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Abstract: The introduction of organic, alternative crops such as Pisum sativum can be seen as a
contribution to the development of more sustainable agricultural practices worldwide. The present research
aimed to study the grain productivity, stability and nutritional value of Pisum sativum under the use (alone
and combined) of organic products (foliar nanofertilizers /Lithovit, Nagro/ and insecticides /Madex, Agricol/).
The controls were two: 1) untreated control and 2) variants with conventional cultivation using synthetic
preparations (foliar fertilizer Kristalon and insecticide Proteus 110 OD). A randomized block design with three
replications was used. The results showed that the treatment with organic products increased the grain yield
(by 7.8 to 32.8%) and the protein content (by 1.7 to 10.5%), and decreased the crude fiber content (by 14.7
to 49.1%) compared to the untreated control. The combination of Lithovit+tMadex was distinguished by
significantly higher productivity compared to a synthetic combination (fertilizer Kristalon+ insecticide Proteus
OD 110). The treatment with Agricoll and its combinations (Nagro+Agricoll, Lithovit+Agricoll) had a
particularly favorable effect on the seed biochemical composition. The mixed use of organic products
resulted in very well-expressed manifestations of subadditive type of synergism. The complex evaluation in
terms of stability parameters (criterion of stability YSi, stability variance oi2 and ecovalence Wi) determined

Nagro + Madex and Lithovite + Madex as stable combinations.
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INTRODUCTION

Organic farming can be defined as a form of
farming that uses sustainable natural resources and
strategies such as the application of organic fertilizers,
biological pest control, and crop rotations. It uses
natural fertilizers and plant protection products that
differs it from traditional conventional agriculture,
which applies synthetic fertilizers, growth regulators
and pesticides as an increasing yield means (Epule et
al., 2015). Compared to conventional agriculture, it is
more efficient in using non-renewable energy,
maintaining or improving soil quality, and has a less
harmful impact on water quality and biodiversity
(Clark, 2020).

Measured in land area, number of farms or product
sales, organic farming marks stunning growth over the
past few decades (Lockeretz, 2007; Clark, 2020). The
reason is the increased societal interest in
environmental protection and healthy nutrition (Clark,
2020). Prior to the 1980s, the organic farms number
was “negligible”, according to Lockeretz (2007) in
Organic Farming: An International History. Today, the
organic farms occupy 1% or slightly more of the total
agricultural area and significantly more in many
developed countries (Reganold & Wachter, 2016;
Meemken & Qaim, 2018; Willer et al., 2020). Sales of
organic products reach USD 55 billion in the United
States (Organic Trade Association, 2020) and USD 100
billion globally (Willer et al., 2020). This surge is
largely due to a societal desire to limit the
environmental damage caused by agriculture and to

consume ‘“healthy, high-quality foods” (Lockeretz,
2007).

Legumes are defined as critical species in organic
production systems because they fix and use their own
N and supply it back to the soil from biomass after
harvesting at a rate of 40 million tons per year (Seufert
et al., 2012; Udvardi and Poole, 2013). According to
Powers & Thavarajah (2019), the introduction of
organic, alternative crops such as field pea (Pisum
sativum L.), rich in nutrients, can be seen as a
contribution to the development of more sustainable
agricultural practices worldwide. Field pea is one of the
oldest domesticated species (Malcolmson et al., 2014).
It is valued primarily for its high protein content
combined with important minerals, vitamins (Ceyhan
& Avci, 2005) and bioactive compounds (Ma, Boye &
Hu, 2017). Starch and protein contents are usually in
the range between 30 and 50% and 20-25%,
respectively (Shi et al., 2014). Pea protein is a
relatively new type of plant protein, and it is used as a
functional ingredient in the global food and feed
industry (Lu et al., 2020).

The aim of the present research was to study the
grain productivity, stability and nutritional value of
Pisum sativum under the use (alone and combined) of
organic products.

MATERIAL AND METHODS

The field experiment was conducted in the Institute
of Forage Crops (Pleven, Bulgaria) during the period of
2015 to 2017. Sowing was done in March at a rate of
120 seeds/m2 (Pleven 4 variety). Pleven 4 is Bulgarian

*Correspondence: Natalia Georgieva, Institute of Forage Crops, Pleven, 5800, Agricultural Academy, Bulgaria, email:

imnatalia@abv.bg



Georgieva N., Butnariu M., Delchev G.

variety of spring fodder peas. The plants are medium
tall (80-120 cm) and well leafy. The mass of 1000
seeds varies from 190 to 200 g. It is characterized by
relatively good resistance to economically important
diseases and pests. It is used for green biomass and
grain. The trial was situated on an area for organic
production, with a 2-year conversion period. Eight

