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Long-term studies of the zone of sugar beet cultivation in Kazakhstan show that the shorter the
interval between beet crops in one place, the greater the risk of contamination with root rot. So on farms
where beets were returned to the previous site in 1-2 years, the prevalence of rot was as high as 78.9%.
The least manifestation of rot was observed in crop rotations, where the beet was returned to its former
place no earlier than 8 years or more, that is, the field was virtually free of soil infection. Here, the affection
of root crops was 9.8%, which in turn contributed to an increase in yield (334-425 q / ha).
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Long-term cultivation of one plant species on the same field for many years, as a rule, leads to the
accumulation of pathogens inherent in a given culture in the soil. This is one of the main reasons for the
massive spread of plant diseases caused by soil microorganisms. To improve the soil from harmful
organisms, it is necessary to change the soil complex of microorganisms in a directed manner [1-3].

The breeding factor of the microcenosis of the soil is dead plant remains. The differentiating effect of
plants and their residues on the formation of microbial coenoses is explained by the difference in root
secretions. The latter contributes to the development and accumulation in the soil of certain species of
bacteria, fungi and actinomycetes. This indicates that by selecting the predecessors it is possible to regulate
the formation of useful microcenoses and to reduce the harmfulness of many plant diseases [4].

The example of Verticillium dahliae shows that all plants, including crops involved in crop rotation,
stimulate the germination of microsclerotia in the soil [5]. According to A.A. Benken and A.S. Dotsenko [6],
this leads to partial purification of the soil from infection in the cultivation of unaffected plants.

One of the main methods of limiting the development of root rot is the strict observance of crop
rotation and the permissible level of saturation with sugar beets [7-11]. Saturation of a crop rotation in excess
of 20% leads to the accumulation of pathogens in the soil and a significant increase in plant disease [11, 12].

Among the measures to combat root rot, correct rotation with placement of sugar beet after the most
favorable predecessors is of great importance, however, it is necessary to know the optimal periods for the
return of beets to the former field. In a beet crop rotation, it is necessary to establish a crop change in which
the beets would return to the old place not earlier than in 4-5 years [13].

When changing crops, it must also be borne in mind that some precursors of sugar beet are affected by
the same pathogens, for example, causative agents of root rot affect peas. Therefore, in order to prevent the
spread of disease pathogens, heavily infected areas need to occupy non-susceptible crops (winter cereals)
[14]. In the absence of a host, the causative agent of Fusarium wilt competes with soil saprophytic
microorganisms [15].

In Ukraine, the best predecessor, with the lowest damage to plants rotting root crops, as well as high
productivity in areas of sufficient moisture, is winter wheat, which goes after perennial grasses [16]. In the
zone of insufficient moisture, the minimum damage to sugar beet by diseases is achieved when they are
placed in a link with black steam, in the zone of unstable moistening - by the turnover of the occupied steam
[17, 18, 19].

From 1997 to 2016, together with employees of sugar factories in Almaty and Zhambyl oblasts, the
peculiarities of sugar beet placement in crop rotation were studied to limit the development of root rot in the
growing season. A total of 727 sugar beet fields were surveyed over the years, on which the time of the
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previous sowing was determined, the number of affected root crops was counted and the yield of the crop
was determined on the site in the current year (Table 1).

Table 1. Influence of the beet return period on the previous field on the prevalence of root rot (average data
for the republic, 1997-2016)

Return of the beet to its original location Prevalence of rot,% Productivity,
centner / ha
Permanent cultivation of beet from 1961g. 98,6 90,8
After 1- 2 year 78,9 110,4
After 3 - 4 years 23,0 223,5
After 5-6 years 13,2 2842
After 8 year 9,8 334,0
After 10 year 0,0 424,7

The data of Tablel show that the shorter the time interval between the cultivation of beets in one
place, the more it is exposed to root rot. So, on farms where beet was returned to the previous site in 1-2
years, the prevalence of rot was as high as 78.9%. At 3-4 years of return, the incidence of decay is reduced,
but remains at a rather high level - 23%. The least manifestation of rot was observed in crop rotations, where
the beet is returned to its former place not earlier than 8 years or more, i.e. the fields turned out to be
practically free from soil infection of rot of root crops (9.8% and less affected root crops on average), and
this, in turn, contributes to an increase in yield (334-425 kg / ha). Based on the presented data, it can be
concluded that it is desirable to sow the beet repeatedly on the same site not earlier than in 5-6 years.

