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ABSTRACT

The objective of the vegetation experiment established in 2008—2011 was to explore the effect of the time and dose
of foliar molybdenum (Mo) application on the yield and quality of sunflower. Four treatments were established
in the experiment: (1) control — not fertilised with Mo; (2) application of 125 g Mo/ha in the growing stage of
4 developed leaves (V-4); (3) application of 125 g Mo/ha at the beginning of elongation growth (R-1), and (4) split
rate of Mo application of 62 g Mo/ha at stage V-4 (4 developed leaves) and 62 g Mo/ha at stage R-1 (terminal bud
forms). Foliar application of molybdenum increased the biomass production of sunflower plants and its content in
dry matter. A statistically significant effect of molybdenum foliar application on sunflower yields was found. Foliar
application of Mo up to a dose of 125 g Mo/ha at the beginning of vegetation (stage V-4) and developmental stage
R-1 increased yields of achenes. The relative increase in the oil content after foliar nutrition was not significant and
ranged between 1.4% and 2.6%. Oil production increased due to increased yields and stabilised oil content. Foliar

application of molybdenum had no effect on the content of oleic acid.
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Molybdenum (Mo) belongs among essential mi-
croelements. Total Mo content of soil varies from
0.01 to 17.0 mg/kg (Kabata-Pendias 2011). Most
agricultural soils contain a relatively low amount
of molybdenum by comparison, with an average
of 2.0 mg/kg total molybdenum and 0.2 mg/kg
available molybdenum (Mengel and Kirkby 2001).
The availability of molybdenum for plant growth
is strongly dependent on the soil pH, concentra-
tion of adsorbing oxides (e.g. Fe oxides), extent
of water drainage, and organic compounds found
in the soil colloids.

Molybdenum is essential for most organisms
and occurs in more than 60 enzymes catalyzing

diverse oxidation-reduction reactions in plant
metabolism (Zimmer and Mendel 1999). Mo is
a constituent of nitrogenase (NA) and nitrate
reductase (NR), required for the assimilation of
soil nitrates. Therefore, the function of Mo is
closely related to plant nitrogen metabolism, and
Mo deficiency is manifested as deficiency of plant
N (Pollock et al. 2002). The critical deficiency
concentration in most crop plants is quite low,
normally between 0.1 and 1.0 mg Mo/kg dry tissue
(Gupta and Lipsett 1981). Because molybdenum
is very mobile within the plant, its deficiency can
be observed in the whole plant, most often in the
middle of the plant or on old leaves by getting yellow
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Table 1. Agrochemical characteristics of the soil

Content of nutrients (mg/kg dry matter soil)

Year pH/CaCl,

P K Ca Mg available Mo
2008 6.2 91 254 2672 244 0.086
2009 6.2 66 179 4 477 313 0.069
2010 6.7 63 111 2321 164 0.096
2011 6.8 78 206 2 864 262 0.104

or yellow-green colour (Hamlin 2007). In the case
of dicotyledonous species, a drastic reduction in
leaf size and irregularities in leaf blade formation
are the most typical visible symptoms caused by
local necrosis in the tissue and insufficient dif-
ferentiation of vascular bundles at an early stage
of leaf development (Gupta and Lipsett 1981).
Molybdenum fertilization through foliar sprays
can effectively supplement internal Mo deficien-
cies and rescue the activity of molybdo-enzymes
(Kaiser et al. 2005).

Since not much is known about the nutritional
effects of Mo foliar application in sunflower nu-
trition, field experiments were conducted at the
Mendel University in Brno to investigate the re-
sponse of sunflower to different times and doses of
Mo foliar application on achenes yield and quality.

MATERIAL AND METHODS

Precise small-plot experiment with sunflow-
er (Helianthus annuus) was established at the
School Farm of Mendel University of Agriculture
and Forestry in Brno in Zabéice (48°57'26"N,
16°36'18"E) in 2008 and 2009 and Agricultural
Cooperative Ivan in the cadastre of Vranovice
(48°57'26"N, 16°36'18"E) in 2010 and 2011. In the
experiment we explored the effect of the molyb-
denum rate and time of application on sunflower
production and achene quality.

