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[IpencrasieHsl pe3yJbTraThl aHAIM3a YPOXKAMHOCTH U OMOIOTHUECKON 3()(HEKTUBHOCTH OIHOBU-
JIOBBIX ¥ CMENIaHHBIX MTOCEBOB 3JIAKOBHIX M OO0OBBIX KYJIBTYp B 3aBHCHMOCTH OT 30H BO3/ICITIHIBAHHS.
HccnenoBanust MpoBeACHBI B JICCOCTEITHOW M CTEITHOW 30HaX 3amaiHoit CHOUpH U B JIECOCTEITHOM
3oHe Bocrounoit Cubupu, pe3ynbTarsl MpoaHAIM3UPOBAHKI Yepe3 MOKa3aTeH «OTHOIIICHUE 3eMelThb-
HBIX 3KBHUBAJICHTOB» M KOA(D(HUITUCHT arpecCHBHOCTH. B ecoctenHol 30He 3amamuno Cubupu mpu
BO3JICIIBIBAHMY Ha 3epHO(Ypak MPEUMYIIECTBO UMEJH JBYXKOMIIOHEHTHBIE CMECH C HOPMOW BhICEBa
60—75% 3nakoBoro (siaumeHb win oBec) u 35—-50% 6000BOro KOMIOHEHTOB (TOPOX). YPOKaiHOCTh CO-
craBmia 23-29 11 3epHa/Ta ¢ comepkanueM nepeBapumoro nporerHa 106—110 r/k.ex. 1 mokazarenem
3¢ PEKTUBHOCTH HCIIONIB30BaHus Tutomamy 1,17 en. Hanbonbimum ko3 OUIIMEHTOM arpecCUBHOCTH
(rutroc 0,53) oOnagaeT ropox B cMecu ¢ mineHuied. B ycinoBusx crenHoit 30Hb1 3anaanoi Cubupu
Hanbonee 3(h(heKTHBHBI IByXKOMITOHEHTHBIE CMECH STIMEHS 1 MIIISHUIIBI C TIEITIOIIKOM IPH COOTHOIIIe-
HUU 3JIaKOBOTO B 0000BOr0 KoMIoHeHTOB 60/50% OT MOTHOI HOPMBI BBICEBA KYJIBTYp. YPOXKaHOCTh
JAaHHBIX [IEHO30B OTMEYEHA HAa YPOBHE OMHOBHIOBBIX ITOCEBOB, & MUTATEILHOCTH BhIIe HA 6—10%.
Ilokazarenp «OTHOIICHHE 3€MEJIbHBIX DKBUBAJICHTOBY ISl JTaHHOM 30HBI cocTtaBui 1,21-1,3 ex. Jdoms
0000BOr0 KOMITOHEHTA B ypOKae 3epHa TPEXKOMIIOHCHTHBIX CMECel TPU HeONarompusTHBIX CYXUX
YCJIOBUSIX CTEIHOW 30HBI 3apErMCTPUPOBAHA HE3HAYMTEIILHOW. 3HaUeHUE KOA(DPUIIMEHTA arpecCuB-
HOCTH 0O0OBOTO KOMIIOHEHTa CHH3HMJIOCH 0 MUHYC 1,58 M MakCHMalbHO YMEHBIIHMIACH €ro JIOJS
B arporieHo3se. [y necocrenHol 30H6I BocTouHol CHOMPH XapaKTepHO JIOCTaTOYHOE YBIIAXKHEHHE,
YTO CIIOCOOCTBOBAJIO MOYUYCHHUIO XOPOILIETo yposkasi 3epHa. HanOopiyro yporkaitHOCTh 00eCieuriin
CMECH OBca ¢ TopoxoM (48,5 m/ra) u oBca ¢ TOpoxXoM U saMeHeM (42,9 1y/ra) ¢ mokaszareyieM «OTHO-
IICHNE 3eMEJTbHBIX SKBUBAICHTOBY 10 1,45 e/1. i KOAPHUIIMEHTOM arpecCUBHOCTH, OJIM3KUM K HYITIO.
B nanHO# 30HE CYIIECTBYIOT OJIaronpUsATHBIC YCIOBHS IIPOU3PACTaHUS KYJIBTYP B OMHAPHBIX MOCEBaX.

