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The studies were conducted to identify the influence of the timing of litter manure application in
conjunction with mineral fertilizers and planting density on the duration of potato development phases and
plant height. The experiments were laid by a systematic method with a tiered arrangement of variants in the
experiment, the repetition is 3-fold. Research methods: descriptive method and methods of field
experiments. Phenological observations in experiments have shown that the doses of mineral fertilizers and
the timing of manure application have some effect on the phases of potato plant development and plant
growth. The lowest plants were obtained in variants without manure application and its application in winter
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on snow. The tallest plants are noted when applying manure under the chill and during spring application.
This work is of practical importance for the cultivation of potatoes on dark chestnut soils of the Republic of
Kazakhstan under irrigation with the use of optimal doses of mineral fertilizers and manure.

Key words: phenology; plant height; planting; manure; fertilizer.

KeHAI EHr3Y MEP3IMAEPIHE BAUNAHBICTbI KAPTONN
©CIMAINNHIH ®EHONOIMMACHI, ©CYI XXOHE AMYbI

Canuxoe T.K.* — aybin wapyawbinibifbl fblibiIMOapbiHbIH KaHOuGambl, Abali Mbip3axmemos
ambIHOarbl Kekwemay yHusepcumemiHiH rnpogheccopel, Kekwemay K., Kazakcman.

Enobaes C.3. — KaszakcmaH Pecnybrnukacbl YnImmbiK fblfibiM akadeMusiCbiHbIH akademuai, aybis
wapyawbliibifbl FblribiMOapbiHbiH Ookmopbl, Abal Mbip3axmemoe ambiHOarbl Kekwiemay yHugepcumemiHiH
npogeccopsi, Kekwemay K., Kasakcmar.

Kasbibaes 5.0. — Abali Mbipsaxmemos ambiHOarbl Kekwemay yHusepcumemiHiH ara OKbImyuwbiCbl,
Kekwemay K., Kazakcmar.

ObindaxaHosa C.P. — A6al Meipsaxmemos ambiHOarbl Kekwemay yHueepcumemiHiH ara
oKbimyuwibicbl, Kekwemay K., Kazakcmar.

KapmonmbiH ecy ¢ba3anapbiHbiH Y3aKkmblifbiHa xoHe ecimMOikmepdiH 6uikmigiHe MuHeparnobl
mbIHalmKbiwmapmeH bipze meceHiw KeHOi eHeidy Mep3iMOepiHiH XeHe OmbIpFbi3y XXuinigiHiH 8cepiH
aHbIKmay 6olibIHWwa 3epmmeyrnep Xypaidindi. Texipubede Hyckanapbl XyUesi MacifliMeH OpHaniacmbl,
KalmanaHybl ywey. 3epmmey adicmepi: cunammamarbiK 80ic XxoHe OanasnblK 3KcrepumMeHm adicmepi.
Texipubenepdeai cheHonozusnblK bakbinaynap, MuHepandbl MbiHaUMKbILWMapObiH Ko0aHy MOWIpi MeH
KeHOI eHzi3y mep3imOepi kapmor eciMOikmepiHiH Oamy ¢haszanapbiHa xoHe eciMOikmepliH buikmiziHOezaiHe
acep ememiHOieiH kepcemmi. EH memenai buikmidiai 60lbiHWa eciMOikmep KeHOI eHzidbezeHde xoHe
Kbicma KapObiH ycmiHe walbliiraH keHOi KosnidaHblnnFaH HyckanapOa anbiHObl. EH 6uik ecimMOikmep keHOi
cydieepae eHeidy mepsimiHOe xoHe kekmemdOe cydieepdi Kalima xbipmy KesiHOe keHOi eHziz0e 6alikarnobl.
byn xXymbicmbiH MuHepanObl mbiHaUMKbIWMap MeH KeHHiH OHmalibl KondaHy MernweprepiH kKorndaHa
ombIpbIr, cyapy XarlalisiH0a KazakcmaH PecrnybriukacbiHbIH Kapa-KOHbIp mornbipakmapbiHOa kKapmor
ecipy yWwiH npakmukasibiKk MaHbI3bl 6ap.

TyuiHOi  ce3lep:  ¢peHomozusi;  eciMOikmepliH  OGuikmiei;  OmMbIPFLIZYy — MbIfbI30bIFbl;  KOH;
mbIHalmkbiwmap.

