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Abstract

The objective of the research is to estimate the efficiency of the use of different varieties of vicia 
faba (Vicia faba L.) in permaculture designs for supply growth in agricultural commodity market. 
The main purpose of the article is to distinguish which varieties of legumes can be effectively grown 
in the temperate climate zone and whether there is an advantage in organic farming cultivation. The 
researches were carried out in 2014-2019 on the territory of the Moscow region (the Russian Federation) 
in Educational Experimental Farm. 23 varieties of the broad bean from the collection of All-Russian 
Scientific-Research Institute of  plant breeding and seed production (ARSRIPBSP) (Moscow) as well 
as foreign breeding was selected. There were a standard method of farming (control) and plots where a 
permaculture (experimental group) is applied. For the period 2014-2019 the total number of plots made 
up 1380, by 690 in each experimental and control groups. We demonstrated that within the conditions 
close to the natural ones, some varieties of beans can produce the same yield as under standard farming. 
This article first presents comparative results of the research related to the crop yield and other properties 
of different varieties of the broad bean in the temperate climate within organic farming. 
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Introduction

To solve the issue of food supply under the ever-
growing world population is one of the most important 
challenges of 21st century [1]. The agriculture is subject 
to solve the issue. In the framework of the agricultural 
intensification in the whole world, there is the increase 
in the production of mineral fertilizers. Only nitrogen-
based fertilizers, which are more used, are annually 
produced over 70 million tons in the world. The average 
volume of the nitrogen-based fertilizers planted per unit 
area ranges from 125 to 250 tons per 1 ha. Almost one 
quarter of the volume gets into wastewater or into the 
atmosphere, that is, the latter is not absorbed by plants 
and microorganisms. This fact testifies that such means 
of artificially increasing of the crop yield is rather 
ineffective [2]. Moreover, part of the nitrates gets into 
the groundwater and plants, worsening their quality 
parameters. With excessive use of mineral and organic 
fertilizers, the imbalance occurs in the microflora of 
soils; as a result, its significant part is destroyed. As 
you know, this negative effect starts to affect when 
more than 15 kg of active substance is applied per 1 
ton of fertilizer; in case of more than 20 kg, the soil 
degumification occurs [3]. Given the widespread use 
of such technologies, as expected, we can affirm that 
global deterioration of soil quality and its crop yield 
takes place. Thus, the search for other farming means, 
less consuming and more secure, is performed.

Within all diversified farming means, one of  
the most promising new methods is organic farming  
[4]. Organic farming is constantly increasing 
production volumes around the world, over the past  
10-15 years the increase in ten times has been recorded. 
With such rapid development, already in 2020, there  
will be increase in organic farming by 20% annually. 
Among sociocultural factors we can state that the 
massive transition to organic farming will contribute to 
a partial outflow of the population to the countryside, 
contrary to the prevailing trend of global urbanization. 
Organic farming is based on small farms that grow 
relatively small amounts of crop yields [1]. 

The essence of organic farming is to design and 
create steady closed ecosystems, inside of which the 
development of properties of one variety will ensure 
the development of other varieties. In some sources 
such type of organic farming is called permaculture. 
A common property of the permaculture and organic 
farming is the rejection from fertilizers and chemicals. 
At the same time, the permaculture is, to a great 
extent, a philosophical approach [5]. The closeness of 
the ecosystems is rather a conditional concept, in the 
framework of biosphere there are no closed systems. 
The wood or marshland, considered as a model in 
permacultures (and organic farming systems as a 
whole), is the ecosystem, which comprises a certain 
quantity of varieties of plants, animals, mushrooms, 
and bacteria that are in stable competitive or mutualistic 
relations, and are able to coexist with each other 

for a long time. The purpose of creating agriculture 
ecosystems is precisely such sustainability [6]. 