KuioueBble €10Ba: OHOBUIOBBIE U CMEIIaHHBIE TI0CEBHI, COOTHOIIEHNE KOMIIOHEHTOB, 3€PHO-
¢bypax, ononornueckas 3pGeKTUBHOCTD, KOI(Q(UIHEHT arpecCUBHOCTH, 30HA BO3ACIBIBAHUS
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The results of the analysis of yield and biological efficiency of single-species and mixed crops of
cereals and legumes, depending on the cultivation zones, are presented. The study was carried out in
the forest-steppe and steppe zones of Western Siberia and the forest-steppe zone of Eastern Siberia.
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The results were analyzed by means of Land Equivalent Ratio and the coefficient of aggressiveness.
In the forest-steppe zone of Western Siberia, two-component mixtures with a seeding rate of 60—
75% of cereals (barley or oats) and 35-50% of legumes (peas) had an advantage in cultivation for
fodder grain. The yield was 2.3-2.9 t/ha of grain with digestible protein content of 106-110 g per
feed unit and the efficiency of the area use of 1.17 units. Peas mixed with wheat had the highest
coefficient of aggressiveness (plus 0.53). In the conditions of the steppe zone of Western Siberia,
two-component mixtures of barley and wheat with field peas are the most effective with a ratio
of cereal and legume components of 60/50% of the total seeding rate of crops. The yield of these
cenoses was noted at the level of single-species crops, and the nutritional value was 6—10% higher.
Land Equivalent Ratio for this zone amounted to 1.21-1.3 units. The share of the legume component
in the grain yield of three-component mixtures under unfavorable dry conditions of the steppe zone
was registered insignificant. The value of the coefficient of aggressiveness of the legume component
decreased to minus 1.58 and its share in the agrocenosis decreased to the utmost extent. The forest-
steppe zone of Eastern Siberia is characterized by sufficient moisture, which contributed to a good
grain harvest. The highest yield was provided by a mixture of oats with peas (4.85 t/ha) and oats with
peas and barley (4.29 t/ha), with the Land Equivalent Ratio of up to 1.45 units and the coefficient
of aggressiveness close to zero. In this zone, there are favorable growth conditions for binary crops.

Keywords: single-species and mixed crops, ratio of components, fodder grain, biological
efficiency, coefficient of aggressiveness, cultivation zone
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INTRODUCTION

Cultivation of forage crops is currently car-
ried out mainly in single-species crops. Such
agrocenoses are highly productive, but poten-
tially unstable, since they completely depend
on the external conditions of cultivation [1].
Unlike multicomponent agrocenoses, they are
poorly adapted, more susceptible to stresses
caused by changes in external conditions, they
have fewer opportunities for transforming ener-
gy, nutrients, etc. Single-species crops are more
vulnerable to the effects of harmful and patho-
genic organisms and very actively and unilater-
ally deplete soil fertility.

A significant reserve for the use of biologi-
cal environmental factors and an increase in
the production of fodder grain is the cultiva-
tion of highly productive ecologically stable
multicomponent agrophytocenoses with the
inclusion of legumes [2, 3]. The effectiveness

of mixed crops is determined by the biologi-
cal compatibility of simultaneously growing
components of the agrocenosis, which can be
established experimentally [1, 2, 4-7]. Cur-
rently, one of the difficult questions in the study
of mixed crops is the quantitative assessment
of their advantages in comparison with single-
species crops [7-10].

The main problem is to determine objec-
tive criteria for evaluating the effectiveness of
single-species crops and mixed agrocenoses [2,
11, 12]. The biological efficiency of multicom-
ponent crops is determined by comparing the
productivity of the mixture with the productiv-
ity of two crops of mixed crops on the same
area [13].

In the present studies, we studied the rela-
tionship of cereals with legumes when culti-
vated in single-species and mixed crops for
grain under different growing conditions. The
purpose of the research is to develop principles
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for the design of highly productive mixed crops
with the participation of a legume component
when harvesting for grain, depending on the
growing zones.

