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1. INTRODUCTIONS AND AIMS

Within the scope of my doctoral work | studied the effect of molybdenum (Mo)
treatments of increasing concentration in the nutrient solution-plant and soil-plant
system. The supply of plants with appropriate amount of molybdenum is sufficient since
Mo is one of the seven nutrients which plays an essential role in the plant metabolism
processes.

The object of my research was the analysis of plant and soil samples of hydroponic,
rhizobox and pot experiments.

During my soil examination my objective was to determine how much percent of the
soil’s total molybdenum content can be utilized for plants (soluble element content) and
to establish whether the daily watering of the experimental plants (green peas) causes

denudation in the soil in various types of soil.

During the examination of plant samples my aim was to answer to the following
questions:

e How the molybdenum supply interact with the dry mass product of certain parts
of the plant?

e What is the maximum Mo quantity which has a favourable effect on the yield of
plants?

¢ Does molybdenum have a toxic effect in the examined concentration range?

e How the molybdenum supply interact with the intensity of initial root growth?

e What kind of effect do molybdenum treatments have on the molybdenum
content of certain parts of the plant and in which part of the plant does
molybdenum accumulate the most?

¢ s there any difference between the monocotyledon and dicotyledon plants with
regard to the Mo uptake?

e How much molybdenum do the experimental plants subtract from the nutrients
and soils including molybdenum of increasing concentration and in what
proportions is the Mo quantity divided among certain plant parts?

e How do the applied Mo-treatments affect the macroelement and microelement

contents of plants?



Is there a synergistic or antagonistic relationship between the Mo and the
examined macro- and microelements?

How do the Mo-treatments with increasing concentration affect the NOs-N and
NH4-N concentration of certain parts of the experimental plants?

Do Mo-treatments contribute to the decrease of the yield’s NHs-N concentration

which is a desirable aim from the aspect of human health?



2. MATERIALS AND METHODS

The experiments can be listed into three main groups: 1. hydroponic experiments, 2.
rhizobox experiment, 3. pot experiments.

I involved a monocotyledon (maize, Zea mays L. cv. Norma SC) and a dicotyledon
plant (sunflower, Helianthus annuus L. cv Arena PR) in the hydroponic and rhizobox
experiments which directly or indirectly play an important role in human analysis while
their economic role is also essential. 1 grew the plants in the Climate Chamber of
Department of Agriculture and Botany Plant in the Institute of Plant Sciences under
strictly regulated environmental conditions: light intensity: 220 pnEm2s™ periodicity of
temperature: 25/20 °C (day/night), relative humidity (RH): 65-75 %, lighting/dark
cycle: 16 hours/8 hours.

The nutrient solution used for monocotyledon had the following composition: 2.0 mM
Ca(NO3)z, 0.7 mM KzSO4, 0.5 MM MgSO4, 0.1 MM KH2PO4, 0.1 mM KCI, 0.1 uM
H3BOs, 0.5 uM MnSO4, 0.5uM ZnSOs, 0.2 uM CuSOs. Nutrient solution of the
following had to be prepared in order to grow dicotyledon: 2.0 mM Ca(NQO3)2, 0.7 mM
K2SOs, 0.5 mM MgSOs4, 0.1 mM KH2POs, 0.1 mM KCI, 10 uM H3BO3, 0.5 uM
MnSQOas, 0.5 uM ZnSOs, 0.2 uM CuSOs. Iron was supplied in the form of 10“M Fe-
EDTA. Molybdenum was supplemented to the nutrient solution at four different
concentrations as follows: 0; 0.07; 0.7 and 7 uM. The experiment ended 9 days after
planting.

Experiments in soil were carried out in rhizoboxes, which allowed us to easily monitor
many aspects of root development, including overall growth, circadian rhythm of the
growth as well as symptoms of phytotoxicity that might have been caused by increased
concentrations of molybdenum. The experiments used calcareous chernozem soil
obtained from the Latokép Experimental Station of our university. Molybdenum was
supplied to the soil as (NH4)sM07024.4H20 in 3 different concentrations as follow: 30,
90, 270 mg kg and control for our reference. The plants were geotropically stimulated
to force root growth along the transparent wall of the box, thus allowing convenient
monitoring of the roots. The mass of rhizoboxes and the length of the roots were
measured daily and water (evaporation, transpiration) was also replenished daily.

| set the pot experiments in the Greenhouse of Institute of Agricultural Chemistry and

Soil Science in University of Debrecen, in the spring of 2015. In this experiment | chose



green peas (Pisum sativum L.) as test plant since its molybdenum need is significant and
it is one of the vegetables grown in the largest area in Hungary.