®EHONOIus, POCT U PA3BUTUE PACTEHUNA KAPTO®ENSA
B 3ABUCUMOCTHN OT CPOKOB BHECEHUA HABO3A

Canuxoe T.K.* — kaHOuGam cesfibCKOXO3SUCMBEHHbIX HayK, rfpogeccop Kokwemayckoeo
yHugepcumema umeHu Abas Mbipsaxmemosa, 2. Kokwemay, Kasaxcma.
Enobaes C.3. — akademuk HauyuoHanbHol akademuu Hayk Pecnybnuku KasaxcmaH, OGOKmop

ceribCKOX035lcmeeHHbIX HayK, rpogeccop Kokwemayckoao yHusepcumema umeHu Abasi Mbipsaxmemosa,
2. Kokwemay, Kazaxcmak.

Kasblbaee b5.O. — cmapwuli nperiodasamersnb Kokwemayckoeo yHueepcumema umeHu Abas
Meip3axmemosa, e. Kokwemay, KazaxcmakH.

AbundaxaHosa C.P. — cmapwul nperiodasamesb Kokwemayckoeo yHugsepcumema umeHu Abas
Meip3axmemosa, e. Kokwemay, KazaxcmakH.

UccnedosaHusi nposodusnuck Orisi 8bII8NIEHUST 8/IUSIHUSI CPOKO8 BHECEHUST MoOCMUI0YHO20 Hagosa 8
COBMECMHO C MUHEpasibHbIMU yOOBPEeHUsIMU U 2ycmombi nocadku Ha rnpodornKumenbHoCmbs ¢has pa3gumusi
Kapmodgbesnsa u Ha ebicomy pacmeHuli. Onbimbl 3aknadbleanucs cucmuMamu4eckum MemoOOM C SPYCHbIM
pacrosioxxeHueM eapuaHmoe 8 orbime, [[08MopHoCMb 3-kpamHas. Memodbl uccnedosaHusi:
onucamersibHbIli Memod U MemoObi NofeabiX 3KcriepumeHmos. PeHornoasudeckue HabmodeHusi 8 onbimax
rnokasasnu, 4mo 003bl MUHeparibHbIX y0obpeHul, U CPOKU BHECEHUS Hago3a OKa3blearom HEKOmopoe
e/usiHUe Ha ¢hasbl pa3sumusi pacmeHul kapmogherns u Ha pocm pacmeHul. CaMble HU3KUe pacmeHust
6b171U nonydeHbl 8 sapuaHmax 6e3 8HeceHUs] Hago3a U 8HeCceHUe e2o 3umMoll Mo cHeey. CaMbie 8bICOKUE
pacmeHusi ommMeydeHbl NpuU 8HECEHUU Haso3a Mod 356b U puU 8eCceHHEM 8HeCeHUU o0 repenalwky 3s6u.
HaHHas paboma umeem npakmuyeckoe 3HaqyeHue 0715 8blpaujusaHusi Kapmoghesis Ha MeMHO-KaumaHo8bIX
rnoysax Pecnybnuku KazaxcmaH 8 ycriogusix OpOWeHUsT C NpUMeHeHUeM onmumalsibHbiX 003 MUHepasibHbIX
y0obpeHul u Hago3a.

Kriroyesnbie criosa: gheHOr02usi; 8bicoma pacmeHul; 2ycmoma rnocadku; Hagos; yOobpeHuUs.
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Introduction. Potatoes are one of the most important agricultural crops in Kazakhstan. It is an
indispensable food item, because it is popularly called a second bread for its nutritional value.

Potatoes are cultivated in more than 100 countries around the world, on an area of more than 17
million hectares and about 360 million tons are harvested annually, Kazakhstan occupies the 17th place in
terms of harvested area (more than 192 thousand hectares), and the 21st place in potato production (about
4 million tons) [1].

One of the most effective factors affecting the growth, development and productivity of plants is
organo-mineral nutrition. By regulating the intensity of nutrient intake into plants by applying fertilizers, it is
possible to change the activity, and even the direction of biochemical reactions, which ultimately will
significantly increase the efficiency of applied fertilizers and use the potential of a crop or variety [2, 289 p.].

Organic and mineral fertilizers enrich the soil with nitrogen and ash elements and significantly
enhance the mineralization processes in it. Organic fertilizers are used to introduce organic substances that
stimulate the vital activity of microorganisms, and a variety of microflora that accelerates the decomposition
of organic matter in the soil. Mineral fertilizers increase the intensity of biological processes in the soil, as
they are a source of nutrition for microbes with nitrogen, phosphorus, potassium, calcium and other elements
[3, 107 p.].