MATERIAL AND METHODS

The studies were carried out in the forest-
steppe and steppe zones of Western Siberia
and the forest-steppe zone of Eastern Siberia in
2013-2015. In 2021, the results were analyzed
through the Land Equivalent Ratio (LER) and
the Coefficient of aggressiveness Ratio (CA)
[14]. These indicators are calculated using the
formulas:

(1)

where LER is the ratio of land equivalents, Y, ,
is the yield of crop A in mixed sowing with crop
B, t/ha; Y, - yield of crop B in mixed sowing
with crop A, t/ha;Y,, and Y, - yield of crops
A and B, respectively, in clean sowing, t / ha.

LER = (YAB /YAA) + (YBA /YBB)’

CAAB :YAB: (YAA ' ZAB) 7YBA: (YBB ' ZBA)’ (2)

where CA is the coefficient of aggressiveness
of culture A in mixed sowing with culture B;
Y,, - yield per unit area of crop A in mixed
sowing with crop B; Y, , - yield per unit area
of crop A in clean sowing; Z, . and Z, - part
of the mixed sowing, initially determined for
crops A and B (in %).

The forest-steppe zone of Western Siberia
(zone I) is located in the northern forest-steppe
of the Ob region. The soil of the experimental
site is leached medium-thick medium loamy
chernozem, the humus content in the 0-20 cm
layer is about 6%. Selyaninov's hydrothermal
coefficient is 1.0-1.2.

The steppe zone of the Northern Kulunda (II
zone) is the Northern -Kulunda department of
the Siberian Research Institute of Fodder Crops
(SRIFC) of the Siberian Federal Scientific Cen-
ter of Agrobiotechnology of the Russian Acad-
emy of Sciences. The soil of the experimental
site 1s southern solonetzic chernozem, shallow,
light loamy. The climate of the zone is sharply
continental, with hot summers and cold win-

ters. The hydrothermal coefficient for the zone
is less than 0.5.

The forest-steppe zone of Eastern Siberia
(IIT zone) is the East Siberian department of Si-
berian Research Institute of Fodder Crops. The
soil of the experimental site is ordinary heavy
loamy chernozem with a humus content in the
arable horizon of 7.7-7.8%. The hydrothermal
coefficient for May - August is 1.5, which cor-
responds to the indicators of good moisture.

The growing season of 2013, on average
across the zones, was characterized by exces-
sive moisture and lack of heat. The growing
season in 2014 was unfavorable in terms of
heat and moisture supply for grain fodder and
leguminous crops. Agrometeorological condi-
tions of the 2015 growing season in the steppe
zone of Western Siberia were characterized by
the absence of precipitation from late May to
mid-July.

In the experiment, the following ratios of
components in mixtures were used: barley
(75%) + peas (field pea) (35%), oats (75%) +
peas (field pea) (35%), wheat (70%) + peas
(field pea) ( 40%), barley (30%) + peas (field
pea) (50%) + oats (30%), barley (30%) + peas
(field pea) (50%) + wheat (30%), oats (30% )
+ peas (field pea) (50%) + wheat (30%), bar-
ley (20%) + oats (20%) + wheat (20%) + peas
(field pea) (50%).

RESULTS AND DISCUSSION

To solve the practical problem of the study,
the production advantages of mixed crops by
zones have been determined. For oats, in con-
trast to barley and wheat, conditions are favor-
able in all zones (the yield of grain fodder is from
10.4 to 37.0 ¢ / ha, depending on the conditions
of the growing season). For barley, conditions
were more favorable in the forest-steppe zone
of Western and Eastern Siberia, the yield was
29.4 and 42.1 c / ha, respectively (see Table 1).
Peas (field pea) in single-species crops formed
a yield almost 2 times less than that of cereals,
legumes lodged badly and were affected by dis-
eases. Compared with single-species crops, the
mixtures were not inferior, and in some cases
exceeded single-species crops of peas (field
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pea) in grain collection. They are marked more
plastic to meteorological conditions.

