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Astract: The scientific article is devoted to searching for the optimal structure of legume-grass
agrophytocenosis by assessing the level of competition between its components. The Competitive Ratio (CR)
and the Land Equivalent Ratio (LER) in mixtures of pea (Pisum sativum), spring vetch (Vicia sativa) and blue
lupine (Lupinus angustifolius) with barley and oat were defined. It was found that in pea and barley mixture the
LER was 1.18, which testifies its productivity advantage over the pure sowing. Despite the relatively high
productivity of vetch, lupine and barley mixtures in pure sowing, their components in the single-crop sowing
are able to provide a higher level of productivity, so these mixtures are not effective. High productivity of pea
and barley mixture is determined by the fact that between the components there is a less intensive interspecies
competition. The CRs are sufficiently close in magnitude: 0.97 in pea, 1.03 in barley. A slight manifestation of
aggressivity from cereals was noted. In other mixtures the CRs of cereals reach 1.17 - 1.24, that leads to a serious
inhibition of legume crops. It is recommended to regulate the level of competition in the legume-grass mixtures
by changing the ratio of components and selecting cultivars. Cultivar of vetch Vera unlike Liudmila cultivar is
highly competitive to cereals, so the mixtures with its participation are less yielding per a feed grain. Liudmila
vetch and Samarets pea are more suitable for cultivation in agrophytocenoses with two species. Pea and barley
mixtures are not as effective in land use as component pure sowings in the agro meteorological conditions
unfavorable for the growth and development of pea. The LER of a mixture varied from 0.87 to 0.97. The level of
interspecies  competition  in  the  circumstances  was  very  high.  Most  competitive  component was barley
(CR = 3.33-23.06). At nitrogen doses of 60 kg /ha the cereal almost completely displaces the component of the
legume crop, that leads to productivity increase of the mixture. During increasing the seeding rate of pea the
interspecies competition on nitrogen-free background is lower, but also sowing productivity falls.
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INTRODUCTION Scientists offer a variety of methods of the

Important direction to solve the problems of duration of matching periods of rapid crop growth [11, 12]
increasing the amount and sustainability of crop and secondly, by the level of productivity indicator
production in the field is the use of multicomponent reduction of plants in the mixture in comparison with pure
sowings [1-5]. crop sowing [13, 14] and third by indicators of

Two-species legume-cereal agrophytocenosis is an competitiveness: the Relative Crowing Coefficient (RCC),
ecological system in which there are interspecies the Coefficient Agressivity (CA), the Competitive Ratio
relationships, often manifested in the unilateral positive (CR), the Land Equivalent Ratio (LER) [15].
influence of legume component on cereal and in the
legume oppression [6-10]. The success of the cultivation MATERIALS AND METHODS
of these mixtures depends on the selection of components
and their ratios in the crop. This provides a reduction of The studies were carried out on the experimental field
interspecies competition level. of  the  Perm  State Agricultural Academy. One of the aims

competition estimation. First, it can be done by the
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Table 1: Grain productivity and interspecies competition in the legume-cereal agrophytocenoses, average for three years
CR
---------------------------------------------------------------------------

Type of agrophytocenosis Productivity, t/ha LER Legumes component Gramineous component
Pea+barley 3.7 1.18 0.97 1.03
Pea+oat 2.06 1.06 0.81 1.24
Vetch+barley 2.69 0.98 0.89 1.17
Vetch+oat 1.89 1.02 0.96 1.04
Lupine+barley 2.36 0.91 0.98 1.02
Lupine+oat 1.58 0.93 0.94 1.07
LSD 0.1605

Table 2: Grain productivity and interspecies competition in legume-barley mixtures in accordance with the ratio of the components, Average for three years
CR
-------------------------------------------------------------

Crop, cultivar (a) Seeding rate,%% (legumes+barley) Productivity, t/ha LER Legumes component Gramineous component
Liudmila vetch 12.5+87.5 2.80 1.04 0.93 1.08

25+75 2.91 1.17 0.80 1.26
37.5+62.5 2.46 1.06 0.91 1.10
50+50 2.20 0.99 0.98 1.02

Average on A 2.59 1.06 0.90 1.121

Vera vetch 12.5+87.5 2.54 0.95 0.88 1.13
25+75 2.45 0.94 1.03 0.97
37.5+62.5 2.21 0.91 1.09 0.92
50+50 1.99 0.87 1.18 0.85