The content of nutrients in the soil analysed prior
to the establishment of the experiment (Table 1)
was at a satisfactory to very high level. P, K, Ca and
Mg were estimated by the method of Jones (1990),
with the soil extracted with a solution Mehlich III.
Available Mo in soil had been determined by Grigg
(1953). The soil reaction (pH/CaCl,) was slightly
acid (2008 and 2009) to neutral (2010 and 2011).

In all the years of the experiment we used the
hybrid Orasole (high oleic sunflower). Prior to sow-

ing the plot was fertilized to a rate of 100 kg N/ha
(this rate included the content of N_. determined
before sowing). On sowing the inter-row distance
was 75 ¢cm, the seeds in the row were spaced 20 cm
apart to a depth of 4—6 cm. After sowing the plot
was compacted and pre-emergence application of
herbicides followed.

After emergence of the plants a small-plot field
experiment was established (4.5 m x 15 m plot
area). Mo application was done in the form of
foliar nutrition in developmental stage V-4 — 4
developed leaves and stage R-1 — terminal bud
forms a miniature floral head rather than a cluster
of leaves in combinations and rates given in Table 2.
Mo was applied in the form of sodium molybdate
(Na,MoO,). Each treatment was repeated 4 times.

The content of dry matter and the levels of nutri-
ents (N, P, K, Ca, Mg and Mo) were determined in
plant mass in developmental stages V-4, R-1 (ap-
prox. 12 days after foliar application in V-4 devel-
opmental stage) and R-2 (immature bud elongates
0.5 ¢cm to 2.0 cm above the nearest leaf attached
to the stem — approx. 12 days after foliar applica-
tion in R-1 developmental stage). The samples of
plant mass were dried at a temperature of 60°C,
then crushed in a grinder, and homogenized. The
resultant crushed plant mass was mineralized us-
ing a mixture of H,SO, and H,O, (Zbiral 2005).

Table 2. Treatments of the experiment

Treatment Dose of Mo (g/ha) Time of application*
Control 0 no fertilizers
Mol 125 V-4
Mo2 125 R-1

62 V-4
Mo3

62 R-1

*stages of sunflower development (Schneiter and Miller
1981)
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Table 3. Dry weight and plant nutrients concentration in the V-4 stage of sunflower development

Dry weight

N P K

Ca Mg

of plant Mo
(g per plant) (% DM) (mg/kg DM)
3.01 +0.33 4.27 £ 0.33 0.40 + 0.04 5.04 + 0.30 1.94 + 043 0.77 + 0.11 0.38 + 0.03

Values show mean of experiments 2008—2011 + standard error of the mean. DM — dry matter

The amount of N in the mineralized sample was
determined using the Kjeldahl method. The content
of P in the extract was determined colorimetrically
using a Unicam 8625 UV/Vis spectrometer (ATI
Unicam, Cambridge, UK). The levels of K, Ca,
Mg and Mo were determined in (the mineralized
sample using the Atomic Absorption Spectrometry
(AAS) with the ContrAA 700 instrument (Analytik
Jena AG, Jena, Germany).

Sunflower was harvested when it reached physi-
ological ripeness. Yield of achenes, oil content,
oil production and levels of fatty acids (palmitic,
stearic, oleic and linoleic) in the achenes were
evaluated after harvest. Oil content was determined
using the Soxhlet method based on the NMR ex-
traction of sunflower achenes in a continuous flow
extractor Minispec mq series TD-NMR (Bruker
Corporation, Ettlingen, Germany). The levels of
fatty acids (FA) were determined as methyl esters
using Agilent 6890 Series Gas Chromatograph
(Agilent Technologies, Inc., Wilmington, USA).

The Statistica 9 programme (Tulsa, USA) was used
for the determination of the overall statistical char-
acteristics. Arithmetic means were calculated when
evaluating the results of experiments from 2008—
2011. To elaborate the significance of differences
among the arithmetic means of each characteristic

we used the mono-factor and two-factor ANOVA
followed by testing at a 95% (P < 0.05), 99% (P < 0.01)
and 99.9% (P < 0.001) level of significance using
the Fischer’s LSD test.

RESULTS AND DISCUSSION

According to Cerkal et al. (2011), results of in-
organic analyses in stage V-4 (Table 3) showed
that sunflower had a sufficient supply of all macro
biogenic nutrients.