Under the influence of fertilizers, the growth and development of not only the aboveground, but also
the underground part of plants changes. So, according to T.E. Aitbaev [4, 11 p.], the intensive development
of potato plants was observed with optimal nitrogen nutrition, the number of stems per bush, as well as the
height and total weight of the plant increased. If, on the control the plant height was 47 cm, then against the
phosphorus-potassium background — 58 cm, and on the fertilized nitrogen variants — 75 (Ngo), 82 (N4s50) and
85 cm (N210). The number of stems per plant without nitrogen fertilizers was 4.7-4.8 pieces, and increased up
to 5.5-6.2 units at application. The total stem mass per plant in the control was 205 g, against the
phosphorus-potassium background 263 g, and on nitrogen fertilized variants from 275 to 320 g. Under the
influence of fertilizers, the leaf area increased significantly; up to 217, 254, and 303-340 g, respectively.

Studies have shown that improved nutritional conditions had an impact on the development of plants
[5, 147 p.]. It should be noted that the timing of the emergence of seedlings practically did not depend on the
nutrition conditions [6, 28 p.]. The data of the conducted studies show that mineral available forms of effluent
nitrogen introduced in the first stages of the growing season had a positive effect on the growth of the
vegetative organs of potatoes. This is confirmed by the benefits of stem growth and the corresponding
increase in the number and size of leaves. The height growth of plants increased by 8%-11.7%, respectively,
compared to the background during the active vegetation period, as well as during harvesting. This led to a
significant increase in newly harvested green mass [7, 116 p.].

However, in the literature [8, 297 pages], there are reports that the treatment of the above-ground
mass with biofertilizers in potato phases on dark chestnut soils of Central Kazakhstan improved the
conditions of mineral nutrition, enhanced growth processes and ensured a significant accumulation of dry
matter. Plants formed powerful stems and leaves — the main photosynthetic apparatus, the formation and
development of reproductive organs improved. Depending on the soil and weather conditions of the year,
biofertilizers increased the productivity of potatoes up to 14% of the control, the increase ranged from 2.2 to
5.5 t/ha. These data convincingly show that fertilizers affect plant development in different ways depending
on specific soil and climatic conditions.

The growth and development of cultivated plants depend on technological and climatic factors. If the
plants deviate from the optimum of at least one of the influencing factors, they are oppressed, and the onset
of critical conditions often leads to their death. The authors' task was to establish the spatial-temporal
regularities of potato yield formation as one of the 56 main agricultural crops of the Brest region and to
develop a probabilistic forecast method [9, 59 p.].

The purpose of the scientific experience: to find out how the timing of the application of manure with
mineral fertilizers affects the duration of the phases of potato development and plant height in the West
Kazakhstan region.

Materials and methods. During the growing season of 2017-2019, phenological observations were
carried out on the growth and development of potato plants in the out peasant farm “Tuatay” Chingirlau
district of West Kazakhstan region of the Republic of Kazakhstan [10, 50 p.].

Research methods: descriptive method, complex (summation) phenological characteristics, methods
of yield indicators and methods of field experiments. Statistical processing of the yield was carried out by a
dispersion analysis according to B.A. Dospekhov. The research was carried out using methodological
approaches that comply with the norms of the State Standard of Kazakhstan.

The experiment scheme:

1. NeoP120Keo

2. NgoP120Ke0

3. 40 t of manure for wintering + NgoP120Ks0

4. 40 t of manure for wintering + NggP120Ke
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5. 40 t of manure on frozen plow + NggP120Keo

6. 40 t of manure on frozen plow + NggP120Keo

7. 40 t of manure in winter on snow + NgoP120Kso

8. 40 t of manure in winter on snow + NgoP120Kso

9. 40 t of manure for plowing + NgoP120Ke0

10. 40 t of manure for plowing + NggP120Keo

Landing scheme: 70x25 cm and 70x25 cm.

Soil dark chestnut, medium loamy. The humus content in the arable horizon is from 2.6 to 3.4%, the
thickness of the humus horizons is 45-55 cm, effervescence from 45-50 cm. In terms of the content of total
nitrogen, phosphorus and potassium, as well as in terms of soil pH, experimental crop rotation fields were
relatively homogeneous: total nitrogen content — 0.292-0.356%; P,Os — 2,6-3,5 and K,O — 45,8-52,0% mg
per 100 g of soil; pH — 7.2-7.3 aqueous extract.

Manure was applied in autumn on September 10-15 for plowing of the cold, on November 25-30 for
frozen cold, on January 5-7 for shallow snow, in spring on April 20-25 for plowing of the cold.The
composition of the manure differed little over the years. The following types of mineral fertilizers were used:
ammonium nitrate, double superphosphate, potassium chloride [11, 215 p.].

Mineral fertilizers were applied by plowing the winter. The required amount of manure was weighed
and scattered over the plots manually. The main nutrients in manure were determined in samples taken
before they were introduced into the soil. The manure was plowed in autumn immediately after its
introduction.

