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ECOLOGICAL AND MORPHOPHYSIOLOGICAL BASICS
OF CROP FORMATION DEPENDING
ON THE GROWING DOSES AND METHODS
OF FERTILIZERS APPLICATION

Abstract. Highly productive barley agrocenosis is formed when plants are preserved before harvesting
240-260 pcs/m?, formation of productive stems 640-680 pcs/m?, with bushiness of 2.70-2.85 pcs/plant, the
proportion of lateral shoots in crop formation was 62.4-64.8%. This contributed to an increase in grain yield to 33.1-
36.7 centner/hectare, the yield increase was 17.7-21.3 centner/ viable seeds are sown and N90OP90 kg/ha is added
prior to sowing and additional fertilizing with nitrogen fertilizer N30 kg/ha in the beginning of tillering period,
irrigation mode 70-75-70% of the total field moisture-holding capacity (MHC) and in the course of other agronomic
techniques of due quality in due time.

Key words: barley, dosages and ways of fertilization, growth of internodes, main stalk leaves and lateral shoots
area.

Introduction. Results of photosynthetic plants activity is realized in the crop through a complex
chain of vital processes depending of the plants’ properties and the degree of agroecological factors
availability in the environment. Dosages and methods of fertilizer treatment are the efficient and
controlled factors having both direct and indirect effect on growth and photosynthetic productivity of
plants [1,2,3]. Different organs of cereal crops play different parts in the process of crops photosynthesis
and bulking. Thus, 70 to 80% of the whole crop fall at heads, top internodes, top leaves and their sheathes
[1,2,4]. Therefore, knowledge of particular features of leaves and internodes formation depending on the
growing dosages and techniques of fertilizer treatment contributes to development and improvement of
barley cultivation.

Research method. Tests were conducted over the period of 2010-2017 at the experimental base of
the Kazakh Rice Cultivation Research Institute named after I. Zhakhayev (Karaul-Tyube experimental
farm; Kazakhstan, Kyzylorda). Research item — Rosava and Asem barley varieties. The experimental plot
soil is old-irrigated, carbonate, meadow-swamp and hydromorphic. Rice was the predecessor; the plot area
is 100 m?; the experiment was repeated four times. Ammonium sulfate was used as nitrogen fertilizer;
granular superphosphate was used as phosphate fertilizer. Fertilizers were introduced before sowing and in
the form of top dressing at the phase of tillering and heading beginning. Morphophysiological features of
barley phytomer were determined in accordance with [5,6] and leaf area was determined in accordance
with [7]. The generally accepted methods were used in the field experiments [8,9].

Results and discussions. Based on the results of research and generalization of experimental
materials on the morphogenesis of cereals, T.I. Serebryakova [5], N.A. Laman and others [6] substantiated
the concept of cereal phytomers as a growth unit. Phytomers or growth units are leaf primordia
periodically isolated on the cone of cereal growth instead of corresponding to its axis, due to the
independent growth of which, subsequently, there is a tiered growth of the stem and shoots of the cereal.
The development of the phytomeres is carried out as a result of the successive growth of the leaf plate, leaf
sheath, stem internodes, which are singled out by the tab of the tongue [6]. Therefore, improvement of the
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agroecological growth conditions and barley development (feeding area, dosages and methods of
fertilization, irrigation techniques, and plant population, etc.) has effect on formation of cereal crops
phytomers [4]. Our experiments revealed (figures 1-3) that internodes of the barley main stalk elongate
significantly with increase in the fertilizer dosage. The same patterns are observed with the lateral shoots.
Thus, the length of the main stalk’s first internode length of the non-fertilized (control) crop was equal to
19.3 cm and that of the second internode was 10.7 cm, while those of the corps treated with nitrogen
fertilizers were 27.0 cm and 13.8 cm correspondingly. The same consistent pattern was noted for the
lateral shoots (figure 1). Fertilization splitting resulted in biological life prolongation and boosting
photosynthetic activity of barley leaves thus having significant effect on the crops formation (figure 2, 3).
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Figure 1 - Length of barley internodes (cm) depending on dosages and methods of mineral fertilizers treatment.
Legend: stalk internodes (from to downwards); Experiment options:
1 —NOPO; 2 — P90; 4 — N90P90; 7 — N9OP90+N30+N30; 9 — N120P90+0+N30; 10 — N120P90