<

(foliar fertilizers and bioinsecticides). Insecticide
treatment is a mandatory technological element in field
pea cultivation in Pleven region due to the high
population density of Bruchus pisorum. Organic
nanoproducts (Lithovit, Nagro), containing a complex
of nutrients, were used as foliar fertilizers (Table 1).
Organic insecticides (Madex, Agricoll) were based on

variants of organicl production were studied, with granular  virus and  natural  polysaccharides.
alone and combined application of organic products
Table 1.
Characteristic of used products
Products Composition Producer
Organic production
Lithovit 79.19% CaCO0g3, 4.62% MgCO3, 1.31% Fe, 0.33% N, 0.01% P, 0.005% ZeoVITA,
Zn, 0.014% Mn, 0.002% Cu, 11.41% SiO » Germany
humic acids — 5.6 g/l; fulvic acids — 2.07 g/I; N — 0.28 g/l;
Nagro P —0.226 g/l; K- 3.073 g/l; trace elements (Mg, Co, Mn, Zn, Fe, Cu, Mo, BioPlant, Russia
B, Ca, Se) — 1900 mg/|
M 2% granular virus with a titer of 6x10 granules + microparticles from the Andermatt-Biocontrol,
adex f -
larvae of the apple fruitworm and water Switzerland
. . - Biopol Natural,
Agricoll polysaccharide of plant origin Netherlands
Conventional production
N - 18% (ammonium nitrogen — 3.3%; nitrate nitrogen — 4.9%; amide
nitrogen — 9.8%)
o/ - 0/ -
Kristalon Pl\zzz/i\jﬂz/oﬂ-ss/f/;;Ks/ o Nu3 BV, Holand
trace elements: B - 0.025%; Fe - 0.070%; Mn - 0.040%;
Cu - 0.010%; Mo - 0.0004%; Zn - 0.025%
Proteus OD 110 thiacloprid 100 g/I; deltametrin 10 g/l BayerGC'rOpSC'ence’
ermany

The controls were two: 1) untreated control and 2)
variants with conventional cultivation using synthetic
preparations (foliar fertilizer Kristalon and insecticide
Proteus 110 OD). These variants were situated in an
area with conventional production. At the time of
experiment performance, Kristalon and Proteus 110
OD were one of the most frequently applied synthetic
preparations in conventional production of field crops.
Therefore, they were used as a second control.

The two-factor field experiment was carried out by
a randomized block design: (i) factor A, years,
including the three years of the research (al, 2015; a2,
2016; a3, 2017); (ii) factor B, products and mixtures
between them, including 12 levels (B untreated
control; B, Lithovit 2000 g/ha; B3 Nagro 500 ml/ha; B4
Madex 600 ml/ha; Bs Agricoll 1000 ml/ha; Bs Lithovit
2000 g/ha + Madex 600 ml/ha; B7 Lithovit 2000 g/ha +
Agricoll 1000 ml/ha; B3 Nagro 600 ml/ha + Madex 600
ml/ha; By Nagro 600 ml/ha + Agricoll 1000 ml/ha; Bio
Kristalon 2000 g/ha; B1; Proteus 110 OD 600 ml/ha; Bi»
Kristalon 2000 g/ha + Proteus 600 ml/ha). The plot size
was 10 m? with three replications. All products were
applied twice, at budding and at flowering stages. The
grain chemical composition of was determined as
follows: crude protein (CP) — by Keldahl method,
crude fiber (CF) by Weende method, phoshorus (P) —
colorimetrically, by the hydroquinone method and
calcium (Ca) — complexometrically.

In order to characterize representativeness and
significant influence of the grain yield a statistical
estimation was made by the analysis of variance

(Barov, 1982). The programme ANOVA123 was used
for calculation in the analysis of variance. The
parameters of stability for grain yield were calculated
(variances of stability oi* and Si? /Shukla, 1972/ and
ecovalence W; /Wrickle, 1962/). The value of each
variant was presented through the criterion of stability
(Ysi) of Kang (1993), simultaneously recording the
worth of the indicator and the stability of the variant.
The value of this criterion consisted in the fact that
through the use of nonparametric methods and
statistical significance of the differences, we obtained a
generalized assessment arranging the variants in a
descending order according to their value. The
programme Stable of Louisiana State University
Agricultural Center, Baton Rouge, USA (1993) was
used to calculate these parameters. All data were
statistically processed with the software product
Statgraphics Plus for Windows Version 2.1.

RESULTS

The study period was characterized with different
meteorological conditions. The vegetation period
(March—July) of 2017 had the most favorable
conditions for the pea growth and development: an
average daily temperature of 17.3°C and rainfall sum
of 439 mm. The experimental years 2015 and 2016
were distinguished by lower sums of rainfall (on
average 39%) and almost the same average daily
temperature (17.2 °C).

