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EFFECTS OF FOLIAR APPLICATION OF TITANIUM
ON SEED YIELD IN TIMOTHY ( Phleum pratenseL.)

WPLYW NAWO ZENIA DOLISTNEGO TYTANEM NA PLON NASION
W UPRAWIE TYMOTKI £ AKOWEJ ( Phleum pratense L.)

Abstract: Titanium is one of a plant biostimulators. It stilates life processes, growth and development,edis w
as affects physiological and biochemical pathwajfgn increasing biomass production and enhancielgl.y
An open field experiment was conducted in the y@arkl-2013 in Polanowice, Poland to investigateetfects

of titanium foliar fertilization on the growth ofinbothy grass RPhleum pratense L.). This single-factor,
randomized block design study was performed in fepticates on research plots with the area of 1@ach.
The substrate was black loess soil (chernozemgaypor top class farmland. Titanium fertilizatiora leaf spray
was performed with a water solution of Tytanit@tiatee doses of 0.2, 0.4, and 0.8%drha’. Foliar fertilization
with the highest dose of Tytanit® significantly ieased seed yield, thousand grain weight and gatiaim
capacity. Moreover, the middle dose of Tytanit®4(@n? - ha’) was enough to observe a positive effect on the
sample.
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Introduction

Timothy (Phleum pratense L.), a species of high fodder value, is grown aidcand
humid climates. It is one of fodder grasses praaytigh yield of good quality in terms of
green and dry matter, and it also shows good dimlitst and palatability. Timothy is
a desired component of mixed fodder, and togetlitber ned clover, it is typically cultivated
in grasslands like meadows or pastures [1]. Featilbn is very important for timothy yield
and it may strongly affect biological usability thiis grass. Modern agriculture, apart from
basic nutrition with mineral fertilizers and appalion of fungicides and herbicides, widely
employs additional supplements such as biostimidaamd growth regulators [2]. These
substances are applied especially in disadvantageavironmentseg in unheated plastic
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tunnels [3, 4]. Such supplements stimulate the tra¥ a whole plant or its partie roots

or leaves. Accelerated plant metabolism can ineréasnunity against stress factors, as
well as facilitate regeneration after damage. Biagiators may also improve germination
capacity [5]. They are applied at very low doseferred to as “microfertilization”, and
allow for limiting the use of other crop protectichemicals [6]. Titanium is one of such
supplements used in plant nutrition. Beneficiaketf of Ti in agriculture were reported for
the first time over 100 years ago in tobacco. Diespimerous reports on positive effects of
Ti supplementation, the mechanism of its effectdgmnis still unclear [7]. Some attempts
were made at elucidating this mechanism by examiriifertilized oats growing in
hydroponic and soil conditions [8, 9]. Beneficiaffeets of Ti fertilization under N
malnutrition were investigated by Haghighi in tomgtl0]. While Ti fertilization is
beneficial, it is not essential and there is nchaling as Ti deficiency in living organisms.
Presence of Ti in plant tissues stimulates thesiactdf such enzymes as nitrate reductase,
lipoxygenase, peroxidase, fructose-1,6-bisphosphai@, 11]. Plant supplementation with
Ti improves their growth and chlorophyll conter]lmation, fruit and seed formation [12].
Ti accelerates the growth of leaves, strengtheastplagainst mildew infection and acts as
an antibiotic [13, 14]. Investigations on planttileration with Ti are focused mainly on
vegetables and crop plants such as rape, winteatvdresugar beets, and recently also on
annual bedding plants [15, 16]. Mitigating effestsre observed in Ti-fertilized plants
exposed to disadvantageous meteorological circurmssseg low temperature and high
precipitation rate that decrease the activity dfipation insects. Ti-triggered improvement
was probably due to higher pollen vigour and itddseadhesion to the pistil as well as
intensive development of the pollen tube [17].

Those results confirm favourable outcomes of Ttilfeation in agriculture [15].
However, there are very few reports concerningapglication of Ti fertilizer in grasses
[18]. Therefore, the aim of this study was to deiiee the effects of foliar fertilization with
Ti as a growth stimulator on seed yield and seeditgtin timothy.