The accounting of the phenological phases of potato plant development and the determination of plant
height in potato plantings was carried out according to the research methodology on potato culture [12, 170
p.]. For the beginning of the phenological phase, a period was taken when 10% of the studied plants by
varieties entered this phase, and for the full phase, the germination period of 75% of the studied samples
was taken. The height of the plants was measured using a portable snow measuring rail 180 cm long.

Results and discussion. Phenological observations in experiments have shown that the doses of
mineral fertilizers and the timing of manure application have some effect on the phases of potato plant
development (Table 1).

Table 1 — Plant phenology depending on the timing of manure application, 2017

Terms of manure Phases of development
g’ g application boar- |emergence | bud the full | end of | the begin-
R ding of formatio |beginning |bloom |bloome- |ning of the
8% date seedlings n of ring death of
-0
bloome- the tops
ring
NsoP120Ks0 251V 16V 6VI 15VI 22VI 4VII 4VIlI
NaoP120Ke0 251V 16V 8ViI 17VA1 25VI 6Vl eVl
40 tons of manure under 251V 16V 10VI 18VI 26VI 8Vl avill
the chill + N60P120K60
40 tons of manure under 251V 16V 12VI 21VI 28VI 10VII 11VII
the chill + N90P120K60
40 tons of manure on 251V 16V 13VI 21VI 28VI | 10 VI 11VIII
frozen chills + NggP120Kso
£ 40 tons of manure on 251V 16V 13VI 21VI 28VI | 10Vl 11VIII
O frozen chills + NggP120Kg0
<L‘\.: 40 tons of manure in 251V 16V 11VI 19VI 26VI 8Vl 9Vl
S winter on snow +
NsoP120Ks0
40 tons of manure in 251V 16V 11VI 19VI 26VI 8Vl 9 VI
winter on snow +
NooP120Ks0
40 tons of manure for 251V 16V 12VI 21VI 27VI aVvii 10VII
plowing in the winter +
NsoP120Ks0
40 tons of manure for 251V 16V 13VI 23VI 30ViI 12VII 13VII
plowing in the winter +
NgoP120Ks0
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Table 1, Continued

Terms of manure Phases of development
2 g application boar- |emergence | bud the full | end of | the begin-
'g K ding of formatio |beginning |bloom |bloome- |ning of the
G O date seedlings n of ring death of
a4 0
bloome- the tops
ring
NsoP120Ke0 251V 16V 7VI 16VI 23VI 3Vl 4V1ll
NaoP120Ke0o 251V 16V aVI 17VI 23VI 4Vl eVill
40 tons of manure under 251V 16V 11VI 19VI 26VI 8Vl 10VII
the chill + NgoP120Keo
40 tons of manure under 251V 16V 13VI 21VI 28VI | 10Vl 12VIII
the chill + NggP120Keo
40 tons of manure on 251V 16V 13VI 21VI 28VI | 10Vl 12VIII
frozen chills + NggP120Kso
£ 40 tons of manure on 251V 16V 13VI 21VI 28VI | 10Vl 13Vl
o frozen chills + N90P120K60
3 40 tons of manure in 251V 16V 11VI 19VI 26VI 8Vl 11VII
§ winter on snow +
NsoP120Keo
40 tons of manure in 251V 16V 12VI 20VI 28VI 10VII 14V
winter on snow +
NooP120Ks0
40 tons of manure for 251V 16V 14VI 21VI 28VI 10VII 15VIII
plowing in the winter +
NsoP120Ks0
40 tons of manure for 251V 16V 15VI 23VI 30VI 12VII 18Vl
plowing in the winter +
NooP120Ks0

So, in 2017, when planting on April 25, seedlings in all variants appeared on May 16, i.e. 21 days after
planting. However, with an increase in nitrogen on a mineral background from 60 to 90 kg/ha, the budding
phase occurred 2 days later.

The introduction of 40 tons of manure under the chill against the background of NgoP120Keo delayed the
budding phase for another 2 days, and against the background of NgoP120Kgo for another 2 days, i.e. the
budding phase when applying manure came 4 and 6 days later compared to the control (NggP120Ks0), and the
introduction of manure in winter accelerated this phase compared to the spring application manure for 1-2
days.

Approximately the same number of days later, the other phases of development also occurred. This
difference was especially noticeable when the tops died off. With the introduction of NgoP120Ks0, the death of
the tops in 2017 was noted on August 4, with the introduction of NgoP120Ksg — 0n August 6. In all variants with
the introduction of manure, the dying of the tops began 5-9 days later than without manure.