In all research areas, a two-component mix-
ture of oats + peas provided a stable and high
yield of 10.6-48.5 ¢ / ha. These indicators are
10-13% higher than the data of single-species
crops of cereals, and 1.5-2 times higher than
those of single-species crops of peas. Tradition-
al barley-pea mixtures, on average, provided
an increase in grain yield in comparison with
single-species pea crops by 1.8-14.9 ¢ / ha. The
introduction of the third component into the
double mixture (especially wheat mixed with
oats and peas) reduced the yield by 18-26%,
which indicates the low competitiveness of this
crop and its oppression by oats and peas.

One of the important indicators in the cul-
tivation of mixtures is the proportion of the le-
gume component in the grain yield. It varied
on average from 3 to 32% and depended on
the cultivation area. The minimum content of
peas in the mixture (3—8%) was obtained in the
steppe zone of Northern Kulunda, the maxi-
mum (24-32%) - in the forest-steppe zone of
Western Siberia.

The mixtures formed a more stable yield
over the years, compensating for the lack of
yield of one component at the expense of an-

other. For 3 years of research, the coefficient
of variation in grain yield of cereal crops was
44%, while oats - 52%, wheat - 62, peas - 31%.
Consequently, the total yield of mixed crops is
less susceptible to the influence of meteorologi-
cal conditions in individual years than crops in
single-species crops.

To solve the problem of assessing the bio-
logical effectiveness of mixed crops, the fol-
lowing indicators were used: LER and CA [14].
Using the LER value, the calculation of the size
of the land area required to obtain in single-
species crops the same amount of production
of each of the components, which was formed
per unit area of the mixed crop. The higher the
LER value, the higher the efficiency of land
use when growing a mixture, if LER = 1, then
mixed cultivation of crops is ineffective for ob-
taining products [15].

The analysis of experimental data showed
that the biological efficiency of mixed crops
depends on the meteorological conditions of
the growing season, the cultivation zone, the
ratio of the components in the mixture and the
aggressiveness of the crop. For 3 years of re-
search in the forest-steppe zone of Western
Siberia, the LER index for all mixtures was
registered above 1, which indicates the effec-

Taoa. 1. YpoxkaitHOCTb 3epHa 3epHO(YPAKHBIX KYJABTYP B OJHOBHIOBBIX U CMEIIAHHBIX TIOCEBaX B
pa3HbIX 30HaX BO3/AENbIBaHus, 1/ra (cpennee 3a 2013-2015 rr)

Table 1. Grain yield of fodder crops in single-species and mixed crops in different zones of

cultivation, centner/ha (average for 2013-2015)

Cultivation area
Option 1 1T 11T
Mixture | Cereals | Legumes | Mixture | Cereals | Legumes | Mixture | Cereals | Legumes
Wheat 29,2 29,2 - 7.4 7,4 — 27,9 27,9 -
Oat 30,8 30,8 - 10,4 10,4 — 37,0 37,0 -
Barley 29.4 29.4 — 7,7 7,7 - 42,1 42,1 —
Pea 14,0 - 14,0 8,7 - 8,7 243 - -
Barley + pea 28,9 23,7 5,2 9,5 8,4 1,1 39,3 31,0 8,25
Oat + pea 26,5 22,2 4,2 10,6 9,7 0,9 48,5 37,8 10,6
Wheat + pea 22,6 15,4 7,2 9,9 8,9 0,1 32,5 25,0 7,5
Barley + pea + oat 27,0 19,7 7,3 9,3 8,5 0,83 42,9 35,0 7,9
Barley + pea + wheat 26,2 19,1 7,1 8,9 7,9 0,1 38,9 33,8 5,1
Oat + pea + wheat 25,6 19,7 5,9 9,5 8,7 0,8 36,2 26,0 10,2
Barley + pea + oat + wheat 26,0 19,7 6,2 9,1 8,2 0,9 42,0 32,7 93

Kopmonpon3ssoacTso

CHOHpPCKHI BECTHHK CEJILCKOXO03HCTBEHHOI Haykn © 2021 « 51 ¢ 1

45



Competitive ability of components in mixed agrocenosis of fodder
grain crops

Kashevarov N.I., Sadokhina T.A., Bakshaev D.Yu.

tiveness of the cultivation of mixtures in this
zone. The most effective in this zone were the
binary mixtures of barley with peas (LER 1.17
units) and three-component mixtures contain-
ing barley with wheat (LER 1.16—1.17 units)
(see Table 2). In three-way blends containing
oats and wheat, the LER decreased to 1.07.