The effectiveness of organic farming is determined 
by factors such as production costs, as well as the 
productivity of animals and crops. We should say that 
in organic farming less energy is consumed when 
standard and environmental methods are collectively 
used. Chemicals are not used at all. Despite the fact that 
the yield of eco-crops is lower on the average than using 
traditional agricultural methods, this is compensated by 
savings in herbicides, pesticides, and energy sources. 
The lack of standard agricultural methods will become 
obvious in a long-term perspective, when high crop 
yield is sharply dropping due to soil depletion, from 
which the decrease in the economic effect is expected. 
At the same time, organic products are on average by 
25-35% more expensive than “standard” analogues [7]. 

Most advanced countries of the world are already 
massively using organic farming technologies. They are 
countries of the European Union, USA, Japan, Australia, 
and Canada. The advantages of organic farming include 
also the preservation of natural wealth, as well as high 
quality products. The efficiency of organic farming is 
emphasized by the constant implementation of various 
scientific developments. The benefits of such type of 
farming are obvious to both developed and developing 
countries. But still, regardless of the expansion of 
organic farming in human life, there are some issues 
that have not been fully studied and disclosed, in 
particular, the efficiency of cultivation and yield of 
legumes with this management approach to the farming 
in regions with a temperate climate [8]. At least half 
of all farmlands in the world is in temperate regions. 
So, to obtain legume crop is necessary to conduct a 
comparative analysis of various varieties of legumes in 
a temperate climate.

The transition to organic farming on a massive scale 
is currently impossible, because restoration processes 
in soils after intensive agriculture, using fertilizers, 
will take more than one year. In addition, researches 
are necessary on strategically important crops, their 
fertility and other qualities within organic farming in 
different climatic regions of our planet.

Broad bean (Vicia faba L.) is one of the most 
widespread representatives of agricultural crops 
worldwide, belonging to the legume family (Fabaceae). 
The fruits of this plant are used as a protein component 
in the human diet, and the green part (or tops) as 
one of the components in animal nutrition. It is also 
important that the dried stems of the bean can be used 
as fertilizers of natural origin. The bean seeds contain 
amino acids, which determine its nutritional value 
specifically for human beings. Regarding the use of 
bean stalks as fertilizers, we should pay attention to the 
fact that, when they are applied, more than 150 kg of 
assimilated nitrogen remains per 1 ha of territory [9]. 

However, the breeding of new varieties of beans 
often does not take into account the fact that, along 
with nutrients in beans, anti-nutrients can also be 
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formed. These substances (tannins, vicine, convicin) 
reduce the quality properties of seeds, and also 
critically increase the cost of maintaining the nutritional 
value of animal feed. Legumes are an important part 
of permaculture communities because of their ability 
to keep atmospheric nitrogen, and, so, integrate into 
the symbiotic community bonds [10]. This article first 
presents comparative results of the research related to 
the crop yield and other properties of different varieties 
of the broad bean in the temperate climate within 
organic farming. The main purpose of the article is 
to clarify what varieties of legumes can be effectively 
grown in the temperate climate zone, by virtue of which 
particular properties, and whether there is an advantage 
in their cultivation within organic farming. Among the 
planned tasks we have also investigated what varieties 
can be used as sources for breeding. The obtained data 
can be used for all Vicia faba L. populations in the 
temperate climate zone, since the territory, in which 
the researches have been carried out, has features that 
are standard for this climate zone (average annual 
temperature, humidity, etc.).

The objective of the present research is to evaluate 
the efficiency of the use of permaculture designs of 
various varieties of the broad bean (Vicia faba L.) 
and consider its positive and negative aspects for their 
application in permaculture farming.

Material and Methods

The research was conducted in 2014-2019 on the 
territory of the Moscow region (the Russian Federation) 
on the base of the Agrarian Division in the city of 
Moscow. The place, where the experimental part 
of the research has been conducted, is Educational 
Experimental Farm. As the research material, we 
selected 23 varieties of the broad bean from the 
collection of All-Russian Scientific-Research Institute 
of  plant breeding and seed production (ARSRIPBSP) 
(Moscow), as well as foreign breeding. The territory, on 
which the seedlings were sown, was divided into two 
types (Fig. 1). 