Average on A 2.30 0.92 1.04 0.972

Samarets pea 12.5+87.5 3.05 1.10 0.92 1.09
25+75 3.10 1.24 0.94 1.06
37.5+62.5 2.92 1.12 1.14 0.88
50+50 2.73 1.07 1.37 0.73

Average on A 3.00 1.13 1.09 0.943

Average on B 2.80 1.03 0.91 1.101

Average on B 2.89 1.12 0.92 1.102

Average on B 2.53 1.03 1.05 0.973

Average on B 2.31 0.98 1.18 0.874

LSD  of main effects A  0.0805

 B  0.06
 of particular differences B  0.10

Table 3: Grain productivity and interspecies competition in pea and barley mixture according to the component ratio and nitrogen dose, average for three years
Productivity, t/ha CR

Seeding rate,%% Nitrogen dose, ---------------------------------------- ------------------------------------------------------------
(legumes+barley) (A) kg/ha (B) Total Including peas LER Legumes component Gramineous component
12.5+87.5 0 3,55 0,05 0,96 0,23 4,39

60 5,36 0,01 0,98 0,04 23,60
Average on A 4,46 0,03 0,97 0,13 14,001

25+75 0 3,14 0,13 0,87 0,30 3,33
60 4,45 0,03 0,83 0,07 9,32

Average on A 3,80 0,08 0,85 0,18 9,322

LSD  of main effects A 0,17 0,0405

of particular differences A 0,70 0,08
of particular differences B 0,31 0,04

of studies was to evaluate the optimality of the structure In single-crop sowing the following seeding rates
of various legume-cereal agrophytocenosis by indicators were used:  pea  -  1  million,  vetch  -  2  million,  blue
of the LER and CR [16]. lupine - 1 million, barley - 5 million, oat - 6 million

Three field experiences were carried out, the scheme germinating  seeds  per  1  ha.  In  the   experiment  No.1
of which are given in Tables 1, 2 and 3. the following cultivars were used: Samarets pea,

The number of replication in experiments is fourfold. Lgovskaia  22  vetch,  Snezhet   lupine,   Sonet  barley,
A discount area of working plot is 40m . Variant Ulov  oat;  in  the  experiment  No.2  Sonet barley was2

distribution is systematic. used,   in    the     experiment     No.3    Gubernator  pea and
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Sonet barley were used. In the experiment No.1 the ratio the productivity of 3.12 t/ha, pea – 2.09 t/ha and oat only
of components was 25+75%. A sowing was drill and of 1.91 t/ha, vetch – 1.64 t/ha, lupine – 0.99 t/ha.
mixed. The legume component has the strongest depression

In experiments No.1 and No.2 doses of mineral in pea and oat mixtures and barley and vetch mixtures.
fertilizers N P K were aimed at reimbursement of The Competitive Ratio of cereals in them reaches their45 45 90

removal with barley productivity of 3 t/ha and a half of maximum values of 1.24 and 1.17 respectively.
calculated dose of nitrogen was applied. In experiment Is it possible to reduce competition and to increase
No.3 phosphorus-potassium fertilizers are aimed at the productivity of mixtures, by selecting varieties and
productivity level of 4 t/ha. changing the ratio of components? The studies have

Experiments No.1 and No.2 were carried out on sod shown that barley and vetch mixtures can be more
fine podzol loamy half-cultivated soil with the following effective than pure sowings of crops, if the appropriate
agrochemical parameters: humus of 2.3-2.6%, mobile spring vetch cultivar is selected.
phosphorus  of  71-353mg/kg,  exchangeable  potassium In mixtures of Liudmila vetch with Sonet barley the
of 88-221 mg/kg, the amount of absorbed bases 18.4-30.4 Land Equivalent Ratio reached 1.04 - 1.17 and in mixtures
mg-eq/100g, pH  – 5.2-6.7. Conditions of moisture and of Vera vetch it was below 1 (Table. 2). This testifies thatsal

heat supply during the years of the experiment carrying Liudmila cultivar should be used for mixed sowings with
out were favorable for arable crops. barley.  Productivity   of   agrophytocenosis  with

The experiment No.3 was carried out on sod podzol Liudmila cultivar reached in average 2.59 t/ha, that is by
soil with high phosphorus content of 293-398 mg/kg and 0.29 t/ha higher than their productivity with Vera cultivar.
potassium content of 138-150 mg/kg. The unfavorable The maximum productivity of vetch and barley mixture
conditions of moisture for pea plants in the period of was obtained at a component ratio of 25+75% - 2.91 t/ha.
carpus initiation and formation were during the years of Also the LER was the highest – 1.17.
research. But with this ratio of the components their most