When applied alone, the organic nanofertilizers
Lithovit and Nagro led to a high and significant yield
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increase by 23.1 and 19.3%, respectively, as against the their mechanism of action (contact), while Proteus is a
untreated control (Figure 1). The excess compared to broad-spectrum insecticide with systemic and contact
the second control (treatment with the synthetic action.
fertilizer Kristalon) was 4.3%, with a significant The mixed use of organic products has resulted in
difference for Lithovit. The alone application of very well-expressed manifestations of subadditive type
bioinsecticides Madex and Agricol, thanks to their synergism, with an increase in yield by 23.8 to 32.1%.
protective action against pests, also created conditions The combinations of Lithovit and Nagro significantly
for improving field pea productivity by 12.7 and 7.8%, exceeded the productivity in alone use of the
respectively. In contrast to the high positive effect of corresponding  product. As a  comparative
Litovit and Nagro, exceeding that of Kristalon, the characteristic, it can indicated that one of the organic
effect of bioinsecticides in terms of productivity was combinations (Lithovit+tMadex) exceeded the yield of
less pronounced than that of the synthetic insecticide the synthetic combination Kristalon+Proteus with
Proteus 110 OD (18.1%). It should be noted, however, mathematically significant difference. The differences
the higher effect of the application of Madex, which in the remaining three organic combinations (compared
approximates to the action of Proteus 110 OD. The low to the synthetic combination) were negligible and
effectiveness of bioinsecticides can be explained by statistically insignificant.
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Fig. 1. Grain productivity in Pisum sativum under influence of organic and synthetic products. 1. Control 2.
Lithovit 3. Nagro 4. Madex 5. Agricoll 6. Lithovit+tMadex 7. Lithovit+Agricoll 8. Nagro+Madex 9. Nagro+Agricolle
10. Kristalon 11. Proteus OD 110 12. Kristalon+Proteus OD 110. a, b, ¢, d ...... values followed by different
letters are significantly different at p < 0.05.
The data analysis regarding 1000 seeds mass weight (150.82 g). There were no significant
showed significant differences between the control differences between most organic mixers, as well as
plants and those treated with different products between alone and combined applications of the

(organic and synthetic) and their combinations (Figure fertilizers.
2). The combination of Lithovit+Madex had the highest
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Fig. 2. Mass of 1000 seeds in Pisum sativum under influence of organic and synthetic products. 1. Control 2.
Lithovit 3. Nagro 4. Madex 5. Agricoll 6. Lithovit+Madex 7. Lithovit+Agricoll 8. Nagro+Madex 9. Nagro+Agricolle
10. Kristalon 11. Proteus OD 110 12. Kristalon+Proteus OD 110.
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By the analysis of variance in terms of the grain
yield it was found that the years had the strongest
influence on this indicator — 66.8% of the total
variation (Table 2). This is due to the unequal response
of the variants to the environmental conditions change.
The strength of influence of the preparations, although
less pronounced, was considerable - 27.5%. The
influence of the years and products was very well

<

demonstrated at a level of probability p<0.01.There
was a weak but significant interaction of the products
and tank mixtures among them with the year conditions
(AxB) - 1.1% at a level of probability level p<0.5. The
weak interaction showed that the year conditions had
little influence on their action regarding the pea grain
yield.

Table 2.
Analysis of variance for grain productivity in Pisum sativum
Source Degrees of Sum of Influence of Mean F
L o o -count P-value
of variation freedom squares factor, % square
Total 107 9291712 100 - - -
Blocks 2 1088 0.1 544.0 0.1 n.s.
Varinants 35 8872544 95.4 253501.3 424 il
Factor A - years 2 6223792 66.8 3112400.0 521.1 il
Factor B - products 11 2553792 27.5 232162.9 38.9 el
AxB 22 93952 1.1 4270.3 0.7 *
Error 70 418080 4.5 5972.6 - -
*p<0.5 **p<0.1  ***p=<0.01

On the basisi of the significant AXB interaction, the
stability of manifestations of each variant with respect
to the years was estimated (Table 3). The variances of
stability (ci? and Si?) of Shukla (1972), the ecovalence
(W1i) of Wricke (1962) and the stability criterion (Y Si)
of Kang (1993) were calculated. The results showed
that the foliar fertilizer Nagro and the insecticides
Madex and Agricoll were the most unstable when
using them alone. For these variants the values of the
variance of stability ci’> and ecovalence Wi were the
highest and mathematically significant. Also,
instability was found in the combination of
Nagro+Agricoll. For the abovementioned variants there
was instability of a linear type - significant values for
ci’. The instability was due mainly to the essential
differences in the yields during the diffferent years,
since the meteorological conditions influenced these
variants most strongly. The rest of the products and

their mixtures demonstrated relatively good stability
(well-expressed in Nagro+Madex and
Lithovit+Madex), regardless of the changes in weather
conditions during the field pea growing season.

Kang's (1993) stability criterion YSi, which
calculates both yield value and stability, gave a
negative estimation for the untreated control and
bioinsectide Agricoll (applied alone), characterizing
them as the most unstable and low-yielding variants.
According to that criterion, the combinations Lithovit +
Madex, Nagro + Madex and Lithovit + Agricoll were
technologically most valuable. These variants
combined high yield values and high stability over the
years. From the point of view of the pea cultivation
technology, the combination Kristalon + Proteus also
received a high estimation. It united good grain yields
with high stability.