The first one included standard crops on farmland 
sown with the fruits of the broad bean (farm 
Pervomayskoe, Fig. 1). The second type included plots 
with natural vegetation, among which the same quantity 
of legumes was sown (farm Kurovo, Fig. 1). Thus, we 
were able to compare the efficiency and crop yield  
of beans on the plots of permaculture (organic farming) 
and standard cultures widely used in agriculture 
(the area under crops is expressed in square meters, m2). 

The examined farms used different types of 
fertilizers (Table 1). Namely, the control farm (standard 
crops) utilized the benefits of manure and compost, while 
the experimental farm used green manure (incorporated 
into the soil before flowering) and microbial fertilizers.

So, the first group of plots belonged to the 
experimental ones, the second – to the control ones. 

Sowing was carried out manually on plots of both 
types. In total, on the permaculture and control plots 
each variety was sown 5 times according to the 70 by 
10 cm scheme, the sowing depth was 4-6 cm. Thus, the 
total number of plots was 230 ones every year, 115 plots 
in the experimental and control groups each. For the 
period 2014-2019 the total number of plots was 1380, 
690 each in the experimental and control groups. The 
area of one plot with crops is about 5 square meters. 
On 1 square meter, from 13 to 15 seeds were normally 
sown. The soil was previously hoed in the control and 
in the experimental parts, but without the removal of 
natural plant species in the experimental group. 

The collection material was analyzed under the 
method of All-Russian Scientific-Research Institute of 
plant breeding named after N. Vavilov [11-13]. Besides, 
we have used the International classifier of COMECON 
Council for Mutual Economic Assistance of cultivated 
varieties for the genus Vicia faba L. [14], as well as  
the methodology of state variety testing of crops and 
the Methodology Guidelines for the use of the classifier 
for the genus Vicia faba L. [13].

The weather conditions (air humidity, air 
temperature, soil temperature and humidity) were 
estimated according to the meteorological data of 

Fig. 1. Locations of farms growing standard (bottom left) and 
experimental (top right) cultures.

Table 1. Types of organic fertilizers used in the examined farms.

Farm Organic fertilizer

Control Compost, manure

Experimental Green manures, microbial fertilizers
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the local station of the Institute of Meteorology of 
the Russian Academy of Sciences. Data is recorded 
automatically every 15 minutes, which gives extensive 
opportunities for their analysis. The data was taken 
during the growing season, from March to October 
2014-2019. 

Soils on the territory of both farms were sod-
podzolic with an average humus content ranging from 
2 to 4%. This type of soil is most common in the 
Moscow region, occupying about 58% of its territory. 
Because the soils on one farm were identical to soils on 
another farm, it was possible to compare the crop yields 
obtained on both farm lands.

We defined the parameters such as the productivity 
of beans of various varieties in control and experimental 
groups. The productivity assumes the properties as the 
average quantity of beans per plant, quantity of seeds 
in the bean, the total weight of beans from one plant, 
as well as the weight of thousand seeds. In its turn, the 
weight of beans from the plant depends on the following 
properties such as the average weight of one bean and 
the quantity of technically ripe beans. The Belorussian 
varieties were taken as a standard.

To analyze the obtained data, the program  
Statistica v. 7.0 (StatSoft Inc.) was used. The graphs 
and tables show the values of the arithmetic mean 
and standard error of the mean, at a significance level 
of p≤0.05. In the text, there are the values of Pearson 
correlations. The accuracy of the discrepancies was 
checked using the standard Fisher test for independent 
sampling.

Results and Discussion

The Duration of the Growing Season 

Data on the average monthly surface air 
temperatures and precipitation in the Moscow region 
are depicted in Figs 2a) and 2b). For a more complete 
picture of weather conditions, the figures illustrate 
how the average temperatures and precipitation levels 
changed across the seasons.

As it can be seen in Figs 2a) and 2b) above, the last 
two decades saw a steady increase in the average air 
temperature (0.40.6ºC). Precipitation growth, however, 
was less prominent during the same period (3 to 36%, 
with a high in spring).