Barley cropping capacity depends to a large degree on the area of the leaves assimilating area [4,10].
Thus, fertilization splitting increases barley tilling capacity, number of yielding stalks and leaves area on
every stalk, especially 2" and 4™ leaves on top (table 1 and figure 2,3). Area of the second and the fourth
leaves of the main stalk of the control crops was 7.4-8.5 cm?, and those of the lateral shoot — 5.8-8.0 cm?
and partial nitrogen fertilization application resulted in the main stalk’s second and fourth leaves area of
11.2-11.5 cm?, i.e. increase by 35.4-51.4% and those of the lateral shooting — 8.5-10.2 cm?, i.e. increase by
27.5-46.6%. This contributed to formation of the high cropping capacity (table 1, figure 2,3). The highest
yielding capacigty of barley grain was formed by the method of mineral fertilizers applying N90P90 +
N30 + N30 kg/ha a.a. Fractional fertilizer application resulted in increase in plants tilling capacity from
1.27 to 1.30 pcs/plant to 2.73 to 2.83 pcs/plant (i.e. times 2.1) and increase in the number of productive
stems from 277 to 308 pcs/m? up to 638 to 672 pes/m?, i.e. 2.3-2.5 times (table 1).
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Table 1 — Effect of Dosages and Methods of Mineral Fertilizers Application to Formation
of Barley Crops Agrocoenosis and Yielding Capacity
Mineral Fertilizer Number of Number of Tilling Share of Lateral Gran Yield,
Application Dosages and Pfllzrit/sets)fiflogre Productive Capacity, Shoots ip Crop hundr.
Methods, kg/ha pos./m? ? Stalks, pcs./m? pes./plant For-mation, % centner/hectare
Rossava Cultivar
1. NOPO (control) 241 308 1.28 21.8 14.1
2.P90 245 326 1.33 24.8 15.8
3. N60P60 255 490 1.92 48.0 19.0
4. N9OP90 248 513 2.07 51.7 23.6
>- N6OP60+N30+N30 257 637 2.48 59.7 30.8
6. N9OP60+N30+N30 252 645 2.58 60.8 323
7. N90P90+N30+N30 249 672 2.70 62.9 354
8. N90P90+0+N30 251 565 2.25 55.6 26.8
9. N120P90+0+N30 253 633 2.50 60.0 30.7
10. N120P90 246 615 2.50 60.0 30.0
Assem Cultivar
1. NOPO (bakylau) 225 277 1.23 18.8 12.8
2. P90 231 300 1.30 23.0 14.1
3. N60P60 236 432 1.83 454 16.0
4. N90P90 232 464 2.00 50.0 19.5
5. N60P60+N30+N30 241 605 2.51 60.2 26.4
6. N9OP60+N30+N30 238 638 2.68 62.7 29.5
7. N9OP90+N30+N30 243 634 2.69 62.9 33.1
8. N90P90+0+N30 237 548 2.31 56.8 22.0
9. N120P90+0+N30 240 614 2.56 60.9 26.1
10. N120P90 235 611 2.60 61.5 25.8

Note: N30 — additional fertilizing in the beginning of the tillering period;
N30 — additoinal fertilizing in the beginning of the ear formation period.

