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technology, especially the diet. Increasing the yield and quality of grain crops, including spring
barley, is the basis for the economic sustainability of agricultural enterprises. Sustainable growth in
grain production today is associated with the intensification of the technological process of
cultivation, aimed at creating highly productive crops, improving the quality of grain while
maintaining environmental safety, reducing resource and energy costs. It is known that in order to
grow stable yields of spring barley with high grain quality indicators, it is important to provide plants
with nutrients from the very beginning of the growing season by applying mineral fertilizers. The
article presents experimental data on the vegetation and grain yield of spring barley from the use of
different rates of mineral fertilizers and methods of primary soil cultivation during the vegetation of
spring barley
Key words: barley, yield, quality, fertilizer, soil.
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THE USE OF GIS TECHNOLOGY AND SPATIAL ANALYSIS FOR THE
DIAGNOSIS OF SOILS AND CROPS IN THE NORTH KAZAKHSTAN REGION

Abstract

The article presents research on spatial analysis for the diagnosis of soils and crops using GIS
technologies in the North Kazakhstan region. An analysis of the application of the geostatistical
Kriging method is given, which allows you to build predictable maps based on limited data, and also
allows you to interactively explore the spatial behavior of any values and assume their further change
or state by interpolating data on objects without specified values. In these studies, the forecast of
changes in soil and agrochemical parameters was considered: nitrogen, phosphorus and humus. When
Kriging, the program uses mathematical functions for a certain number of points. Variograms and
covariance functions were created to estimate the values of statistical dependence, and unknown
values were predicted for various crops of the fertilized background and control. To verify the
accuracy of the interpolation data, a comparison of the forecast map and the cartogram of mobile
phosphorus and humus was carried out in the article. As a result of comparing the maps, similar areas
of phosphorus and humus content changes were revealed to a greater extent, which indicates a
working model of Kriging interpolation and some inconsistencies, which may indicate errors in the
method.

Key words: soil fertility, soil diagnostics, geoinformation technologies, spatial analysis,
interpolation, agricultural crops, soil treatment, mineral fertilizers.

271


https://doi.org/10.37884/4-2024/28
mailto:yerzhan.dilmurat@mail.ru
mailto:ninakul23@mail.ru
mailto:regor1984@rambler.ru
mailto:sarsenova0804@mail.ru
mailto:almanova44@mail.ru
mailto:87153223511@mail.ru

I3nenicrep, HoTmxkenep — MccnenoBanus, pesynbratsl. Ned (104) 2024, ISSN 2304-3334

Introduction

Currently, with the intensive use of digital technologies in agriculture, or rather the use of
geoinformation technologies for monitoring and evaluating soil and vegetation, it is more in demand
and relevant than outdated methods for diagnosing changes in soil cover and vegetation [1-3].

Plant nutrition diagnostics is a systematic set of measures aimed at identifying and/or
establishing the availability of plant nutrients [4]. That is, the identification of deficient nutrients
necessary for the full-fledged growth and development of culture [5].

In this work, in the conditions of our time, the diagnosis of plant nutrition, or rather the
dynamics of changes in soil and vegetation cover, will be considered taking into account the use of
GIS systems and spatial analysis by the Kriging method [6].

The geostatistical Kriging method allows you to build predictable maps based on limited data
[7]. The method allows interactively investigating the spatial behavior of any values and suggesting
their further change or state by interpolating data onto objects without the specified values[8, 9].

During screening, the program uses mathematical functions for a certain number of points [10].

Objective: To study spatial analysis for the diagnosis of soils and crops using GIS technologies
in the North Kazakhstan region.

Tasks:

- Diagnostics of geomorphological conditions using GIS technologies;

- Conducting spatial analysis for the diagnosis of soils and crops on common chernozems.

The object and methodology of the study

The research object is located in the sharply continental climate of the steppe zone on ordinary
chernozems in the North Kazakhstan Experimental Agricultural Station LLP in the Akkayyn district
of the North Kazakhstan region. The area is 16 ha.

