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Abstract. Article highlights the results of research of the effect of pre-sowing 

seed treatment with molybdenum nanoparticles solution on the process of germination 

of pea variety NS Moroz and determination of the optimal concentration of 

molybdenum solution, which has an maximal positive effect on growth processes 

during germination. 

The research was conducted in the Educational-Scientific Laboratory 

Demonstration Collection Field of Crops of the Department of Plant Science of the 

National University of Life and Environmental Sciences of Ukraine. Field and 

laboratory experiments were performed according to proven methods. Germination 

energy, germination and measurements of biometric parameters were determined. 

Water solution with molybdenum concentration of 1:100 provided the highest 

seed germination at the level of 99%, which has a positive effect in cultivation of peas, 

so field germination should also increase. The solution with Mo concentration of 1:10 

had a positive effect on the length of the embryonic root of pea. It increased in length 

by 1.9 cm compare to control variant. Highest raw mass was formed by the treatment 

with Mo solution in concentration 1:100. This variant increased raw mass in stem by 

0.06 g and 0.24 g in root system compare to control. 

Key words: pea, Mo nanoparticles, seed treatment, stem, root, raw mass, 

colloidal solution 

 

Actuality. Interest to legume 

cultivation grows in Ukraine nowadays. 

Pea is an important and popular legume 

crop in Ukraine. Main advantage of pea 

cultivation is ability to form high and 

stable yields in a short growing season. 

Growth and development are one of the 

most important agrobiological features 

of crops, which reflects a certain 

interaction of the plant genotype with a 

set of technological techniques and agro-

climatic resources of the growing region. 

Sowing material is the basis of crop 

productivity, which provides 40-45 % in 

the realization of biological potential, 

while cultivation technology provides 

30-35 %, and fertilizers – only 20 %. 

Plant density is necessary point for the 

formation of high yields of peas, which 

is reaches by establishing the appropriate 

seeding rate according weather and soil 

conditions. 
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Precipitation deficit was observed 

in Ukraine in March-April in recent 

years, so provoked continuous air 

drought that connected with soil drought 

in south of Ukraine. The longest and 

most severe rainfall deficit has been 

observed in southern Ukraine since last 

summer, so agrometeorological 

conditions for crop growth and 

development have been assessed as close 

to critical. Seedlings was liquefaction 

and delayed in development, crops were 

in a depressed state, because there was a 

deficit of available moisture in many 

fields. Pea plants can cover these 

nitrogen requirements due to seed 

inoculation and development of nodule 

bacteria in favourable conditions peas. 

Symbiotic nitrogen fixation processes 

can be significantly limited by 

insufficient moisture or low level of soil 

aeration [1, 2]. 

Main indicator of seed quality is the 

laboratory seed germination, that affects 

the field germination, which impact on 

yield [3]. There are a lot of method to 

improve laboratory and field seed 

germination nowadays, but each variety 

has an individual sensitivity to them [4].  

Analysis last research and 

publications. Pea plants need the 

optimal ratio of moisture, heat, and 

nutrients since seed germination. Peas 

need a lot of moisture, especially during 

germination. This is 100-110 % of water 

by seed weight, transpiration coefficient 

of 400-600 

Pre-sowing seed treatment with 

different materials can have a positive 

effect on seed germination and 

vegetation plants [5–9]. Plant 

productivity is improved by increasing 

the number of pods, seeds, seed weight 

per plant, and seed yield. Chemical, 

biological, physical factors influencing 

the condition of seeds to stimulate 

physiological processes of germination 

and development have different 

principles of action [8]. Pre-sowing seed 

treatments with solutions of nanometals 

help to increase crop yields to 20-35 %. 

In addition, there is an increase in the 

adaptation of plants to stressors during 

the growing season and improve the 

quality of agricultural products. 

Nanometals affect plants at the cellular 

level, increase the efficiency of 

processes in plants and participate in the 

formation of micronutrient balance 

[9,10]. The study of the positive 

properties of nanometals is carried out 

simultaneously with the detection of 

negative effects and prevention of risks 

from their use [11]. 

Aim of our research was to identify 

factors that have an inhibitory effect on 

the growth processes of peas and to 

determine the optimal concentration of 

nanomoliblen and to establish early 

symptoms of the negative effects of 

colloidal molybdenum solution on 

plants. 

Methods. Laboratory research was 

conducted in the Educational-Scientific 

Laboratory “Analytical research in plant 

science” of the Department of Plant 

Science of the National University of 

Life and Environmental Sciences of 
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Ukraine. Objects of research are water 

solution of Mo-nanoparticles with 

different concentration. There are 5 

variants: control without Mo-

nanoparticles, Mo solution 1:1, Mo 

solution 1:10, Mo solution 1:100, Mo 

solution 1:1000 was researched. 

Research was conducted on pea variety 

NS Moroz. 

Effect of Mo-nanoparticles 

solutions on germination, germination 

energy, root and stem length, raw mass 

of seedlings was determined. Laboratory 

germination is determined according to 

DSTU 4138-2002 "Seeds of agricultural 

crops".  Germination energy was 

determined on the 5th day, germination - 

on the 8th day. Biometric measurements 

were performed on the 8th day. 

Results. Peas develop slowly at the 

beginning of the growing season, the 

root system is still poorly developed, and 

pre-sowing seed treatment with 

micronutrients is essential way to 

improve peas adaptivity. Requirements 

for nutrients in peas is highest in the 

early stages of development. 

Molybdenum plays an important role in 

the formation of high yields of peas. It 

improves nitrogen metabolism in plants, 

participates in protein formation, 

enhances photosynthesis and nitrogen 

fixation. Molybdenum becomes non-

available in soil solution on acid soils 

(pH <5.5), so foliar application is 

recommended. Availability of Mo in 

Mo-nanoparticles solution does not 

depend on soil pH. 

