5 cm between rows.
titanium application, as well as that the resultis- Potato cultivation was carried out according to- cor
nium application depends on the potato cultivar arrect agronomical practice. Potatoes were harvested
environmental conditions. The aim of the study was 75 days after planting (the end of June).
determine the effect of the dose and date of plant Laboratory studies were conducted on samples of
growth stimulant Tytart (Ti-ascorbate) application 50 different-sized tubers taken from each treatment

on the tuber quality of very early potato cultivars Fresh tubers were used in chemical analyses which
were conducted immediately after potato harvest. Th
MATERIAL AND METHODS contents of dry matter were determined with the

weight method [PN-90/A-75101/03:1990], starch with

Plant material and experimental design. The polarimetric method according to Ewers [Mitchell
study material included potato tubers obtained froi1990], total sugars and monosaccharides with the

afield experiment carried out at the AgriculturalLuff-Schoorl method [PN-90/A-75101/07:1990], total

Experimental Station of the Siedlce University oprotein with the Kjeldahl method [Rutkowska 1981],
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L-ascorbic acid with the titration method with Weather conditions. Weather conditions in the
2,6-dichlorphenolindophenol according to Tillmansyears of the study were varied (tab. 1). The yeao2
[PN-A-04019:1998] and nitrates with ion-selectivewas very cold and with the highest amount of priecip
nitrate electrode and chlorine-silver referencec-eletation in the third decade of May and in June. 2010
trode [Kolbe and Miiller 1987]. Potato after-cookingwas warm and with a heavy rainfall in May and
darkening were also determined. The assessmenta drought in the first decade of June. The most fa-
potato after-cooking darkening was performed aftvourable thermal and moisture conditions for early
10 minutes and 2 hours from boiling based on tfcrop potato culture were in the warm and moderately
9-point Danish scale, where 9 means no darkeniWWet growing season of 2012.
and 1 is the strongest darkening. The assessment of
potato after-cooking darkening was conducted on tRESULTS
tubers [Roztropowicz 1999]. o

Statistical analysis. The results of the study were  Tytanit’ did not affect the content of dry matter,
analysed statistically by means of analysis of -varStarch, monosaccharides, protein, L-ascorbic acid o
ance (ANOVA) for the split-block-split-plot design. Nitrates in tubers (tab. 2). Following Tyteﬁwappllca-
The analysis of the results was conducted using ttion. there was only a slight decrease in starair co
orthogonal contrast to compare the control objet€nt and an increase in L-ascorbic acid contetiten
without Tytanif with the remaining objects. The tubers of ‘Mitek’, and an increase in the proteane
significance of differences was verified usinct®nt In the tubers of ‘Lord’. The differences were
Tukey's test at P = 0.05. small and were not statistically confirmed.

Table 1. Mean air temperature and precipitation total & plotato growing period

Sielianin’s hydrothermal

Ten-day Mean air temperature (°C) Precipitation total (mm) coefficient
Month .
period
2009 2010 2012 2009 2010 2012 2009 2010 2012
I 9.9 7.8 3.0 2.8 5.9 4.6 0.3 0.7 1.5
I 8.7 9.7 8.9 5.3 2.4 21.1 0.6 0.2 2.4
April 11 12.4 9.2 14.9 0.0 2.4 4.2 0.0 0.3 0.3
monthly 10.3 8.9 8.9 8.1 10.7 29.9 0.3 0.4 1.1
mean/sum
I 12.3 12.7 15.1 4.8 30.3 17.3 0.4 2.4 1.1
I 12.3 14.8 12.2 14.5 41.2 33.0 1.2 2.8 2.7
May 1l 14.0 14.6 16.4 49.6 21.7 3.1 35 15 0.2
monthly 12.9 14.0 14.6 68.9 93.2 53.4 1.7 2.1 1.2
mean/sum
I 13.9 18.6 13.9 35.6 12.5 26.4 2.6 0.7 1.9
I 14.3 16.7 17.6 43.4 47.3 37.7 3.0 2.8 2.1
June 11 19.0 16.9 17.5 66.2 2.8 12.1 35 0.2 0.7
monthly 15.7 17.4 16.3 145.2 62.6 76.2 3.1 1.2 15
mean/sum

Hydrothermal coefficient value: up to 0.5 strongudght, 0.51-0.69 drought, 0.70-0.99 mild drougfitno drought [Bac et al. 1993]
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Table 2. Effect of Tytanif on some components content in potato tuber