The experimental plots were placed on a controlled and fertilized background. The size of the
experimental plots is 126 m long, 8 m wide, and 163 plots in total. Crops: spring wheat, oilseed flax,
baleen peas, sunflower, triticale, and simply. Soil samples were taken from each plot for soil-
agrochemical analysis from a depth of 0-20 cm.

Soil and agrochemical analysis was carried out: NO3, P205, K20, pH and humus. An estimated
(predicted) map of the battery content was constructed using the Kriging method (geostatistical
interpolation method).

The results of the study

Using the QGis 2.28 GIS program, a digital relief map was compiled to diagnose the
geomorphological conditions of the experimental plots under study, which reflects the distribution of
moisture in the soil depending on the microrelief and affects the growth and productivity of crops
(Figure 1).
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Figure 1 - Digital terrain map
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After the soil-agrochemical laboratory analysis, the diagnosis of soil condition changes was
carried out using geoinformation and spatial analysis by Kriging. In these studies, the forecast of

changes in soil and agrochemical parameters was considered: nitrogen, phosphorus and humus.

In order to complete the task, a two-step process was performed using the Kriging method: 1.
Creation of a variogram and a covariance function for estimating statistical dependence values; 2.
Forecasting unknown values.

75 plots out of 163 were selected as input data for predicting the content of nitrate nitrogen,
mobile phosphorus and humus in the field under study in North Kazakhstan Agricultural Cooperative

Table 1 - The location of the plots (colored) selected for the input data
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Based on 75 plots, a variogram was created that reflects the change in the predicted data
depending on the distance of plots from each other with similar data. The variogram of nitrate nitrogen
has a linear character and is marked at the beginning with a low content and changes linearly further.
The mobile phosphorus variogram is linearly regressive, which indicates a decrease in the mobile
phosphorus content depending on the distance between points that are similar in data to each other.
The humus variogram has a circular character, which indicates a smooth increase in content and stable

movement as the distance increases (Figure 2).
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Figure 2 - Variograms of input data on nitrate nitrogen, mobile phosphorus and humus

Kriging interpolation made it possible to create a predictable map of the content of nitrate

nitrogen, mobile phosphorus and humus in the soil.

The input data map reflects a certain number of points (75 data points) coordinated and linked
to space, which is reflected along the vertical and horizontal axes. After performing the interpolation
in the QGis 2.28 program, a forecast map is created based on the above variogram and statistical data
analysis (automated program statistics), while simultaneously filling the space around the points for

visual perception of the data in the form of polygonal objects.
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Figure 3-Input data map and forecast map of nitrate nitrogen content

To verify the accuracy of the interpolation data, a comparison of the forecast map and the
cartogram of mobile phosphorus and humus was performed. As a result of comparing the maps,
similar areas of phosphorus and humus content changes were revealed to a greater extent, which
indicates a working model of Kriging interpolation and some inconsistencies, which may indicate

errors in the method.
On the forecast map for all crops, the nitrate nitrogen content indicates its differentiated content

by field (Figure 3).
The mobile phosphorus prediction map indicates a low phosphorus content in the upper part of

the field (Figure 4), which corresponds to laboratory data from soil and agrochemical analysis.
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The humus content according to the field forecast map varies from 3.8% to 5%. In plots with
wheat and triticale, its content changes sharply to 4.8%-5% (Figure 19).

Thus, we can say that the Kriging method allows us to predict and visualize the content of plant
nutrition elements in the form of a map in conditions of limited data. It is worth noting that the
prediction map is interpolated by the Kriging method, shows more accurate values, up to tenths of a
unit, and changes the color scale of the map.
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Figure 4 - Input data map and forecast map of underwater phosphorus content
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Figure 5 - Input data map and humus content forecast map

Conclusion

Evaluation of the use of geoinformation and spatial analysis for the diagnosis of soil fertility
using GIS technologies and the Kriging method makes it easy to process large amounts of information
on soil-agrochemical, geomorphological, hydrological and agroecological examination of soils (GIS
provides extensive possibilities for combining, sorting, and sampling data; areas and contour
parameters are easily calculated); interpolation of soil properties in space , etc .

