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GENETIK SORTLONMIS XOSTOLIKLORIN
EPIDEMIOLOJi XARAKTERISTIKASI

Xiilasad

Magqaloada genetik sortlonmis xastaliklorin epidemiologiyasina dair qisa molumatlar verilmis vo
son illor bu xastoliklorin dyronilmesi iizra alde edilon ugurlar vo tocriibs paylasilmisdir. Genetik
sortlonmis xostoliklor saglamligi vo ya miixtalif patoloji voziyyastlorin inkisafin1 tomin edon irsi
materialin vertikal otiirtilmasinin klassik niimunasini 6ziindo oks etdirir. Tosadiifi deyil, miitloq
sokildo tokamiillo sortlonmis vertikal yoluxma mexanizmi anlayisi mohz genetik determino olunmus
xostaliklors an ¢ox samil edilir. «Norma» haddinds fordi doyisikliklori toyin edan biitiin keyfiyyotlor
(xiisusiyyatlor) genetik determino olunmusdur. Genetik sortlonmis xostoliklorin epidemiologiyasi
noinki onlarin molekulyar saviyyado dyronilmosini (spesifik genetik miiayins lisullarindan istifado
etmoklo), hom do epidemioloji diagnostika prinsiplorinin bazasinda populyasiya todqigatlarinin
aparilmasini tolob edir.

Acar sozlor: genetik sortlonmis xastaliklor, epidemiologiya, profilaktika, qeyri-yoluxucu
xastaliklor, diagnostika, epidemioloji aspektlar, epidemioloji nazarat
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Epidemiological characteristics of genetic diseases

Abstract
The article provides brief information on the epidemiology of genetically conditioned diseases
and shares the achievements and experience gained in the study of these diseases in recent years.
Genetically determined diseases represent a classic example of vertical transmission of hereditary
material that ensures health or the development of various pathological conditions. The concept of a
vertical transmission mechanism, which is not random, but necessarily determined by evolution, is
most often applied to genetically determined diseases. All qualities (characteristics) that determine
individual changes within the limit of "norm" are genetically determined. The epidemiology of
genetically determined diseases requires not only their study at the molecular level (using specific
genetic testing methods), but also population studies based on the principles of epidemiological
diagnostics.
Keywords: genetically determined diseases, epidemiology, prevention, non-infectious diseases,
diagnostics, epidemiological aspects, epidemiological control

Giris

Miiasir dovrdo epidemiologiya hom ictimai sohiyyo, hom do kliniki tobabot {i¢lin vacib elm
sahasina c¢evrilmigdir. Eyni zamanda epidemiologiya profilaktik tobabotin vo sosial-hiiquqi
baximdan ictimai qayda-qanunlarin inkisaf etdirilmosinds do ¢ox bdytlik rola malikdir. Hal-hazirda
epidemiologiya laborator todqiqatlarla birlikde otraf miihit vo genetik risk faktorlarnin miisyyen
edilmosindo vo bunlardan asili olan miixtolif xostoliklorin patogenezinin aydinlasdirilmasinda da
¢ox bdyiik islor goriir. Son zamanlar biitliin diinyada ohali arasinda xroniki qeyri-infeksion
xostoliklorin intensivliyinin artmasi, onlarin miialicasinin dovlatlora ¢cox boylik xorc hesabina basa
golmosi nozora alinaraq onlarin da qarsisinin  alinmasi {i¢lin epidemioloji todqiqat vo
aragdirmalardan istifade olunur. Kegon osrin 90-c1 illorindon qeyri-infeksion xostsliklorin
epidemiologiyasi ayrica fonn kimi ayrilmis vo dyronilmokdadir. Kecon osrin ortalarindan etibaron
infeksion xostolikloro garst dorman vasitolorinin, 6zslliklo do antibiotiklorin kosf olunmasi, eyni
zamanda vaksinlordon istifado olunmasi noticosindo miixtolif epidemiyalara, pandemiyalara sobob
olan agir infeksion xastaliklorin idara olunmasina baxmayaraq, miiasir dovriimiizdo yeni infeksion
problemlor do (mosalon, QICS, Laym xostoliyi, legionelyoz, qus qripi, SARS, koronavirus vo s.)
bas qaldirmaqdadir. Noticods epidemioloji arasdirmalarsiz bu problemlorin 6hdasindon golmok
geyri-miimkiindiir.

Epidemioloji diagnostika genetik amillorin yayilmasinin saboblarinin vo qanunauygunluqglarmin
vo patologiyanin yaranmasinin irsi meylliyinin dyronilmosinin asasini toskil edir. Bu todqgiqatlarin
predmeti irsi xastoliklorin vo miioyyon bioloji (genetik), hom do tobii vo sosial sortlordon asili olan
irsi meyllik amillorinin yaranmasinin saboblorinin vo inkisaf qanunauygunluqlariin dyronilmosi
sayilir. Epidemioloji metodlar o iisullarin macmuyunu toskil edir ki, onlar patologiyanin irsi
oOtiiriilon formalarini askar etmoyo vo dyronmayo, onlarin tosir mexanizmini toyin etmayo, bu vo ya
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digor xostoliyin soboblorini doyarlonrdirmoys vo askar etmoyo, profilaktika sistemini isloyib
hazirlamaga imkan verir.

Irsi xostoliklor o patoloji voziyyatlor hesab edilir ki, onlarm etiologiyasinda genetik komponent
aparici rol oynayir. Biitiin patoloji voziyyatlorin bu vo ya digor doeracads irsi zomini vardir, lakin bu
zominin dorocasindon asili olaraq, monogen (monofaktorlu) irsi xostoliklor (mendellogson - onlar
ticlin genetik pozgunluglar toyinedici amil hesab edilir) vo poligen (vo ya multifaktorial) xostoliklor
(onlarin etiologiyasinda ekzogen mongoli miixtalif amillor miithiim ohomiyyast kasb edirlor) ayird
edilir. Genetik amillor populyasiyada patoloji proseslorin va voziyyetlorin bas vermasinds vo
yayilmasinda asas rollardan birini oynayir, lakin bu vo ya digar nozoloji formanin yaranmasinda irsi
amillorin konkret rolu forglidir.

Xostaliklorin oksariyyoti irsi meylliyin fonunda xarici zodslayici (o ciimlodon ekoloji)
amillorin tosiri naticesinds inkisaf edir. Homginin xastoliklorin {i¢iincii qrupu da movcuddur ki,
onlarin etiologiyasinda miixtslif ekzogen amillors (masalan, infeksiyalar vo ya travmalar) holledici
rol moxsusdur. Bu xostoliklor zamani genotipin rolu orqanizmin haossasliq dorocasinin
tonzimlonmeosi, immun cavabin effektivliyi vo xarici tosirloro qarsi adaptasiya-kompensator
reaksiyalar imkanlari ilo mohdudlagsmisdir (Agayev, Xalofli, Tagiyeva, 2022: 115).

Anadangalma patoloji proseslor hom genetik determino olunmus, hom do batndaxili qazanilmis
ola bilor. Genetik determino olunmus anadangolmo xostoliklor valideynlorin genetik aparatinin
zadlonmosinin naticosinds inkisaf edirlor, yiiksok irsi xarakter dasiyir vo dominant, resessiv vo ya
qarisiq tip tizro irson Otiirlilirlor. Genetik determino olunmus xastoliklor homginin «de novoy»
mutasiyasimnin — valideynlorin qametlorindo yeni omolo golon mutasiyalarin naticasi ola bilor.
Botndaxili qazanilmis xostoliklor anadangolmo voaziyystlor sayilir. Onlar hamilolik dovriinde
mutagenlorin tosiri naticosindo meydana ¢ixir vo ya anada patologiyanin olmasi vo doliin batndaxili
inkisafinin xtisusiyyatlori ilo alagodardirlar (Bhopal, 2003: 129). Miihit risk amillorindon basqa,
genetik, irsi amillor insan populyasiyasinda xostoliklorin istonilon formalarinin yaranmasi
imkanlarmin soviyyasini miioyyon edirlor. insanin xostoliklorinin tosnifati - irsi vo miihit amillorinin
tosir dorocosinin Oyranilmasinin osasinda islonib hazirlanmis - patoloji veziyyetlorin miixtalif
formalarinin inkisafina irsi vo miihit risk amillorinin tosirinin 6l¢ilisii haqqinda tosovviir yaradir.
Patoloji voziyyatlorin biitiin formalarinin 10%-o godori monofaktorlu xostoliklor sayilir, onlarin
sobobi iso yalniz genetikdir - gen vo ya xromosom saviyyasinda qirilmalardir. Irsiyyatin funksional
vahidi - gendir. Valideynlorin cinsi hiiceyralori vasitasilo alamatlor deyil, onlar hagqmda moalumat
otliriiliir (Gordis, 1996: 25). Genlorin birincili tosiri ondan ibarotdir ki, onlar fermentlorin
biosintezini «bir gen — bir ferment» prinsipi izro proqramlasdirirlar. Ferment sistemlori genlorin
miivafiq komplekslori ilo nozarot edilir vo gendo bas veran doyisikliklor (mutasiyalar) proseslor
sissilosini toradir — ferment doyisilir vo ya itir ki, bu da metabolik reaksiyanin miivafiq pillesinin
itmasine vo bunun naticesinds orqanizmin miixtalif slametlorinin inkisafinin doyisilmasine vo ya
pozulmasina gatirib ¢ixarir, yoni irsi alamatlorin inkisaf etmasi «gen-ferment-biokimyavi reaksiya —
olamat» prinsipi lizro gedir (Agayev, Xalofli, Tagiyeva, 2022: 897).