Table 3.
Stability parameters for grain yield in Pisum sativum
Variants o Si2 Wi YSi
Control (untreated) 3115.3 157.1 6086.6 -2
Lithovit -134.4 190.5 497.0 9+
Nagro 5152.3* 3034.7 9274.9 5
Madex 7982.3* -129.1 41024.8 1
Agricoll 9761.2* 397.2 17000.0 -1
Lithovit + Madex 3103.1 4319.8 4226.2 15+
Lithovit + Agricoll -97.7 86.7 558.2 13+
Nagro + Magekc 1884.3 2672.2 1861.5 14+
Nagro + Agricoll 7560.6 6003.5 13322.1 10+
Kristalon 4102.6 1713.7 7558.6 2
Proteus 110 OD 465.5 1466.6 1496.9 4
Kristalon + Proteus 110 OD 931.0 1169.5 1271.6 11+

The content of crude protein and crude fiber in field
pea grain averaged 252.5 and 55.3 g/kg, respectively
(Table 4). The obtained values were close to those
indicated by other authors in the conditions of the
country (Krachunov et al., 2007; Zhelyazkova, 2007).

Compared to the control untreated variant, the organic
products application increased the crude protein (by 1.7
to 10.5%) and decreased the crude fiber content (by
14.7 to 49.1%). The treatment with Agricoll and its
combinations (Nagro+Agricoll, Lithovit+Agricoll) had
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a particularly favorable effect on the biochemical
composition. The combined application of the organic
products increased the content of CP (264.0 g/kg ) and
decreased the content of CF (47.4 g/kg) to a greater
extent compared to the alone treatment (251.9 and 58.4

Bulgaria)

g/kg). The use of synthetic preparations resulted in a
decrease in both the fiber content (on average by 30.0%
compared to the untreated variant) and the protein
content (on average by 5.6%).

Table 4.
Biochemical composition of field pea grains under influence of organic and synthetic products (g/kg)
Variants Crude protein Crude fiber Ca P

Control (untreated) 2447 d 778 h 137 ¢ 544 ab
Lithovit 2489 e 596 e 142 cd 542 a
Nagro 259.7 g 625 f 128 b 556 c
Madex 259.2 f 66.3 g 1.14 a 545 b
Agricoll 268.7 k 453 b 1.53 e 586 g
Lithovit + Madex 2629 j 55.7 d 142 cd 585 h
Lithovit + Agricoll 2624 i 438 b 1.88 f 588 g
Nagro + Madex 260.3 h 504 c¢ 1.08 a 569 e
Nagro + Agricoll 270.3 | 396 a 144 d 563 d
Kristalon 2378 c 459 b 142 cd 5.68 e
Proteus 110 OD 2264 a 591 e 1.36 ¢ 583 f
Kristalon + Proteus 110 OD 2291 b 581 e 147 d 586 g

Values within a column followed by the same letters are not significantly different (p<0.5)

The average phosphorus content in the grain dry
matter was 5.68 g/kg. The course of its accumulation
(except for Lithovit treatment) was similar to that of
crude protein, but with less differences (from 0.2 to
8.1%) compared to the control. Treatments with
Agricoll and Litovit+Agricol had a strong influence on
the phosphorus amount.

The calcium content averaged 1.40 g/kg with a
range of 1.08 to 1.88 g/kg. An increase was observed in
some variants and in others - a decrease in the calcium
content, and it is difficult to establish trends depending
on the type of product used. The plants treated with
Agricoll and Lithovit+Agricol had the highest amount
of calcium - on average by 12.1 and 37.2% compared
to the control (untreated) variant.

DISCUSSION

In 2022, a total of 7,159,928 ha of field peas were
harvested globally with an average yield of 1978.5
kg/ha (FAOSTAT, 2024). Over the past 30 years, the
cultivated land acreage for field pea has been
decreasing steadily, mostly due to low and unstable
yields (Stagnari et al., 2017). Also, low and unstable
yields are defined by many authors (Stancheva, 2000;
Niggli et al, 2007; Uhr & Ivanov, 2015) as one of the
main disadvantages in organic production conditions.

A positive effect on the growth and development of
main field crops (wheat, barley, corn, sunflower) after
using foliar fertilizer products (on different bases -
vegetable, bacterial) has been established by a number
of researchers (MiloSevi¢ et al., 2003; El-Sirafy et al.,
2006; Yankov and Drumeva, 2012; Stanojkovi¢ et al.,
2012; Stoyanova et al., 2015). After testing the organic
fertilizers Humusil S, Megagreen and Biohumus in
common bean and field pea, Stoyanova et al. (2014)
reported an increase in grain yield by 7 - 14% and 17 -
19%, respectively. The obtained average yields were
109.3 and 198.3 kg/da, respectively. Megagreen had
the highest positive effect in common bean and

Biohumus in field peas. These results show a different
biological response of common bean and peas to
treatment with the same set of biological products. It is
obvious that it should be approached individually,
depending on the crop, looking for the most suitable
product(s) where the respective species can show its
full biological potential. The modern stage of organic
agriculture development requires the search for
alternative solutions related to the use of products that
have the potential to provide yields close to and
possibly higher than those obtained under conventional
cultivation conditions and after treatment with
synthetic products (Stoyanova et al., 2014, Georgieva
et al., 2015). In our previous study (Georgieva et al.,
2015), the individual and combined effects of an
organic foliar fertilizer (Biofa), growth regulator
(Polyversum) and  bioinsecticides  (NeemAzal,
Pyrethrum) on pea grain productivity were
investigated. The yield differences ranged from 5.3 To
22%  compared to the untreated control.
Technologically the most valuable variant, which
united high stability and productivity was the
combination of Biofa+Pyrethrum applied twice.