Therefore, when barley is cultivated on saline and nutrient-poor soils of rice crop rotation system,
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application of fertilizers N90P90 and N60P60 kg/ha prior to sowing and additional treatment with nitrogen
fertilizers at the dosage of N30 kg/ha in the beginning of tillering stimulates plants tillering. As a result,
number of productive stalks increases same as the total area of the leaves on each stalk resulting in
increase in the grain yielding capacity (yield increase of 17.7-21.3 h. centner/ hectare). Additional
fertilization (N30 kg/ha) in the beginning of ear emergence does not lead to increase in productivity but
contributes to good grain formation. To find this out, research (experiments)was conducted in reduced
form (table 2) in 2007-2010. Results of the research (table 2) revealed that split application of nitrogen
fertilizer (option 4, N9OP90+N30 kg/ha) contributed to the greatest grain yield (36.7 h. centner/ hectare)
but additional fertilizer application in the beginning of ear emergence period (option 5) did not contribute
to increase in the crop yield.
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Figure 2 — Barley main stalk (A, cm?) and 1* lateral shoot (Rosava cultivar) leaves area dependng
on dosages and means of mineral fertilizer treatment. Experiment options:
1 —NOPO; 2 — P90; 4 — N90P90; 7 — N9OP90+N30+N30; 9 — N120P90+0+N30; 10 — N120P90
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Figure 3 - Area of leaves (A, cm?) of the main stalk and the 1% lateral shoot (B, cm?) of barley (Assem cultivar) depending
on the dosage and means of mineral fertilizers application
Types of experiments: 1 — NOPO; 2 — P90; 4 — N90P90; 7 — N9OP90+N30+N30; 9 — N120P90+0+N30; 10 — N120P90

Formation of the barley crop goes on in interaction of genotype and morphophysiological features of
plants with soil-and-ameliorative, engineering-and-technical and agroecological conditions. In this
connection, based on the generalization of one’s own research results and those of other scientific research
organizations and the leading experience, ecological, agroecological, technological and morphological
factors having effect on formation of high and quality barley grain crop were determined (table 3).
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Table 2 — Effect of Dosages and Methods of Mineral Fertilizers Application
on Barley Grains Agrocoenosis Formation and Yield Capacity
Dosages and Methods Number of Plants Number of Tilling Shag;g(t;tlg?ltleral Grain Yield,
of Mineral Fertilizers before Harvesting, | Productive Stalks, Capacity, . centner/
Application, kg/ha pes./m? pes./m? pcs./plant Formation of hectare
i Crops, %
Rossava Cultivar
1. NOPO (control) 245 315 1.28 22.2 13.5
2. P90 251 366 1.46 314 17.3
3. N90P90 240 448 1.87 46.4 22.2
4. N90P90+N30 253 651 2.57 61.2 36.7
5. N90P90 + 0 +N30 247 588 2.38 58.0 314
6. N120P90 238 591 248 59.7 323
HCPos- pcs/m? or h. 12.3 13.7 - - 3.14
centner/ hectare

Note: N30 — additional fertilization in the beginning of tillering period; N30 — additional fertilization in the beginning of ear
formation period.

Table 3 — Ecological, Agroecological, Technological and Morphophysiological Factors having Effect
on Barley High Crop Formation

| Factors having effect on production of high-yielding and ecologically clean barley crop in Aral Sea area |

region;

2.Aral sea parame-ters
dynamics;

3.Water and salt inflow in
sea;

4.Great and little Aral
mode dyna-mics;
5.Surface water level and
its mineralization;
6.Humus content and soil
produc-tive capacity.

2. Trrigated land
suitability;

3. Morphological and
physical properties of
soil;

4. Agrochemical
parameters and nutrients
content in soil;

5. Soil secondary
salinization degree.

Ecological Factors Agroecological Factors Technological Morphophysiological Factors
Factors
1.Soil and climate 1. Agroecological 1. Rice and other cultures 1. Formation of phytomers as
particular featu-res of the | changes in the region; productivity; growth units;

2. Crop position rotation;

3. Soil processing, sowing and
crop tending;

4. Optimization of dosages,
time and methods of fertilizers
application;

5. Irrigation mode
optimization;

6. Growth stimulants
application;

7. Agriculture and cultivation
biologizing.

2. Formation of
photosynthetic system and
storage organs (grains);

3. Morphophysiological
features of plants growth,
tilling capacity, formation of
main and lateral shoots, heads
and root systems;

4. Formation of highly-
productive agrocenosis.

v

v

v

Highly productive agrocenosis of barley: number of plants before harvesting - 240-260 pcs./m?; number of productive
stalks — 640-680 pcs/m?; tilling capacity — 2.70-2.85 pcs./plant; share of lateral offshoots in crop formation — 62.4-64.8%;
yield capacity — 33.1-36.7 h. centner/ hectare; increase in output yield -17.7-21.3 h. centner/ hectare.