Monogen xastoliklor iigiin olamotin alternativ formada tozahiir etmasi sociyyovidir: genetik
qirilma varsa - xostalik var, masalon, fenilketonuriya (FKU), qirilma yoxdursa (genomun defekti)
— xostalik do yoxdur. Poligen xastaliklordo slamot komiyystca doyise bilir (masalon, bu slamat -
arterial tozyiq biitiin fordlords var, lakin bu alamatin tozahiir soviyyasi hami iigiin fordidir) (Fischer,
Moller, 1998: 296).

Xromosom va gen mutasiyalar1 orqanizmo miixtolif tosir gostorirlor. Bir ¢ox hallarda bu
mutasiyalar letal naticolonir, bels ki, inkisafi pozulur; insanda, masalon, 20%-o godor hamilaliklor
12 hoftoys godor miiddotdos tobii diisiiklorlo basa ¢atir vo bu hallarin yaridan ¢oxunda xromoosm
anomaliyalarin1 agkar etmok olar. Bozi xromosom mutasiyalarinin naticosindo miisyyon genlor bir
yerdo ola bilorlor vo onlarm timumi tosiri hor hansi bir «slverisli» olamotin meydana ¢ixmasina
gotirib ¢ixara bilor. Bundan basqa, bozi genlorin bir-biri ilo yaxilagmasi krossinqover naticosinda
onlarin boliinmosini daha az aglabatan edir, «alverisli» genlor zamani bu, {stilinliikk verir. Genom
mutasiyalari, fenotipin doyisilmoesi ilo yanasi, ¢ox vaxt Ozbasma aborta vo ya Xxromosom
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xostolikloring gotirib ¢ixarir. Yenidogulmuslarda vo perinatal dovrds tolof olmus usaqlarda
xromosom xastaliklori 200 nofora gora 1 hadisa tezliklo rast golir (Murray, Lopez, 1997: 1499).

Monogen (monofaktorlu) irsi (mendellogon) xastoliklorin qrupu patogenetik va etioloji olaraq,
bir gendo gedon mutasiyalarla sortlonmisdir ki, onun zadolonmasi xastoliyin inkisaf effekti li¢lin
miloyyon ohomiyyot dasiyir. Bu genetik defektin irson Otiiriilmosi konkret ailo daxilinds patoloji
fermentin tokrar omolo golmosino gotirib ¢ixarir. Belo mutasiyalrin noticosi adoton fermentin,
reseptorun, hiiceyronin struktur ziilalinin va ya noqliyyat molekulunun funksional shomiyyatli
defekti olur. Bu defektlor zodolonmis genlo xostaliyin inkisafi arasinda ganunauygun sabob-notico
olagesinin yaranmasint miisyyon edir. Monogen xastaliklorin irson otiiriilmasi Mendel qanunlarina
uygun olaraq bas verir, ona gora do, onlar 1866-c1 ilds irsiyyatin baglica imumbioloji gqanunlarini
(mendel qanunlar1) formalasdiran gorkomli todqiqatgi-genetik Qreqor Mendelin sorafing
mendelloson xastoliklor adlandirilir.

Genetik amillorin (monogen xastaliklorin sabablorinin) ails sacarosi daxilinde irson &tiirlilmasi
ciddi genetik ganunlara tabe olur ki, onlar nosillor agacinda genetik defektin seqreqasiyanin
xarakterini oks etdirir (Osipov, 2004: 57). Irsi mendelloson xostoliklordo xostoliyin
etiopatogenezindo asas genetik lokusun rolu aparicidir, lakin mutasiyalarin fenotipik ekspressiyasi
miioyyon dorocado digor amillorin (hom endogen, hom do ekzogen monsgoli) tosiri altinda
modifikasiya edo bilor. Mosolon, yasayis miihitinin soraitlori, qidalanma xarakteri, organizmin vo
onun ayri-ayri orqan vo toxumalariin enerji metabolizminin xiisusiyyatlori, miixtalif amillorin (o
climlodon miihit xarakterli) tosiri altinda bas vero bilor. Bundan basqa, genlorin ekspressiyasinin
modifikasiyast modifikator genlorin tosiri ilo sortlonir.

Irsi sortlonmis xostoliklorin yayilmasinin tezliyi genetik doyisilmis olamotlorin irson
otlirilmasinin xarakterindon asili olub bu vo ya digar populyasiyada kifayst qodor daimi sayilir.
Lakin miiasir tobabatin, o ciimlodon corrahi miidaxilolorin imkanlar1 belo qiisurlar1 olan soxsloro
cinsi yetiskonlik yasina qodor yasamaga vo ¢ox vaxt noasil artirmaga imkan verir ki, bu da
populyasiyada genetik defektlori olan fordlorin tezliyini artirir (Oxford Textbook of Public Health,
2002: 14).

Irson 6tiiriilmo tipi istonilon monogen xastoliyin miihiim vo daimi xarakteristikast sayilir. O,
miivafiq mutant genin funksional ohomiyystini, onun xromosom lokalizasiyasint vo hiiceyra
soviyyosindo mutasiyanin reallasmasi mexanizmlorini oks etdirir. Mendellogon xastoliklor autosom-
dominant, autosom-resessiv vo X-baglanma tipi lizro irson oOtiirlilo bilor (Sandford, Weiz, Pare,
1997: 1382).

Autosom-dominant tip irsi Otiiriilmo o halda bas verir ki, patoloji gen dominantdir vo hotta
heteroziqot formada xostoliyin manifest formasini tomin edir, belo ki, o, 2 homoloji geyri-cinsi
xromosomlardan birinds lokalizasiya edir.

Bu tip irsi otiirtilmoe asagidak: alamatlorle saciyyalonir:

e Xostoliyin birbasa otiiriilmasi valideynlordon birindo bag verir ki, bu da genetik alamatlorin
birbasa vertikal (o ciimlodon xosto atadan) otiiriilmosidir;

e Bozon bir nego nosildo xastoliyin manifestlogsmasi nozors garpir.

Dominant genlor miixtalif penetrantliga — yoni onu dasiyan soxsdo mutant genin tosirinin
tozahiir etmasi ehtimalina malikdir. Mutant genlorin natamam penetrantligi zaman1 mutant gena
malik, mutasiyanin haqiqi dasiyicilart olan («obliqat» gozdiricilor adlandirilan) ailonin ayri-ayri
tizvlori biitiin hayatlar1 boyunca klinik saglam qala bilarlor, lakin eyni zamanda 6z mutant genlorini
golocak nasillora (usaqlarina) otiira bilorlor (Agayev, Xolofli, Tagiyeva, 2022: 897).

Autosom-dominant tip irsi Otiirilmo bir sira xostoliklor, mosslon, Qentington xoreyast,
neyrofibromatoz, essensial tremor, torsion distoniya, irsi distoniyanin miixtslif formalar1 vo s. ii¢iin
saciyyavidir (Van Dijk, Sillence, 2014: 1472).

Qentinqton xoreyasinin yayilmas: diinyanin oksor populyasiyalarinda 100 min oshaliys 4-10
hadisa toskil edir. Qentington xoreyasi ilo miiqayisads irsi xoreya hiperkinezlorinin digor novlori
daha nadir hesab edilir. Neyrofibromatoz - 100 min shaliys 28 hadiss tezliklo yayilmigdir. Essensial
tremor (esmo) — insanin daha ¢ox yayilmis ekstrapiramidal xastsliyi olub, 40 yasdan gonc soxslor
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arasinda 0,4%-don 6,7% toskil edir vo 80-90 yaslarda 8-13%-o catir. Autosom-dominant tip irsi
otlirtilon xastoliklorin yayilmasina digor misal torsion distoniyanin hiperkinetik formasi sayilir
(Vahle, 2016: 321). Malumdur ki, o, ciihudlarin askenazi etnik qrupunda xiisusils tez-tez rast golir —
100 min naforo 40-50 hadisa. Distoniyanin bazi formalari, masalon, spastik oyriboyunluq, yazi
spazmi, spastik disfoniya {imumi populyasiyada 100 min ohaliyo 3,4 hadiso tezliklo rast golir
(Agayev, Xoalofli, Tagiyeva, 2022: 898).

Prion xastoliklorinin 10-15%-o qadari irsi-ailovi xarakter dasiyir (Kreytsfeldt-Yakob xastsliyinin
ailo formasi, hom¢inin Qerstmann-Streussler sindromu, fatal ailo insomniyasi) — onlar autosom-
dominant tipi lizro irsi otiirliliirlor. Prion xostoliklorinin ailo formalarinin inkigsafi PRNP prion
zlilalimin geninds mutasiyalarin irson otlirtilmasi ilo baghdir - o, 20-ci xromosomun qisa ¢iyninin
distal sahasinda yerlogmisdir vo onun doqiq funksiyasi indiya qoadar toyin edilmomisdir (Agayev,
Xalofli, Tagiyeva, 2022: 897).

Xastolonmonin strukturu asagidaki xiisusiyyatlora malikdir:

e Xosto soxsin naslinde xastolorin vo saglam soxslorin nisbati 50%-9 yaxindar, miivafiq olaraq
xosta valideynin neaslindon olan usaqlardan hor biri iiglin mutant geni «irson almasi», yoni
xostoliyin bas vermasi riski 50%-9 borabordir;

e Xostolononlorin cinsi strukturu yaribayari kisilor vo gadinlarla tomsil olunmusdur, ¢ilinki hor
iki cins borabor dorocado xastolonirlor, nadir hallarda miioyyon cinsdo (¢cox vaxt qadinlarda) daha
yliksok penetrantliq vo demali xastaliyin daha agir gedisi miisahids edilo bilor.