Materials and methods

The study was performed in the years 2011-201heatRlant Breeding Station in
Polanowice (20°09’ E, 50°20’ N) near Krakow (220as.l.). The substrate was degraded
chernozem derived from loess. Chemical paramefettsecsoil were as follows: pid, 6.8,
mineral components: P-55.0, K-125.4, and Mg-46.7-rkg™. Total precipitation ranged
from 390 to 631 mm annually over the investigatfariod, and from 240 to 417 mm
annually the growing seasons (Fig. 1). The averageual air temperature was from
4.8 to 6.0°C, and during the growing seasons ithedseen 10.8 and 12.2°C (Fig. 2).

The experiment followed a randomized block desigrfour repetitions (plot area:
10 nf). There were four experimental variariescontrol without Ti application and three
plots involving Ti foliar fertilization in the formof water solution of Tytanit® at three
different concentrations: 0.2, 0.4, and 0.8drha’.

The experiment followed a randomized block deskpur replicates of four variants
were established - control and three doses of T@g0.2, 0.4 and 0.8 din ha?). In total,

16 plots (1.5 x 6.67 m) were used and the mentidneanit® doses were applied each year
in the same manner. The preparation was appliety B8TIHL backpack sprayer SG 20
(Waliblingen, Germany).
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Fig. 1. Total annual precipitation for the yearsl202012 and 2013 at the Plant Breeding Station
in Polanowice
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Fig. 2. Annual air temperature for the years 202Q12 and 2013 at the Plant Breeding Station
in Polanowice

A commercial preparation Tytanit® contains 8.5 grofin the form of citric acid and
ascorbic acid complexes stabilized with potassiombate) per 1 dihof a solution, which
translates the doses of Tytanit® (0.2, 0.4 and &€ - ha') into 1.7, 3.4, and
6.8 g Ti - ha, respectively. This fertilizer belongs to biostiators and anti-stress agents
approved by the Minister of Agriculture and Rurakvelopment, approval number
S-237/11. Tytanit® is produced by INTERMAG LLC, @Kz, Poland. The first foliar
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application was performed at the stem elongatiagestthe second two weeks later. The
experimental plant was timothy ‘Egida’ var., regied at the Polish National List of

Agricultural Plant Varieties for the Plant BreediStation Polanowice near Krakow. This

variety has been registered in the National Regstee 2005 and it is bred at Malopolska
Hodowla Roslin (Breeding and Seed Production StatitPB in Krakow.

Mineral fertilizers were used prior to sowing a flellowing doses - 50 kg N - Haas
NH4NO;, 26.2 kg P - hdaas Ca(HPQ,),, and 66.4 kg K - haas 57% KCI. Additionally, P
and K were used each autumn at the same dosen #msame forms as in the spring. Soil
nutrition with N was carried out in three batch&he first portion of N 40 kg - hawas
applied after seed harvest, the second portion 20 Kg - ha' was applied in the spring at
the beginning of the vegetation (2011 S'Aarch, 2012 - 28 March, 2013 - 1% April),
and the third portion of N 40 kg - Hawas administered at the turn of April and May
(2011 - 28' April, 2012 - §' May, 2013 - 15 May).

Timothy seeds were sown at a density of 4 kg™ Wihout any cover crop. Herbicide
protection was initiated at the tillering stagethie spring, at all the experimental plots. To
remove dicot weeds all plots were treated with&tar250 SL at a dose of 0.6 Hrrha®
(Dow AgroSciences, Poland). Monocotyledon weedsevediminated in the beginning of
September and in the spring, after the beginninghefvegetation, with Stomp 330 EC
solution (BASF, Agro B.V., Wadenswil/Au, Switzertdn made by diluting 5 din ha* of
the compound with 300 dhof water. All the plots were preventively sprayeifhmDecis
2,5 EC (Bayer CropScience S.A., Poland) (0.3 dima?). The first application took place
in the early spring at the beginning of the vedetatand the second after head emergence
but before anthesis 2011 -2March, 2012 - 28 March, 2013 - 12 April).

Each year the SPAD index was controlled with thdordphyll measurement
instrument Minolta SPAD 502DL (Minolta, Osaka, JapaThe measurement was
performed at the top leaves and included 30 fullyedbped leaves from each experimental
plot (Table 3).