Cultivar Year
Component Treatment - Mean
Lord Mitek 2009 2010 2012
without
Dry matter Tytani1® 17.45a 18.26 a 17.78 a 18.27 a 1751 a 17.85a
(%) with Tytanif@ 17.40 a 18.26 a 17.89 a 18.14 a 17.47 a 17.83 a
mean 1741 A 18.26 B 17.87 A 18.16 A 17.48 A 7.8B
without
Starch Tytanil® 1124 a 129.0 a 122.7 a 121.3 a 1181 a 120.7 a
(g kg‘l fw.) with Tytanif@ 1125a 125.7 a 120.7 a 120.3 a 116.4 a 119.1 a
mean 1125 A 126.2 B 121.0 A 120.4 A 116.6 A 19.8
without
Monosaccharides Tytanif® 1.76 a 187 a 1.67a 1l49a 2.27 a 18la
(g kg™ f.w.) with Tytanit® 1.83a 1.85a 1.8la 1.52a 219 a 1.84a
mean 1.82 A 1.85 A 1.79 A 1.52 A 2.20B 1.84
without
Total sugars Tytanit® 7.38a 7.17 a 7.02 a 7.59 a 7.22a 7.27 a
(g kgt f.w.) with Tytanit® 7.26 a 7.55b 7.12 a 7.78 a 7.32a 7.40 a
mean 7.27 A 7.50 B 7.10 A 7.76 B 7.30 A 7.39
without
Protein Tytani1® 1351 a 14.38 a 13.75 a 1418 a 1390 a 1394 a
(g kgt f.w.) with Tytani®  13.90 a 14.65 a 1456 a 14.00 a 14.27 a 14,28 a
mean 13.85 A 14.61 B 14.44 A 14.03 A 14.22 A 4.28
without
L-ascorbic acid Tytanil® 120.8 a 1184 a 1253 a 1173 a 116.2 a 119.6 a
(mg kgt f.w.) with Tytanit® 1189 a 1209 a 120.2 a 120.5a 119.1a 119.9 a
mean 119.2 A 1205 A 120.0 A 120.0 A 118.7 A 19.9
Nitrates ‘4"}'}&?\% 73.22a 73.00 a 7167 a 71.33a 76.33a 7311a
— 1,1
]ETVQ)NQ kg with Tytani®  74.48 a 73.67 a 73.11a 73.50 a 75.61a 74.07 a
o mean 74.30 A 73.57 A 72.90 A 73.19 A 75.71 A 3.94

Mean followed by the same letters do not diffengigantly at P = 0.05

Table 3. Effect of dose and date of Tytahipplication on some components content in potsiert mean for years and
cultivars

Tytanit® dose Date of Tytarfitapplication

Component 02dntha’  O4dnhal  BBCH14-16  BBCH41-43 |, ooCr 11 00
Dry matter (%) 1781 a 17.85a 17.58 a 17.84 a 818.0
Starch (g kg' f.w.) 118.3a 120.0 a 118.4 a 119.6 a 119.5a
Monosaccharides (g Kgf.w.) 1.87 a 1.81a 1.85a 1.83 a 1.84 a
Total sugars (g Kg f.w.) 742 a 7.39a 741 a 7.30 a 7.45a
Protein (g kg* f.w.) 14.37 a 1419 a 1430 a 14.28 a 14.26 a
L-ascorbic acid (mg Kg f.w.) 120.0 a 1198 a 1196 a 1183 a 121.8a
Nitrates (mg N@ kg™ f.w.) 74.65 a 73.50 a 74.06 a 74.48 a 73.70 a

Mean followed by the same letters do not diffengigantly at P = 0.05
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Table 4. Effect of Tytanif on potato after-cooking darkening (9-point Danishls)

Darkening of tubers Cultivar Year

. Treatment Mean
after cooking Lord Mitek 2009 2010 2012

without Tytanif 8.94 a 8.94a 8.92a 9.00 a 8.92a 8.94a
10 minutes with Tytanit® 8.98 a 8.79 a 8.94 a 8.94 a 8.76 a 8.88 a

mean 8.98 A 8.81B 8.94 A 8.95A 8.79B 8.89

without Tytanif 8.89 a 8.89 a 8.83a 9.00 a 8.83a 8.89 a
2 hours with Tytanif® 8.87 a 8.56 b 8.82a 8.79 b 8.53 b 8.71b

mean 8.87 A 8.60 B 8.82 A 8.82 A 8.57B 8.74

Mean followed by the same letters do not diffengigantly at P = 0.05

Table 5. Effect of dose and date of Tytahipplication on potato after-cooking darkening (8ap Danish scale), mean
for years and cultivars