The following types of soil were used during the experiment:

1.) calcareous chernozem soil (pH=6.58) — Faculty of Agricultural and Food Sciences
and Environmental Management at University of Debrecen, Latokép Experimental
Station of Plant Production

2.) humus sandy soil (pH=7.14) — University of Debrecen, Pallag Experimental Station
of Horticulture

3.) humus sandy soil (pH=5.09) — University of Nyiregyhaza, Ferenctanya Educational

Farm

I summarized the most important parameters of the experimental soils in Table 1.

Table 1: The most important parameters of the experimental soils

Latokép Pallag Nyiregyhaza

Depth (m) 0-0.3 0-0.3 0-0.3
pH (KCI) 5.71 6.35 3.95
pH (H20) 6.58 7.14 5.09
Arany-type plasticity index (Ka) 43 30 -

CaCOs (%) 0.202 05 -

Humus (%) 3.54 1.12 0.99
AL-soluble P20Os (mg kg?) 199 235 21.1
AL-soluble K20 (mg kg™) 451 287 67.9

We added the molybdenum to the soil in the form sodium molybdate (Na2Mo004.2H,0)
dissolved in distilled water. In the case of calcareous chernozem soil (Latokép) we
applied 0, 3, 30, 90 and 270 mg kg molybdenum treatments, in the case of humus
sandy soil (Pallag, Nyiregyhaza) the applied treatments included the following: 0, 30
and 270 mg kg. We did not add molybdenum to the control soil.

The determination of the element content of green peas was carried out in 4 different
stages of development which are the following: four-node condition, the beginning of
flowering, green ripening, and complete maturity.

During my research work | carried out the element analysis of plant samples with
inductively coupled plasma optical emission spectrometry (ICP-OES) and inductively
coupled plasma mass spectrometry (ICP-MS). Wet digestion with nitric acid and
hydrogen peroxide was applied during sample preparation of these plants. The sample

preparation method necessary for the determination of nitrate nitrogen and ammonium
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nitrogen concentration of the plant samples is different from the method mentioned
above. The various nitrogen forms of the certain plant samples were determined by fluid
flow (CONTIFLOW) method, using FIAstar Analyzer, after its dissolution in distilled
water and ultrasonic shaking.

The elemental analysis of soil samples can be divided to two main components which
are the following: 1. The determination of the total element content of the samples with
atmospheric wet digestion using concentrated nitric acid and hydrogen peroxide. 2. The
determination of the samples’ soluble molybdenum content easily available for plants
using the extraction tool by Lakanen-Ervio. Afterwards, we measured the element
content of the appropriately prepared samples using the abovementioned ICP-OES
equipment.

We applied SPSS v.22.0 statistical program to evaluate the results in statistical terms. In
order to statistically examine the relationship between the parameters and the certain
factors, we used one-factor analysis of variance and Duncan’s test regarded P<0.05 as

significant.



3. RESULTS AND DISCUSSION
3.1. The results of hydroponic experiments

Evaluating the dry mass results of the shoot and root of maize seedling cultivated with
nutrients | established that neither the 0.07 uM, nor the 0.7 uM Mo-treatment had a
significant effect on the plant’s growth. Only in the case of the 7 uM Mo-treatment we

could show a significant difference (Table 2).

Table 2: Dry weight (g plant™) of shoot and root of maize seedling grown in nutrient
solution depending on molybdenum treatments (0; 0.07; 0.7; 7 uM)

Mo-treatment Dry weight of maize (g plant?)
(nM) Shoot Root
0 0.2785+0.01022 0.1291+0.00682
0.07 0.2568+0.0279% 0.1120+0.0127%
0.7 0.2429+0.0169% 0.1238+0.0025%
7 0.2211+0.0200° 0.1078+0.0096°

The values with different alphabetical index are significantly (P<0.05) different
whithin the individual columns. n=3+s.e.

In the case of the sunflower | found that the positive effect of molybdenum on the

shoot’s mass gain was revealed even in the smallest molybdenum treatment (Table 3).

Table 3: Dry weight (g plant?) of shoot and root of sunflower seedling grown in
nutrient solution depending on molybdenum treatments (0; 0.07; 0.7; 7 uM)

Mo-treatment Dry weight of sunflower (g plant?)
(1M) Shoot Root
0 0.2032+0.00112 0.2097+0.00612
0.07 0.2621+0.0059" 0.2120+0.01672
0.7 0.2799+0.0102° 0.2208+0.00252
7 0.2619+0.0100" 0.1707+0.0218"

The values with different alphabetical index are significantly (P<0.05) different
whithin the individual columns. n=3xs.e.

The dry mass of shoot increased by nearly 30% compared to the control. In the case of
the sunflower root, however, the 0.07 and 0.7 uM Mo-treatments did not have a
significant effect on the dry weight content of the root. Only the largest treatment
resulted in significant difference compared to the control.