In recent years, particular emphasis puts on the use
of nanotechnological products (Vysokov and Tsvetkov,
2008; Ilieva-Obretenova, 2013; Sertova, 2015), whose
molecular structures in a nano-sized state are
considerably better absorbed by plant cells. Derosa et
al. (2010) and Valizadeh & Milic (2016) indicated that
nanofertilizers have some special characteristics as
large surface area and small size (less than 100 nm),
that help them penetrate into cells and improve
availability of nutrients relevant to the crop
productivity. Nanofertilizers can improve crop growth
and yields, accelerate seed germination, enhance
productivity, and stimulate plant protection system
(Ram et al, 2018). According to some authors,
nanofertilizers are more effective (Liu et al., 2006) and
have the potential to surprass conventional fertilizers
(Sekhon, 2014). A number of researchers
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recommended the nanofertilizers application to
improve the low productivity of crops (Mahajan et al.,
2011; Valizadeh and Milic, 2016; Ram et al., 2018).
They had an essential effect on the morphological,
physiological and biochemical parameters of plants
(Yadav and Yadav, 2016). In a field experiment with
Cicer arietinum L., Morovat et al. (2019) found that
the application of nanofertilizers with micronutrients
(Zn, Fe) resulted in significant differences in yield
structural elements (pods number, 100 seeds mass),
grain yield and biomass. Kara & Sabir (2010) tested a
natural product made of Ca, Fe, Mg and Si elements in
Vitis vinifera. They reported accelerated vegetative
growth and a beneficial effect on photosynthesis.
Soybean plants treated with calcium carbonate
nanoparticles (500 g/fadan) demonstrated higher seed
yield and biological yield (Abd El-Hady & Hussein,
2021). The absolute values in the control variant were
1.353 and 4.580 tons/fad for seed yield and biological
yield, respectively, and after treatment they increased
to 1.481 and 5.122 tons/fad. A similar dependence was
reported for 1000 seeds mass. However, there were no
significant differences in seed protein content between
treated and untreated plants. According to data of Abd
El-Aal & Eid (2018), foliar application of Litovit (at a
dose of 250 and 500 mg/l) increased the mass of 100
seeds and the productivity of soybean plants. The
author also found an improved chemical composition
(crude protein, total carbohydrates, N, P, K, Ca, Mg,
Fe) of the leaves. Similar stimulating effects of nano
calcium carbonate have been observed by other
researchers who reported increased soluble protein and
soluble sugars in peanut (Liu et al., 2005) and cotton
plants (Shallan et al., 2016). According to a review of
Lairon (2010), which is based on a report of the French
Agency for Food Safety (AFSSA), organic products
(obtained as a result of different treatments) usually
have more favorable chemical composition, more dry
matter, minerals and antioxidants.

In the present study conditions, the treatment (alone
and combined) with Lithovit, Nagro, Madex and
Agricoll significantly increased the pea yield on
average by 21.8% and improved the biochemical
composition. The content of CP increased on average
by 6.9%, and the content of CF decreased on average
by 32%. Regarding the seed biochemical composition
and CP content, a positive effect was observed after
applying the nanofertilizers (an average increase of
4%) and bioinsecticides (an average increase of 7.9%).
In contrast, the effect was negative in synthetic
preparations - a decrease of 5.6 and 30.1% after
treatment with Kristalon and Proteus 110 OD. In terms
of productivity, in accordance with the established and
abovementioned conclusions of Liu et al. (2006a) and
Sekhon (2014), nanofertilizers had a high effect,
exceeding (in the case of Lithovit) or equal (in Nagro)
to that of the synthetic fertilizer Kristalon. A similar
dependence was established in combined application.
The high effect of using Lithovit and Nagro can partly
be explained by the influence they had on pollen
germination and pollen tube elongation in P. sativum.
In our previous research (Georgieva et al., 2017), an
increased pollen germination and a greater pollen tube
elongation (44.2 and 47.23%, respectively) were

<

reported after Lithovit and Nagro treatment compared
to the control (untreated).

According to Petroff (2008), the combined use of
products with different biological effects (foliar
fertilizers, growth regulators and plant protection
preparations) increases their efficiency and has a high
economic effect, saving time, energy and costs.
However, the issue of yield stability and combination
of fertilizers with plant protection products under
organic production conditions is slightly studied.
Research has been carried out mainly in conventional
farming. For example, Atanasova & Maneva (2021)
recommend mixed application of some herbicides with
Nagro to reduce the occurrence of phytotoxicity in
oats. An increase in yield was also observed, especially
at the combination between Nagro and Derby Super.
Delchev (2010) reported for synergism after the
combined use of organic foliar fertilizers (Humustim,
Lactofol, Terasorb) with herbicides (Granstar, Lintur,
Derby) in durum wheat. Meena et al. (2015) found
improved growth, seed yield, quality parameters
(protein, nitrogen, phosphorus and potassium) and
synergistic effects in Vigna radiata (L.) Wilczek after
using different bioinorganic combinations (NPK,
Rhizobium, phosphorus solubilizing bacteria and
Vermicompost).