Concentration of molybdenum in 

the solution had a significant effect on 

laboratory seed germination and energy 

of germination of peas. Variant without 

Mo-nanoparticles solution was 

characterized by germination energy at 

83%, but molybdenum treatment 

increased to 86–90 % depend on 

concentration. Water solution of 

molybdenum with concentration 1:100 

provided highest germination energy at 

90 %, but higher concentration had a 

lesser effect (fig. 1). 

Laboratory germination of pea 

seeds was 92 % in the control variant, but 

seed treatment by Mo-nanoparticles 

solution with a concentration 1: 100 

increased germination to 99 %. Relation 

between germination and concentration 

of Mo-nanoparticles in water solution is 

non-linear. Most effective variant is seed 

treatment by Mo-nanoparticles solution 

with concentration 1:100, so increasing 

the concentration decrease germination 

and energy of germination in peas. It 

should be noted that Mo-nanoparticles 

solutions are toxic to nodule bacteria. 
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Fig. 1. Energy of germination and laboratory germination of pea depend on 

concentration of Mo-nanoparticles solution, %  

Seed treatment with Mo-

nanoparticles solution influenced growth 

intensity and biometric parameters of pea 

seedlings, respectively, the ratio of stem 

to root in the control was 1:1.71. Seed 

treatment in concentration of 1:1 gives the 

ratio of 1:1.56; in variant with a 

concentration of 1:10 it was 1: 1.77; in a 

variant with a concentration of 1:100 it 

was 1:1.38; in the variant with a 

concentration of 1:1000 was 1:1.34 

(fig. 2). 

 
Different superscripts denote statistical significance at p ≤ 0.05  

Fig. 2. Length of root and stem of peas depend on concentration of Mo-

nanoparticles solution, cm  
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Research showed that the seed 

treatment with Mo-nanoparticles 

solution did not have an inhibitory effect 

in the early stages of growth, regardless 

of its concentration, as the length of the 

stem and root in the treated variants 

exceeded the control variant. It was 

found when analyzing the ratio of stem 

and root, the largest gap between them in 

the Mo2 variant with a subsequent 

decrease in concentration decreases to 

1:1.34 ± 1.38. 

Raw mass of seedlings increased 

significantly regardless of the 

concentration of Mo-nanoparticles 

compared to control. Raw mass of roots 

was 0.43-0.52 g by treatment of Mo-

nanoparticles solution, and stem was 

0.16-0.20 g (fig. 3). 

 
Figure 3. Raw mass of seedlings depends on concentration of Mo-

nanoparticles, g 

 

Positive effect on the linear growth 

of root system and stem was found. Seed 

treatment with Mo-nanoparticles 

solution had a positive effect on root 

growth in the initial stages of pea 

development. Greatest root length and 

raw mass were obtained at a 

concentration of Mo-nanoparticles 

solution 1:10. The positive effect of Mo-

nanoparticles solution concentrations of 

1:100 and 1:1000 was also established, 

the obtained data exceed the control 

variant and require more detailed 

research. 

Conclusions. Conducted research 

and analysis of obtain results have few 

key points: 

1. Pre-sowing treatment by 

Mo-nanoparticles solution stimulates 

seed germination in peas. Seed treatment 

by solution in concentration 1:10 and 

less had a positive effect on seed 

germination and its energy.  
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2. Most effective 

concentration to give a maximum seed 

germination is 1:10 Mo-nanoparticles.  

3. Seed treatment with Mo-

nanoparticles solution had a positive 

effect on root length, raw mass, and 

seedling length. Mo solution in 

concentration 1:10 increased root length 

on 1.9 cm and stem length on 1.0 cm 

compare to control. Its effect on the raw 

mass was manifested in an increase of 

0.06 g of stem and 0.24 g of root 

compared to control. 
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ПРОЦЕС ПРОРОСТАННЯ НАСІННЯ ГОРОХУ ЗА ОБРОБКИ 

НАСІННЯ  НАНОРОЗЧИНОМ МОЛІБДЕНУ 

Л. М. Гончар, Б. О. Мазуренко, О. В. Пономаренко 

 

Анотація. У статті висвітлено результати досліджень щодо впливу 

передпосівної обробки насіння нанорозчином молібдену на процес проростання 

гороху сорту НС Мороз та визначення оптимальної концентрації 

наномолібдену, яка має ефективний вплив на ростові процеси під час 

проростання. 

Дослідження проводили на дослідному полі навчально-наукової лабораторії 

«Демонстраційне колекційне поле сільськогосподарських культур» 

Національного університету біоресурсів і природокористування України. 

Польові та лабораторні досліди виконувалися згідно апробованих методик. 

Проводили визначення енергії проростання, схожості та заміри біометричних 

показників. 
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Концентрація молібдену 1:100 найвищу схожість насіння 99 %, що має 

позитивний вплив у подальшому вирощувані гороху. Так, як із збільшення 

лабораторної схожості зростає і польова, що веде до формування оптимальної 

густоти гороху. Найбільша довжина кореня була за концентрацією Мо 1:10 

збільшилась на 1,9 см порівняно з контролем та незначне збільшення довжини 

стебла на 1,0 см. Встановлено, що найбільша вегетативна маса була 

сформована за концентрації 1:10 колоїдного розчину молібдену,  збільшення 

надземної маси на 0,06 г та кореневої системи на 0,24 г порівняно з контролем. 

Ключові слова: горох, наномолібден, обробка насіння, стебло, коріння, сира 

маса, колоїдний розчин 
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