The effect of precursors on the damage to sugar beet by root rotations was studied in a stationary
experiment, laid in 1981. According to the data obtained, winter wheat and alfalfa to some extent contributed
to a decrease in the sugar beet's affection by root rot (table 2). At the same time, we noted that such
precursors as corn, potatoes and safflower contribute to increasing the damage of root crops of sugar beet rot.

Table 2. Influence of precursors of sugar beet on damage by rot and productivity of root crops in stationary
experiment, 2012-2015

Predecessors Disease Yield, c/ Sugar _ Sugar
development,% ha content,% collection, c/ha

Alfalfa formation turnover 8,0 392 14,8 58,0
Winter wheat 5,2 405 15,0 60,8
Barley 7,5 372 13,5 49,5
Soybean 7,2 365 13,7 50,0
Corn 9,2 331 13,0 43,0
Potatoes 15,7 247 12,2 30,1
Safflower 20,7 220 11,9 26,2
Sugar beet 2 years 9,5 300 12,9 38,7
Sugar beet 3 years 27,7 210 12,0 25,2
Sugar beet 10 years 32,5 165 11,7 19,3
Sugar beet (in monoculture 36 417 110 11,0 12.1
years)

The magnitude of the infectious load in the soil has a significant effect on the intensity of decay of
root crops of sugar beet in the period of growth and development. This indicator largely determines the onset
and intensity of the pathological process. Therefore, determining the magnitude of the infectious load makes
it possible to judge the health-improving effect of the agricultural technique used. In this connection,
information on the effect of agrotechnical methods applied in a stationary experiment on the quantitative
indices of populations of causative agents of root rot is of scientific and practical interest.

In 2013-2015 in a stationary experiment, the number of rudiments of fungi of the genus Fusarium was
determined depending on the precursors during the growing season. The purpose of this experiment was to
elucidate the dynamics of fungi of the genus Fusarium, depending on the plant species in the crop rotation.

Analysis of soil samples taken in April showed that the initial infection of the soil of the experimental
plots involved in these crops changed significantly. The number of rudiments of Fusarium fungi in the
replicates of variants varied from 25.6 to 55.1 thousand pieces. on 1 g of dry soil (Table 3).
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The results of monthly soil analyzes showed that the quantitative content of Fusarium fungi rudiments
changes during the growing season.

A couple in June and July there is a noticeable increase in the rudiments of fungi Fusarium, compared
with the initial period. If in April the number of Fusarium propagules was on the average 25.6 thousand units
/ g soil, then in June - 35.3 thousand, and in July - 45.6 thousand. In late summer and early autumn (August
September), there is a slight decrease in their quantity, correspondingly, 41.6 and 39.5 thousand pieces / g of
soil. But it should be noted that the accumulated amount of infection by the end of September is much
greater than at the beginning of the growing season - 39.5 thousand units / year. (control - 25.6 thousand
units / year).

Table 3. Dynamics of the content in the soil of the rudiments of fungi of the genus Fusarium on
different precursors of sugar beet in a stationary experiment, 2013

Number of rudiments of Fusarium fungi, pcs / g soil
Predecessors . . . septemb
april june july august or
Steam 26640 35360 43680 41600 39520
Barley 38160 39520 43670 43590 45580
Oats 25680 38880 38520 42000 33280
Lucerne + ryegrass 46200 43050 47550 52500 46640
Barley + alfalfa 55120 50880 49350 53550 52500
Corn 48150 47700 54570 57200 58300

According to barley, the number of Fusarium propagules in April was -38.1 thousand units / year. soil.
This indicator did not change until June, and amounted to -39.5 thousand units / year. In July and August
there is a slight increase, while the number of Fusarium propagules is 43.6 thousand. By the end of
September, there is a further increase of 45.6 thousand units / year. soil.