Analysing the Mo content of the shoot and root of the maize seedling I established that

the Mo concentration of maize plants cultivated with nutrients with no molybdenum
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was relatively low showing the original molybdenum content of seedlings. However,
the plant’s molybdenum uptake increased due to the Mo treatments, I could only show
significant difference in the shoot but not between the control and the 0.07 Mo
treatments. The largest Mo accumulation both in the sprout and the root was caused by
the 7 uM Mo treatment. I noted a concentration increase of more than eight times in the
sprout and more than eleven times in the root compared to the control treatment.

The molybdenum accumulated by the sunflower exceeded the concentration values
established in case of the maize in each treatments. For example, in the case of the 7 uM
Mo-treatment the Mo concentration measured in the sunflower’s shoot and root was
more than twice the values measured in the maize.

In the hydroponic experiment the Mo-treatments with increasing concentration
primarily influenced the uptake of P and S from among the measured macroelements.
Due to the applied molybdenum the phosphorus concentration of maize seedlings
slightly increased but only in the root upon the application of 0.7 uM Mo-treatment did
I note a significant increase compared to the control. In the case of sunflower seedlings
also the 0.7 uM Mo treatment resulted in a statistically demonstrable increase in the P’s
concentration relative to the control but it is an interesting difference between the two
plants of examination that the P concentration of the sunflower shoot decreased during
the smallest Mo treatment compared to the control.

Analysing the results of the sulphur content of plant samples | established that the P
concentration of the sunflower shoot decreased due to the Mo treatment, but the S
content significantly increased in the maize shoot due to the 0.7 and 7 uM Mo
treatments.

In addition to the changes in the macroelement content of test plants | also investigated
what effects the certain treatments had on the microelement uptake of the experimental
plants. | summarized my results in Tables 4 and 5.

| established that the Zn, Mn and B concentration of the two experimental plants
similarly change as the concentration of these elements due to the treatments increased

in the plant’s shoot compared to the control.



Table 4: Microelement content (mg kg*) of shoot and root of maize seedling grown in
nutrient solution depending on molybdenum treatments (0; 0.07; 0.7; 7 uM)

Mo- Fe (mg kg?) Cu(mgkg?) Zn(mgkg?') Mn(mgkg?) B (mgkg?)
treatment

Shoot of maize

M)

0 60.9+6.42 14.3+0.7 75.8+1.72 65.8+3.82  6.42+0.307
0.07 57.0£10.4%  13.2+1.22 88.7+2.5° 66.6£0.1*  8.71+1.70°
0.7 58.3+1.6 13.240.32 100-+8° 70.2+11.52  8.70+0.07°

7 72.2425.52 13.5+0.32 91.8+1.8° 93.743.8°  9.23+0.15"

Root of maize

0 167+142 55.4+10.020  84.1+6.82 180192 2.85+0.15°
0.07 303+65° 43.0+7.2% 128+1° 1734182 4.41+0.58"
0.7 331+38° 41.4+1.1° 127+7° 176+52 3.96+0.69"

7 1874262 25.545.4° 119+6° 1514282 5.62+0.59°

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. n=34s.e.

Table 5: Microelement content (mg kg™*) of shoot and root of sunflower seedling grown
in nutrient solution depending on molybdenum treatments (0; 0.07; 0.7; 7 uM)

Mo- Fe (mg kg?) Cu(mgkg?) Zn(mgkg?) Mn(mgkg?) B (mgkg?)
treatment

Shoot of sunflower

(uM)
0 240+162 18.9+6.82 48.1+1.62  36.0+10.6% 15.7+4.22
0.07 80.1£15.0°  11.9+0.4% 64.0+0.5° 54.7+6.5° 21.6+1.2°
0.7 79.1+£22.0° 9.40+£3.50°  70.0+6.6° 60.5+6.5" 22.6+2.7°
7 115+2¢ 9.00+0.80°  53.9+6.22 53.54+0.5° 23.240.6°

Root of sunflower

0 284+76% 17.340.42 39.6+2.42 32.345.0° 13.4+1.32
0.07 355+39P 16.0+2.12 44 8+1.4° 28.4+5.12 13.1+1.12
0.7 293+45% 24.140.2° 67.8£0.3°  31.7+16.92 13.5+0.12
7 238+142 19.6+0.9° 55.1+3.7¢ 22.243.02 12.6+0.22

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. n=3+s.e.

However, I noted a difference in the seedlings’ change of Fe and Cu content. For
example, in case of the maize sprout I found that the nutrient’s Mo content had no
statistically verifiable effect on the Fe and Cu concentration, while in the case of the
sunflower shoot | showed significant decrease in both microelements in relation to the
control. In addition, | established that the 0.07 and 0.7 uM Mo-treatments increased the
Fe concentration in the root of maize, while they did not cause demonstrable difference
in the Fe content of sunflower root. Besides, in the root of maize the 0.7 and 7 uM Mo-

treatments reduced, while in the case of sunflower they increased the Cu concentration.