In the field experiments of I.E. Burlakova [13, 107 p.], On variants where higher doses of mineral
fertilizers were applied, the plants entered the budding and flowering phase much later. Even after flowering,
the plants of these variants continued to form new shoots. Due to the fact that the period of growth of
vegetative mass here was longer, the outflow of nutrients into the tubers was inhibited. With a significantly
larger vegetative mass, the mass of tubers in these variants turned out to be less than in the variants where
50-60 mg of NPK was introduced.

The effect of planting density on the beginning of the dying of the tops was noted only in three
variants. When manure is applied in winter on snow against the background of NgoP420Ks9 and when manure
is applied in spring for plowing in the cold. When planting according to the 70x25 cm scheme and applying
manure in winter on snow on a mineral background of NgoP420Ks0, the beginning of dying off of the tops was
noted on August 9, with spring application against the background of NgoP120Keo — On August 10, against the
background of NgoP120Kgo — on August 13, and when planting according to the 70x35 cm scheme,
respectively, on August 14, 15 and 18, i.e. for 5 days later.

The total duration of the planting period — the beginning of the dying of the tops when applying
NgoP120Keo Was 101 days, when applying NgoP120Keo — 103 days, when applying manure under the chill 106
and 108 days, or 5 days longer, when applying manure on frozen cold — 108 days, in winter on snow — 106
days, under the plowing of the cold — respectively 107 and 110 days when landing according to the 70x25
cm scheme, and when landing according to the 70x35 cm scheme, the duration of this period in the latter
version was 115 days.
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Such experiments were carried out by |.P. Rykhlivsky and V.S. Stroyanovsky [14, 33 p.], where it was
found that four phases are determined in the development of potatoes: germination, budding, flowering and
maturation. The duration of each phase depends on the biological characteristics of the variety and growing
conditions. For example, shoots of medium-ripened potato varieties appear in 15-20 days, 17-24 days pass
from germination to budding, 14-18 days from budding to full flowering and 45-48 days from flowering to
dying off of the tops. In early-maturing varieties, each period is shorter, in late-maturing varieties — a few
days longer.

Weather conditions also have a great influence on the duration of interphase periods. As already
noted, the spring processes of 2018 were lagging behind the average annual norms. The average monthly
air temperature in April was below normal by 0.4°C. In the first decade of May, there is an increase in
temperature. The average decadal air temperature of the composition is 13.8°C. In the second and third
decades, the temperature dropped again, and they amounted to 11.5 and 11.6°C, respectively. The average
monthly air temperature was 11.9°C, which is 3.5°C below normal. Under these conditions, all phases of
plant development were more stretched (Table 2 and Figure 1).

Table 2 — Plant phenology depending on the timing of manure application, 2018

Terms of manure Phases of development
_g’ g application boar- |emergence | bud the full | end of | the begin-
'é 8 ding of formatio |beginning |bloom |bloome- |ning of the
& O date seedlings n of ring death of
a4 0
bloome- the tops
ring
NeoP120Ks0 301V 25V 18VI 27VI o3Vl 10VII 14 VI
NaoP120Ks0 301V 25V 20VI 29V1 o6V 13Vl 16VIII
40 tons of manure under 301V 25V 22VI 30VI orvil | 14Vl 19VIII
the chill + N60P120K60
40 tons of manure under 301V 25V 23VI 01Vl o8Vl 15VII 19VIII
the chill + N90P120K60
40 tons of manure on 301V 25V 23VI 01Vl o8Vl 15VII 20VIII
frozen swell + N60P120K60
S 40 tons of manure on 301V 25V 24VI o2Vl 10VII 17VII 20V
S frozen swell + NggP120Kso
Q 40 tons of manure in 301V 25V 22VI 29VI o6V 13Vl 19VIII
§ winter on snow +
NsoP120Ks0
40 tons of manure in 301V 25V 22VI 29VI o6V 13Vl 19VIII
winter on snow +
NgoP120Ks0
40 tons of manure for 301V 25V 24VI 2VII 10VII 17VII 21VII
plowing in the winter +
NeoP120Ks0
40 tons of manure for 301V 25V 26VI 3Vl 11VIL | 18Vl 21V
plowing in the winter +
NooP120Ks0
NsoP120Keo 301V 25V 18VI 27VI 03Vl 10VII 14V
NgoP120Ks0 301V 25V 20VI 29VI o6V 13Vl 17V
40 tons of manure under 301V 25V 22VI 30VI o7V 14VII 19VIII
the chill + N60P120K60
40 tons of manure under 301V 25V 23VI 01Vil osvil 15VII 20V
S the chill + NggP120Keo
S 40 tons of manure on 301V 25V 23VI o1Vl osvil | 15Vl 21VII
g frozen swell + NgoP120Kso
§ 40 tons of manure on 301V 25V 24VI o2vil 1ovil | 17Vl 22V
frozen swell + NggP120Kgo
40 tons of manure in 301V 25V 22VI 29VI oevil | 13Vl 19VIII
winter on snow +
NsoP120Ks0
40 tons of manure in 301V 25V 22VI 29VI o6V 13Vl 19VIII
winter on snow +
NsoP120Ks0
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Table 2, Continued