Autosom-resessiv tip irsi Otliriilmo o xostoliklorin irsi Otliriilmasi zamani hoyata kecirilir ki,
onlarin klinik manifestlogsmasi {iclin mutant genin homoziqot voziyyatds, yoni valideynlordon irson
Otliriilmiis hor iki homoloji xromosomlarda olmasi vacibdir (Vuorimies, 2017: 1336). Cox vaxt
autosom-resessiv  xostoliklor zamani bas veron birincili molekulyar defekt fermentin
zadolonmasindan ibaratdir, patoloji effekt iso onun aktivliyinin kritik azalmasi zamani — hiidud
giymotindon asag1 olduqda Oziinii biliruzo verir. Heteroziqot dasiyicilar mutasiyanin «bir qat
dozasina» malikdirlor, genin ikinci (normal) surati (kopiyasi) sayssinds onlarda ziilalin faallig1
50%-2 gador toskil edir ki, bu da adoton miivafiq funksiyanm fizioloji soviyyado saxlanmasi {i¢lin
tamamilo kifayot edir, ona goro do, bu fordloer klinik saglam qalirlar (Agayev, Xalofli, Tagiyeva,
2022: 896).

Bu irsi otiiriilma tipi asagidaki alamatlarlo sociyyalonir:

e xostolik bir nasildo sibslor arasinda (yoni bir valideyn clitliiyliniin usaqlar1 — qardaslar, bacilar
arasinda) meydana ¢ixir;

e xosto soxslorin valideynlorinde ¢ox vaxt qan qohumlugu nigahlar1 olur (moahz belo nigahda
usagin iimumi genetik monsoys malik hor iki valideyndon 2 mutant xromosomlar: irson almasi
ehtimali daha yiiksakdir).

Autosom-resessiv tip irsi Otiiriilon patologiyaya misal yuvenil parkinsonizm ola bilor — o, har
yerdo yayilmigdir. Digor misal Fridreyx xostaliyi ola bilor - o, irsi ataksiyanin on ¢ox rast golon
formasidir.

Avropa populyasiyalarinda xostoliyin yayilmasi intensivliyi 100 min nofors 2-5 hadiso,
mutasiyanin heteroziqot dastyiciligmin tezliyi iso 100 min noforo 1 hadiso toskil edir. Irsi
ataksiyanin diger formasinin — Lui-Bar sindromu vo ya Boder-Sedjvik sindromunun rastgalmo
tezliyi 100 min nofors 1 hadiss toskil edir. Autosom-resessiv tip irsi Otliriilon xostsliklors daha bir
misal Unferrixt-Lundborq mioklonus-epilepsiyast sayilir — onun yayilmasi tezliyi 100 min nofors
orta hesabla 1 hadiso toskil edir, lakin bazi populyasiyalarda, mosolon, Finlandiyada, Simali
Amerikada daha da yiiksokdir — 100 min nofors 5 hadisa. Miotonik distrofiya bdyiiklords azalo
distrofiyasinin on ¢ox rast golon formasidir, o da homg¢inin autosom-resessiv tip irsi Otliriilmo
vasitasilo kecir vo 100 min ohaliys 13 hadiso tezlikls yayilir (Agayev, Xolofli, Tagiyeva, 2022:
899).
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Natica

Genetik sortlonmis xostoliklor saglamligi vo ya miixtolif patoloji voziyyatlorin inkisafini tomin
edon irsi materialin vertikal Otiirtilmasinin klassik niimunasini 6ziindo oks etdirir. Tosadiifi deyil,
miitloq sokildo tokamiillo sortlonmis vertikal yoluxma mexanizmi anlayis1 mohz genetik determino
olunmus xostaliklora on ¢ox samil edilir. «Normay» hoddinds fordi doyisikliklori toyin edon biitiin
keyfiyyotlor (xilisusiyyotlor) genetik determins olunmusdur. Masslon, tilkonmoyon miidafis
amillorinin, immun cavabin tamdoyorliliyi sayasindo infeksiyaya qarsi yaranan davamliliq buna
misal ola bilor. Genetik sortlonmis xostoliklorin epidemiologiyasi noinki onlarin molekulyar
soviyyado Oyronilmosini (spesifik genetik miiayino {isullarindan istifado etmokls), hom do
epidemioloji diagnostika prinsiplerinin bazasinda populyasiya todqigatlarinin aparilmasini talab
edir.
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AZORBAYCANDA BECORILON BOZIi CAY SORTLARININ BiIOKIiMYO9Vi
KOMPANENTLORI VO KEYFiYYOT GOSTORICILORI

Xiilasd

Magqaloado Azorbaycanda becorilon bozi ¢ay sortlarinin biokimyavi kompanenrtlori vo keyfiyyot
gostaricilori haqqinda moalunmat verilir. Elmi todqiqat isindo AMEA-nin Lonkoran Regional Elmi
Morkozdo salinmis Cin ¢ay ndvmiixtalifliyinin bir sira yeni sortlarinin yarpaqlarinda bazi
flavonoidlorin miqdart toyin olunmusdur. Todqiqatda aydin olmusdur ki, ¢ay yarpaqglarinin
keyfiyyoti yarpaqda sintez olunan flavonoidlorin miqdarindan ciddi surotds asilidir. Cay yarpaglarin
on ¢ox tanin, kafein, kafein-tanin birlogsmosi, flavonin vo kofeinin miqdari, yeni alinmig sortlarda
eyni miqdarda olmay1b, dayiskendir. Biokimyavi faal birlosmalorin miqdar1 Lonkaoran ¢ay vo FAQ-
22 sortlarinda tanin vo kafeinin misdar1 digor sortlardan nisbaton iistiindiir.

Apardigimiz todqiqatda noticodo molum olmusdur ki, dag yamaclarmin 600-700 m
hiindiirliiylindo yerloson ¢ay sortlarinda, timumilikdo flavonoidlordon tanin, katexin, katexin-tanin
birlosmasi vo flavononin miqdar1 diizonlik orazide becorilon ¢ay bitkisinden 15x15 mkq yiiksok
olur. Bu onu tasdiq edir ki, Talig daglarinin Conub-Sorq yamaclari ¢cayc¢iligin genislondirilmasi iigiin
somarali vo magsaduygundur.

Acar sozlar: yeni ¢ay sortlari, kimyavi tarkib, flavonoidlar, keyfiyyat, mahsuldarhq
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Biochemical components and indicators quality of some tea grown in Azerbaijan

Abstract

In the article given information on the biochemical components and quality indicators of some
sorts of tea grown in Azerbaijan. In the research work was determined the amount of some
flavonoids in the leaves of a number of new sorts of Chinese tea planted in the Lankaran Regional
Scientific Center of ANAS. In studies, it turned out that the quality of tea leaves is highly dependent
on the amount of flavonoids synthesized in the leaves. The quality of its leaves depends on the
amount of flavonoids synthesized in the leaf.

The amount of tannin, caffeine, caffeine-tannin combination, flavonin and caffeine in tea leaves
is not the same in newly acquired varieties, it is changeable. The amount of biochemically active
compounds in sorts of Lenkoran tea and CHAVO-22, the content of tannins and caffeine is
relatively higher than in other sorts.

As a result, it was found that sorts of tea located at a height of 600-700 m on mountain slopes,
the amount of flavonoids tannins, catechin, catechin-tannin combination and flavonone is 15x15 pg
higher than in tea a plant cultivated in a plain terrain. This confirms that the southeastern slopes of
the Talysh Mountains are efficient and suitable for expanding cultivation tea.

Keywords: new sorts of tea, chemical composition, flavonoids, quality, productivity

Giris

Azarbaycan xalqmin milli siifrasinda 6ziina abadi yer tutan cay, torkibinds spirti olmayan on
saglam icki hesab edilmokdadir. Saxtali soyuq havadan qorunmaq vo qizmar istilorin tasirini dof
etmoak li¢lin on qiymatli i¢ki piirrongi ¢aydir. He¢ bir igkinin ¢ay qodor rahat tosiri olmadigindan
insanlar daima cay ilo rahatliq tapir. Cay tarixdon balli olan vo bir ¢cox Sorq dlkelorde genis
yayilmigdir. Bozi 6lkolorde ¢ay ham do miialica tadbiri olaraq istifade edilmisdir. Sorq dlkalarindo,
hom do Azorbaycanda, “cayxanalar”, ¢ay maclislori vo ¢ay dozgahi mohsurdur.

Azorbaycanin mohtogom diyarindan Lonkoran-Astara bolgosi, eloco do Zagatala-Balakon
iqtisadi rayonu, torpag-iqlim soraitino goro XX asrin avollorindon ¢ay bitkisi becorilmoyo baslanmis
vo hal-hazirda Respublikamizda 20 min hektardan ¢ox, genis orazilordo bu bitki becarilir vo istehsal
saholori yaranmisdir. Artiq 2023-cii ildo 3 ton quru ¢ayin toplanmasi nozords tutulub.

Sakil 1. Thea sinensis L. ¢i¢cok goriiniisii
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Lonkoran-Astara bdlgasinin subtropiq arazilorinds, iqlim-torpaq amilini nazare alaraq Cin ¢ay1
becorilir. Azorbaycanda ¢ay bitkisinin becarilmosinds Giirciistan, Rusiya vo s. 6lkalorin todqigatet
alimlorinin amoyi olmusdur.

Cay yarpaginin keyfiyyaotini ¢aylarin cavan zoglarindaki {i¢ yarpaqlar (ilk 2 yarpaq) toskil edir.
Bu yarpaqglarin kimyavi doyari terkibindoki flavonid birlogsmalaridir. Flavonoidlor benzo-y-piron
toromasi olub, 15 karbon atomundan toskil olunmugdur. Hal-hazirda dorman vao efir yaglh bitkilorde
200-don ¢ox bioliji foal birlogmalor agkar edilmisdir. Cay yarpaqlarinda xarakterik flavonoidlordon
= tanin, katexin, auran, flavonon va s. agskarlanmisdir. Tanin vo kafexin istiinliik toskil etdiyindon,
cayimn latin ifadssi “Tea”dir. Onlarin kimyovi qurulusunda 3 benzol holgesi vardir (Grishkevich,

1983).
HO O <;§—OH
OH
H

OH
OH

Xarakterik qurulus
Tadqiqat obyekti va iisullari. Cay bitkisinin Azorbaycan Respublikasinda genigsmiqdarli orazilords

becorilmasindo AMEA-nin Lankoran Regional Elmi Moarkozinin miidiri, “Omakdar ¢ay¢1”, prof.
Quliyev Forman Agadoado oglu vo onun zohmotkes todgiqatcilarmin ¢ox boyiik rolu olmusdur.