Within the scope of my research work 1 also investigated how the Mo-treatments with
increasing concentration influenced the NOs-N and NHs-N concentration of certain
plant parts of the experimental plants (Tables 6-7).

Table 6: Nitrate- (NO3-N) and ammonium-nitrogen (NHs-N) concentration (mg kg*) of
shoot and root of maize seedling grown in nutrient solution depending on molybdenum
treatments (0; 0.07; 0.7; 7 uM)

Mo-treatment NOs-N (mg kg?) NHs-N (mg kg?)

(uM) Shoot of maize
0 215345532 1112455
0.07 1730+782 1992+142
0.7 3939:+£1427° 160%+39
7 1772+1086% 124242
Root of maize
0 4407+1802 703+842
0.07 461142212 914423
0.7 4934+8202 534+6°
7 505511092 1075+125¢

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.

Table 7: Nitrate- (NOs-N) and ammonium-nitrogen (NHs-N) concentration (mg kg?) of
shoot and root of sunflower seedling grown in nutrient solution depending on
molybdenum treatments (0; 0.07; 0.7; 7 uM)

Mo-treatment NOz-N (mg kg?) NHs-N (mg kg?t)

(uM) Shoot of sunflower
0 2146+1232 433+282
0.07 996+263P 507+372
0.7 1264+288P 35342202
7 1324+365° 134+45°

Root of sunflower
0 2575+1752 424+1172
0.07 3064+8902 469+242
0.7 3161+10172 645+47"
7 2651+8742 42.6+6.7°

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.



As the Tables 6 and 7 show, no statistically verifiable reduction in NO3-N concentration
could have detected in case of Mo-treatments of maize seedlings compared to the
control in case of hydroponic experiment; while 0.07, 0.7 and 7 uM Mo-treatments
resulted significantly decrease in NOs-N content in shoots compared to the control in case

of sunflower.

3.2. The results of rhizobox experiments

I summarized the dry mass results of the maize seedlings’ shoots and roots treated with

molybdenum with increasing concentration in Table 8.

Table 8: Dry weight (g plant™) of shoot and root of maize seedling grown in rhizoboxes
depending on molybdenum treatments (0, 30, 90, 270 mg kg™?)

Mo-treatment Dry weight of maize (g plant?)
(mg kg?) Shoot Root

0 0.0238+0.0034% 0.0400+0.00982

30 0.0267+0.0046"° 0.0394+0.01032

90 0.0308+0.0083¢ 0.0374+0.0120°2

270 0.0210+0.0049? 0.0305+0.0069°

The values with different alphabetical index are significantly (P<0.05) different
whithin the individual columns. n=3+s.e.

It can be well seen based on the results of the table that the 90 mg kg™ Mo-treatment
had a favourable effect on the dry matter product of the shoot, but it had no significant
effect on the root’s dry matter product. However, the largest Mo-treatment hindered the
shoot’s development. The mass of roots decreased by 24% in relation to the control.

The dry mass results of the sunflower seedlings’ shoot and root are included in Table 9.

Table 9: Dry weight (g plant?) of shoot and root of sunflower seedling grown in
rhizoboxes depending on molybdenum treatments (0, 30, 90, 270 mg kg™t)

Mo-treatment Dry weight of sunflower (g plant?)
(mg kg?) Shoot Root
0 0.0531+0.01122 0.0201+0.0069?
30 0.0608+0.0086" 0.0255+0.0053"
90 0.0379+0.0088°¢ 0.0156+0.0046°
270 0.0347+0.0058¢ 0.0115+0.0028¢

The values with different alphabetical index are significantly (P<0.05) different
whithin the individual columns. n=3+s.e.
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| found that the 30 mg kg™ Mo-treatment had a positive effect on the dry matter product
of both the shoot and the root. In the case of the shoot, | showed a 14.5%, in the case of
the root | showed a 26% increase compared to the control. In contrast, the 90 and 270
mg kg treatments prevented the mass growth of the shoot and the root. In the largest
treatment | noted a 35% decrease in case of the shoot and 43% decrease in case of the
root in relation to the control.

Analysing the Mo concentration results of maize plants | established that due to the Mo-
treatments the Mo concentration of shoots and roots significantly increased but I always
measured a larger concentration in the root in each treatment. In the case of the 30 and
90 mg kg Mo-treatments, the Mo concentration of the root was nearly twice, in the
case of the 270 mg kg* Mo-treatment it was treble of the shoot’s Mo concentration. The
reaction of the sunflower seedlings to the Mo-treatments was slightly different as that of
the maize. The Mo concentration of shoots and roots increased due to the treatments but
the measured concentrations considerably exceeded the values measured in maize. In
addition, | established that the 270 mg kg! Mo-treatment slightly prevented its
molybdenum uptake.

| summarized the macroelement content of the maize seedlings’ shoots and roots in
Table 10.