Darkening of tubers Tytanif® dose Date of TytarﬁtappllcatloréBCH —
: —1 —1 —.
after cooking 0.2 dniha 0.4 dniha BBCH 14-16 BBCH 41-43 BBGH 41-43
10 minutes 8.87 a 8.90 a 8.89 a 8.89 a 8.88 a
2 hours 8.69 a 8.73 a 8.74 a 8.72 a 8.68 a

Mean followed by the same letters do not diffengigantly at P = 0.05

The Tytanif application did not affect the content ofcontents of monosaccharides, L-ascorbic acid and
monosaccharides but caused an increase in thentonnitrates in tubers of examined potato cultivarsever
of total sugars in the tubers of ‘Mitek’, on aveza@py similar. The most monosaccharides were accumu-
0.38 g kg" of fresh weight (over the three-year period)lated by potato tubers in the warm and moderately
compared to the cultivation without the growth stim moist growing season of 2012, whereas the modt tota
lant (tab. 2). The difference, although not verghhi sugars were accumulated in tubers in 2010, with the
was statistically significant. The greatest differe highest air temperature and a periodical moisture
was found in the warm and moderately moist growinshortage in June.
season of 2012 (data not presented). In that yetr, Tytanit® did not affect the potato darkening di-
the Tytanif application, the total sugars content in threctly after cooking but did cause an increasehin t
tubers of ‘Mitek’ was higher by 0.80 g Kgof fresh susceptibility to darkening two hours after cooking
weight, on average, compared to the control obje(tab. 4). The examined potato cultivars showed-a di
without the growth stimulant. The dose and date derent response to Tytafljtwhich had a greater ef-
Tytanif® application had no effect on the total sugarfect on the discoloration of tuber flesh after cogk
content in tuber (tab. 3). for the ‘Mitek’ cultivar. Following Tytanit applica-

The content of examined compounds in potato ttion, ‘Mitek’ tubers showed greater susceptibility
ber depended to a greater extent on the cultivdr adarkening two hours after cooking, on average by
weather conditions during the potato growing seas(.33 points, than tubers collected from a conttot p
(tab. 2). Regardless of the treatment, ‘Mitek’ trshe without growth stimulant. The dose and date of Ty-
contained more dry matter, on average, by 0.85%anit® application slightly affected the potato suscep-
starch by 13.7 g kgof fresh weight, total sugars bytibility to after-cooking darkening (tab. 5). Patat
0.23 g kg" of fresh weight and protein by 0.76 gkg after-cooking darkening depended to a greater exten
of fresh weight compared to the ‘Lord’ tubers. Thon the cultivar and weather conditions during the
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potato growing season (tab. 4). The ‘Mitek’ tubadh titanium foliar application (a commercial product
greater darkening after cooking. The greatest potecalled Tytanit) at the doses 0.2 drha™ or 0.4 dri
after-cooking darkening was observed in 201tha’ caused an enlargement of the assimilation leaf

a warm and moderately moist growing season. area and an increase in chlorophyll content indeav
of very early potato cultivars ‘Lord’ and ‘Mitek’
DISCUSSION [Wadas and Kalinowski 2017], however did not af-