For oats, as well as for a couple, in spring the level of infectious origin, in comparison with other
cultures, is much less - 25.6 thousand. pcs / g. soil. However, with the onset of summer, a gradual increase in
the number of fungi Fusarium begins. In this case, during the summer months - June, July, August - the
number of propagules is 38.8, respectively; 38.5 and 42.0 thousand units / year. And by the end of September
there is a noticeable decrease - by 8.7 thousand compared to the amount noted in August.

According to the lucerne in the mixture of ryegrass, in contrast to the previous versions, in June there
is a slight decrease in the number of Fusarium propagules (43.0 thousand versus 46.2 thousand), and since
July, as in other cases, there has been an increase of 47.6 thousand. pcs / g. soil. A noticeable increase in the
infectious onset occurs in August, then decreases somewhat, and by the end of September the initial value of
46,600 is set. pcs/ g. soil.

In Lucerne under the cover of barley, the number of rudiments of fungi Fusarium, unlike all others,
was the largest - 55.1 thousand. During the summer, it decreased noticeably, and by the end of the vegetation
it returned to its original value (52.5 thousand pieces / year of soil).

In maize early in the summer, there was a slight decrease in the number of Fusarium buds in the soil.
However, in the future there is a gradual increase in their numbers until the harvest itself. So, if the number
of propagules in July was 54.5 thousand, then in August - 57.2 thousand, and in September - 58.3 thousand
units / year. soil.

Thus, it can be noted that all test precursors of sugar beet, except for alfalfa in a mixture of ryegrass
and under the cover of barley, did not contribute to reducing the initial value of the infectious load by
autumn, but on the contrary, there was a significant increase in the pair by 12.8 thousand, barley - 7,4
thousand, oats -7,6 thousand and corn-10,2 thousand pieces / year. soil. Several other data were obtained for
the other two cultures. In lucerne + ryegrass, the level of infectious load by the autumn remains at the level
of the beginning of vegetation (46.6 thousand against 46.2 thousand pieces / year of soil), and in alfalfa
under the cover of barley - decreases by 2.6 thousand pieces. / g. soil.

In 2014, given the lack of a clear pattern in the dynamics of the number of fungi Fusarium, depending
on the precursors of sugar beet, it was considered expedient to determine the contamination of soil by the
main pathogens of rot in the beginning and the end of the growing season. According to the results of the
research, the size of the Fusarium fungi varied during the growing season of sugar beet (Table 4).
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Table 4. Influence of precursors of sugar beet on the content in the soil of the rudiments of fungi
Fusarium (in pcs / g soil), 2014

Number of rudiments of Fusarium fungi, pcs /
Predecessors g soil

at the beginning of at the end of

vegetation vegetation
West germane Barley 44540 24200
Oats 40290 31080
Lucerne under the cover of barley 43200 22600
Corn 58560 25520
Steam 34800 24640

At the beginning of the growing season (the end of April), relatively high population of soil rot agents
is observed in maize. In 1 g of air-dry soil taken from this predecessor, 58.5 thousand Fusarium propagules
are contained. According to the precursors of oats, alfalfa under the cover of barley and barley, the
population of the soil by the fungi of Fusarium was close and amounted, respectively, to 40.2; 43.3 and 44.5
propagules per 1 g of air - dry soil. A relatively smaller content in the soil of the Fusarium propagule was
noted for a couple - 34.8 thousand. pcs / g soil.