Terms of manure Phases of development
2 % application boar- |emergence | bud the full | end of | the begin-
'g K ding of formatio |beginning |bloom |bloome- |ning of the
88 date seedlings n of ring death of
bloome- the tops
ring
40 tons of manure in 301V 25V 23VI 30VI o6V 13VII 19VIII
winter on snow +
& | NooP120Kseo
u‘; 40 tons of manure for 301V 25V 25VI 2V 11vIl | 18V 23V
R plowing in the winter +
N NsoP120Keo
40 tons of manure for 301V 25V 25VI 4Vl 13VIl | 20VII 25VIII
plowing in the winter +
NooP120Keo

So, if in 2017 seedlings appeared after 21 days, then in 2018 after 25 days, or 4 days later.

Favorable temperature conditions in June (the average monthly air temperature was 18.3°C, which is
1.6°C below normal) contributed to the rapid growth and reproduction of plants.

July was hot and dry [15, 71 p.]. This caused an acceleration of flowering and in all variants it stopped
a week after full flowering. The first decade of August was also hot, and the second and third decades were
cool, which contributed to the good condition of the aboveground mass for a long time and the death of the
tops was noted in some variants in the middle, in others at the end of August.

1R
August

LU B TN T T T |
April May June

planting | seedlings bud formation beginning full flowering  end of flowering beginning
April 30, May 25, | June 18 - June 26, | of flowering July 3 - July 10 July - 20 July withering

2018 2018 2018 June 27 - 13,2018 2018 August 14 -
July 4, 2018 August 25
planting seedlings growth, budding flowering ripening, harvesting

Figure 1 — Phenological phases of potato plant development depending
on the timing of manure application (2018) [16]

When applying manure, the dying of the tops was noted 5-11 days later than when applying only
mineral fertilizers at a dose of NgoP+20Keo.

At the latest, the dying off of the tops was noted during the spring application of manure for plowing
the finches. If, when applying NgoP120Keo, the beginning of the dying of the tops was noted on August 14,
then when applying the spring plowing of the finch and when planting according to the 70x25 cm scheme —
on August 21, i.e. a week later, and when planting according to the 70x35 cm scheme — on August 25, i.e.
11 later than when applying NgoP+120Kso and for 4 days later compared to the thickened planting of 70x25 cm.

The weather conditions in 2019 [17] were very favorable for the growth and development of potato
plants (Table 3).
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Table 3 — Plant phenology depending on the timing of manure application, 2019

Terms of manure Phases of development
2 g application boar- |emergence | bud the full | end of | the begin-
'g K ding of formatio |beginning |bloom |bloome- |ning of the
88 date seedlings n of ring death of
bloome- the tops
ring
NsoP120Ke0 251V 13V 30V 08Vl 17VI | 01VII 31VII
NaoP120Ke0 251V 13V 30V 09Vv1 18VI | 03VII 01VIII
40 tons of manure under 251V 13V o2vi 11VI 20VI | 06Vl o6Vii
the chill + NgoP120Keo
40 tons of manure under 251V 13V 0o3VI 12VI 21VI | 08V o8Vl
the chill + NggP120Keo
40 tons of manure on 251V 13V 0o3VI 12VI 21VI | 08V o9Vl
frozen chills + N60P120K60
40 tons of manure on 251V 13V o3vi 13VI 22VI 10VIIl 11VII
§ | frozen chills + NgoP120Keo
P 40 tons of manure in 251V 13V o2vi 11VI 20VI 8Vl osVili
& | winter on snow +
™~ NsoP120Ks0
40 tons of manure in 251V 13V o2vi 11VI 20VI 8Vl o6Vl
winter on snow +
NooP120Ks0
40 tons of manure for 251V 13V o3vi 13VI 22V1 12VII 12VII
plowing in the winter +
NeoP120Ks0
40 tons of manure for 251V 13V 04V 14VI 24V1 15VII 15VIII
plowing in the winter +
NgoP120Ks0
NgoP120Ke0 251V 13V 03Vl 08Vl 17VI | 01Vl 31VII
NgoP120Ke0 251V 13V 03Vl 09VI 18VI | 03VII 01V
40 tons of manure under 251V 13V 0o3VI 11VI 20VI | 05Vl o6V
the chill + NgoP120Keo
40 tons of manure under 251V 13V 04VI 12VI 21VI | 08V o8Vl
the chill + N90P120K60
40 tons of manure on 251V 13V o3vi 12VI 21VI | 08Vl o9Vl
frozen chills + N60P120K60
40 tons of manure on 251V 13V 04V 13VI 22VI 10VIIl 11VII
§ | frozen chills + NeoP120Kso
R 40 tons of manure in 251V 13V o2vi 11VI 20VI | 08Vl o8Vvili
& | winter on snow +
™~ NsoP120Ks0
40 tons of manure in 251V 13V 04V 13VI 21VI | 08Vl o8vili
winter on snow +
NgoP120Ks0
40 tons of manure for 251V 13V 04V 14VI 24V1 12VII 12V
plowing in the winter +
NeoP120Ks0
40 tons of manure for 251V 13V o5V 15VI 25VI 15VII 16VIII
plowing in the winter +
NgoP120Ks0