Application of N9OP90 h.kg/ha prior to sowing; additional application of nitrogen fertilizer N30 kg/ha in the tilling phase
beginning. Irrigation mode - 70-75-70% of MHC.

Conclusions. Highly-productive barley agrocenosis is formed in the period of plants preservation

prior to harvesting 240-260 pcs./m? formation of productive stalks 640-680 pcs/m?, tilling capacity of
2.70-2.85 pcs./plant, share of lateral offshoots in formation of crop was 62.4-64.8%, which contributed to
increase in the yield of grain to 33.1-36.7 h. centner/hectare and increase in the crop by 17.7-21.3 h.
centner/ hectare. This highly productive agrocenosis (sowing) in production conditions is formed when
4-5 min. germinable seeds when N90P90 kg/ha is added prior to sowing and additional application of
nitrogen fertilizer N30 kg/ha in the beginning of tilling period, irrigation mode 70-75-70% of the full field
water capacity (FFWC) as well as in the course of other agronomical methods application in due time and
of due quality.
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K.H. Kaiiaeioaii', F.OK. Meneyosa', H.E. Hypmam?

"Kaszak YNITTHIK KbI31ap MearoruKaiblK yHHBEPCUTETI, AnMathl, KaszakcraH;
2Xonrip xan ateinaarel bareic Kazakcran arpapiblk-TEXHMKANBIK YHUBEpCUTeTI, Kazakcran

MHUHEPAJIJbI TBIHAMTKBIIITAP TO3ACBIHA )KOHE
EHI'I3Y TOCLIJIEPIHE BAMJIAHBICTBI APITA OHIMIHIH, KAJIBIIITACYBIHBIH
IKOJIOTUAJBIK ’KOHE MOP®ODPU3NOJIOT UAJBIK HET'T3JIEMECI

Annoranus. KazakcTauaplk Apail eHipi )KarIaiblHaa Tayapiibl Kypill eriHmiIiri 1966-1990 xeiigapbl Kaibii-
TacThl. ByJ Ke3eHae cyapmaisl MH)KEHEPITIK eTiHIIUTIK KYHeci KaIbIITaChII, aybICHABl KYPINI eTici urepinmi, Kypim
JTAKBLIBI YIIKEH eric kenmeMiHme (kpu1 cabiH 90-110 mbIH rekrap) erimmi. Hotmxecinne Oy Apan eHipiHe opacaH
30p 9JIEYMETTIK, SKOHOMHKAJBIK, JKOJOTHSUIBIK, T.0. e3repicrep okenni. bipak Kazakcranumelk Apan eHipiHueri
JKBUIIaH-KBUTFAa KYIICHTEH Cy TaNIIbUIBIFBI JKaFJaiiblHAa eTiHIIUIKTI JaMBITYABl TeK KaHa Kypill eHIipyHdi apT-
TBIPYMEH OaiJIaHBICTBIPY aliMaKThl a3bIK-TYJIKIIEH KaMTaMachl3 €Ty i Kayilci3AeHAipy TYPFhICBIHAH ajiFaHJia OHIIA
truimai emec. COHABIKTAH apra JakbUIBIH KYPILI aybICHaibl €TiCiHe €Hri3y eric KypbUIBIMBIH KaKCapThIll, CYJIbI
YHEeMIIeH i KOHEe TaHaNTaplaH TYCETiH JOH ©HIMIH MoJailTyra MyMKiHmik Oepeni. Kasipri kezenne KasakcTaHHBIH
Oacka aliMaKTapbIHJIa CyapMalbl eric KeJeMiH YIFalThII, 3 MIIH. TeKTapaH acklpy Ke3Jelin OThIp. SIFHU, cyapMaiisl
STIHIIUTIK KaFIalbIHIAFel KYPIII, MaKTa, JKEMIIOMN jXOHE OacKaja aybICHalibl CricCiHAe apra JaKbUIBIHBIH ecipy
TEXHOJIOTHSACHIH JKETUINIPYAiH TpPaKTUKaIBIK MaHBI3BI 30p. OChIFaH ColKec, apma MaKbUIBIHBIH €ric KeJeMiH
WIFAUTBIN, ©Cipy TEXHOJOIMSCHIH 3€pPTTEN TYKBIPBIMIAY JKOHE OHBI JKETUIIpIN, OHJIpICKe EHri3y — ©3€KTi
MOceleHiH Oipi.