Sakil 2. AMEA-min Lankaran Regional EImi Markazda ekspedisya zamam

Kollektivin fodokarlig1 noticesindo bu morkozdo (bu bolgods) vaxti ilo sohrot qazanmis
Hindistan, Sri-Lanka, Yaponiya, Cin, Koreya, Vetnam kimi Sorq 6lkslori vo kegmis SSSR-nin boazi
respublikalar1 = Giirciistan, Krasnadar vilaysti vo s. cay sortlarindan he¢ do geri gqalmayan
novmiixtalifliyi vo sortlar, klon vo formasiyalar alinmigdir. Bu sortlarin ana xotti Cin ¢ay1 (7hea
sinensis) olmus vo ondan yoxlama variant1 olaraq “Azorbaycan-2” sortu bolgs {i¢iin xarakterik olan
rayonlasdirilmis “Formancgay ¢ohray1”, “Xozor ¢ay”, “Lonkoran cay”, “Tiirk cay1” vo “FAQ-22”
alimmigdir. Qeyd edilmis yeni sortlar Dovlot Sinaq morkozinds tosdiq edilmisdir.

Farmokologlar vo kimyagcilara ¢ox yaxsi malumdur ki, bioloyi foal birlosmalar (flavonoidler,
efir yaglari, miixtalif dorman xassali birlogmalar) 70 va ya 95%-li etanolda (etil spirtinds) asanligla
hall olur. Saxs1 fincanda buxarlandirildigdan sonra qalig maddo qaynar suda hall edilir, siizgogdon
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kecirilir vo flavonoidlorin imumi miqdar1 askarlanir. Flavonoidi miisyyan etmok {i¢lin xarakterik
obyekt Yapon soforasi-(Sophora yaponica L.)-nin c¢icokloridir. Qaynar suda c¢okdiiriilmiis
flavonoidlor, soyuq suda sar1 rong alir (rutinol). Flavonoidlor alindigi obyektdon asili olaraq
etanolda parlaq sar1 vo ya qirmizi rang ola bilor.

Flavonoidlori bitki niimunalorindon ayirmaq maqsadi ilo niimunalorin {izorino 5-7 damci qati
hidrogen xlorid (HCI) tursusu vo 10-15 mq Mg vo Zn metali slava edilir. Toxminon 5-10 doqiqe
orzindo qirmizi, ¢ohray1r vo ya tiind sar1 rong alinir. Prosesi foallagdirmaq mogsadi ilo alinmig
xtilasoni 3-5 doqigo qaynar su hamamina qoymagq olar (Belous, 2009: 43).

Bir qrup miiolliflor qeyd edirlor ki, ¢ay bitkisinin keyfiyyot gostoricilori torpaq, temperatur,
nisbi riitubat vo isiqlanmadan asili olub, aqrotexniki qulluq normativlerine gora do dayise bilir
(Afshar, 2012:165-170; Valiylina, Makarova, Budilin, 2018: 249-255; Afonina, Lebedova, Setko,
2020: 17). Valiulina geyd edir ki, 1 q ¢ay yarpagini su vo etilspirti qarigiginda (1:1 nisboatindo), 24
saat orzindo 37°C-do qizdirmagla alinmis 0,25 ml xiilasoyo 4 ml Foling-Cokalteu reaktivi alavo
etmoklo, 20 dogiqgodon sonra 725 nh dalga uzunlugunda spektrofotometrds toyin edilo bilir
(Valiylina, Makarova, Budilin, 2018: 249-255). Todqiqat zaman1 geyd olunan tisullardan istifads vo
istinad edorok, 10 q cay niimunosinds flavonoidlorin miixtolif fraksiyalar1 toyin edilmis vo
cadvallorde togdim olunur. Bizim todqiqatlarda F.A.Afsar vo b. iisulun istifadosi daha somorli
olmusdur (Afshar, 2012:165-170; Ryabchenko, Dolgov, Aptikeeva, Bogdanov, Vagner, 2006: 301-
308).

Miizakirs. Cay bitkisinin biokimyavi komponentlorinin toyin edilmasi, bitkinin tibbi-bioloji vo
antioksidant mahiyyoto monsub olmasindan irali galir. Mohz buna gors do bir ¢ox tadqiqat¢ilar cay
yarpasindan alinan xiilasalorin (ekstraktlarin), xiisusilo do paliflavonoidlorin tibbi-bioloji xassasini
yiksok qiymaotlondirirlor. Todqigat zamani aydin olmusdur ki, katexinlorin vo katexin-tanin
birlosmasi mahiyyat etibari ilo ¢ayin haqiqi mahiyyatini tosdiq edon gostoricilordir (cad. 1.) (Afshar,
2012: 249-255; Valiylina, Makarova, Budilin, 2018: 249-255; Tatarchenko, 2015: 8-15;
Malyukova, 2020: 870-980; Gvasaliya, 2022: 97-105; Afonina, Lebedova, Setko, 2020:17).

Cadval 1.
LREM-ds alinmis yeni ¢ay sortlarimin yarpaglarmin kimyavi komponentlari,
10 q quru kiitlays gors mkq-la

Yarpaglarin kimyavi komponentlori
Yeni gay sortlart Tannin katex.1 - Kafein Flavonon C vitamin
tannin

Azorbaycan-2 324 28,3 17,1 9,0 1,03
Formancay 45,7 34,7 223 12,3 3,7
Formancay ¢ohray1 45,2 40,2 31,7 17,4 42
Xozar cay 41,8 42.4 442 133 4.6
Lonkoran cay 49,6 52,1 51,2 22,1 54
Tiirk cay1 40,1 40,3 34,6 18,0 39
FAQ-22 54,8 62,4 53,2 22,6 82

Todqiqat dovriindo askar edilmisdir ki, Azorbaycanda becorilon, xiisusilo do Lerik rayonunun
Hiicli kondinds, dag yamaclarinin hiindiirliiyii 600-700 m. olan orazilorin c¢ay bitkisinin
yarpaqlarinda tanin vo katexinin miqdar1 digor orazilorlo miiqayisads xeyli yiiksokdir (43,7 vo 51,8
mkq). Prof. F.AQuliyevin toyinatlarina géra bu gostorici ¢ay yarpaqlarindaki iimumi flavonoidlerin
25-38%-ni toskil edir. Toyinatlardan aydin olmusdur ki, Lonkoran rayonunun Xanbulan kondinda
(diizonlik orazi) ¢ay bitkisinin fleslorindo tanin, tanin-katexin birlogsmasi, flavonoidlorin gliikozidli
birlogmalari = O-qliikozitlor, qlikoflavonoidlsr vo aminogqliikozidloar, alkoloidlar, kafein, vitamin vo
efir yaglar1 da toplanir (Kheldm, 2011: 471; Mgaloblishvili, 1975: 86; Tatarchenko, 2015: 8-15;
Meladze, 2004: 19-29).
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Sokil 3. institutunun amokdaslari ¢ay plantasiyasinda

Cadval 1-don aydin olur ki, ¢ay bitkisinin, bizim todqigatda Cin ¢ay miixtslif formasiyalarinda
bitkinin osas gostaricisi olan tanin rayonlagdirilmis sortlar arasinda eyni miqdarda olmur.

Eyni iglim-torpaq soraitindo nazarat varianti olan “Azarbaycan-2” sortunda 10 q quru maddoyo
gora 32,4 mkq tanin vardir. “Formancay”da iso 13,3 mq yoxlamadan c¢oxdur (45,7 mkq),
“Formancay” - 45,2 mkq; “Formangay ¢ohrayi”da - 45,2 mkq; “Xozor cay”da - 41,8 mkgq;
“Lonkoran ¢ay”’da - 49,6 mkq; “Tiirk ¢ay”inda - 40,1 mkq; yeni sortolan “FAQ-22"do (golocokds
“Zofor ¢ay” adlandirilacaq) - on yiiksok gdostarici digqgati ¢alb edir (Maslova, 2007; Belous, 2009).

Todqgiqatlar zaman1 askar olmusdur ki, ¢ay yarpaqlarinda, istorso “Azaorbaycan-2”, istorso do
yeni sortlarda katexin-tanin birlogsmosinin miqdar1 xeyli doyiskondir. Beloki, “Azarbaycan-2” (yoxlama)
sortunda bu birlogsmonin miqdar1 comi 28,3 mkq, sonraki variantlarda iso uygun olaraq 34,4; 40,2; 52,1
vo 62,4 mkq olmusdur. Goriindiiyli kimi, katexin-tanin birlosmasi “Lonkoran ¢ay” vo “FAQ-22"
formasiyalarmda on yiiksok gostariciys uygun olaraq 52,1 vo 62,4 mkq borabar olmusdur.

Cay sortlarinda, xiisusilode yarpaq yigimi aprelin II ongiinliiyi vo may ayinda aparildiqgda
kafein vo flavonun miqdarinda da miioyyon artim miisahido olunmusdur. Bu dovrdo cay
toplanarkon yarpaqda kafeinin nisboton yiiksok olmasi, tosorriifatgilara yiiksok keyfiyyatli “qaragay”
istehsal olunmasinda xeyli olverisli dovr olur. Burada qeyd etmok istordik ki, “Lonkoran ¢ay” vo
“FAQ-22” sortlarinda eyni uygunluga asason kafenin miqdarinda yiiksoalis geydo alinmigdir (51,2 vo
53,2 mkq).