We found out that the duration of the growing 
season determines the suitability of the beans’ varieties 
for cultivation in a particular region. Among the factors 
influencing the parameter, the most important ones 
turned out the properties of the variety (correlation 
ratio with the duration of the growing season 0.91) and 
climatic conditions (0.85). According to the growing 
seasons among the specimens of beans of different 
varieties in the experimental and control groups, no 
significant differences were revealed. This suggests that 
in permaculture, within similar climatic conditions, 
growing seasons in duration are the same as in standard 
cultures.

Based on research outcomes we combined the 
varieties into two ripeness groups by the values of 
seeds’ ripening. Medium early varieties are the ones 
with a ripening period of seeds 82-90 days. The vast 

Fig. 2a). Average annual surface air temperatures (C): b is the trend coefficient (ºC/10 years), D is the contribution to the total variance 
(%). Available at: [27].
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majority of varieties, which we have analyzed, in the 
quantity of 19 belongs to such seeds. The remaining 4 
belong to mid-ripening varieties, with ripening periods 
of seeds from 91 to 110 days. Among the sources of 
early ripeness, we identified the following varieties: 
Russian black (95 days), Velena (91 days), Alfred (95 
days), Merkur (95 days), Hangdown Grunkernig (97 
days), Dreifach Weibe (95 days). For some varieties 
in the control and experimental groups, without 
statistically significant differences, a brief interphased 
period was recorded from the beginning of flowering to 
the technical ripeness of the beans: Belarusian (41 days), 
Russian black (47 days), Velena (47 days), K – 2267 
(48 days) ), Hangdown Grunkernig (49 days), Dreifach 
Weibe (49 days), Mercur (47 days) and Alfred (48 days). 
During this growing season the crop yield occurs, as 
well as protein biosynthesis processes. In view of the 

data obtained, we recommend these varieties as sources 
for breeding of early ripening varieties.

As our data demonstrated that the more fast-ripening 
varieties turned out to be the following varieties of 
the beans: Russian black, Belarusian, Velena, as well 
as Merkur, Alfred, Hangdown Grunkernig, Dreifach 
Weibe.

Among the varieties considered, the average number 
of seeds per plant in the group of mid-ripening beans 
ranged from 7 to 30 pieces. In the mid-early group this 
parameter is slightly higher – from 5 to 57 pieces.

We have identified beans’ varieties; quantity values 
of seeds that exceed the standard variety by 25-35% in 
the control group and by 22-31% in the experimental 
group (Table 2).

By the number of beans in both groups, the leader 
is the Russian black variety, which exceeds the rest 

Fig. 2b). Average annual precipitation: b is the trend coefficient (mm/month/10 years), D is the contribution to the total variance (%). 
Available at: [27].

Table 2. Varieties of beans in control and experimental groups with a maximum quantity of beans (in pieces) for the period 2014-2019.

Variety of beans, name Quantity of beans, standard farming Quantity of beans, organic farming

Russian black 30.1±3.71, 3 29.3±3.12,3

Belarusian 19.2±2.7 20.1±3.0

Merkur 17.5±2.11, 3 17.8±1.82,3

Velena 16.8±1.4 16.0±1.1

Alfred 15.6±1.6 15.0±1.0

Dreifach Weibe 12.9±1.1 12.6±0.9

Note: 1 – significant differences between varieties Merkur, Russian black and other crop plants on control plots (р≤0.05); 2 – signifi-
cant differences between varieties Merkur, Russian black and other crop plants on experimental plots (р≤0.05), 3- significant differ-
ences between Merkur and Russian black within either of the two types of plots (р≤0.01).
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on the average 1.6-2.2 times (p≤0.05). There were no 
statistically significant differences between the groups. 
We can assume that the values of crop yield of beans’ 
varieties in the control and experimental groups are 
identical in similar climatic conditions, although in 
the experimental group they are still somewhat lower  
(Table 2). According to the results obtained by 
us, the Russian black and Merkur varieties can be 
recommended as sources for breeding, a character is the 
number of beans from a plant.