What we can say in conclusion is that organic
farming today has changed significantly since the
1970s, when it was described as "scientific nonsense"
by a group of scientists at an annual meeting of the
American Association for the Advancement of Science
(Lockeretz, 2007). It is impossible to know how this
will change in the future, but the pursuit to produce
more organic production and the recent calls to find
ways to increase organic yields must be examined
carefully to ensure they are efficient, economically
viable and environmentally friendly (Clark, 2020).

CONCLUSIONS

The grain  productivity and  biochemical
composition of Pisum sativum were affected favorably
under organic cultivation conditions and treatment with
the organic nanofertilizers Lithovit and Nagro, used
alone and in combination with the bioinsecticides
Madex and Agricoll. After applying the products, an
increase in grain yield (by 7.8 to 32.8%) and protein
content (by 1.7 to 10.5%), and a decrease in crude fiber
content (by 14.7 to 49.1%) were found compared to the
untreated control. The combination of Lithovit+Madex
was distinguished by significantly higher productivity
compared to a synthetic combination (fertilizer
Kristalon+ insecticide Proteus OD 110). The treatment
with Agricoll and its combinations (Nagro+Agricoll,
Lithovit+Agricoll) had a particularly favorable effect
on the seed biochemical composition.

The mixed use of organic products resulted in very
well-expressed manifestations of subadditive type of
synergism.

The complex evaluation in terms of stability
parameters (criterion of stability YSi of Kang /1993/,
stability variance oi? of Shukla /1972/ and ecovalence
Wi of Wricke /1962/) determined Nagro + Madex and
Litovite + Madex as stable combinations. These
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variants united high values of grain yield and high
stability.

AUTHORS CONTRIBUTIONS

Conceptualization, N.G.; methodology, N.G.; data
collection, N.G.; data validation, N.G.; data processing,
N.G,, M.B. and G.D.; writing—original draft
preparation, N.G., M.B.; writing—review and editing,
N.G., M.B. All authors read and approved the final
manuscript.

FUNDING
This research was not funded by any institution.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

Abd El-Aal MMM, Eid RSM, Effect of foliar spray
with lithovit and amino acids on growth,
bioconstituents, anatomical and yield features of
soybean plant. Plant Biotechnology, 187-201,
56(4), 2018.

Abd El-Hady MA, Hussein H, Effect of foliar nano
fertilizers and irrigation intervals on soybean
productivity and quality. Journal of Plant
Production (Mansoura University), 12 (9),1007-
1014, 2021.

Atanasova D, Maneva V,. Opportunities for
overcoming the phytotoxicity of pesticides in
wintering oats (Avena sativa L.) by application
of organic fertilizers. Journal of Mountain
Agriculture on the Balkans, 24(6), 206-218,
2021.

Barov V, Analysis and schemes of field experiment.
NAIC, Sofia, 1982.

Clark S, Organic Farming and Climate Change: The
Need for Innovation. Sustainability, 12(17),
7012, 2020.

Delchev, Gr, Stability evaluation of some mixtures
among foliar fertilizers and antibroadleaved
herbicides based on grain yield at durum wheat.
Bulgarian  Journal of  Soil  Science,
Agrochemistry and Ecology, 44(2), 41-46,
2014.

Derosa MC, Monreal C, Schnitzer M, Walsh R, Sultan
Y, Nanotechnology in fertilizers. Nature
Nanotechnology, 5(2), 91-91, 2010.

El-Sirafy ZM, Wooddard HJ, El-Norjar EM,
Contribution of biofertilizers and fertilizer
nitrogen to nutrient uptake and yield of
Egyptian winter wheat. Journal of Plant
Nutrition, 29(4), 587-599, 2006.

Epule TE, Bryant CR, Akkari C, Daouda O, Can
organic fertilizers set the pace for a greener
arable agricultural revolution in Africa?
Analysis, synthesis and way forward. Land Use
Policy, 47, 179-187, 2015.

Georgieva N, Nikolova I, Delchev G, Organic
cultivation of field pea by use of products with
different action. Spanish Journal of Agricultural
Research, 13(4), €0906, 2015.

Bulgaria)

Georgieva N, Nikolova I, Kosev V, Naydenova Y, In
vitro germination and viability of pea pollen
grains  after  application  of  organic
nanofertilizers. Pesticides and Phytomedicine,
32(1), 61-65, 2017.

Ilieva-Obretenova M, Key technologies of the 21*
century — nanosciences in the theoretical
research. Journal of Agricultural Science and
Forest Science, XII(2), 11-15,2013.