By the end of the sugar beet growing season, a significant decrease in the infectious load is observed
for all the precursors. Thus, the subsequent in barley, alfalfa under the cover of barley and corn, the number
of rudiments of Fusarium is almost two or more than two times less than in the initial period of sugar beet
vegetation.

The tendency to decrease the infectious load at the end of the vegetation period is also observed in
oats, a couple: accordingly, 9.2 and 10.2 thousand pieces / g of soil is less in the unit of the soil sample being
analyzed compared with the initial period.

Thus, the use of alfalfa under the cover of barley and cereal crops, such as winter wheat, barley, oats,
as a precursor, contributed to a decrease in the sugar beet's affection by rotting root crops during the growing
season. With the use of the above-mentioned precursors, a decrease in the number of one of the main
pathogens of root rot, the fungi of the genus Fusarium, was observed.

In 2007-2015, the damage caused by rot and productivity of sugar beet root crops at various beet crop
rotations were analyzed (Fig. 1). The highest productivity (505-530 c / ha) and low damage to root rot (8.7-
4.0%) are noted in the eight-field crop rotation with a beet saturation of no more than 25% (rotation scheme |
and I1).

At the same time, a significant increase in plant damage by rot (up to 33%) and yield reduction (430 c
/ ha) in comparison with the eight-field crop rotation on a seven-field crop rotation (42% sugar beet
saturation).

It is known that in recent years for farming enterprises, short-rotational crop rotations are of particular
urgency. As the results of our studies show, in the three-field crop rotation with a sugarbeet saturation of
33%, the sugar beet affection rate averaged 60%, and the yield of root crops - 295 c / ha.

A relatively low damage to rot was also observed in beet-fodder seven-field crop rotation (3.5%).
However, in this crop rotation, the yield (340 ¢ / ha) and the collection of sugar (55 ¢ / ha) were lower than in
the field crop rotation.
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Fig. 1. Productivity and damage by rotting of root crops of sugar beet in sugar beet
crop rotation

Note:
1.1 11. 1
2. 1. cereals + alfalfa 12. 1. cereals + alfalfa
3. 2. Alfalfa 13. 2. Alfalfa
4. 3. Alfalfa 14. 3. Alfalfa
5. 4. Winter wheat 15. 4. sugar beet
6. 5.sugar beet 16. 5. Winter wheat
7. 6. Winter wheat + 17. 6. Winter wheat + siderates
siderates 18. 7. sugar beet
8. 7. corn (or soybean) 19. 8. corn (or soybean)
9. 8. sugar beet
20. I 31.
21. 1. cereals + alfalfa
22. 2. Alfalfa 32. IV
23. 3. Alfalfa 33. monoculture of sugar beet for
24. 4. sugar beet more than 45 years
25. 5. Winter wheat
26. 6. Winter wheat +
siderates
27. 7. sugar beet
28. 8. corn (or soybean)
29. 9. corn (or soybean)
34. V 40. VI
35. 1. oats + steam 41. 1. alfalfa + ryegrass
36. 2. Winter wheat + 42. 2. alfalfa + ryegrass
37.  pea-oat mixture 43. 3. Alfalfa + ryegrass
38. 3. sugar beet 44. 4. Oats
45. 5. sugar beet
46. 6. Winter wheat
47. 7. sugar beet
48. 8. Corn
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POJIb ITIPEJIIECTBEHHUKOB B CHUKEHAW BPEJOHOCHOCTH ®Y3APUO3HOM
I'HHJIN

A. A. Mayn', JI.LE. Auyaposa®, M. Aiit:kanosa®
'1.6.1., mpodeccop,
?k.6.H., 1.0. aCCOLIMMPOBAHHOTO Ipodeccopa,
3K.6.H., CT. MPETOAaBaTENb,
Kazaxckuii Tocy1apCcTBEHHBIN )KEHCKHI NIEeIarOrMYeCKUi YHUBEPCUTET,
Kazaxcran, r. Anmarer, e-mail: adylhan@mail.ru