Morphological traits were assessed on generatiwtshat anthesis (June). Tiller
length, flag leaf length, flag leaf width, inflomence length and inflorescence width were
estimated with a caliper or tape measure (Table 2).

Seed harvest was performed with a combine harvéstiatersteiger NM-ELITE
(Wintersteiger AG Ried, Austria) at the turn ofydahd August. After the harvest, the plots
were cleaned from straw and plant debris. The seeds separated, cleaned and dried up
to 14% water content. Kernel weight and germinatiapacity were determined for each
experimental plot after seed cleaning. Germinatimpacity was calculated at the™day of
germination in a Jacobsen germinator (Laborsetar®)l according to Polish standard
PN-79/R-65950.

The results were subjected to the analysis of meeiaand verified by means of
Duncan’s test with Statistica 10 PL software.

Results

Development stages. Accelerated plant aging was observed followingfértilization
(Table 1). For example, head emergence stage \sakae 76 days after the application of
Tiat 1.7 g - hd, 75 days after spraying the plants with Ti at 388 g - hd, and after
78 days in control plants. Anthesis occurred 91sdafter the application of Ti at
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1.7 g - ha, 90 days after spraying the plants with Ti at-38 g - ha, and after 92 days
in control plants. Achieving maturity took 127 days the plants sprayed with Ti at
1.7 g - hd, 126 days in the plants treated with Ti at 3.48 - ha' and 129 days in the
control plants.

Table 1
Duration of main development stages of timothy &agtepending on Ti dose. Mean values based
on three years of observations (2011-2013)

ng%rgt@h?l]se Head emergence Anthesis Maturity
0 (control) 78.0 (+1.0§ 92.0 (+1.0} 128.7 (+0.6}
0.2 76.3 (+0.6§° 91.3 (+1.5/° 127.3 (+1.2§°

0.4 75.3 (+2.3} 90.3 (+0.6f 126.3 (x1.59

0.8 74.7 (+1.2% 89.7 (+x2.5f 125.7 (+0.6§

a, b - different letters in columns denote stat@ly significant differencesd(< 0.01)

Morphology and chlorophyll content. The changes in morphological parameters
measured over three years of the experiment ireticttat Ti application encouraged stem
growth. Ti-fertilized timothy formed stronger stemvith longer tillers, longer and broader
leaves and longer and broader inflorescences (T3blE dose of 6.8 g - hhincreased the
tiller length by 5%, flag leaf length by 51%, flegaf width by 55%, inflorescence length by
51% and inflorescence width by 23%, as compareld tlvi¢ control plants.

Table 2
Differences in morphological parameters dependmgiadose [cm]
Tytanit® dose . . Inflorescence Inflorescence
[dm® - ha] Tiller length  |Flag leaf length| Flag leaf width length width
0 (control) 113.4 (+2.00 | 5.3 (x0.5P° | 0.40 (x0.05) 5.4 (+1.6)° 0.52 (+0.05)
0.2 115.8 (#3.1Y | 7.4 (x0.5)® | 0.46 (+0.095° 5.7 (+1.0) 0.58 (+0.08f°
0.4 117.2 (¥2.2° | 6.6 (+1.1®® | 0.56 (x0.07/° 6.6 (+1.8)° 0.62 (+0.04f°
0.8 119.6 (+2.1F | 8.0 (+1.0° | 0.62 (x0.19F 8.2 (+0.6) 0.64 (+0.04f
Standard dev. 2.6 1.2 0.1 1.3 0.05
Variation coeff. 2.2 17.1 19.3 19.3 9.0
(%)

a, b, c - different letters in columns denote staally significant differenced?(< 0.05)

Foliar fertilization with Ti considerably increasetlorophyll concentration in timothy
leaves. This effect was particularly pronouncedhat stage of anthesis (Table 3). The
average values of chlorophyll index SPAD were abvaigher P < 0.05) in Ti treated
plants than in the controls. Even the lowest apptiese of Tije 1.7 g - ha produced
statistically meaningful effects. The applicatidiiTo at a dose of 3.4 g - Hancreased leaf
chlorophyll index SPAD by about 13% at the stageaothesis. Further supplementation
with Ti at a dose of 6.8 g- Hacaused 17% increase in the SPAD, indicating that
a saturation effect of fertilization with Ti can lreached by applying Ti at a dose
ofca7g- ha