Sertova N, Application of nanotechnology in detection
of mycotoxins and in agricultural sector. Journal
of Central European Agriculture, 16(2), 117-
130, 2015.

Kang M, Simultaneous selection for yield and stability:
Conseguence for growers. Agronomy Journal,
85, 754-757, 1993.

Kara Z, Sabir A, Effects of herbagreen application on
vegetative developments of some grapevine
rootstocks during nursery propagation in
glasshouse. 2nd International Symposium on
Sustainable Development, 127-132, 2010.

Krachunov I, Kirilov A, Ivanov K, Effect of plant
protein source on performance of lambs for
fattening. Journal of Mountain Agriculture on
the Balkans, 10(1), 22-29, 2007.

Lairon D, Nutritional quality and safety of organic
food. A review. Agronomy for Sustainable
Development, 30, 33-41, 2010.

Liu XM, Zhang FD, Zhang SQ, He XS, Fang R, Feng
ZY, Wang Responses of peanut to nano-calcium
carbonate. Plant Nutrition and Fertilizer
Science, 11, 3-9, 2005.

Liu X, Feng Z, Zhang S, Zhang J, Xiao Q, Wang Y,
Preparation and testing of cementing nano-
subnanocomposites of slow- or controlled
release of fertilizers. Scientia Agricultura
Sinica, 39, 1598-1604, 2006.

Lockeretz W, What explains the rise of organic
farming? In Organic Farming: An International
History. In: Lockeretz W (Ed), CABI
International, Oxford, UK, 1-8, 2007.

Lu ZX, He JF, Zhang YC, Bing DJ, Composition,
physicochemical properties of pea protein and
its application in functional foods. Critical
Reviews in Food Science and Nutrition, 60(15),
2593-2605,.2020.

Ma Z, Boye JI, Hu X, In vitro digestibility, protein
composition and techno-functional properties of
Saskatchewan grown yellow field peas (Pisum
sativum L.) as affected by processing. Food
Research International, 92, 64-78, 2017.

Mahajan P, Dhoke SK, Khanna AS, Effect of nano-
ZnO particle suspension on growth of mung
(Vigna radiata) and gram (Cicer arietinum)
seedlings using plant agar method. Journal of
Nanotechnology, 13(2), 54-61, 2011.

Malcolmson L, Frohlich P, Boux G,Bellido A, Boye J,
Warkentin T, Aroma and flavour properties of
Saskatchewan grown field peas (Pisum sativum
L.). Canadian Journal of Plant Science, 94(8),
1419-1426, 2014.

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 34, issue 3, 2024, pp. 112 - 120

© 2024 Vasile Goldis University Press (www.studiauniversitatis.ro)

118


https://jmabonline.com/journal/1311-0489/authors/Dina%20Atanasova
https://jmabonline.com/journal/1311-0489/authors/Vasilina%20Maneva
https://jmabonline.com/journal/1311-0489/issue/2021-24-24
https://jmabonline.com/journal/1311-0489/issue/2021-24-24
http://jcea.agr.hr/volumes.php?search=Vol%3A16%2BNum%3A2
http://jcea.agr.hr/volumes.php?search=Vol%3A16%2BNum%3A2
http://jcea.agr.hr/volumes.php?search=Vol%3A16%2BNum%3A2

Georgieva N., Butnariu M., Delchev G.

Meemken EM, Qaim M, Organic agriculture, food
security and the environment. Annual Review of
Resource Economics, 10, 39-63, 2018.

Meena RS, Dhakal Y, Bohral JS, Singh SP, Singh
MK, Sanodiya P, Meena H, Influence of
bioinorganic combinations on yield, quality and
economics of mung bean. American Journal of
Experimental Agriculture, 8(3), 159-166, 2015.

MiloSevi¢ N, Govedarica M, Jeli¢i¢ Z, Proti¢ R,
Kuzevski J, Krstanovi¢ S, Microbial inoculants
as biofertilizers: testing, potential and important
factor for sustainable agriculture. Proceedings
of Scientific Papers of Institute of PKB
Agroekonomik, 9, 89-98, 2003.

Morovat J, Pasari B, Rokhzadi A, Effect of Pluramin
and Iron and Zinc nano-fertilizer on rainfed
chickpea (Cicer arietinum L.) at on-farm
conditions. Journal of Central European
Agriculture, 20(2), 647-656, 2019.

Niggli U, Earley J, Ogorzalek K, Organic agriculture
and environmental stability of the food supply.
International Conference on Organic
Agriculture and Food Security, 3- 5. May 2007,
FAO, Italy, pp 29.

Organic Trade Association, COVID-19 will Shape
Organic Industry in 2020 after Banner Year in
2019. Available online:
https://ota.com/news/press-releases/21328
(accessed on 25 July 2020).

Petroff R, Pesticide interactions and compatability.

Montana State University, 2008.
http://www.ovs.com?1_pesticide interactions.ht
m

Powers SE, Thavarajah D, Checking agriculture’s
pulse: field pea (Pisum sativum L.),
sustainability, and phosphorus use efficiency.
Frontiers in Plant Science, 10,1489, 2019.