Table 10: Macroelement content (mg kg™) of shoot and root of maize seedling grown in
rhizoboxes depending on molybdenum treatments (0, 30, 90, 270 mg kg™)

Mo-treatment P (mg kgt) S (mg kg?)
(mg kgt) Shoot of maize

0 968442422 3567+382

30 12210+£1025° 3426+1272

90 8619+108% 2830475

270 7519+42¢ 2814+16P
Root of maize

0 5543+9002 152142462

30 8856+247" 2163+105°

90 6045+4512 2263+52°

270 4341+140° 2025428

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.

In the case of maize, | found that the 30 mg kg Mo-treatment increased significantly P
concentration in shoots and roots but the largest treatment prevented the infiltration of
P. Based on Table 10 it can be established that Mo affected the uptake of S too: due to
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the treatment, the shoot’s S concentration decreased while in the root I was able to show
significant increase in all Mo-treatments compared to the control.

The macroelement content of the sunflower seedlings’ shoot and root is shown in

Table 11.

Table 11: Macroelement content (mg kg™) of shoot and root of sunflower seedling
grown in rhizoboxes depending on molybdenum treatments (0, 30, 90, 270 mg kg™?)

Mo-treatment P (mg kg?) S (mg kg?)
(mg kgt) Shoot of sunflower

0 6862+810? 3708+1482

30 74866932 4377+133P

90 9196+302° 4051+81%

270 8999+96° 2975+88°¢
Root of sunflower

0 5811+101°2 25654252

30 6023+6532 253241682

90 5583+31°2 1675+13°

270 1765+282P 1204+14°

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.

Compared to the control the P concentration of shoot is increased, but | saw a regression
in the root due to the 270 mg kg™ Mo-treatment in its P concentration which could be
verifiable statistically. In the case of sulphur | showed a significant increase in the shoot
due to the 30 mg kg Mo-treatment but the largest treatment reduced significantly the S
content in both parts of the plant.

The microelement content of maize and sunflower seedlings cultivated in rhizobox is
included in Tables 12 and 13. Based on the tables it can be established that the
treatments enhanced the uptake of Fe and Mn, but they a small effect on the Cu and Zn
concentration. In addition, it can be seen that the root’s B concentration reduced

because of the treatments.
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Table 12: Microelement content (mg kg™*) of shoot and root of maize seedling grown in
rhizoboxes depending on molybdenum treatments (0, 30, 90, 270 mg kg™t)

Mo- Fe (mg kg?) Cu(mgkg?) Zn(mgkg?') Mn(mgkg?) B (mgkg?)
treatment

Shoot of maize

(mg kg?)

0 66.3+4.32  5.82+0.33%  78.4+3.52 47.7+1.72 11.1+0.62
30 121+19P 5.93+0.572  82.7+4.4% 54.3+0.8° 10.8+0.6%
90 146443¢ 5.33+0.06°  67.3+2.7° 49.4+0.3? 11.2+0.12
270 1794+22°¢ 5.08+0.082  87.9+4.9° 42.8+0.2° 11.940.52

Root of maize

0 1763532 4.94+054°  24.1+3.9 41.4+0.3%  6.59+0.43?
30 2143+197°  5.61+0.39°  33.0+1.22 52.740.2°  6.27+1.64%
90 2198+70° 7.27+0.36°  48.9+11.8° 57.3+0.2¢ 2.33+1.02°
270 1959+146%  7.36+0.83° 35.34+0.8% 62.7+0.8¢ 1.57+0.35P

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. n=3+s.e.

Table 13: Microelement content (mg kg™) of shoot and root of sunflower seedling
grown in rhizoboxes depending on molybdenum treatments (0, 30, 90, 270 mg kg™)

Mo- Fe (mg kg?) Cu(mgkg?) Zn(mgkg?) Mn(mgkg?!) B (mgkg?)
treatment
(mg kg™ Shoot of sunflower
0 31.9+1.12 26.4+1.5% 10922 94.1+0.82 23.0+0.22
30 56.3+0.2° 24.0+1.5? 117+5° 100+3° 20.7+0.82
90 63.1+8.3° 27.8+1.3% 99.1+2.72 08.8+1.7° 19.8+2.12
270 33.8+7.6% 30.0+0.4¢ 88.1+6.7¢ 50.4+1.3¢ 14.5+2.1°
Root of sunflower
0 5672+602 37.2+1.92 65.9+3.32 180+182 13.7+1.42
30 49174262 37.443.4%  57.0+£3.0% 13348 15.0+1.0?
90 5351£105%  35.5+1.92 52.3+0.6% 158+5% 9.8142.39P
270 3193+56P 29.1+3.1° 114+9°¢ 83.0+12.0°  10.1£1.0°

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. n=34s.e.