However the soil had a low content of Mo and
was therefore not able to provide the plant with an
amount sufficient according to the plant analyses
(the optimal Mo content ranges between 0.4 and
1.0 mg/kg DM).

Molybdenum foliar application in stage V-4 in-
creased Mo content in the plant biomass at R-1 stage
of sunflower development (Table 4). The rate of 62 g
Mo/ha (Mo3) significantly increased (P < 0.05)
the concentration of Mo in leaves (Table 4) compara-
bly to the treatment with supplementary 125 g Mo/ha
(Mol). Content of molybdenum in tissue (leaves)
increased more than tenfold. Foliar application of
molybdenum increased its concentration in tissue
of winter wheat (Brennan and Bolland 2007) and

Table 4. Dry weight and plant nutrients concentration in the R-1 stage of sunflower development

Dry weight N P K Ca Mg

Part of Treatment of plant Mo
plant (g/plant) (% DM) (mg/kg DM)
control 8.68 + 1.51 4.13+042 0.40+0.04 4.23+0.39 2.05+0.63 0.89+0.20 0.96*+ 0.06
Leaves Mol 10.54 +2.13 4.32+0.25 044 +0.03 4.16+0.09 1.81+0.56 0.84+0.17 9.29"+ 0.09
Mo3 10.03 +2.29 4.37 +0.21 0.45+0.02 4.37+0.17 2.17+0.75 0.79+021 6.13>+0.13
control 3.77+1.41 209038 028+0.01 587+1.04 1.18+0.22 0.81+0.17 0.45*+0.03
Stems Mol 497 +1.41 2.18+0.16 0.33+0.06 5.80+0.89 1.10+0.31 0.83+0.25 0.97*+0.03
Mo3 500+1.43 213+0.15 0.31+0.04 6.17+0.79 1.17+0.38 0.77+0.16 0.78% £ 0.02

Means followed by the different letters are significantly different (mg Mo/kg DM — P < 0.05). Values show mean
of experiments 2008—2011 + standard error of the mean. DM — dry matter
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Table 5. Dry weight and plant nutrients concentration in the R-2 stage of sunflower development

Part of Treatment D?f/ lzziftht N d . ca Me Mo
plant (g/plant) (% DM) (mg/kg DM)
control  27.56 +4.20 3.02+0.28 0.36 +0.02 3.35+0.65 1.74+0.53 0.83+0.16 0.82% +0.05
Mol 38.29+3.17 3.05+0.22 0.38+0.01 3.55+042 1.75+052 0.76+022 3.85+0.15
Leaves Mo2 34.26 +4.88 3.20+0.13 0.39+0.05 3.73+0.16 1.66+044 0.68+0.18 10.16°+ 0.14
Mo3 32.00£0.98 3.51+0.13 0.39+0.01 334+036 1.69+047 0.82+0.20 12.76°+ 0.08
control  26.15+2.46 1.10+0.38 0.25+0.052 4.49 £+0.57 0.83+0.20 0.71£0.19 0.31* £ 0.02
Mol 35.09 +344 124 +0.31 0.26+0.01 4.47+0.78 0.77+0.18 0.69+0.20 0.43* + 0.04
Stems Mo2 29.66 + 4.58 1.48 £0.14 0.30+0.03 4.60+0.47 0.76+0.22 0.61 +0.23 0.65*" + 0.03
Mo3 30.74 +3.47 1.40+0.17 025+0.01 4.32+0.64 0.79+0.19 0.71+0.20 0.93> +0.04

Means followed by different letters are significantly different (mg Mo/kg DM — P < 0.05). Values show mean of

experiments 2008-2011 + standard error of the mean. DM — dry matter

common bean (Silva et al. 2012). Foliar nutrition
did not significantly affect molybdenum content
in the stem, although its contents were increased
almost two times.

Molybdenum application also increased the
uptake of macro biogenic nutrients (especially
N), as can be seen in analyses of plants taken
in stage R-1 (Table 4). According to Ayala et al.
(2005), treatment with a foliar application of Ca +
Mo increased the N content of poinsettia by 26%
compared with the control. Also Silva et al. (2012)
reported increased nitrogen content in common
bean leaves and Bagheri and Jafari (2012) in plant
of barley due to foliar application of molybdenum.
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Foliar nutrition at the beginning of vegetation
also increased the dry matter weight of leaves (by
15.6-21.4%) and stems (by 31.8-32.6%). A shortage
of molybdenum in winter wheat (Yu et al. 1999)
nutrition inhibits plant growth and reduces dry
matter production. According to Liu et al. (2005),
molybdenum promoted yield of soybean above-
ground biomass.