The article was carried out within the framework of the PCF RK "Building a decision-making
system for the production of basic types of agricultural crops based on the adaptation of the DSSAT
model, the growth and development of agricultural crops, an integrated management system for
livestock production based on Smart technologies, with the formation of an information base of
scientific and technical documentation on agricultural technologies for agricultural subjects, with the
purpose of creating Smart systems in agriculture”Ne
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COJITYCTIK KA3AKCTAH OBJIBICBIHJA TOIIBIPAK ITEH JAKBIJIIAPAbI
JUATHOCTHUKAJIAY YHIIH I'A’K TEXHOJIOTI'MSICBIH )KOHE KEHICTIKTIK
TAJAAYAbI KOJJAHY

Anoamna

Maxkanana Contycrik Kaszakcran oOnsiceinna ['AXK TexHonorusiapblH naiijjaiada OTBIPBII,
TOMBIPAK TEH aybUl IMIapyallbUIBIFbl JAKbUIAAPBIH TUArHOCTUKANAY YIIIH KEHICTIKTIK Tailay/bl
3epTTey OoiibIHINA 3epTTeyep yebiHbUTFaH. [IlekTeyni nepexrep Herizinae O00mKaHATBIH KapTaaap/Ibl
KypyFa MYMKIHAIK OepeTiH, COHAaii-aKk Ke3 KeINTeH MOHJEPIiH KEHICTIKTIK MiHe3-KYJIKbIH
MHTEPAKTUBTI TYpAE 3€pTTEyre JKOHE JEepeKTepll KepceTUIreH MOHAepci3 oO0bekTuiepre
MHTEPHOJAIMAIAY apKbUIbI OJapAbIH OJIaH 9pi ©3repyiH HeMece KyiliH OorkayFa MYMKIHJIIK OepeTiH
reoCTaTUCTUKANBIK KpUruHT oficiH KonmaHy Tangaybl OepinreH. bynm 3eprreynepae ToOmbIpak-
arpoOXMMHUSUIIBIK KOPCETKIIITEPIiH e3repy Ooynkambl KapacThIPbUIIBL: a30T, ¢ochop xKoHE rymyc.
Kpurunr kesinge 6argapiama Oenriii Oip HyKTelep CaHbl YIIIH MaTeMaTHUKaJbIK (QyHKIUSIapIbl
KongaHaael. CTaTUCTHKANBIK TOYENJUIIKTIH MOHJEpiH Oaranay YIIiH BapHorpammaiap MeH
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KoBapuaus (QyHKIHIAphl Kacalbl KOHE YPHIKTAHABIPBUIFaH (OH MeH OaKblUIayIblH SpTYpIi
JMaKbUIIapbIHAa Oenriciz MoHAepAl Ooibkay >Kypri3inai. MHTepmonsiusHbl Kypy [IepeKTepiHiH
IOYPBICTHIFBIH TEKCEPY YILIIH MaKayiaga 00ihkKaM KapTachl MEH KbUDKbIMaIb! (hoc(op MEH IyMyCThIH
KapTOrpaMMAachlH CaJIBICTBIPY >Kyprizinmi. Kapramapael canwsicThipy HoTHXkeciHAE (ochop MeH
TYMYCTBIH ©3TepyiHiH yKcac ailMaKTapbl aHBIKTAN/bl, Oyl KpUTHHT MHTEPIONAIUSACHIHBIH KYMBIC
MOJICITIH JKOHE KeHOip CoMKeCCI3MIKTEp i KopceTe i, OyII 9/IICTIH KaTSMKTEPiH KOPCETyl MyMKIH.