I summarized the NOs-N and NHs-N concentration results of seedlings in Table 14-15. |
established that in the case of maize shoots all Mo-treatments, while in the case of root
the 30 and 90 mg kg Mo-treatments decreased the NOs-N concentration in a
statistically verifiable way and increased the NHs-N concentration compared to the
control, but Mo-treatments resulted no significant decrease in NOs-N concentration of

shoots and roots in case of sunflower.
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Table 14: Nitrate- (NOs-N) and ammonium-nitrogen (NH4-N) concentration (mg kg™)
of shoot and root of maize seedling grown in rhizoboxes depending on molybdenum
treatments (0, 30, 90, 270 mg kg™?)

Mo-treatment ~ NOz-N (mg kg?) NHas-N (mg kgt)

(mg kg?) Shoot of maize
0 146+12 456428
30 44.7+1.2° 595+5P
90 74.8+0.8° 490+1°
270 13324 539+134
Root of maize
0 163+£32 205+0?
30 41.7+1.2° 213+1P
90 76.6+0.7°¢ 245+]1°¢
270 185+3¢ 206442

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.

Table 15: Nitrate- (NO3-N) and ammonium-nitrogen (NH4-N) concentration (mg kg™)
of shoot and root of sunflower seedling grown in rhizoboxes depending on molybdenum
treatments (0, 30, 90, 270 mg kg™)

Mo-treatment ~ NOs-N (mg kg?) NHas-N (mg kg?)

(mg kg*) Shoot of sunflower
0 55.1+3.22 292+12
30 62.9+0.8° 181420
90 104+2° 806+1°
270 106+6° 1262449
Root of sunflower
0 21.4+1.22 483422
30 20.7+1.72 402+0°
90 53.8+2.8" 773+3¢
270 348+3¢ 1008+13¢

The values with different alphabetical index are significantly (P<0.05)
different whithin the individual columns. n=3+s.e.

3.3. The results of pot experiment

During my results of soil analysis | established that due to the Mo-treatments with
increasing concentration, the total Mo-concentration of soils that can be utilized by the
plants showed a significant increase but | found difference in the soluble Mo

concentration of different types of soils (Table 16).
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Table 16: Total molybdenum and Lakanen-Ervié soluble molybdenum content (mg kg™)
of control and treated soil of Latokép, Pallag and Nyiregyhadza

Mo- Total Mo Lakanen-Ervio B/A
treatment  (mgkg?) (A)  soluble Mo (mg kg?) (B)
(mg kg?) Latokép (pH=6.58)

0 <LOD <LOD -

3 2.96+0.05? 1.67+0.06% 0.564
30 27.3+4.2° 12.140.2° 0.443
90 87.2+2.2° 43.2+1.0° 0.495
270 265+5¢ 141+12¢ 0.532

Pallag (pH=7.14)
0 <LOD <LOD -
30 27.4+2.52 18.440.4° 0.672
270 27242P 169+9°¢ 0.621
Nyiregyhaza (pH=5.09)

0 <LOD 0<LOD -
30 30.2+1.02 8.74+0.20° 0.289
270 281+4° 74.3+2.0° 0.264

The values with different alphabetical index are significantly (P<0.05) different
whithin the individual columns. Abbreviations: LOD=limit of detection. n=3+s.e.

In case of the Nyiregyhaza soil, 26-29%, in case of the Latokép soil, 44-56% while in
case of the Pallag soil, 62-67% of the total molybdenum was available to the plants.
Analysing the molybdenum concentration values of certain layers (1-1 cm) | showed
that the periodical watering of plants resulted in Mo denudation in soils from Pallag and
Latokép. The Mo concentration of the soil of Pallag was between 22.1 and 31.1 mg kg2,
the Mo concentration of the Latokép soil was between 23.4 and 36.7 mg kg™t in the soil
treated with 30 mg kg™ Mo, depending on the soil depth. However, the acidic pH of the
Nyiregyhaza soil prevented the vertical movement of Mo.

The dry mass results of the pot experiment showed that the growth of the green peas
treated with molybdenum is considerably determined by the type, the acidity and other
characteristic of the used soil. In case of Latokép and Nyiregyhéza soil, the 30 mg kg™
Mo-treatment increased significantly the dry matter product of the plant’s vegetative
parts in most cases, but the 270 mg kg™ Mo-treatment hindered the growth of peas.
However, in the case of green peas cultivated in the soil of Pallag the Mo-treatment did
not caused an increase in any dry mass product in any of the phenological phases which
as | see it is the consequence of the extra-high molybdenum accumulation arising from
the soil’s nearly neutral pH value. In addition, I found that the application of the 270 mg
kg Mo-dose not only hindered the growth of peas but also led to the destruction of

plants after the four-node phenological phase.
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During my examinations regarding the element analysis | showed that the Mo-
treatments with increasing concentration increased the Mo accumulation of peas and the
effect of treatment was verifiable in all parts of the peas. We could only show a
significant increase in the vegetative organs between the control and the 3 mg kg™
treatments. Comparing the Mo concentration values of plants cultivated in soils from
Latokép, Pallag and Nyiregyhéaza, it can generally be said that the treated plants
accumulated the most Mo from the soil of Pallag and the least Mo from the soil of
Nyiregyhaza, that is, the results show a close conjunction with the Lakanen-Ervi6’s
soluble Mo content values.