Aparilmis todgiqatlardan aydin olmusdur ki, ¢cay yarpaqlarinda C vitamini xeyli azdir vo onun
miqdar1 yoxlama variantinda 1,03 mkq, tocriibo sortlarinda 3,7-8,2 mkq arast doyisir. Cay
yarpaqlarinda efir yaglarinin toplanmasi xiisusi shomiyyot dasiyir vo o, ¢ayin atirli olmasini tomin
edir. Cay yarpaglarinda, xiisusilo do fles yarpaqglarda P vitamini (rutinol) xeyli miqdarda toplanir
(bu hagda moalumat golocok mogalslords togdim olunacaqdir).

Lerik rayonunun Hiicii kondindo, dag yamacinin hiindiirliiyti 600 vo 700 m olan orazido yas
dovrii 20-25 1l olan Cin ¢ay ndvmiixtalifliyi, ana sort olaraq “Azorbaycan-2” sortu becarilir. Bu
orazidaki ¢ayin keyfiyyatini toyin etmok mogsadi ilo miixtalif formasiyalardan (3 tokrarda) yarpaq
gotiiriilmisdiir. Toyinatlardan aydin olmusdur ki, tobii soraitdo, dag yamaclarinda becarilon ¢ayin
yarpaqlarinda yoxlama variantinda forqli olaraq 44,3 mkq tanin toplanmisdir vo gdstorici Xanbulan
kondindo becarilon “Azarbaycan-2” sortu ilo miiqayisado (yoxlama varianti), toxminon 10 mkq
¢oxdur. Buradaki, 600 m hiindiirliikds olan eyni sortda, 3 tokrarin naticosi olaraq, orta gostarici 43,7
mkq-dir. Dag yamacmin 700 m-lik hiindiirliiytindo, isiqlanmanin ¢oxluq toskil etdiyi soraitds eyni
noviin yarpaginda 51,8; 54,2 vo 57,0 mkq tanin toplanmis vo bu gdostoricilorin orta gostoricisi 600
m-lik hiindiirliikdoki ifads ilo miiqayiso etdikdo 10 mkq-a yaxin artim diqqsti colb edir. Orazilorin
miixtalif hiindiirliikkds olmasi, ¢ay bitkisinin uzungiin oldugunu agiq-askar tosdigloyir (cad. 2).
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Cadval 2.
drazinin relyefina gors becarilmis ¢ay bitkisinin kimyavi komponentlori,
10 q quru kiitloys gors mkqg-la

Dag yamaclarinin Cay bitkisinin kimyovi komponentlori
Ana sort hiindarliiyi tanin katex‘l " | Kafein | Flavonon | C vitamin
m-lo tannin
Azorbaycan-2 600 443 34,2 234 13,0 23
e «“ oo “ 42,7 32,7 27,1 14,7 2,7
e “ oo “ 44.0 36,4 26,2 16,2 2,0
Orta gostarici 43,7 344 25,5 14,6 2,3
Azaorbaycan-2 700 51,8 62,1 31,3 20,7 2,6
e “ eSS “ 542 64,3 344 22,1 34
e “ eSS “ 57,0 674 37,0 242 3.8
Orta gdstorici 53,0 64,6 342 22,0 3,2

Dag yamaclarinda kafexin, katexin-tanin birlogsmasi, flavonon vo kafenin miqdar1 digor arazilora
goro, keyfiyyotco xeyli yiiksokdir. Cay yarpaqlarinda katexin vo katexin-tanin birlogmasinin
miqdarca yiiksok olmasi, ¢ay yarpaqlarinin keyfiyystini vo bitkinin bioloji mohsuldarhigimi da
artirir. Cadvol 2-nin gostoricilorindon askar olunmusdur ki, dag yamacit 700 m olan orazido
toplanmis katexin-tanin birlogsmasinin miqdari, 600 m-lik araqzidoki ¢ay bitkilori ilo miiqayisads 2
dofo artiqdir, bu artim toxminon orta hesabla 30,0 mkq borabor olmusdur. Buradaki cay
yarpaqlarinda kofenin miqdarinda forqli artim nisbaton azdir.

Cavan yarpaqlarda kafenin miqdarinin nisboton az olmasi, ¢cayin keyfiyyat gostoricilorindon biri
hesab edilmolidir. Yiiksoklik 700 m olan orazido kafenin azda olsa artimi, yarpaqlarin siiratlo boy
artmasina, yoni “qocalmasina” sobab ola bilor. Mohz buna gors do ¢ayciligla mosgul olan fermerlor,
cay yarpaqlarmi daghq orazido toplama miiddstini optimal toyin etmoyi bacarmalidir (Quliyev,
Quliyev, 2021: 478-484).

Cadval 2-don hom ds moalum olur ki, dag yamaclarindaki ¢ay yarpaqlarinda flavonlarin sintezi
vo toplanmasi, ¢cayda antioksidantlarin daha foal oldugunu tosdiq edir. Goriindiiyti kimi, dagliq
orazids inkisaf edon ¢ay bitkisinin yarpaqlarinda C vitamini nisbaton az toplanir.

Cay bitkisinin yarpaqlarinin keyfiyyot gostoricilori bioloji foal maddslor olan flavonoidlorin
miqdarindan asilidir. Onlar antioksidant olaraq, oksidlogsmo-reduksiya vo eloco do niivado
hidroksidlogsma reaksiyalarinda foal istirak edirlor. Flavonoidlor 200-don ¢oxdur, lakin onlar bir
ne¢o qruplara ayrilirlar: = flavonlar, flavonollar, izoflavonlar, antostanlar, xalkonlar, taninler,
katexinlor, ksantonlar, arqonlar vo s. Orazids becorilon Cin ¢ay névmiixtslifliyinin yarpaqlarinda
iglim doyismolori soraitindo miioyyon doyisikliklor bas vera bilor. Cavan cay yarpaqlarinda
biokimyovi reaksiyalar noticosindo bitkilorin (cay sortlarinin) keyfiyyat gostoricilori, bioloji foal
birlosmolorinin imumui miqdarmin 0,5-2,25% - ni toskil edo bilor. Bu gostaricilor ali bitkilordo,
xtisusilo do dorman bitkilorinds yiiksok olur. Ciinki bu bioloji birlogsmalar orqanizmds anti oksidant
olaraq foaliyyat gdstorir.

Natica
1. Lonkoran-Astara bolgoasindo becorilon Cin ¢ay novmiixtolifliyindon alinmis ¢ay mohsulu
keyfiyyatca xeyli yiiksokdir.
2. Cay yarpaqglarinda tannin-katexin, kafenin-tanin birlosmosinin vo flavonlarin olmasi
antioksidant olaraq yliksok tonuslasdirici xassoyo malikdir.
3. Lonkoranin Xanbulan kondindo becoarilon yeni ¢ay sortlarinda, xiisusilo do biokimyavi foal
birlogsmalordon tanin va katexini digor sortlardan xeyli yiliksokdir.
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4. Lerik rayonunun Hiicii kondinds, dag yamaclarmin hiindiirliiyti 600-700 molan orazids “ana”
cay sortunda “Azorbaycan-2” flavonoidlordon tanin, katexin vo flavonlar daha ¢ox toplanir. Dag
yamaclarindagay bitkisinin yiiksok keyfiyyoto malik olmasi dag yamaclarinin yeni g¢ay
plantasiyalarinin salinmasi moqgsadyonliidiir.

10.
11.
12.
13.

14.
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BITKi SIXLIGININ SOKOR CUGUNDURU MOHSULUNUN
FORMALASMASINA VO QURULUSUNA TOSIRi

Xiilaso

Sokar ¢ugunduru mohsulunun formalasmasinda bitki sixliginin tasirinin dyronilmasi tiglin 1yul,
avqust vo sentyabr aylarinin 15-no olan tarixlorde tocriiba loklorindon tokrarlar iizro cixarilmig
bitkilorin yarpaq vo kokiimeyvolorini ¢okib kiitlolorini miioyyon etmisik. Belo ki, 71 000 bitki
sixliginda iyul ayinda gotiiriilon niimunado kokiimeyvo 1224 qr, yarpaq kiitlosi iso 210,5 gr, avqust
ay1 t¢lin gotiiriilon niimuns do kdkiimeyvo 222.4 qr, yarpagin kiitlosi iso 255,8 gr, sentyabr ayinda
159 kokiimeyvaonin kiitlosi 451,55 qr, yarpagin kiitlosi iso 198,6 qr olmusdur.

Ikinci variantinda iso miivafiq kiitlolor alar {izro belo olmusdur, iyul aymda kdkiimeyvonin
kiitlosi 195,5 gr, yarpagin kiitlosi 332,3 qr, avqust ayinda kokiimeyvonin kiitlosi 356,8 qr, yarpagin
kiitlosi 413,8 gr, sentyabr ayinda iso 497,47 qr kokiimeyvo vo223,8 qr yarpagin kiitlosi olmusdur.

47 000 bitki sixliginda iyul ayi i¢iin kokiimeyvonin kiitlasi 193,7 gr, yarpagin kiitlasi 329,2 qr,
avqust ay1 ligiin 348,3 gqr kokiimeyvo va 397,1 qr yarpaq, sentyabr ayinda iso kdkiimeyvonin kiitlosi
448,21 qr vo yarpagin kiitlasi is9 226,2 qr olmusdur. Biitiin alinan naticolors asason sokor cugundur
ticlin on yaxsi bitki sixlig1 hektarda 57000 bitkinin saxlanilmasidir.