69¢€ Adam Radkowski, lwona Radkowska and Tadeusz Lemek

Table 3
Chlorophyll index SPAD in timothy grass variatidegida’ at different development stages dependingion
fertilization (mean values from three years of shely)

Tytanit® dose Development stage
[dm® - ha'] Stem elongation| Head emergencd  Anthesis Milky Ripeness

0 (control) 36.5 (+1.6)° 37.8 (+0.9) 38.6 (+1.7f 35.5 (+1.5)0

0.2 37.1 (+1.4P 38.5 (+1.4) 41.8 (+0.7) 37.2 (+0.5)0

0.4 38.4 (+0.8) 40.8 (+0.5) 43.9 (0.8 38.4 (0.5

0.8 39.5 (+0.5) 42.2 (+0.5) 45.8 (0.9 40.3 (+0.7)
Mean value 37.9 39.8 42.5 37.9
Standard deviation 1.3 2.0 3.1 2.0
Variation coefficient [%0] 3.5 5.1 7.3 5.3

a, b - different letters in columns denote stat#ly significant differenced(< 0.05)

Seed yield. Timothy seed yield ranged from 117.3 g=?in 2011 to 68.1 g - Tin
2013 (Table 4). Seed yield always increased folhowii application. Ti at a dose of
3.4 g - ha increased the seed yield by about 17% (mean Vaiukree years of the study).
Fertilization with 6.8 g - ha still increased the seed yield, however, the séim effect
appeared. Seed yield in this variant was by 19%sérigmean value for three years of the
study) as compared to the control.

Table 4
Timothy seed yield as a function of Ti fertilizatifg - m?|
Tytanit® dose Year Mean value
[dm® . hal] 2011 2012 2013
0 (control) 98.2 (+1.8) 87.2 (+x2.8p 68.1 (+1.4P 84.5
0.2 107.2 (2.6%° 100.2 (¥2.77° 70.9 (+1.6) 92.8
0.4 116.3 (+1.9§ 107.2 (+1.97 73.9 (+1.7f 99.1
0.8 117.3 (+2.8§ 109.2 (+1.97 76.6 (+1.8F 101.0
Mean value 109.8 101.0 72.4 -
Standard deviation 8.9 10.0 3.7 -
Variation coefficient [%)] 8.2 9.9 5.1 -

a, b - different letters in columns denote stat@ly significant differencesd(< 0.05)

Seed weight. Timothy thousand grain weight (g) increased assalt of Ti fertilization
(Table 5). Considerable improvement was observedy at Ti dose of 3.4 g - fhaln this
case, timothy thousand grain weight was higher liigut 30% than in the control plants.
Similarly to other observations, the saturatioretffof fertilization could be detected for Ti
dose of 6.8 g- h& At this Ti concentration, mean difference betw@érireatment and
control plants for the entire study period was 33%.

Germination capacity. Table 6 represents germination capacity of treglsebtained
from Ti-fertilized plants as a function of Ti dos€&his parameter increased when Ti
supplementation was applied. Explicit enhancemerst @bserved at Ti dose of 3.4 g*ha
with 6% difference between Ti-treated and contrlaints over the entire study period.
Saturation effect was reached at Ti dose of 6.8hg* and average 3-year difference
between this variant and control was 7%.
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Table 5
Timothy thousand grain weight [g] depending on dsel
Tytanit® dose Year Mean value
[dm? . hal] 2011 2012 2013
0 (control) 0.431 (+0.017) | 0.421 (x0.014% | 0.400 (+0.006% 0.417
0.2 0.471 (+0.023) 0.461 (+0.018% | 0.431 (+0.008% 0.454
0.4 0.561 (+0.016) 0.541 (+0.025% | 0.521 (+0.012%} 0.541
0.8 0.571 (+0.014) 0.561 (+0.022§ | 0.531 (+0.017% 0.554
Mean value 0.509 0.496 0.471 -
Standard deviation 0.068 0.066 0.065 -
Variation coefficient [%)] 13.5 13.3 13.8 -
a, b - different letters in columns denote stat@ly significant differencesd(< 0.05)
Table 6
Timothy seed germination capacity [%] dependingrbdose
Tytanit® dose Year Mean value
[dm® - ha] 2011 2012 2013
0 (control) 88.3 (+2.5) 86.7 (+2.6) 85.4 (+1.8f 86.8
0.2 89.7 (+1.6) 88.8 (+1.8p 88.3 (+1.6) 88.9
0.4 93.7 (+2.0% 92.4 (+1.47 90.2 (+1.2F 92.1
0.8 96.3 (+1.4} 92.9 (+1.7¢ 90.7 (+2.4F 93.3
Mean value 92.0 90.2 88.7 -
Standard deviation 3.7 3.0 2.4 -
Variation coefficient [%] 4.0 3.3 2.7 -