Tables 17-19 display the Mo amount of certain parts of the green peas depending on the

treatments.

Table 17: Mo amount (ug plant™) uptake by green pea plants which were in complete
maturity, grown in the calcareous chernozem soil of Latokép depending on molybdenum
treatments (0, 3, 30, 90, 270 mg kg™)

Mo amount (ug plant™) uptake by green pea plants at complete maturity (ug plant?)

Mo-

treatment Green pea plant grown in soil of Latokép Total Mo-
1 amount
(mgkg™) Leaf Stemn Root Pod Seed
0 1311006425 153016°(30) 0689+005%(13) 060740033 (12) 1.01+0.113(20) 515
3 362087°(25) 472003(33) 08850023*(6)  385:1.00°(27)  1.19+0.08%(8) 14.3
30 M3240(33) 140+120(48)  303+36°(10) 157419 6G)  994:024°(3) 290
P0 251£17°(42)  23749°(40)  500+1.4(@8) B5LTE)  249+05°(4) 596

270 398+169(50) 256+19(32)  710+7.19(9) 302421¢(5)  348+1.0(4) 79

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. The value put in brackets shows percentage of the Mo-amount of the specific plant part and of
the whole plant. n=3+s.e.

Table 18: Mo amount (ug plant™) uptake by green pea plants which were in complete
maturity, grown in the carbonate humus sandy soil of Pallag depending on molybdenum
treatments (0, 30, 270 mg kg™)

Mo amount (ug plant?) uptake by green pea plants at complete maturity (ug plant™)

Mo- .
G -
treatment reen pea plant grown in soil of Pallag Total Mo
) amount
(mgkg?) Leaf Stem Root Pod Seed

0 0786+00073(8) 2.92+0.107(31) 2.11+0.30°(22) 261+0.75%(27) 1.17+0.12%(12) 9.60
30 400+18°(43)  281£14°(30)  138+6°(15)  720£1.20(8)  37.6:09°(4) 928
270 - - - - - -

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. The value put in brackets shows percentage of the Mo-amount of the specific plant part and of
the whole plant. n=3+s.e.
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Table 19: Mo amount (ug plant™) uptake by green pea plants which were in complete
maturity, grown in acidic sandy soil of Nyiregyhdza depending on molybdenum
treatments (0, 30, 270 mg kg™)

Mo amount (ug plant™) uptake by green pea plants at complete maturity (ug plant?)

Mo-

treatment Green pea plant grown in soil of Nyiregyhiza Total Mo-
0 amount
(mgkg") Leaf Stem Root Pod Seed
0 0.346+0.0072(11) 0.693+0.085*(22) 0.230+0.024%(7) 0.381+0.036*(12) 146+0.222(47) 311
30 149+03°(21)  24.1+14°(34)  173+01°(24)  639+151°(9) 880+0.04°(12) 715
270 11842°(29) 98.6+4.4°(24) 123+1¢(30) 289+15°(7) 406+1.2°(10) 398

The values with different alphabetical index are significantly (P<0.05) different whithin the individual
columns. The value put in brackets shows percentage of the Mo-amount of the specific plant part and of
the whole plant. n=3+s.e.

On the basis of the results | established that the distribution of molybdenum in the plant
is considerably determined by the soil’s Mo concentration. If the molybdenum is
present in the soil in high quantities (30-270 mg kg* Mo-treatments), Mo accumulate
mainly in vegetative parts of green pea plant.

Studying the micro- and macroelement reserves of peas | established that my results
sustain the synergistic relationship between Mo and P, and the antagonistic relationship
between Mo and S in most cases. However, | found in some cases that as the result of
the Mo-treatment, the sulphur content of some plant’s parts increased compared to the
control. In addition, | showed that due to the Mo loading, the Zn, Mn and B
concentration of certain parts of the plant is increased, but | noticed a decrease in the Fe
and Cu concentration in most cases compared to the control.