The general pattern of growth and development of potato plants was the same as in previous years,
but there were also their own peculiarities. In the third decade of April, the average daily air temperature was
9.7° C, in the first decade of May — 13.2° C, in the second 15.3° C in the third — 20.2° C, i.e. there was a
constant increase in temperature, accelerated the emergence of seedlings. And if the seedlings in 2017 were
obtained 21 days after planting, in 2018 25 days after planting, then in 2019 — 18 days after planting, i.e. 3
days earlier compared to 2017 and 7 days faster than in 2018.

According to T.A. Kapelyukh, observations on the study of the appearance of the potato germination
phase of spring planting showed that the studied factors had almost no effect on this process. The further
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development of plants is also more related to the conditions of the growing season than to the elements set
for study in technology [18, 8 p.].

June was cool [17]. The average air temperature in the first decade was the same as in the first
decade of May, and in the second and third decades even lower than in May (The air temperature in the first
decade of July was 13.5° C, in the second — 14.9° C, in the third — 19.3° C.). Therefore, such important
phases of development for the potato plant as budding and flowering were somewhat stretched.

Such data were also shown in experiments at the educational-scientific-practical center of the
Nikolaev National Agrarian University (Higher educational institution of Ukraine), where the use of fertilizers,
regardless of the application period, slightly restrained the onset of budding and flowering phases — on
average, for 1-2 days compared to the control in all varieties [18].

Against the background of only mineral fertilizer NgoP120Keo, the formation of buds was noted on May
30, which is 7 days earlier than in 2017, and against the background of NgoP120Kso — 9 days earlier. The
budding phase for all variants occurred 7-10 days earlier than in 2017, and its duration was, on the contrary,
longer by 2-3 days. If full flowering in 2017 was noted 7 days after the beginning of flowering, then in 2019
after 9 days, and in variants with spring manure application — after 10 days. The end of flowering in 2017
was marked in different versions from July 4 to July 12, and in 2019 — 1-15VII, with the same planting date
as in 2017.

August, on the contrary, was warmer than usual in 2019 [20, 38 p.]. The average air temperature for
the first decade was 23.3° C, in the second 22.0° C, which is higher than in July by 1.2 and 0.6° C. The
average air temperature in the third decade was 20.6°C, and the monthly average was 21.9° C, which is
1.1°C higher than normal.

The timing of manure application in combination with mineral fertilizers had a certain effect on plant
growth, but differences in plant height were more noticeable from the budding phase and in subsequent
phases, so we have given data on plant height in the flowering phase.

The height of plants was influenced by the timing of manure application, the weather conditions of the
year, as well as the density of planting (Table 4).

Table 4 — Height of plants depending on the timing of manure application

CS'D g Terms of manure application Height, cm
2L 2017 | 2018 | 2019 | average
3 % year year year for 3 years
NsoP120Ks0 66,6 64,5 69,5 66,8
NaoP120Ks0 72,1 69,0 72,6 71,2
40 tons of manure under the chill + N60P120K60 78,4 75,4 78,9 77,5
g 40 tons of manure under the chill + NggP120Keo 81,2 78,2 84,8 81,4
© 40 tons of manure on frozen chills + NggP120Ks0 72,1 72,9 75,2 73,4
S 40 tons of manure on frozen chills + NgoP120Kgo 75,2 74,2 76,8 75,4
~ 40 tons of manure in winter on snow + NgoP120Ks0 70,3 68,6 73,4 70,7
40 tons of manure in winter on snow + NggP120Ks0 72,4 69,5 74,8 72,2
40 tons of manure for plowing in the winter + NgoP120Ke0 77,8 73,1 79,9 76,9
40 tons of manure for plowing in the winter + NgoP120Keo 78,4 77,3 85,6 80,4
NsoP120Ks0 64,1 63,0 64,4 63,8
NaoP120Ks0 65,3 67,4 68,3 67,0
40 tons of manure under the chill + NggP120Keo 70,8 68,3 74,4 711
g 40 tons of manure under the chill + NggP120Keo 73,7 72,3 76,4 741
9 40 tons of manure on frozen chills + NggP120Ks0 70,2 69,1 72,2 70,5
S 40 tons of manure on frozen chills + NggP120Kgo 71,4 70,1 73,1 71,5
~ 40 tons of manure in winter on snow + NggP120Ks0 68,1 65,7 68,4 67,4
40 tons of manure in winter on snow + NggP120Ks0 69,4 68,1 70,4 69,3
40 tons of manure for plowing the finches+ NgoP120Ke0 75,6 72,2 79,6 75,8
40 tons of manure for plowing the finches+ NgoP120Keo 76,3 741 82,5 77,6