a, b - different letters in columns denote stat#ly significant differenced(< 0.05)

Discussion

The study results indicated that Ti applicationgngicantly affected morphological
parameters, chlorophyll index, seed yield, and ggedhination in timothy. A comparison
of mean values demonstrated that foliar Ti appglbecatconsiderably improved all
investigated morphological parameters such as tédlegth, flag leaf length, flag leaf width,
inflorescence length, and inflorescence width. $hertest plants were harvested from the
control plots, whereas the highest from the plotated with Ti at a dose of 6.8 g - "ha
Contrasting results were obtained by Jaberzadedl Et9] and Whitted-Haag et al [16].
Jaberzadeh et al [19] reported that higher conatoitr of Ti (0.03%) inTriticum aestivum
contributed to decreased plant height and imprdsiethass yield and seed parameters.
According to Whitted-Haag et al [16] Ti supplemeaima (at 0, 25, 50, 75, and
100 mg - dm) in annual bedding plants (geranium, impatienspspa petunia, and
shapdragon) only slightly affected plant height bighificantly changed stem diameter. In
Impatiens walleriana stem diameter exhibited a linear decrease as Ticertration
increased (from 8.9 mm in control to 7.4 mm in phents treated with Ti at 100 mg - dn
In addition, Ti supplementation markedly decreatfeel number of leaves per plant in
I. walleriana, from 31 leaves in the control plants to 27 leangslants fertilized with Ti at
100 mg - dmt. The outcomes presented by Whitted-Haag et al [déinonstrated
significant negative effect of Ti supplementationahlorophyll SPAD content in the leaves
of annual bedding plants. Ti supplementation lihedecreased chlorophyll SPAD index in
Impatiens walleriana (chlorophyll content decreased from 36.8 in cdniba33.2 mg - nf
in plants treated with the highest dose ofi@i100 mg - di¥). Our results do not confirm
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these reports. This study showed that formatiostrainger shoots with longer tillers, longer
and broader leaves was due to increased chloropbmgtent in the leaves. Similar results
were obtained by Radkowski [18], who found thatdiofertilization of timothy with Ti at
6.8 g - ha resulted in an increase in SPAD value. Additionathe plants treated with the
lowest dose of Ti (1.7 g - Hxexhibited ca. 2% lower chlorophyll content thar tontrol
ones. In this study, foliar fertilization with Tignificantly increased chlorophyll content in
timothy leaves. The application of Ti (3.4 g “hancreased the chlorophyll index SPAD
by 13% at the anthesis stage. Raskar and Lawad¢sn@icated that low Ti concentrations
might promote seed germination and early seedlingwilp in onion, while high
concentrations produced an opposite effect. Clemental [21] tested different
concentrations of Ti (10 to 50 pg - &nin onion and claimed that titanium applied in low
concentration (30 to 40 pg - ©nenhanced seed germination, promptness index and
seedling growth. Our study partly confirmed thessutlts, as Ti application significantly
improved timothy seed germination.

Small doses of Ti positively affected timothy grbwate. Increasing dose of Ti caused
the saturation effect in the tissues, which in ¢hse of foliar application in timothy was
achieved at a dose of Ti ca. 7 g ~“Happlied twice). Results published by other restees
showed that high doses of Ti decreased plant groltarefore, we claim the optimal dose
of Ti may be different for different species andymd&pend on the application method.