The Mo-treatments had an effect on the different N-forms too. Based on the results of
the experiments | found an unequivocal evidence that the high nitrate level of plants
with adverse health effects can be decreased with appropriate molybdenum supply.
Analysing the NO3-N concentration values of the vegetative parts | established that in
the case of the soil of Latokép the 30 mg kg™ Mo-treatment verifiably decreased the
NOz-N concentration in all parts of the plant, while in the case of the soil of Pallag it
decreased it in the leaf and the root. In the case of the soil of Nyiregyhaza, however, the
270 mg kg treatment resulted in a decrease of NOs-N concentration in the leaf and the
root. Analysing the NO3-N concentration of the generative parts | showed that the
applied Mo-treatments verifiably hindered the NOs-N accumulation in the pea in the
case of the soil of Latokép, Pallag and Nyiregyhdza compared to the control. In
addition, I established that during the use of the soil of Latokép this favourable effect of

the molybdenum could be shown in the smallest, 3 mg kg™* Mo-treatment.
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4. NEW AND NOVEL SCIENTIFIC RESULTS

1. It was proved, that according to the dry mass results of the hydroponic experiment,
the sunflower as a dicotyledon plant is more responsive to the lack of Mo than the
maize (monocotyledon plant). In the case of maize there is no significant difference in
the dry mass product of the control plants and plants cultivated with nutrients containing
0.07 uM (physiological Mo-demand) Mo; but in the case of sunflower the dry mass of
the plant’s shoot cultivated with molybdenum-free nutrients is by 20% less than the

plant treated with 0.07 uM molybdenum.

2. The dry mass results of the maize and the sunflower show that the sunflower as a
dicotyledon plant is more responsive to the high Mo content. In the case of sunflowers,
the 90 mg kg Mo-treatment significantly hinder the dry mass growth, but in the case of
maize a significant decrease in the dry mass product may only be shown due to the 270

mg kg Mo-treatment.

3. It was proved, that there is a considerable difference in the Mo accumulation
capability of maize (monocotyledon plant) and that of the sunflower (dicotyledon
plant). The molybdenum uptake of the sunflower is almost three times more than that is

of the maize in case of same amount of Mo-dose.

4. 1t was proved, that there is a close connection between the acidity of different types
of soil and the Lakanen-Ervi6’s soluble molybdenum quantity. In the case of the soil of
Nyiregyhaza (sour humus sand) with the smallest pH value (pH=5.09) 26-29%, in the
case of the soil of Latokép (calcareous chernozem) (pH=6.58) 44-56%, while in the case
of the soil of Pallag (carbonate humus sand) with the largest pH value (pH=7.14) 62-
67% of the total molybdenum was available to the plants.

5. It was stated, that in the case of green peas which were in complete maturity, grown
in calcareous chernozem soil, the amount of molybdenum concentration has no
significant effect on the dry mass product of the generative organs. In the case of
vegetative organs of green pea plants which were in complete maturity, however, the 30

mg kg Mo-treatment increases the dry mass growth in a statistically verifiable way.
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However, above 30 mg kg Mo-treatment there is a decrease in the dry mass of

vegetative parts, the values are similar to the control results statistically.

6. The distribution of molybdenum in the plant is considerably determined by the soil’s
Mo concentration. If the molybdenum is present in the soil in high quantities (30-270
mg kg™ Mo-treatments), Mo accumulate mainly in vegetative parts of green pea plant.

7. It was proved, that the Mo-treatments with increasing concentration verifiably
prevent the NO3z-N accumulation in the pea compared to the control treatment. In the
case of peas grown in the soil of Pallag | showed a 27%, during the application of
Latokép soil | showed a 34-66%, in the case of soil of Nyiregyhaza I showed a 75-78%

decrease in relation to the control values.
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5.SCIENTIFIC RESULTS FOR PRACTICAL APPLICATION

1. It was stated, that from among the examined macroelements the molybdenum can
encourage the uptake of phosphor, from among the microelements it encouraged the
uptake of zinc, manganese and boron. In the pot experiment the concentration of
phosphorus increased by 2-97%, the concentration of zinc increased by 4-95%, the
concentration of manganese increased by 9-191%, the concentration of boron increased
by 31-364% due to the molybdenum treatments compared to the control. As these
elements play an essential role in the plant metabolism processes, their accumulation

can be considered favourable.

2. Based on the results of my pot experiments | established that there is a considerable
difference in the NOs-N concentration of the vegetative and generative organs. Major
part of NO3z-N accumulated in the vegetative parts of the green peas and they included
only a small part of the generative organs which is greatly favourable in respect of

human feeding.

3. It was demontsrated, that molybdenum treatment can reduce the nitrate-content in
green pea. These results are important with the view of human healthcare, because they
show that we are able to ensure the reduced nitrate content in green pea with appropriate

molybdenum supply.

4. These results made clear that we have to pay more attention to the Mo-supply in case
of sunflower (dicotyledon) than in case of maize (monocotyledon) when cultivating
them on acidic soil, because sunflower is more sensitive to lack of Mo. However, when
determining the Mo-dose we have to consider that sunflower is more sensitive to the
Mo-excess than the maize.
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