Acgar sozlari: sokor ¢cugunduru, bitki sixligi, kokiimeyva, yarpagq, kiitla, nazarat varianti
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Effect of plant density on sugar beet formation and structure

Abstract

In order to study the effect of plant density on the formation of sugar beet crop, we weighed and
determined the masses of the leaves and root fruits of the plants extracted from the experimental
plots on the dates of July, August and September 15. Thus, in the sample taken in July at a density
of 71,000 plants, the root fruit weight was 122.4 g, and the leaf mass was 210.5 g. 451.55 g, and the
mass of the leaf was 198.6 g.In the second variant, the relevant masses were as follows for alars: in
July, the mass of the root fruit was 195.5 g, the mass of the leaf was 332.3 g, in August, the mass of
the root fruit was 356.8 g, the mass of the leaf was 413.8 g, and in September, 497.47 g of the root
fruit and the mass of the leaf was 223.8 g.

At a density of 47,000 plants, the mass of the root fruit in July is 193.7 g, the mass of the leaf is
329.2 g, in August, the mass of the root fruit is 348.3 g and the mass of the leaf is 397.1 g, and in
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September, the mass of the root fruit is 448.21 g and the mass of the leaf is 226,2 gr. Based on all
the results obtained, the best plant density for sugar beet is to maintain 57,000 plants per hectare.
Keywords: sugar beet, plant density, root and fruit, leaf, mass, control variant

Giris

Sokor ¢ugunduru vacib texniki bitkidir. Ondan hom sokor istehsali {iclin hom do heyvandarliqda
yem kimi istifado olunur. Bu bitki Azorbaycanda yegano sokor istehsali monboyidir. Diinya
Olkoalorinin 50-don ¢oxu sokori sokor ¢ugundurundan istehsal edirlor. 70-o yaxin dlkolor iso sokor
gamigindan alirlar. Sokor ¢cugundurunun torkibindo 18-25% sokor vardir.

Yemlilik doyarina gors sokar gugunduru yem ¢ugundurundan 2 dofa istiindiir. Soker gugundurunun
1 sentneri 26 yem vahidi yaxud 1,2 kq proteino borabordir. Yarpaqlari xiisusilo qida elementlori ilo daha
zongindir. Yarpaqlarda 2-3% ziilal, 0,4% yag vo miixtolif vitaminlor vardir (Hiimbstov, Mommoadov,
Qobilov, 2014: 328; Hiimbatov, Xalilov, 2010: 100-144). Sokar cugunduru yarpaqglarmin torkibinds 15-
20% quru madda, o climloden 2-3% azotlu maddalor vardir. Eyni zamanda yarpaqlarin torkibindo soker,
yaglar, vitaminlor vo kiil elementlori vardir. Yarpagmn bir sentneri iso 20-22 yem vahidins, 22 kilogram
hozm olunan proteina barabordir. Yem ¢ugunduru miivafiq olaraq 12 vo 9 yem vahidina borabordir.
Yem vahidinin vo hozm olunan proteinlorin migdarina gors sokor cugunduru yarpaqlar1 yoncadan geri
galmir. 100 kq yasil yoncada 21 yem vahidi, 2,7 kilogram proteinin vardir. Sokor ¢ugundurunun
yarpaglar1 heyvanlarin yemlonmasi i¢iin sorfoli yemdir. Nomliklo yaxsi tomin olunan okinlords yarpaq
kiitlosinin ¢okisi kokiimeyvonin ¢akisinin yarisina barabar olur. Yarpaqlar yem kimi tozs halda, silos
kimi, bazan do ot ununun hazirlanmasinda istifads olunur.

Sokorin emalindan sonra zavodlarda ¢oxlu tullantilar (30 ton mohsuldan 24 ton tullant1) alinir ki,
bu tullantilardan spirt, gliserin, pektin kleyi, slid tursusu, limon tursusu istehsali tigiin istifado edilir.
Eyni zamanda bu tullantidan heyvandarligda yem kimi vo tosorriifatlarda tizvi giibro kimi do istifado
olunur. Tullantinin quru halda 1 sentneri 80-85 yem vahidino, yas vo turs halda iso 8-10 yem
vahidino borabardir (Hasonov, Hosonova, 2010: 176 ).

Onu da qeyd etmok lazimdir ki, sokor cugundurunun yarpaqglari ilo heyvanlarin ¢ox
yemlondirilmasing yol vermok olmaz. Belo ki, yarpaqlarda hom tomiz halda, hom ds siloslasdirilmis
formada ¢oxlu quzuqulagi tursusu olur ki, bu da heyvanlarda kalsium elementinin miibadilasini pozur.

Sakor gugundurunun kdkiimeyvosinds saxarozanin oldugu miioyyon edildikdon sonra, bu bitkinin
sonaye ohomiyyati artmaga baslayir. Todqiqatlarla miiayyen edilmisdir ki, sokor ¢ugunduru yabani
halda biton, osas mohsulu yarpaq olan “Monqold” ndvmiixtolifliyindon omolo golmisdir. Homin
yarimnoviin yabani bitkilorine Kigik Asiya, Suriya, Zaqafqaziya, Araliq donizi, Xozor donizi vo Qara
doniz sahillorinds rast golinir. Bu bitkinin becarilmasine eramizdan 2 min il avval baglanilmisdir. Daclo
vo Forat caylarn vadilorindo yasayan insanlar bu bitkinin yarpaqlarindan miixtolif xo6roklor
hazirlayirlarmig. Cugundurun kékiimeyva kimi becarilmasine XVIII asrin avvallorinden baglanilmisdir.

Cugundur Iran sozii olub miixtalif dévrlorde “gundur”, “cuvundar”, “cakendar”, “saqonder”,
“cugundur”, “suqundar” vo s. adlandirilmisdir. Cugundur sonralar Suriyadan Araliq donizi 6lkalorino
Fransa, Italiya, Isvecro, Ispaniyaya vo s. yerloro yayilmisdir. Bozi miiolliflor iso qeyd edirlor ki,
“Cugundur” (“svekle ) yanan moangali sozdiir. Kokiimeyva tipli gugundur arab xalifatlorindo becarilmis
vo xag ylriislori zaman1 Qarbi Avropaya aparilmigdir (Qorgiyeva, 2015: 83).

Kristallik sokor ilk dofo gugundurdan 1747-ci ildo Alman alimi A.S.Marqqraf (Andreas Sigizmund
Marggraf, 1709-1782) torofindon alinmigdir. Sokor cugundurundan zavod iisulunda sokor istehsalina
baslamagq toklifini 1799-cu ildo Alman (prusya) alimi (fizik, ximik, bioloq) F.K.Axard (Franz Carl
Achard 1753-1821) vermisdir. Sokor gugundurundan sokor istehsal edon birinci sokor zavodu 1801-ci
ildo Almaniyada tikilmisdir.

Rusiyada ilk dofo 1792-ci ildo Moskva universitetinin professoru, oczagi 1.Y.Bindqeym
(I.Y.Bindgeym) kokiimeyvoli ¢ugundurdan sokor almagi toklif etmisdir. M.Q.Pavlov (Maksim
Grigorovich Pavlov, 1792-1840) c¢ugundurun Moskva otrafinda becarilmoasinin miimkiinliiytlinii
stibut etmisdir. 1802-ci ildo Rusiyada Tula quberniyasinin Cernsk gozasmnin Alyabevo kondinda
Y.S.Yesipov (Yakov Stepanovich Esipov) torafindon ilk sokor zavodu tikilmisdir.
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Sokar ¢ugunduru osason Rusiyada, Fransada, Polsada, Almaniyada, Italiyada, Ruminiyada,
Ispaniyada, Ingiltorodo, Cexiyada, Slovakiyada, Belcikada, Macaristanda, Yuqoslaviyada,
Tiirkiyodo vo ABS-da becorilir. Yer kiirasindo becorilon sokor ¢ugunduru okinlorinin 80%-i
Avropanin payina diisiir (Posipanov, 2006: 327-348).

Miiasir sokor ¢gugunduru sortlarinin kokiimeyvoalori konusvari, uzunsov — konusvari formada, lot
hissosi vo qabigi ag rongdodir. Adoton kokiimeyvolori biitov liikdo torpaga batir. Kokiimeyvonin
yuxari sothi kolo-kotiir, bozon iso saxolonmis voziyyotdo olur. Kokiimeyvoni torpaqdan ¢otinliklo
cixarirlar. Kokiimeyvolorin Iot hissosi six, coxlu miqdarda dosto sokilinds nazik dammar liflidlir,
sirindir. Sokor ¢ugundurunun vahid okin sahasindon somarsliliyi vo kokiimeyvasinin ¢okisi, yem
¢ugunduruna nisbaton olduqca asagidir. Quru maddonin mohsuldarligi iss artiqdir.

Sokor c¢ugunduru kokiimeyvolori gec yetigondir, istonilon yiiksok keyfiyyotli mshsulun
toplanmasi iiglin uzun miiddoatli vegetasiya dovrii lazimdir. Bu dévr sokor ¢ugunduru iigiin 150-200
giindiir. ilin iqlim soraitindon vo sortdan asili olaraq, conub rayonlarinda sopini hoyata kegirilon
cugundur okinlori 1-don 10%-o qadoari cicokloyir. Simalda bu gdsterici 30%-a qador olur. Sokor
cugunduru digor gugundur novlorindon quraqliga vo saxtaya davamliligi ils forglonir. Bu da bitkinin
koklarinin torpagin daha doarinliyine daxil olmasi ils baghdir.

Bitkinin rongi tiind yasil, yarpaq saplagi yasil, yarpaq tact 20-30 yarpaqdan ibarat olmaqla yar1
dayanighdir. Yarpaglarmin iist sothi dalgavaridir (De Vos, Hesterberg, Raats, 2000: 517-627).