Ram P, Kumar R, Rawat A, Pandey P, Singh VP,
Nanomaterials for efficient plant nutrition.
International Journal of Chemical Studies, 6(3),
867-871, 2018.

Reganold JP, Wachter JM, Organic agriculture in the
twenty-first century. Nature Plants, 2, 15221,
2016.

Sekhon BS, Nanotechnology in agri-food production:
an overview. Nanotechnology, Science and
Applications, 7, 31-53, 2014.

Seufert V, Ramankutty N, Foley JA, Comparing the
yields of organic and conventional agriculture.
Nature, 485, 229-232,2012.

Shallan MA, Hassan HMM, Namich AAM, Ibrahim
AA, The influence of lithovit fertilizer on the
chemical constituents and yield characteristics
of cotton plant under drought stress.
International Journal of ChemTech Research,
9(8), 1-11, 2016.

Shi M, Zhang Z, Yu S, Wang K, Gilbert RG, Gao Q,
Pea starch (Pisum sativum L.) with slow
digestion property produced using B-amylase
and transglucosidase. Food Chemistry, 164,
317-323,2014.

Shukla G, Some statistical aspects of partitioning
genotype — environmental components of
variability. Heredity, 29, 237-245, 1972.

<

Stagnari, F., Maggio, A., Galieni, A., and Pisante, M.
(2017). Multiple benefits of legumes for
agriculture  sustainability: an  overview.
Chemical and Biological Technologies in
Agriculture, 4(2), 2, 2017.

Stancheva J, Ecological bases of agriculture. Pensoft,
Trakia University, Bulgaria, 346 pages, 2000.

Stanojkovi¢ A, Puki¢ DA, Mandi¢ L, Pivic R,
Stanojkovi¢ A, JoSi¢ D, Evaluation of the
chemical composition and yield of crops as
influenced by bacterial and mineral fertilization.
Romanian Biotechnological Letters, 17(2),
7136-7144, 2012.

Stoyanova S, Jekova E, Ivanova I, Productivity and
quality indicators of field beans and fodder peas
grown under organic farming conditions in the
region of Northeast Bulgaria. National
Conference with international participation
"Biological ~Crop  production, Livestock
production and Food", 27-28 November,
Troyan, 251-255, 2014.

Stoyanova S, Ivanova I, Jekova E, Ginchev G,
Ivanova-Kovacheva G, Impact of some organic
fertilizers on yield and quality traits of wheat
and malting barley, grown in system of organic
farming. In: Zdravkova J. (ed.), Proceedings of
the Union of Scientists-Ruse, 3(7), 145-150,
2015.

Udvardi M, Poole PS, Transport and metabolism in
legume-rhizobia symbioses. Annual Review of
Plant Biology, 64, 781-805, 2013.

Uhr Z, Ivanov G, Opportunities for increased yields in
condition of biological farming system in wheat.
New Knowledge Journal of Science, 4(4), 35-
41, 2015.

Valizadeh M, Milic V, The effects of balanced nutrient
managements and nano-fertilizers effects on
crop production in semi-arid areas. Current
Opinion in Agriculture, 5(1), 31-38, 2016.

Vysokov G, Tsvetkov Tsv, Nanotechnology and
Nanomaterials. ES Print OOD, Sofia, 2008.

Willer H, Schlatter B, Travni'cek J, Kemper L,
Lernoud J, The World of Organic Agriculture -
Statistics and Emerging Trends. Research
Institute of Organic Agriculture (FiBL), Frick,
Switzerland, IFOAM-Organics International:
Bonn, Germany, 2020.

Wricke G, Uber eine Methode zur Erfassung der
ekologischen  Strekbreitein ~ Feldersuchen.
Pflanzenzuecht, 47, 92-96, 1962.

Yadav S, Yadav DMK, Review on applications of
nanotechnology in agriculture. International
Journal of Development Research, 6(11), 9942-
9945, 2016.

Yankov P, Drumeva M, Investigation on the effect of
some leaf fertilization products on the
development, productivity and quality of
sunflower. 1. Morphology and productivity.
Agricultural Sciences, 11, 81-87, 2012.

Zhelyazkova Ts, Study of the influence of some growth
regulators on productivity, chemical
composition and nutritional value of spring pea
(Pisum sativum L.) and spring vetch (Vicia

119

Studia Universitatis “Vasile Goldig”, Seria Stiintele Vietii
Vol. 34, issue 3, 2024, pp. 112 - 120

© 2024 Vasile Goldis University Press (www.studiauniversitatis.ro)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sekhon%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=24966671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038422/

&!’ Grain productivity, yield stability and nutritive value of field pea (Pisum sativum I.) under organic farming conditions (Pleven,
Bulgaria)

sativa L.). PhD Thesis, Trakia University, Stara Zagora, Bulgaria, 2007.

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 34, issue 3, 2024, pp. 112 - 120 120
© 2024 Vasile Goldis University Press (www.studiauniversitatis.ro)