The character of the seeds’ quantity from a plant 
showed 1.5-2.0 times lower variation compared with the 
quantity of beans from a plant (р≤0.05, Table 3). 

There are no statistically significant differences 
between control and experimental groups, although 
the crop yield in the control group in all cases is 
slightly higher. Between varieties, the quantity of 
seeds per plant is maximum at varieties Alfred (further 
– in descending order), Merkur and Belarusian,  
0.5 times (at р≤0.05) lower at Russian black and  
K-14-04. 

The weight value of 1000 seeds is significantly 
different compared with the standard at the following 
varieties of beans (Table 4, Figs. 3 and 4): Velena, 

Hangdown Grunkernig and Dreifach Weibe, minimum 
weight is specified at varieties K-2267, K-1800, Russian 
black.

Regardless of the fact that there is no significant 
difference in the weight under each variety between the 
control and the experiment, in the experimental group 
still the weight of 1000 seeds is lower in all cases. The 
difference between the control (Belarusian) and Velena, 
Hangdown Grunkernig, Dreifach Weibe on the one 
hand – 0.5 times higher (at р≤0.05), and with K-2267, 
K-1800, Russian black – with another (at р≤0.001), their 
weight 2.0-2.5 times less than the control.

Upon the value of the weight of seeds from a plant 
there were selected the following varieties: Belarusian 
(35.7 g), on the average the value of increase made up 
from 27.9 to 41.3 g from a plant, Russian black (36.1 g), 
from 14.1 to 57.2 g increase, Hangdown Grunkernig – 
from 35.0 g (from 20.4 to 4.7 g increase), Merkur (32.5 
g, increase 21.0 to 40.3 g), Alfed (27.6 g, increase from 
16.0 to 40.0 g), Dreifach Weibe (25.1 g, increase from 
19.0 to 59.1 g).

For the period, during which researches were 
conducted, the varieties, exceeded the control by the 
crop yield, received (Table 5). 

Table 3. Varieties of beans in control and experimental groups with a maximum quantity of seeds from a plant (pieces) for the period 
2014-2019.

Variety of beans, name Quantity of seeds, standard farming Quantity of seeds, organic farming

Alfred 53.2±5.8 49.0±4.8

Merkur 51.1±4.7 48.6±4.8

Belarusian 49.4±3.21,3 48.6±2.62,3

Russian black 42.3±3.51,3 40.7±3.12,3

K-1404 39.9±2.8 39.0±2.6

Note: 1 – significant differences between varieties Belarusian, Russian black and other crop plants on control plots (р≤0.05); 2 – sig-
nificant differences between varieties Belarusian, Russian black and other crop plants on experimental plots (р≤0.05), 3 – significant 
differences between Belarusian and Russian black within either of the two types of plots (р≤0.05).

Table 4. Weight of 1000 seeds (in grams, g) upon different varieties of seeds in control and experimental groups.

Variety of beans, name Weight of 1000 seeds, standard farming Weight of 1000 seeds, organic farming

Velena 523.0±21.0 1,3 511.4±20.6 2,3

Hangdown Grunkernig 502.4±19.3 1,3 499.7±18.7 2,3

Dreifach Weibe 511.7±22.5 1,3 509.1±20.1 2,3

Belarusian 445.4±16.4 440.9±14.0

К-2267 144.9±11.2 140.8±10.6

K-1800 140.0±10.6 137.6±11.0

Russian black 162.6±12.7 158.4±9.4

Note: 1 – significant differences between varieties Velena, Hangdown Grunkernig,  Dreifach Weibe and other crop plants on control 
plots (р≤0.05); 2 – significant differences between varieties Velena, Hangdown Grunkernig,  Dreifach Weibe and other crop plants on 
experimental plots (р≤0.05), 3 – significant differences between Velena, Hangdown Grunkernig, and Dreifach Weibe within either of 
the two types of plots (р≤0.05).
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The analysis of the results showed that for further 
breeding such varieties of beans as Belarusian, Russian 
black, Velena, Dreifach Weibe, Hangdown Grunkernig, 
Alfred and Merkur are suitable.