Seed crop yield usually decreases in the secondhamtlyear of cultivation and this
was also observed in our study. Similar observatias reported by other authors [22].
Nowadays, seed crops in the UK are grown for 1-8gend then they are renewed.
Disadvantageous conditions for seed yield includeng thermal and humidity fluctuations
during the growth period. Optimal temperature ramagghe stage of anthesis and seed
formation inPhleum pratense is 15-18°C. In our study, such thermal conditioesusred
each year of the experiment, meaning that theroraditions were favourable in all years of
the study. However, increased precipitation in J20&3 was probably one of the reasons
for lower seed yield that year. High precipitati@nanthesis and ripening lowers the seed
yield.

An increase in timothy yield up to 20%, higher sg&d and grain weight resulting
from microfertilization with Ti at a dose of a fegrams per hectare may be explained
neither by simple nutrition effects nor by microitiin as in the case of Mg, Fe, Mn, or Zn.
Such small amounts of Ti could only affect the ¢iélthis element acted as a catalyst. The
biochemical processes affected by Ti are stillfatly understood and are actually a subject
of speculation. A hypothesis put forward by Cigkdr al [23] assumes that Ti affects
photosynthetic processes. However, the primarycetiefertilization with Ti manifested as
an increase in leaf chlorophyll concentration (SPiABex exceeding 20%), gives timothy
the initial gain in the growth. One of the consettes is a formation of stronger shoots with
longer tillers and longer and broader leaves. Binatrong shoots with high concentrations
of chlorophyll produce more glucose, which traredainto faster synthesis of biopolymers
such as cellulose or starch in the seeds. Thidseamderstood as a secondary effect of Ti
fertilization. Stronger plant shoots allow for tHermation of longer and broader
inflorescences. All these processes are accelelatedi fertilization. Finally, stronger
plants produce bigger and healthier seed kernel2002, Janas reported higher yield (by
about 50%) of Ti-fertilized aubergine despite disattageous climate conditions [3].
Dobromilska [24] observed stimulating effects ofiffitomatoes. These observations were
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explained by higher intracellular activity of irdons and thus accelerated synthesis of
photosynthetic pigments. Intensification of metéral and other growth processes like
pollination, fruit and seed formation in maize watso observed by Ertani [17]. Kuzel et al
[8] proposed to describe the effects of Ti as “hmsis’. The impact of Ti fertilization is
usually weaker in the case of foliar applicatioarttwhen it is provided together with other
nutritional agents in a hydroculture. The experiteesith oat fAvena sativa L. cv. Zlatak)
grown in two different soils and fertilized withrde different concentrations of Ti solution
showed strong influence of Ti on all measured patars. The observed effects were
independent of soil type [8]. Tlustos et al [15}astigated the impact of combined foliar
application of Ti and Mg on the yield and contehtaalder ingredients in potato, wheat and
barley. Studies involved full fertilization with Aihd its deficiencies. N fertilization strongly
affected the results of foliar fertilization witH.TA study on nutrition in tomatoes grown in
rockwool showed improved yield and a simultaneagsease in the content of N, P, Ca,
Mg and K in the plants fertilized with Ti (at 24a®g Ti per plant yeaf) [25].

All these observations seem to justify the concinghat Ti may improve plant enzyme
activities, particularly those involved in the pbsynthesis redox processes. It may be also
engaged in the absorption of nutrients from thélsppenerating lower osmotic pressure in
the above ground parts of plants. Plants respo@t¢oeased osmotic pressure in the above
ground parts by accelerated absorption of watghéyoot system and consequently higher
intake of nutrients from the soil.

Conclusions

Ti foliar microfertilization at a dose of 3.4 and86g - ha' improves the yield of
timothy by about 17-20% with reference to seeddyisked kernel weight and germination
capacity. At a dose of 6.8 g Ti- hgtwo applications) the tissue saturation effect is
achieved. This beneficial effect seems to be dubdacceleration of photosynthesis redox
processes. A simple economic feasibility analysiews profitability of Ti fertilization
(at a dose of 3.4-6.8 g - ain timothy grass crop in the amount of 156-17pe$ 1 ha of
arable land (prices calculated for Krakow regiokirtg into account the cost of Tytanit®
and its application). The application of Ti in amidture is a sustainable intensification
method for raising productivity. We assume thatilsineffects can be achieved with other
grass or grain species. Optimal dose of Ti may ifferdnt for different species and may
depend on the application method.