RESULTS plants dominate (CR = 1.26). Barley is more productive

During the comparison of productivity of different of the mixture, but mainly due to the gramineous
legume-grass mixtures it was established that the pea and component. Vera vetch is more aggressive than Liudmila,
barley mixture provides a maximum grain productivity of as in mixtures with barley, with Vera’s share of 25% or
3.37 t/ha, which is by 0.68-1.79 t/ha more than the other more it dominates (CR = 1.03-1.18). It leads to lower
agrophytocenoses. Mixtures with barley were more productivity of barley and the mixture in general.
productive then legume-oat by 0.78-1.31 t/ha, mixtures The different type of competition develops in pea and
with peas – by 0.17-0.68 t/ha than with vetch and by 0.48- barley mixture. Their maximum productivity and efficiency
1.01 t/ha than with lupine (Table 1). in comparison with pure sowings was observed with

The pea and barley mixture had the highest efficiency minimal competition in the sowings (the CR of barley is
of the use of arable land (LER = 1.18) in comparison with 1.06, the CR of pea is 0.94).
pure sowing of different crops, also pea and oat mixture However, the research with pea and barley mixture in
and vetch and oat mixture had a ratio of a land equivalent years with extreme lack of moisture for the legumes
relations more than 1. Despite the relatively high component has shown that not the weakening of
productivity of vetch and barley as well as lupine and interspecies competition has the crucial significance for
barley mixtures, these cultures in single-crop sowing are higher productivity in accordance with single-crop
able to provide a higher level of productivity, so these sowing, but its strengthening up to a level which leads to
mixtures are not effective. the total exclusion pea crop by barley. The research has

High productivity of barley and pea mixture is caused shown that the proportion of barley in the harvest was 96
not only by the fact that the least intense competitive - 99% (Table 3).
relationship of components are formed in the mixture, as In mixtures without nitrogen application the
factors of competitiveness of pea (0.97) and barley (1.03) sharpness of interspecies competition is less. This is
are almost the same, pea is depressed a little, but it is also evidenced by the difference between the indicators of CR
caused by a high productivity of these crops in in components 3.03 and 4.16, while after nitrogen
comparison with other. In pure sowings barley provided application it increases, respectively, to 15.24 - 23.56. 

severe competitive relationship are formed. Gramineous

crop, that leads to the formation of a better productivity
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The Land Equivalent Ratio shows that in extreme 6. Minko, I.F., 1969. Ecological and physiological basis
conditions for one of the components of the mixture with of vetch and oat relationship in pure and mixed
two species the mixed sowing uses the arable land less sowings: dissertation abstract of Cand. Agr. Sci.
efficient than pure sowings. With a decrease of pea Minsk, pp: 21.
seeding rate in the mixture from 25 to 12.5% the LER 7. Sokolova, E.A. and G.I. Mikriukova, 1978. Defining
increases from 0.85 to 0.97. Thus, the cultivation of mixed the positive impact of one component of the mixed
sowing is not profitable. sowing on another in field experiments. Allelopathy

CONCLUSION 8. Dverenina, O.T., 1989. Productivity of mixed sowings

Mixtures of vetch and pea with barley and oat in of the components, fertilizers and harvest time on
comparison with pure sowings are more effective during gray forest soils of non-Black Earth Belt: dissertation
the cultivation for feeding grain in Preduralie on sod abstract of Cand. Agr. Sci. Moscow, pp: 20.
podzol loamy half-cultivated soil. Blue lupine is preferably 9. Hauggard-Nielsen, H. and E.S. Jensen, 2001.
to grow in pure sowing. Evaluating pea and barley cultivars for

Mixtures of pea and barley at a component ratio at complementarity  in    intercropping   at different
sowing 25+75% of seeding rate in  single-crop  sowing levels of soil an availability. Field crops Research,
provide a higher productivity. To achieve high efficiency 72(3): 185-196.
of mixtures with vetch, the choice of its cultivar is 10. Prasad, R.B. and R.M. Brook, 2005. Effect of varying
important. A preference should be given to the Liudmila maize densities on intercropped maize and soybean in
cultivar mixtures. Nepal. Experimental Agriculture, 41(3): 365-382.
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