Sokor ¢ugundurunun yarpaqlart kokiin tizorindo rozet soklindo diiziilir. Yarpaq ayasi enli,
saplaglar1 iso uzun olur. Hor bitkido 50-80 odod yarpaq omolo golir. Yarpagin omrii 25-70 giin
arasinda doyisir. Ik dofo oamolo golon yarpaqlarin hoyat faaliyysti daha uzun olur. Ilk yarpaglarm
ayast doyirmi, sonrakilar iso uzunsov-iirokvari olur. Bir bitki 3000 m? yarpaq sothi amalo gotira
bilir. Bitkinin hayatinin ikinci ilinds kokiimeyvado avvalco rozet yarpaqlar, sonralar iso yarpaqlt
zoglar omalo golir. Zogun asag1 hissasindo yarpaqlar iri yuxari hissasindo iso xirda olur. Xirda goytimtiil
- yasil rongli ¢igoklori vardir. Cigoklori ikicinslidir, qruplarda toplanmisdir. Hor qrupda 2-6 ¢igak olur.
Hor cigokds 5 lagok, 5 erkokceik vardir. Erkokciklor tez yetisdiyindon ¢arpaz tozlanirlar. Disiciyinin agzi
ticdilimlidir.

Cugundurun meyvasi xirda qozcuqdur. Yetison zaman meyvalor bir-biri ilo birlogorok kalofco amoalo
gotirirlor. Hor kolofcads 2-6 toxum yerlosir. Kolofconi togkil edon meyvalorin hor birisi nohaystinda
disicik agzinn ii¢ ¢ixmti kimi izi qalmis xirda qozcuqdur. Meyvanin miitlaq kiitlasi 20-50 qram arasinda
dayisir. Toxumlar1 boyroksakilli va parlaqdir. Toxumluq kalofcalor kalo-kétiir, qonuru-sari rangli olur.
Cugundurun asil toxumu parlaq qonuru - qirmiz1 rongli qilafdan ve ikilopali riiseymdon ibarotdir.
Lopolorin arasinda gévdo tumurcugu vo kokciiyiin blindvrosi (riiseym kokciiyili) yerlogir. Riiseym
kokciik da iki lopadon va lopoalti dizcikdon (galocok boyuncuq) ibarstdir (7).

Kimyavi torkibi. Sokor ¢ugunduru bitkisinin miixtalif orqanlar1 kimyovi torkibco eyni olmur,
onun becorilma soraitindon, yas hoddindon vo sortdan asili olaraq koskin surotds doyisir. Soker
cugundurunun yarpaqlarinin havada quru kiitlosinda 11-12% su, 38-39% selliiloz, 29-30% nisasta
vo digor karbohidratlar 7,5-8% azotlu maddslar, 5-6% yaglar vo 5%-o yaxin kiil maddslori vardir.
Toxumlarinda nisasta, yaglar vo azotlu maddolor iistiinliik togkil edir, toxumun meyvoyanligi hisso-
sindo linqin, selliiloz vo hemiselliiloz daha ¢oxdu.

Vegetasiya dovriinii davam etdiron yarpaqlarda 78- 85% su vo 15-22% quru maddalar toplanir,
cavan yarpaqlarda quru maddo, yash yarpaqlara nisboton 1,5-2 dofo azdir.Yarpagin quru maddosi
osason karbohidratlardan (9-15%) ibaratdir. Bundan basqa, yarpaqda 2%-o godor selliiloz, o godor do
azotlu maddalor toplanir.

Kokiimeyva sokor gugundurunun asas orqanidir ki, homin bitki bu meyvaya gora becarilir. Bioloji
yetisgonliyi basa catmis kokmeyvoda 75-80% su, 20-25% quru madds olur. Quru maddonin iso asas
hissasini gokor toskil edir. Yetisdirilmo soraitindon, y1gim miiddoati vo sort xiisusiyyatlorindon asili
olaraq, sokor 15-25% arasmda doyisir. Sokordon basqa quru maddonin torkibino kokiimeyvonin imumi
kiitlasina 4-5% selliiloz, 1-2% ziilal, 1%-5 yaxin kiil maddslari diisiir (8).
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Sokor vo digor maddalorin kokmeyvonin miixtalif hissolori lizro paylanmasi geyri-barabordir.
Sokarin on ¢ox toplandigr nahiys kokiin orta hissasi - yani kdkbogazciginin osl koko kecdiyi
hissoadir. Burada kokmeyva kiitlosino nisbaton sokar toplanisi 19-20%-o catir.

Aparilan elmi-todqiqat islorinin vo qabaqcil tosorriifatlarin verdiyi molumatlara goro sokor
¢ugundurunun kokiimeyvasino vo yarpaq moahsulunun artmasina tasir edon baslica faktorlardan biri
da bitki sixliginin diizgiin secilmasidir (9).

Bitki sixliginin sokor ¢ugunduru mohsulunun formalagmasina tasirinin dyronilmasi ii¢iin iyul,
avqust vo sentyabr aylarinin 15-no olan tarixlordo tocriibo loklorindon tokrarlar iizro cixarilmig
bitkilorin yarpaq vo kokiimeyvolorini ¢okib kiitlolorini toyin etmisik. Mixtolif sixligda aparilan
sopinlorin tosirinden variantlarin kok ve yarpaq mshsuldarlii nozarato (hektarda 71000 bitki) nisbe-
ton artmisgdir (10).

Tiroyo sopinin aparildigi variantlarda hektarda 71 min bitki saxladigda 15. VII ayda toplanan bir
bitkinin orta hesabla kokiimeyvosi 122.,4 qr.-a, yarpagi iso 210,5 qrama borabor olur. 15. VIII ayda
bu gostaricilor miivafiq olaraq 222,4 vo 255,8 qr.-a borabor olmus, 15. IX ayda iso 451,55 vo 198,6
qr. toskil etmisdir (codval. 1).

Cadval 1.
Bitki sixliginin sakar cugunduru mohsulunun formalasmasina tasiri

Bir bitkinin kiitlosi, qramla
15. VII 15. VIII 15.IX
c : 2
Qida sahosi | Toxmini bitki sixlig1 > =) o =) N g
£ £ g £ g £
E < § < _a <
He) >-‘ He} >-‘ :Q >-‘
N A N
70 x 20 sm 71 000 1224 | 210,5 | 222,4 | 2558 | 451,55 198,6
70 x 25 sm 57 000 195,5 | 3323 | 356,8 | 413,8 | 497,47 223.8
70 x 30 sm 47 000 193,7 | 329,2 | 3483 | 397,1 | 448,21 226,2

IT variantda (hektarda 57 000 bitki) 15 iyulda bir bitkinin kdkiimeyvo kiitlosi 195,5 qrama,
yarpaq kiitlosi iso 332,3 gr.-a borabor olmusdur. 15 avqustda bu gostoricilor miivafiq olaraq 356,8
qr. vo 413,8 qr. toskil etmisdir. 15 sentyabrda iso bir bitkinin kdkiimeyva va yarpaq kiitlosi miivafiq
olaraq 497,47 qr. vo 223,8 qr.-a borabor olmusdur (codval 1).

Bitki sixliginin azaldildig1 variantda (hektarda 47000 bitki) bir bitkinin kékiimeyvao kiitlosi 15
tyulda 193,7 qrama, yarpaq kiitlesi 1so 329,2 qr.-a ¢atmis, 15 avqustda bu gostaricilor miivafiq
olaraq 348,3 qr. vo 397,1 qr., 15 sentyabrda iso 448,21 qr. va 226,2 qr. toskil etmisdir (codval 1).

Noticolorin tohlilindon aydin olur ki, bitki sixliginin doyisdirilmasi sokor ¢ugunduru bitkisinin
kokiimeyvo vo yarpaq kiitlosinin doyigsmasino sobob olmusdur. Alinan noticoloro nozor salsaq
gorarik ki, II variantda sopin (hektarda 57 000 bitki) daha yaxsidir. Bu variantda vegetasiyanin
axirina yaxin (15. IX) bir bitkido orta hesabla 497,47 qr. kokiimeyvo 223,8 qr. iso yarpaq omalo
golmisdir. Bu da nozarato (hektarda 71000 bitki) nisbaton 25,2-45,92 qr artiqdir (11).

Tocriibado onu da miisahido etdik ki, vegetasiyanin ortalarinda sokor g¢ugundurunun yarpaq
kiitlosi kokiimeyvasino nisbaton artiq olsa da, vegetasiyanin axirlarina dogru bu nisbat doyisir, yoni
bitkinin kokiimeyvo kiitlasi yarpaq kiitlosina nisboton daha agir olur (codval 1).

Bitki sixliginin sokor ¢ugundurunun qurulusuna tosirini dyronmok ii¢iin vegetasiyanin sonunda
(30. IX) tokrarlar iizro hor lokdon 10 odod bitki ¢ixarilmis bitkilorin yarpaq ve kdkiimeyvalorini
¢akib kiitlolorini tayin etmisik. Noticolor asagidaki codvalds verilir (codval 2).

Hektarda 71 min bitki saxladigda bir bitkinin comi kiitlosi 647,22 qr. olmusdur ki, bunun da
459,59 qramini kokiimeyva, 187,63 qramini is9 yarpaq togkil etmisdir.

Hektarda 57 000 bitki (II variant) saxlandiqda bir bitkinin comi kiitlasi 722,22 qr. olmusdur ki,
bunun da 502,35 qramini kokiimeyvos, 219,87 qrammi iss yarpaq toskil etmisdir. Bitki sixligmin
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azaldildig1 variantda (hektarda 47000 bitki) bir bitkinin comi kiitlasi 468,4 qr. olmusdur ki, bunun
da 322,76 qramin1 kokiimeyva, 146,4 qramini is9 yarpaq toskil etmisdir (12).