Acknowledgments

The work has been financed with subsidies for raaiirig the research potential
granted by the Ministry of Science and Higher Edioca The authors thank Intermag LLC
from Olkusz for their assistance in conducting thigeriment, particularly Mr. Piotr
Lubaszka, Sales Manager. The authors thank Profdtsmin Rapacz (University of
Agriculture in Krakow, Faculty of Agriculture andc&nomics, Department of Plant
Physiology, Poland) for providing valuable comments



70C

Adam Radkowski, Iwona Radkowska and Tadeusz Lemek

References

(1]
[2]
(3]
[4]

[10]
[11]
[12]

[13]
[14]

[15]

[16]
[17]

(18]
[19]

[20]
[21]

[22]

(23]

[24]

[25]

Claessens A, Michaud R, Bélanger G, Mather DErop Sci. 2004;44:81-88. DOI:
10.2135/cropsci2004.8100.

Nelson PV. Greenhouse Operation&Managment. ©SixtEdition; Slow-Release Fertilizers,
Growth-Regulating Compounds. Library of Congrestaging. Prentice Hall. 2003;335,434.

Janas R, Szafirowska A, Kotosowski S. Effecttiédnium on eggplant yielding. Veget Crops Resl.Bul
2002;57:37-44.

Przybysz A, Wrochna M, Stowski A, Gawraiska H. Stimulatory effect of Asahi SL on selectddnp
species. Acta Scient Polonorum. Hortorum Cultus1028:53-64. http://wydawnictwo.up.lublin.pl/
acta/hortorum_cultus/2010/acta_hort_9(2)_art_06.pdf

Yildiim E, Dursun A, Guvenc |, Kumlay A. Acta Agrobot. 2002;55:75-80. DOI:
http://dx.doi.org/10.5586/aa.2002.045.

Bélanger G, McQueen RE. Grass Forage Sci. B®809-119. DOI: 10.1046/j.1365-
2494.1998.5320109.x.

Carvajal M, Alcaraz CF. J Plant Nutr. 1998;256664. DOI: 10.1080/01904169809365433.

Kuzel S, Hruby M, Cigler P, Tlusto§ P, Phu NR®iol Trace Elem Res. 2003;91:179-190. DOI:
10.1385/BTER:91:2:179.

Hruby M, Cigler P, KuZel S. J. Plant Nutr 20@%;:577-598. DOI:10.1081/PLN-120003383.

Haghighi M, Heidarian S, Teixeira da Silva JBiol Trace Elem Res. 2012;150:381-390. DOI:
10.1007/s12011-012-9481-y.

Leskd K, Stefanovits-Banyai E, Pais |, Simam&di L. J Plant Nutr. 2002;25:2571-2581. DOIL:
10.1081/PLN-120014714.

Casler MD, Vogel KP. Crop Science. 1999;3921p- DOl:
10.2135/cropsci1999.0011183X003900010003x.

Buettner KM, Valentine AM. Chemical Review€112;112:1863-1881. DOI: 10.1021/cr1002886.
Borkowski J, Dyki B. The influence of chitosatytanit and other fertilizers on the decreasethaf
development of powdery mildew on tomatoes growa gilasshouse. Folia Horticulturae. 2003;1:559-561.
Tlusto$ P, Cigler P, Hruby M, Kuzel S, Szakdy&alik J. The role of titanium in biomass praitut and
its influence on essential elements’ contents @dfigrowing crops. Plant Soil Environ. 2005;51:1-2
http://www.agriculturejournals.cz/publicFiles/5094df.

Whitted-Haag B, Kopsell DE, Kopsell DA, RhykkerRL. Open Horticulture J. 2014;7:6-15. DOI:
10.2174/1874840601407010006.

Ertani A, Cavani L, Pizzeghello D, BrandelleEy Altissimo A, Ciavatta C, et al. J Plant NutrilS8ci.
2009;172:237-244. DOI: 10.1002/jpIn.200800174.

Radkowski A. Ecol Chem Eng A. 2013;20:167-1D@I: 10.2428/ecea.2013.20(02)017.