fect the content of dry matter, starch or protein i

Potato tuber quality is affected by a cultivar, ienv tubers. In the study carried out by other authors,
ronmental conditions and agricultural practicea double Tytanftapplicationin a dose of 0.2 dirha™
[Leszczyhski 1994; Sawicka and Mikos-Bielak 1995;did not have any effect on starch content in tuloérs
Mazurczyk and Lis 2001; Trawcagki 2016, the medium-early potato cultivar ‘Muza’ [Gize
Wegener et al. 2017]. In intensive potato produrctiokiewicz and Trawczski 1998], whereas a double
for an early harvest, plant growth stimulants havTytani® applicationin the dose of 0.3 dirha® did
been gaining increasing importance. Plant growinot have any effect on starch and protein content i
stimulant affected on various physiological proesss tubers of medium-early potato cultivar ‘Maryna’,tbu
can affect the potato tuber quality. Some study-derresulted in an increase in starch content and a de-
onstrated the stimulating effect of titanium ions ocrease in protein content in tubers of the earlyi-cu
the assimilation leaf area and chlorophyll biosgath var ‘Drop’ [Kotodziejczyk and Szmigiel 2007].
sis in potato leaves [Tan and Wang 2011; Wadas aBased on this results is difficult to know whether
Kalinowski 2017]. Titanium due to the possibilit§ o titanium affects the synthesis or degradation afcét
valence change participates in electron transfec-pr in potato tuber. Starch is also accumulated intpota
ess connected to photosynthesis [Alcaraz et all]199leaves due to various disturbances in carbohydrate
According to Bacilieri et al. [2017] a foliar appéi- metabolism in a stress conditions [Starck 2010}-Du
tion of titanium during potato growth reduces thdng a drought, when potato tubers are poorly segdpli
activity of urease, but increases the activity ef-p with nutrients, starch accumulation is induced in
oxidase and nitrate reductase. During tuberizatiochloroplasts in excessive amounts [Basu et al. 11999
there is a positive correlation between superoxicSome studies indicate the enhancement of the physio
dismutase and peroxidase activity and titaniumiapplogical activity of titanium-treated plants whiclave
cation. Sawicka et al. [2015] indicates that thg drhigher energy requirements, thus inducing more
matter, starch and protein content in potato t@ver starch degradation with a concomitant decreaskeof t
determined by leaf assimilation area as well as-chllevels in the roots and leaves. The energy require-
rophyll a andb content in leaves. Reducing the asments are higher in titanium-treated plants because
similation leaf area along with increasing the oo their biomass production increases, so that starch
phyll a content and simualtaneously decreasing ttdegradation can be higher than synthesis [Caregjal
chlorophyll b leves in leaves resulted in an increasal. 1994]. According to Sawicka et al. [2015], the
in dry matter content in tubers. Starch conterdsis content of reducing sugars and total sugars intpota
sociated with assimilation leaf area, chlorophgll tubers depends on chlorophyland chlorophyllb
content in leaves and photosynthetic capacity df PScontent in leaves as well as fluorescence vyield. De
in the dark, while protein content is dependent ocresaing the chlorophyd concentration and simulta-
assimilation leaf area and chlorophgltoncentration neously increasing other physiological indicators
in leaves. Reduction of assimilation of leaves arnresulted in a decrease of total sugars content,eske
maximum photosynthetic capacity resulted in a ddowering the chlorophylla content with increasing
crease of the starch content in tubers, where&s a the chlorophyllb content contributed to an increase
duction in assimilation leaf area and a decrease of reducing sugars content. In the present study,
chlorophyll b content resulted in an increase of proa change in chlorophyll content in potato leaves as
tein content. In the our study, a single or a deuba result of the Tytarfitapplication [Wadas and Kali-
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nowski 2017] did not affect the content of monosacacceptor supply with photoassimilates depends not
charides but caused an increase in the contepotaif t only on the physiological indicators, but firstadf on
sugars only in the ‘Mitek’ tubers. The dose andedattheir activity under stress conditions. [Starck @01
of Tytanif® application slightly affected the total sug-Sawicka et al. 2015].

ars content in the tuber. In the study carried lout The nutritional value of potato tubers depended to
other authors, titanium application caused an as®e a great extent on the cultivar and weater condition
in total sugars content in tomato fruit [Biasc &t aduring the potato growing season, which was con-
1988] and in carrot roots [Kwiatkowski et al. 2013]firmed by other authors. According to Pereira et al
Ascorbic acid is a very important nutritional com{2008], starch content is the most stable chariseter
pound in potato tubers. According Sawicka et atics of tuber chemical composition. Trawéski
[2015] vitamin C accumulation in potato tuber i$yon [2016] reported that the starch content in potab®t
determined by chlorophyll concentration in leaves. was determined mainly by the genetic factors, the
An increase in chlorophyll concentration resulted in |evel of nitrates by the weather conditions dutting

an increase in vitamin C content. In the preseryst growing season and the levels of protein and vitami
a change in chlorophyll content in potato leaves «c py the interaction of cultivars and years. In the
aresult of Tyta_mﬁ application [Wadas and Kali- nresent study, ‘Mitek’ tubers contained more dry
nowski 2017] did not have any effect on L-ascorbipayier, starch, total sugars and protein than ‘Lord
acid content in tuber. In the study carried oubByer 1 ,pers The content of monosaccharides, L-ascorbic

authors, titanium foliar application caused anéase acid and nitrates in tubers of both cultivars did n

in ascorbic acid content in tomato and peppersruigiqyificantly differ. The most monosaccharides were
[Biacs et al. 1988; Martinez-Sanchez et al. 199@] a