The positive effect of molybdenum fertilization
in stages V-4 and R-1 on dry matter production
(Mol-Mo3) is obvious from the results of analyses
of plants in stage R-2 (Table 5). The average dry
matter weights of leaves and stems were increased
by 26.5% and 21.7%, respectively. Foliar application

O Control Mol

@ Mo2 ] Mo3

b 2.84 p
2.80

2.78
2.25 2.51
2.19 1.83

1.72
1.55

2008 2009

2010

T |
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Figure 1. Effect of different leaf fertilization on achenes yield. Means followed by the different letters are sig-

nificantly different (Yield of achenes — P < 0.05). Values show mean of experiments 2008—2011
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Table 6. Effect of different leaf fertilization on oil con-
tent and oil production

Treatments Oil content (%)  Oil production (t/ha)
Control 44.83%+ 0.61 1.191* £ 0.083
Mol 45.98% 1 0.70 1.387° + 0.021
Mo2 45.47* £ 0.76 1.384P + 0.104
Mo3 45.48%+ 0.85 1.362> + 0.082

Means followed by the different letters are significantly
different (P < 0.05). Values show mean of experiments
2008-2011 + standard error of the mean

in stage R-1 (Mo2 and Mo3) increased molybde-
num content more than 10 fold, i.e. statistically
significantly (P < 0.05) in sunflower leaves when
compared with treatment without Mo application.

Molybdenum applications had a positive effect
on achene production in all fertilisation treatments
(Figure 1). Yield increase due to foliar application
of molybdenum in oilseeds (winter rape) was found
according to Grzebisz et al. (2010). Stanislawska-
Glubiak (2008) reported a significant increase of
rape yield after fertilization of 60 and 120 g Mo
about 2.7% to 3.4% in slightly acid and neutral soil.
The foliar application of Mo up to a dose of 35 g/ha
increased the yield of wheat (Zoz et al. 2012).
Achene yields increased statistically significantly
(P < 0.05) after foliar applications of molybdenum
in the range from 10.8% (Mo3) to 13.3% (Mo2).
According to Valenciano et al. (2011), foliar Mo
application of chickpea resulted in a higher number
of pods per plant and a higher yield (increased
from 1.87 to 2.45 g/plant). Also Silva et al. (2012)
reported increased grains yield of common bean
with foliar application of Mo in the dose of 60 g/ha.
Molybdenum application significantly increased
grain yields for most cultivars of winter wheat
(Yu et al. 1999).

Table 7. The content of fatty acid in sunflower oil

Although in all the treatments foliar molybde-
num nutrition increased the oil content (ranging
between 1.4% and 2.6%), this increase was not
statistically significant (P < 0.05). In all the treat-
ments the oil content ranged between 44.83% and
45.98% (Table 6). On the contrary, Samul and
Bhattacharyya (1980) reported lower oil content
due to molybdenum application.

Due to higher yields and stabilised oil content
the resulting effect of fertiliser application was
a higher oil production (t/ha); the fertilisation
combinations explored statistically significantly
(P < 0.05) exceeded the control treatment, most
of all with molybdenum application in stages V-4
(Mol) and R-1 (Mo2) on average by 16.3%.

In terms of quantitative parameters of sunflower we
evaluated the representation of fatty acids in the oil;
their composition is given in Table 7. Among the most
important fatty acids we rank oleic acid (in sunflower of
the ‘high oleic’ type the proportion of oleic acid should
be at least 82%). The results of analysis showed that
the content of oleic acid ranged between 84.89% and
87.29% and foliar nutrition did not have a significant
(P < 0.05) effect on its amount. Application of Mo
increased significantly (P < 0.05) only the content of
stearic acid which ranged between 5.6% and 11.3%,
and was the highest in the treatment with molyb-
denum application at the beginning of vegetation
(Mo1). On the contrary, stearic acid content in seeds
of rape was decreased by application of Mo fertilizer
(Liu et al. 2009).
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