As we know, all basic principles of agriculture 
are related to soil properties [15]. In the soil, as a 
natural ecosystem, there is a set of species of algae, 
fungi, microorganisms that are peculiar for this type 
only and determine its properties, including fertility.  
The development of microorganisms is greatly 
influenced by the branching of the root system of  
plants.

The latter, in case of standard farming methods, and 
the use of many mineral and organic fertilizers, does not 
develop their root system properly. Legumes, in case of 
the use of nitrogen, do not develop their nodule system 
[16]. There is the decrease in the species diversity of 
microbiota. So, the processes of soil degumification are 
launched. To restore the soil that has lost such complex 
properties as fertility is cost and time consuming. You 
cannot collect the volumes of crop yields as they have 
been before from such soil [17]. In this regard, in the 
long term period, standard farming methods can lead 
to such consequences as desertification, and, if the 

Fig. 4. Regression lines with a straightforward correlation between the weight of seeds from a plant and seed yield in 2014-2019.

Fig. 3. Regression lines with a straightforward correlation between the average weight of 1000 seeds and plant yield, in 2014-2019.
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irrigation mode is not adequate, salinization of soils 
[18]. 

Organic farming does not imply critical changes in 
the composition of ecosystems, where standard cultures 
are prevailing, which is typical of standard methods 
[19]. At the same time, the permaculture covers a lot 
of species, including natural ones; therefore, there is 
no depletion of species diversity [20]. Pesticides and 
fertilizers are not used, there is no plowing of land with 
subsequent disruption of water exchange processes and 
mineralization [21]. Based on our data there is no or 
statistically insignificant (at least for temperate regions) 
difference in the yield of seeds and beans. Thus, we 
can state that the permaculture is suitable for growing 
a broad bean. At the same time, permacultures are 
not characterized by the scale, with which standard 
cultures are grown in traditional agriculture [22]. 
Many smallholder farms in the aggregate can cover the 
growing needs of the society in farming products [23]. 
Apart from benefits originating in the inviolability of 
biocenoses, we should mention about a large assortment 
of products supplied to the global market by farms that 
use permaculture. Instead of a single standard culture, 
many varieties and species of agricultural plants are 
grown in the best quality [24]. Such examples are 
known, and the results obtained on different crops are 
similar to ours - a slightly lower crop yield, but essential 
benefits in the long term period [25]. Permacultures, 
among other things, do not require mechanical 
cultivation of the land, which results in fuel economy 
and technical capacities.

A large diversity of permacultures implies their 
lower susceptibility to various pests. The latter for 
a short period of time (one or two seasons) is able to 
create centers of mass reproduction and destroy a 
significant part of the crop in standard cultures. The 
permacultures, including legumes and other crops, due 
to their immunity, will not be affected by pests on such 
a scale [26]. The preservation of natural ecosystems will 
also ensure the presence of natural enemies of pests, 
which often also die in large quantities, when standard 
cultures are treated with pesticides and insecticides. 

We have demonstrated that in the conditions closed 
to natural ones some varieties of beans can give the 

same yield as under standard farming. However, the 
research needs to be continued in terms of isolation 
of new varieties of legumes suitable for breeding and 
cultivation under permaculture.

Conclusions

On analyzing the productivity (weight of 1000 seeds, 
quantity of seeds per plant, number of beans, their 
maximum values) and crop yield for each variety, there 
is no significant difference between the control (standard 
farming methods) and experiment (permaculture). It 
enables to cultivate a broad bean in permaculture. The 
seed yield in both groups is related to the quantity of 
beans, as well as the weight of seeds from a plant, bean 
yield is related to their weight. For these properties 
Pearson 0.7 correlation ratios were obtained. The 
breeding of beans for crop yield, including organic 
farming (permaculture) is associated with the values 
such as the weight and quantity of seeds per plant.
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