; . . accumulated by potato tubers in a warm and moder-
in carrot roots [Kwiatkowski et al. 2013]'_A|thou9hﬂately moist growing season and total sugars (giicos
potatoes accumulate small amounts of nitrates [Scf'fuctose and sucrose) in the year with the highst
tamaria 2006; Wierzbicka 2006], due to high potat;: . . .
. .= temperature and a periodical moisture shortage in
consumption, they are a source of substantial @8 3une. The effect of weather conditions during the
ties of these compounds. According to Matin et a- :

[1998], up to 27% of the daily nitrate intake withdrowing season on the sugar content in potato tuber

food can be derived from potatoes. Nitrate level jvas confirmed by other authors [Rodriguez et al.

potato tuber is dependent on a many of physiolcbgichlO; Grudziska et al. 2014]. Short-term water defi-

indicators [Sawicka et al. 2015]. Titanium stimekt cit affects sucrose and starch mgtabolism in potgto
the assimilation leaf area and chlorophyll biosgath tu_b_ers. .Incorporatlon of glucose !nto starch was in
sis in leaves [Wadas and Kalinowski 2017] and thhlblted in water stress and labelling of sucrose wa

activity of some enzymes, i.e. nitrogen reductase increased. Increasing the extent of water stress

potato plant [Bacilieri et al. 2017] can affectedia changed the relation between sucrose breakdown and

trate level in tuber. In our study, Tytdhitid not Sucrose synthesis, in favour of synthesis [Geigle_nbe_
affect the content of nitrates in tubers of verylyea 9€r €t al. 1997]. Drought stress caused a dediine i
potato cultivars. In the study carried out by otheglucose and fructose content in potato tubers,evhil

authors, Tytanft significantly reduced the nitrate SUCrose content was increased [Wegener et al. 2017]
content in carrot roots [Kwiatkowski et al. 2015]which was confirmed in the present study. The sugar
Titanium, as a nutrient solution additive, causecontent of potato tubers is associated with physio-
a significant decrease in nitrate and nitrite eanin logical ages [Morales-Fernandez et al. 2015].
Chinese cabbage [Zheng et al. 2010]. The mectAccording to Mazurczyk and Lis [2001], wet wegeta-

nisms of photosynthesis and nutrient distributiotion conditions worsened tuber chemical composition
process in plant under stress conditions depend (less dry matter, starch, protein and ascorbic)acid
the intensity and duration of those unfavourable-cocompared with dry or intermediate conditions. Ia th

ditions. The coordination between photosynthesis apresent study, the weather conditions during potato
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growing season did not affect the content of drCONCLUSIONS

matter, starch, protein, L-ascorbic acid or nisate

in tubers of the ‘Lord’ and ‘Mitek’ very early po- 1. Tytanif® did not affect the content of dry mat-

tato cultivars. ter, starch, monosaccharides, protein, L-ascortit a
After-cooking darkening is a one of the most imor nitrates in potato tubers.

portant undesirable characteristics of potato with 2. The very early potato cultivars responded dif-

respect to tuber quality. It is caused by thferently to the Tytanft applied. This growth stimu-

non-enzymatic oxidation reaction of the colourleslant caused an increase in total sugars conteptionl

ferrous-chlorogenic acid compound formed durinthe tubers of ‘Mitek” and had a greater effecttba

cooking, exposure to air and to coloured ferridiscoloration of tuber flesh after-cooking of this

dichlorogenic acid [Wang-Pruski and Nowak 2004]cultivar.

The tendency of a potato tuber to darken after cook 3: The contents of dry matter, starch, total sugars

ing is genetically featured but also depends on t2nd protein in ‘Mitek’ tubers were higher than in

environmental and agronomic factors and on tr-0rd’ tubers, while the content of monosaccharides

length and conditions of storage [Wang-Pruski amL-ascc?rb|c ac_ld anq n_rFrates in tubers of bothieult

De Jong 2003; Wang-Pruski et al. 2007; KrochmaYa'S did not differ significantly.

Marczak et al. 2016]. Tytaffitdid no affect potato

darkening directly after cooking, but increased théd('"OWIealge"nents . - .

susceptibility to darkening two hours after cooking Research_ supported by the Polish Ministry of Sci-

The dose and date of Tytahiapplication slightly ence _and Higher !Educatlon_ as part of the statutgry

affected the susceptibility of potato to after-cingk activities of the Sl(_e(_jlce University of Natural _—SC|

darkening. Grzéiewicz and Trawcziski [1998] did ences and Humanities, Faculty of Natural Science.

not find any effect of Tytarfiton after-cooking dark- The_ authors Wlsh to acknowledge the Editors and
. ) , : . Revievers for their valuable comments and sugges-
ening of the ‘Muza’ medium-early potato cultivar.
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