The cultivation of mixtures with wheat in the
steppe zone is also less efficient. In the steppe
zone of Northern Kulunda, the most productive
binary mixtures of barley with field pea (LER
1.21 units) and wheat with field pea (LER 1.3
units). In three-component mixtures in dry con-
ditions of the steppe zone, unfavorable condi-
tions are formed for the legume component, its
share in the grain yield is insignificant.

The forest-steppe zone of Eastern Siberia
is characterized by sufficient moisture (HTC =
1.5), which contributes to obtaining good grain
yields. In this area, it is most efficient to culti-
vate a two-component mixture of oats and peas
(LER 1.45 units) with a high contribution of the
legume component to the efficiency of the mix-
ture (LER 0.43 units). The high value of the co-
efficient shows that to obtain the same amount
of grain in single-species crops, 1.45 times
more land area is required, i.e. the relative pro-
ductivity of the two-component mixture is 45%
higher. It can be unambiguously asserted that
the obtained value of the "land equivalents ra-
tio" shows the advantage of mixed crops.

The aggressiveness coefficient represents
the competition of crops in a mixed sowing,
which is determined by correlating the change
in the yield of both components of the mixture
to the expected indicators. This coefficient is
calculated by the formula (2).

For culture B, the sign of the coefficient will
be opposite to culture A. A coefficient value
equal to zero means that both components of
the mixture have the same competitive ability
and are in the same conditions. Under other cir-
cumstances, crops will have the same CA nu-
merical value. However, the more aggressive
component of the mixture will have a positive
sign, the less competitive - negative.

In the forest-steppe zone of Western Siberia,
in mixed crops of cereals with peas, the CA of
components varied from plus 0.01 to plus 0.53
over the years of research (see Fig. 1).

In mixtures of barley and peas, CA ap-
proached zero. This indicates that the crops
had the same competitive ability and were in
optimal growing conditions. Under the most
favorable conditions for legumes (in a mixture
with wheat), the CA of peas increased to plus
0.53, peas acted as a dominant and provided a
greater contribution to the overall productiv-
ity of this agrocenosis. In mixtures with barley
(when harvesting for grain), the CA of cereals
was plus 0.12-0.24, determining the high value

Taoa. 2. buonornueckas 3¢pPEeKTHBHOCT CMEUIAHHBIX 3J1aKOBO-0000BBIX arpolieHO30B B Pa3IHYHBIX

30Hax BO3CIbIBAHUA

Table 2. Biological efficiency of mixed cereal and legume agrocenosis in different cultivation zones

Cultivation area
Option I 1I 111
LER LER LER
cereals | pea |mixture | cereals | pea |mixture | cereals | pea | mixture
Barley + pea 0,8 0,37 1,17 1,09 0,12 1,21 0,73 0,33 1,06
Oat + pea 0,72 0,3 1,02 0,93 0,11 1,04 1,02 0,43 1,45
Wheat + pea 0,52 0,51 1,03 1,2 0,1 1,3 0,89 0,3 1,09
Barley + pea + oat 0,64 0,52 1,16 0,89 0,1 0,99 0,89 0,32 1,21
Barley + pea + wheat 0,65 0,51 1,17 0,89 0,1 0,99 0,96 0,22 1,18
Oat + pea + wheat 0,65 0,42 1,07 0,98 0,1 1,08 0,81 0,47 1,28
Barley + pea + oat + wheat 0,65 0,46 1,11 0,93 0,1 1,03 1,02 0,38 1,4
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of this component in the total productivity of
the mixture.