So, the lowest plants were obtained in variants without manure and its application in winter on snow.
When applying NgoP120Kso Without manure, the height of plants was 66.6 cm, when applying NgoP120Kso,
plants were 5.5 cm higher. This pattern has been observed in all years of research. The tallest plants are
noted when applying manure under the chill and when applying spring plowing under the chill. When
applying manure under the chill in combination with mineral fertilizers at a dose of NgoP120Keo in 2017, the
plants were higher than in the version without manure by 11.8 cm, and against the background of NggP120Kso
by 9.1 cm.
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The lowest plants on the manure background were obtained when it was applied in winter on snow

(Diagram 1).
100 00
90,00
20,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00
Landing schemee 70x25cm Landing scheme 70x35cm
1leight of potato plants, centimeter
H NGOP120K60 NOOP120KG0
m 40 tof manure for wintering + N6OP12Z0KG60D m 40t of manure for wintering + N90P12Z0K60
B 40 tof manure on frozen plow + N6OPL20K60 40 t of manure on frozen plow + N90P120K60
40 tof manure in winter on snow + N60OP120K60 40 t of manure in winter on snow + N90P1L20K60
| 40 t of manure for plowing + NGOP120KG0 m| 40 t of manure for plowing + N9OP120KG0

Diagram 1 — Height of potato plants depending on the timing
of manure application, average for 3 years

On average, over 3 years, the height of plants in this variant was 70.7 cm against the background of
NgoP120Keo With thickened planting (70x25 cm), and 72.2 cm against the background of NggP+20Ksg, Or 1.5 cm
higher.

In field experiments in the foothills of the Republic of North Ossetia — Alania, it was shown that biotic,
abiotic and anthropogenic factors, including agrotechnical factors, have a significant impact on the formation
of potato plant height, as well as environmental conditions that depend on the level of nutrition and varietal
characteristics [21, 26 p.].].

Such data also showed in the experiments of I.M. Kenyo and N.G.Reznik that in the foothill zone of
the Crimea, the potato variety Tiras was distinguished by the highest stems at 64.0 cm, while the control
variety Nevsky showed the lowest — up to 49.0 cm, but remaining the lowest, followed by Serafina — 50.0 cm.
The Luck variety had a height of 53.5 cm, and Alvara — 56.0 cm [22, 30 p.].

Conclusions. Thus, an analysis of the duration of the phases of potato and plant development by
height shows that they are influenced by factors such as the dose of mineral fertilizers, the timing of manure
application, planting density and weather conditions:

The total duration of the planting — the beginning of the dying of the tops in 2018 ranged from 106 to
117 days, and was more than 2-5 days than in 2017.

The presence of moisture, optimal temperatures contributed to the active life of the aboveground
mass. The dying off of the tops in 2019 in different variants was noted from July 31 to August 16. that is,
under the influence of the timing of manure application in combination with mineral fertilizers, the duration of
the growing season of potatoes can vary significantly, and this amplitude is up to 16 days.

When planting according to the 70x35 cm scheme on all variants of the experiment, the plants were
somewhat (3.0-7.3 cm) lower than when planting 70x25 cm.

The tallest plants were obtained in a very favorable weather conditions in 2019. This year, the planting
of plants according to the 70x35 cm scheme was higher than in previous years by 0.3-8.4 cm.
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The article discusses the issues of improving the design and operating parameters of impact crushers
for the production of farm animal feed. Based on the analysis of the grinding process, the calculation of the
speed and geometric parameters of the crusher was made. As a result of experiments with an impact
crusher, the basic regression equation was obtained, which is necessary to analyze the influence of the
factors under consideration on the specific productivity of the crusher. The significance of the coefficients of
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