Tyiiin ce3nep: apra, MUHEpaIIsl THIHAMKBIIITAD €HTI3Y 103aCHl JKOHE Tocimaepi, OybIHApaIbIKTap Y3BIHABIFEL,
ca0aKTarbl JKarblpaK aJTaHbIHBIH KAJIBIITACYbI.

K. H. Kaiiani6ait', T. K. Meneyosa', H. E. Hypmam?

'Kazaxckuil HAMMOHAIBHBIN KEHCKHIT IIearOTHYECKU YHUBepcUTeT, AnMarsl, Kasaxcran;
23ananno-KasaxcTaHCcKuil arpapHO-TEXHHYECKUH yHUBEPCUTET UM. JKaHrup xaHa

3KOJOTNMYECKHE U MOP®OPU3NOJTOI'NYECKHUE OCHOBBI
OOPMUPOBAHUSA YPOXKAA AYMEHSA B 3ABUCUMOCTU OT 103
U CIIOCOBOB BHECEHU A YJIOGPEHU

AnHotanus. B ycnoBusx kazaxcranckoro Ilpuapanbs TOBapHOE PHCOBOE 3eMIICIENUE CIOKWIOCH B 1966-
1990 roapl. B aToT nepruoji mocTpoeHbl HHKEHEPHBIE OPOCUTEIbHBIE CUCTEMBI, OCBOEHBI PHCOBBIE CEBOOOOPOTHI, PHUC
€XEToHO Bo3aenbIBaicsa Ha Oompmmx miomansx (90-110 Teic. TekTapoB). DTO MPHHECIO OTPOMHBEIC CONUANBHEIE,
SKOHOMHYECKHUE, JIKOJOTHMYecKre W3McHEeHHs. OJHAKO B YCIOBHSX COKPANICHUS KOJMYECTBA OPOIIACMEIX BOJI
pa3BUTHE CEJIBCKOTO XO35MCTBA CBA3BIBATH TOJHKO C MOBBINICHUEM MPOU3BOJCTBA 3€PHA PUCA HEBBITOJHO C TOYKH
3peHHs obecnedeHNs MPOIOBOIBCTBEHHOM 0e30macHOCTH pernoHa. [103ToMy BHEIpeHHe ITOCEBOB MOBHIIIAET OOIIN
BEIXOJI 3¢pHa. B Hacrosimee BpeMs MOCTaBIICHA 33/ja4a Pa3BUTHUS OPOIIAEMOTo 3emiienenus (0 3 MIIH. TeKTapoB) B
JIPYyrux peruoHax crpadbl. ClieOBaTENbHO, B YCJIOBUSIX PHCOBBIX, XJIONKOBBIX W KOPMOBBIX CEBOOOOPOTOB
YCOBEPIIICHCTBOBAHNE TEXHOJIOTHH BO3IEIBIBAHUS SIMEHSI HIMEEeT OTPOMHOE 3HAaUeHHe. B CBA3M ¢ 3THM, yBenHUcHUE
IUTOIIAJM TIOCEBOB SYMEHS, pa3pabOTKa arpOTEXHUKH BO3JCIBIBAHUS U BHEIPECHHUE €r0 B INPOU3BOJACTBA HMEET
OTIPEJICIICHHOE MPAKTUYECKOE 3HAUEHUE.

KiroueBble cj10Ba: SYMEHB, 03Bl H CIIOCOOBI BHEHCEHUS YIOOPEHUH, POCT MEKIOY3NHH, TIOMAAb JHUCTHEB
TJIaBHOIO ¢Te0Is U OOKOBBIX IOOErOB.
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