Kinm co30ep: TOUbBIpaK KYHapibUIBIFBL, TOMBIPAK JAMArHOCTHKACHI, T'€0AKIapaTTHIK
TEXHOJIOTHUSIIAp, KEHICTIKTIK Tajijay, UHTEPHOJSAMS, AaKbUIAap, TONBIPAKTHl ©HJEY, MUHEPAJI b
THIHAUTKBILLITAP.
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HCIIOJIb30BAHUE I'MC-TEXHOJIOT U 1 ITPOCTPAHCTBEHHOI'O AHAJIM3A
JJIA JMATHOCTHUKMU 11OYB U CEJIBCKOXO3AUCTBEHHbBIX KYJIBTYP B CEBEPO-
KA3AXCTAHCKOWM OBJIACTH

Annomauusn

B cratee mpencraBieHbl MCCAEAOBaHUS MO M3YYEHHIO MPOCTPAHCTBEHHOTO aHAlW3a IS
JMarHOCTUPOBAHMS [IOYB U CEIbCKOXO3MCTBEHHBIX KYJIbTYp ¢ ucnoibzoBanueM ['MC-rexnonoruit
B CeBepo-Kazaxcranckoii o6nactu. [laH aHau3 npuMeHeHUs reocTaTucTHIeckoro Meroia Kpurunra,
ITO3BOJISIIOIIMM  CTPOUTH KapThl, IPOTHO3UPYEMBIC, HA OCHOBE OIPAaHMYEHHBIX JAHHBIX, TaKXKe
MO3BOJISIOMINN MHTEPAKTUBHO UCCIIE0BATh MPOCTPAHCTBEHHOE MOBE/IEHHE KAKUX-IN00 3HAaUeHUH U
MIPENIOJIOKUTD UX JAalibHEIIee H3MEHEHUE UK COCTOSTHUE, NHTEPIIONNPYS JaHHbIE Ha O0BEKTHI O€3
yKa3aHHbIX 3HaYeHUH. B JaHHBIX Uccien0BaHUAX ObUT pACCMOTPEH MPOrHO3 U3MEHEHHsI TOUYBEHHO-
arpoXMMHUYECKHe ToKazaTene: a3oT, ¢pocdopa u rymyc. [Ipu Kpurunre, mporpamma, ucoiab3yer
MaTeMaTH4ecKue QYHKLIUU IS ONPEAeSICHHOTO KOJIMUYecTBa ToUeK. bbuin co3/1aHbl BapuOrpaMMBbl U
(GyHKIMM KOBapUalMM JJii OLEHKM 3HAUYEHWH CTATUCTHUYECKOM 3aBUCUMOCTH U TPOBEACHO
[IPOTHO3UPOBAHNUE HEU3BECTHBIX 3HAYECHHM HA PaA3IUYHBIX CEIBCKOXO3AMCTBEHHBIX KYJIBTypax
yaoOopeHHoro ¢oHa M KOHTpoJds. YTOOBl NPOBEPUTH JOCTOBEPHOCTHh JAaHHBIX MOCTPOCHUS
MHTEPHOJISAIMY ObLIO IPOBEICHO B CTaThe CpaBHEHHE KapThl IPOrHO3a U KApPTOrPaMMbl MTOABHKHOTO
dbocdopa u rymyca. B pesyibraTe cpaBHEHUS KapT, B OOIBIIEH CTENEHN ObUTH BBISIBJICHBI CXOIHBIC
obnacT HM3MeHeHHus coaepxkaHus ¢ochopa U rymyca, 4TO yKa3bplBaeT Ha pabouyro MOEIb
MHTEPHOJSIMM MeTOAOM KpuIrMHra M HEKOTOphIE HECOOTBETCTBHUS, YTO MOXET YKa3blBaTh Ha
MIOIPELIHOCTH METO/A.

Knrouesvie cnosa: nnogopoue noys, TMarHoCTUKA MOYB, FT€OMH(POPMAIIMOHHbIE TEXHOJIOTHH,
MIPOCTPAHCTBEHHBINH aHAIN3, HHTEPHOJIAINS, CEIbCKOX03AHCTBEHHbIE KYIbTYpbI, 00pabOTKa MOYB,
MUHEpaIbHBIC YI00PEHUSI.
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