Jaberzadeh A, Moaveni P, Tohidimoghadam H,edaiH. Influence of bulk and nanoparticles titanium
foliar application on some agronomic traits, seédeq and starch contents of wheat subjected terwat
deficit stress. Notulae Botanicae Horti Agrobotan2013;41:201-207 http://www.notulaebotanicae.ro/
index.php/nbha/article/view/9093/7635.

Raskar S, Laware SL. Effect of titanium dioxidano particles on seed germination and germmaiitices

in onion. Plant Sci Feed. 2013;3:103-107. httptMfsscifeed.com/fulltext/PSF-2013-003-023.pdf.
Clement L, Hurel C, Marmier N. Chemosphere. 12©0:1083-1090. DOI:
10.1016/j.chemosphere.2012.09.013.

Kitczak T, Czy H, Sarnowski A. Effect of mineral NPK fertilizaticon the yielding of Festuca arundinacea
cv. Asterix. Grassland Science in Poland 2010;1-383 http://yadda.icm.edu.pl/yadda/element/
bwmetal.element.agro-8b26451d-5ae3-4e03-9874-cebiaab.

Cigler P, Olejnickova J, Hruby M, Csefalvay Reterkae J, Kuzel S. J Plant Physiol. 2010;16 211597
DOI: 10.1016/j.jplph.2010.06.021.

Dobromilska R. The influence of Tytanit trea@m on the growth and yield of small-sized tomatoes
Roczniki  Akademii Rolniczej w Poznaniu CCCLXXXIIl, Ogrodnictwo. 2007;41:451-454.
http://Amww.up.poznan.pl/ogrodnictwo/Ogrodnictwo%2025%20Dobromilska.pdf.

Kleiber T, Markiewicz B. Application of “Tytat! in greenhouse tomato growing. Acta Scientiarum
Polonorum. Hortorum Cultus. 2013;12:117-128ttp://wydawnictwo.up.lublin.pl/acta/hortorum_cgfu
2013/streszczenia2013_3/11%20Klieiber%20Markiewi2@#ort%2012_3_%202013.pdf.



Effects of foliar application of titanium on seei@lg in timothy Phleum pratense L.) 701

WPLYW NAWO ZENIA DOLISTNEGO TYTANEM NA PLON NASION
W UPRAWIE TYMOTKI £ AKOWEJ ( Phleum pratense L.)

1 zakiad takarstwa, Instytut Produkcji Rbnnej, Uniwersytet Rolniczy w Krakowie
2Dziat Technologii, Ekologii i Ekonomiki Produkcjiilerzecej, Instytut Zootechniki PIB, Balice
3 Zaktad Chemii Biopolimeréw, Instytut Chemii i FiZykJniwersytet Rolniczy w Krakowie

im. Hugona Koltaja

Abstrakt: Doswiadczenie prowadzono w latach 2011-2013 na ter®tsieji Hodowli Rélin w Polanowicach pod
Krakowem (220 m n.p.m.). Celem eksperymentu bytadamie wptywu tytanu (Ti) na plon i jako nasion

tymotki takowej odmiany ‘Egidd. Jednoczynnikowe dwiadczenie polowe zatono metod losowanych

blokéw, w czterech powtérzeniach, powierzchnia ie déwiadczalnych wynosita 10 f Na polu

doswiadczalnym wysipowat czarnoziem zdegradowany wytworzony z lessaliczany pod wzgidem

bonitacyjnym do klasy I. Czynnikiem éleiadczenia byt oprysk biostymulatorem wzrostu wtpos nawozu

Tytanit® w trzech dawkach: 0,2, 0,4 i 0,8 Um hal. Zastosowanie nawenia dolistnego Tytanitem®
w najwyzszej dawce (0,8 din- ha?) spowodowalo istotny wzrost plonéw nasion, massiaba nasion oraz
zdolngci kietkowania w stosunku do obiektu kontrolnegaddwalajce efekty uzyskano juw obiektach, gdzie
aplikowano Tytanit® w dawce 0,4 dm hal.

Stowa kluczowe:tymotka bkowa ‘Egidd, biostymulator wzrostu, masa tys& nasion, zdolrig kietkowania