MHoroJsieTHHe HCCle0BaHUs 30HbI CBeKJIocesiHUs Ka3zaxcTaHa MOKa3bIBAKOT, YTO YEM MeHbLIE
VMHTEepBaJ BO BpeMeHM MeXJy MOoCeBaMU CBEKJIbl Ha OJHOM MecCTe, TeM 6oJiblle PUCK 3apaKeHUs
THUJISIMU KOPHeIJoi0B. Tak B X03MCTBaX, I'Zle CBEK/Iy BO3BpalllaJv Ha MPeXHUH ydyacTok yepe3 1-2
rojia, pacClIpoCTPaHEeHHOCTb THU/IMU AocTurana 78,9%. HauMensblee nposBieHre FHUIU OTMEYEHO B
ceBoo6opoTax, r/ie CBeKJIa BO3Bpalllasiach Ha MpeXHee MeCTO He paHee, yeM 4yepe3 8 JieT u 6oJiee, TO
eCTb 110J151 OKa3bIBaJIUCh NPAKTUYECKU CBOOOJHBIMU OT NOYBEHHOM MHeKLUMU. 3/1eCh TOpAXKaeMOCThb
KODHEIJIOZI0OB THUJIbIO cocTaBuaa 9,8%, a 3To, B CBOI OYepenb, CIIOCOOCTBOBAJIO YBEJUYEHHUIO
ypoxaiHocTH (334-425 u/ra).

Katouessle cnoea: caxapHasi cBekJa, ¢py3apruo3Hasi THUJIb, IPeJlIeCTBEHHUK, BPELOHOCHOCTb,
pacnpocTpaHeHHOCTh, CEBOOGOPOT, 03UMast MIIeHUa, JI0LepHa.

®Y3APNO31bI HIIPYAEI'T AJIABIHI'BI 3APJAIITATAH 3USAHKEC CAHBIPAYKYJIAK
TYPJIEPIHIH PO.JII
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! 6..1., mpodeccop,
26.5.K., KaybIMIACTBIPBUIFAH IPO(Eccop M.a.,
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Kazak MeMJIeKeTTIK KbI3/1ap Mearorukajiblk yHUBEPCUTETI
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KemKbL1bIK 3epTTeyJiep KbI3bLIIaHbl €Ty YaKbITbIHBIH, apacblHAAa Y3aK Mep3iM caKTaJblll
OThIpPCa KbI3bLIIIAHbIH TaMbIPXKEMICiHiH 3apJanTany Kaymi TeMeH 6osagbl. Ce6ebi aypy KO3AbIPFbILI
TYpPJIEP/liH, CHopasiapbl, KOHHUJUSAJAPbl a3aWblll TOMbIPAK Ta3ajaHa/bl. lllapyamblibiKTapaa
KbI3bLIIIaHbl OYPBIHFBI €riireH OpHbIHA 1-2 KbLIJa KalTa ery »kafJaublHAa Liipy mpornecci 78,9
naibi3ra keTkeH. llipyaiH a3 Mesiepge 60/ybl OYPBIHFBI €TiilreH OpbIHFA KaiiTa 8 oJlaH Ja Ken
KbLJIIAH KeliH KalTa ecipy ke3inje 6alikaiaabl. AFHU ericTik KaiiTa TazapfaH 60J1bl Aa, 6y xKepAaeri
wipyaiH caAbiK MeJiepi 9,8 % -bi13 60116l HoTKeciHAe KbI3bLIMIAHBIH 6HIMI jkoFapJsaabl (334-
425 u/ra).

TyiiiH ce3dep: KAHT KbI3bLIIIACKL, aJIJIbIHFbl 3apJlaliTajJFaH caHbIpayKyJaK TypJepi,
dy3apuo3/bl 11ipy, 3UsIH KeATipy, Tapasybl, aybICNalbl eTic, KY3A4iK 6UAai, XKOHBIILKA.
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