In the steppe zone of Northern Kulunda,
with low moisture reserves in the soil during
the development of seedlings of legumes, un-
favorable conditions were created for the de-
velopment of plants, and their competitiveness
decreased. Under these conditions, the CA val-
ue of the legume component dropped to minus
1.58, and its share in the agrocenosis decreased
as much as possible (see Fig. 2).

Under these conditions, the cereal compo-
nent showed the maximum aggressiveness, the
CA increased to plus 1.58. During the grow-
ing season, the developed plants of the cereal
component of the mixture exerted a strong sup-
pressive effect on the legume component of the
mixture. The coefficient of aggressiveness of
the legume component in the steppe zone did
not exceed —0.95.

The conditions of the forest-steppe zone of
Eastern Siberia are characterized by a slight
suppression of legumes by the cereal compo-
nent (see Fig. 3).

In mixtures of barley and oats with peas in
this zone, CA approaches zero, which indicates

0,6

favorable conditions for the growth of crops in
binary crops. The introduction of the second
and third cereal components into the mixture
reduces the CA of peas to minus 1.21, which
indicates a higher competitiveness of cereals in
a complex mixture, as evidenced by the high
proportion of cereals in the mixture yield.

CONCLUSION

1. In the forest-steppe zone of Western Si-
beria, when cultivating for grain fodder, two-
component mixtures with a seeding rate of
60-75% cereal (barley or oats) and 35-50%
leguminous components (peas) have an advan-
tage. The yield is 23-29 centners of grain / ha
with a digestible protein content of 106—-110 g/
c. units and the indicator "ratio of land equiva-
lents" 1.17 units.

2. In the conditions of the steppe zone of
Western Siberia, two-component mixtures of
barley and wheat with field pea are most effec-
tive (60% of the cereal and 50% of the legume
component). The productivity of these cenoses
was noted at the control level, the nutritional
value was 6—-10% higher. The indicator "ratio of
land equivalents" for the zone - 1.21-1.3 units.
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. Oats - Peas

Puc. 1. KOS(i)(I)I/IL[I/ICHT arp€CCMBHOCTHU KYJIBTYP CMCIIAHHBIX ITOCCBOB B YCJIIOBUAX JIECOCTEITHOM 30HBI

3amagHon Cubupu

31ech 1 Ha puc. 2, 3 BapUaHTHI IOCEBOB: 1. sUMeHb + ropox, 2. oBec + ropox, 3. nmeHuna + ropox, 4. s4mMeHs +
ropox + oBec, 5. AYMEHb + Topox + MILEHUIA, 6. OBeC + ropox + MIIEHHNa, 7. SYMEHb + ropox + OBeC + MIIEHUIA

Fig. 1. Coefficient of aggressiveness of mixed crops cultivated in the forest-steppe zone of Western

Siberia

Here and in Fig. 2, 3 sowing options: 1. barley + peas, 2. oats + peas, 3. wheat + peas, 4. barley + peas + oats, 5.
barley + peas + wheat, 6. oats + peas + wheat, 7. barley + peas + oats + wheat
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6 7
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Puc. 2. KoappuumeHT arpecCUBHOCTU KYJIBTYp CMEIIaHHBIX TOCEBOB B YCIIOBUSIX CTEMHON 30HBI CeBep-
HoM KymyHnbt

Fig. 2. Coeflicient of aggressiveness of mixed crops cultivated in the conditions of the Northern Kulunda
steppe zone
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Puc. 3. KoadduiueHT arpecCHBHOCTH KyJIbTYp CMEIIAHHBIX ITOCEBOB B YCIOBUSX JIECOCTEITHON 30HBI
Boctounoit Cubupu

Fig. 3. Coefficient of aggressiveness of mixed crops cultivated in the forest-steppe zone of Eastern Siberia

3.

In the forest-steppe zone of Eastern Siberia,

the highest grain yield was provided by a mix-
ture of oats with peas (4.85 ¢ / ha) and oats 30%
+ peas 50% + barley 30% (42.9 c / ha) with the
value of the "ratio of land equivalents" up to 1,
45 units.
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