Hektarda 57 000 bitki (IT variant) saxlanilmasi gugundurunun kokiimeyvasinin kiitlosini nozarato
(hektarda 71000 bitki) nisbaton 42,76 qr., yarpaq kiitlosini iso 32,24 qr. artirmigdir (cadval 2).

Cadval 2.
Bitki sixliginin sokar cugundurunun qurulusuna tasiri
Bir bitkinin kiitlosi, qramla
Qida sahasi Toxmini bitki sixlig1 ) O ciimlodan
Comi pree
Kokiimeyva Yarpaq
70 x 20 sm 71 000 647,22 459,59 187,63
70 x 25 sm 57 000 722,22 502,35 219,87
70 x 30 sm 47 000 468,4 322,76 146,4
Natica

Hektarda 57 000 bitki (II variant) saxlanilmasi ¢ugundurunun kokiimeyvosinin kiitlosini
nozaroto (hektarda 71000 bitki) nisbaton 42,76 qr., yarpaq kiitlosini iso 32,24 qr. artirmigdir.

Naticalorin tohlilindon aydin olur ki, bitki sixliginin dayisdirilmasi sokar ¢ugunduru bitkisinin
kokiimeyvo vo yarpaq kiitlosinin doyismasino sabob olmusdur. Alinan noticoloro nozor salsaq
gororik ki, II variantda sopin (hektarda 57 000 bitki) daha yaxsidir. Bu variantda vegetasiyanin
axirina yaxin (15. IX) bir bitkido orta hesabla 497,47 qr. kokiimeyvo 223,8 qr. iso yarpaq amalo
golmisdir. Bu da nozarato (hektarda 71000 bitki) nisbaton 25,2-45,92 qr artiqdur.
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Surface water resources of Nakhchivan Autonomous Republic

Abstract

The purpose of the presented work is an attempt to study the physico-chemical indicators of
surface water in the territory of the Nakhchivan Autonomous Republic, distribution patterns,
ecological problems and modermn use perspectives. The article reflects modern approaches and
researches for the assessment of the hydrochemical quality of water in river and lake ecosystems.
On the one hand, the research lays the groundwork for the determination of general provisions
regarding the determination of the ecological quality of surface water, and on the other hand, the
basic diagnostic indicators reflecting water quality.

Keywords: Nakhchivan Autonomous Republic, surface water, river and lake ecosystems,
organoleptic indicators, macroelements, water consumption

Giris

Naxg¢ivan Muxtar Respublikasi arazisinde timumi uznlugu 1,8 min km olan 40-dan artiq boytik
vo kigik caylar movcuddur. Orazinin daxili sulari, xiisuson do ¢ay sobokasi qeyri-borabor
paylanmisdir. Zongazur silsilosindon axan ¢aylar six soboko ilo forglonir. Nax¢ivan ¢okokliyindo
Naxg¢ivancaydan gorbdoki orazilords axan gaylar iso zaif soboka togkil edir. Zongozur silsilosi dagliq
hisso oldugundan bu orazids cay sobokosi daha genis yayilmisdir (Abbasov, 2015: 200).

1000-2500 m yiiksoklikdoki sahalords riitubatlilik nisboton ¢ox oldugundan bu arazids ¢ay sobokasi
qisman yaxst inkisaf etmisdir. 2500 m-dan yiiksak sahalords iso monzars doyisilir, burada yagintilarin
azalmasi, bitki vo torpaq Ortliyliniin zoif inkisaf etmasi noticosinds cay sobokasi azalir (Urazmetov,
2007: 52). Bu zonada yeralti sular adoton bulaglar soklinds yer sathina ¢ixir. 3000 m vo daha yiiksok
saholordo relyef ¢ilpaq vo qayaliq, atmosfer ¢okiintiilori nisbaton az oldugundan, bu zonanin ¢ay
sobokosi zaif inkisaf etmigdir. Bozi ¢ay hovzolorinin (Naxgivangay, Olincagay, Gilangay) 2500 m-don
yiiksok saholarinda ¢ay sobokosinin sixlig1 0,10 km/km?-o godar azalir. 1000 metrdon asagida yerloson
dagotayi vo diizonlik saholorindo ¢ay sobokasinin zoif inkisaf etmasi iso bu zonada yagintinin azligi,
buxarlanmanin intensiv getmosi vo ¢ay sularinin ¢okmo siixurlara tez hopmasi ilo slagadardir.

Muxtar respublika orazisindoki ¢aylar Araz hovzosino daxildir (Bagirov, 2006: 110). ©razinin
moarkozi vo conub-qorb hissasinda caylar 6z baslangicin1 Zangazur vo Darsloyaz silsilasinin dik
yamaclarindan gotiiriir. Doraloyaz silsilosi Naxc¢ivan MR-in simal-sorq hissesindo yerlosir vo
Ermonistan ilo muxtar respublika arasinda tobii sorhod rolunu oynayir. Bu silsilonin bir hissosi
Cohrigayin asas dorasindon gorbdo, digori iso ondan sorqds yerlosir.

Naxg¢ivan Muxtar Respublikasinin ¢ay sobokosi miixtolif mongali goéllorlo zongindir. Regionda
tyirmiyodak gol movcuddur, bunlarin sahasi vo hacmi kigikdir (Osgarov, 2003: 100). Qeydiyyata alman
gollorin oksariyyatinin sahasi 10 hektardan azdir. Orazinin gol ¢alalarinin formalasmasinda tektonik
harokotlorin vo bulaglarin rolu bdyiikdiir. Umumiyyatlo yeriistii su hdvzolorinin omoalo golmasindo
orazinin hidrodinamik anomaliyasi boyiik shomiyyat dastyir. Tektonik aktiv cavan geoloji strukturlarin
daxil oldugu hidrodinamik anomaliyalar Simali Qafqazin artezian hévzalorine aiddir. Bu anomaliyalarmn
yiksok seysmik orazilors yaxilhigi tosadiifi deyildir. Molumdur ki, yeralt1 sularin yiiksok tozyiqi vo
seysmik foaliyyati eyni orazinin miiasir tektonik aktivliyindon qaynaqlanir. Goriiniir ki, bu srazilorde
yeraltt sularin yiiksok tozyiqi hom do onlarin seysmik rejiming tasir edir. Bu homg¢inin orazinin ter-
modinamik goraitino do tosir gostorir. Noticods seysmik aktivliyi ilo atmosfer yagintilari, yeriistii vo
yeralt1 sular arasindaki asililiq yaranir. Nax¢ivan Muxtar respublikasi yeralti sularla zongin oldugundan
bu proseslor gollorin formalasmasina 0z tosirini gostorir. Muxtar respublikada xeyli sayda siini gollor
movcuddur. Bu gollor magsadyonlii surotde yaradilmig, miixtalif toyinatlt sututarlar, golclik, nohur va su
anbarlaridir. Son illor muxtar respublika orazisinds bir ne¢o su anbar1 (Arpagay, Uzunoba, Vayxir,
Nehrom, Heydor doryacasi, Qahab, Sirab, Bononiyar, Xok vo s.) yaradilmisdir. Araz su qovsagi su
anbarmin bir hissosi muxtar respublikanin orazisinds yerlosir (9sgorov, 2003: 309).

Bu hidrotexniki komplekslor ¢aylarin aximint hom movsiimi, hom do gisman ¢oxillik tonzimloayir,
orazi li¢iin xarakterik olan dagqmnlarin tohlitkasini azaldir (Muxtar respublika orazisindoki gollor yertistii
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gollors daxildir. Bu gollor muxtar respublikanin su dovraninda faal istirak edir. Bozi hallarda arazinin
gollori yuvenil (6z-6zilino yaranan) sularla zonginlogir. Okean vo donizlora ¢ixislari olmasa da,
hidrosferds xiisusi ¢okisi va yeri olan g6l vo sututarlar muxtar respublikanin su balansinda boyiik
ohomiyyoto malikdirlor.

Tacriibi hissa.

Yertistli su niimunalorinin se¢ilmasi 2020-2022-ci illords saho marsrutlar1 zaman1 "Hidrogeologiya
vo mineral sular" laboratoriyasinin togkil etdiyi ekspedisiyalarin torkibindo aparilmigdir. Su
nlimunslorinin orqanoleptik parametrlori vo kimyoavi analizi monbaslords vo laboratoriya soraitindo
Oyronilmisdir. Biitiin niimunalor li¢lin minerallasma doracasi, codluq, maqnezium, kalsium, natrium vo
kaliumun imumi miqdari, hidrokarbonat, xlorid, sulfat vo pH gostoricilori miioyyon edilmisdir
(Panomarev, 1983, 120). Gostarilon komponentlorin suda migdar1 mqg-ekv/l vo mq/l-1s ifads edilmisdir.
Umumi minerallasma doracasi 100 ml su niimunosini ehtiyatla buxarlandirib, alman quru kiitloni
analitik torozido ¢okmoklo miioyyon edilmisdir (Fritch, 1978: 110).

Naticalorin miizakirasi.

Muxtar respublikanin hidroqrafik sobokasi (¢aylar, gollor, su anbarlari, yeralt1 sular, tabii vo

stini sututarlar vo s.) uzun geoloji dovr orzindo formalasmis vo shomiyyatli doyisiklikloro moaruz
galmisdir (Hasonov, 2003: 85).

Yeriistii sular l

Caylar T Su anbarlars
Naxcrvan Muxtar Respublikasmm daxili
Gallar sulart Kanallar
Gélmagalar -
& Veraltt sular Siini nohurlar

Bulag va gesma sulan Kshrizlar

P——— ] PR—
Mineral va termal sular

Arterian sulan

Sakil 1. Muxtar respublikanmin daxili sularinin sxemi

Goriindilyti kimi, orazinin daxili sularmin formalasmasinda vo geomiqrasiya modellorinin
qurulmasinda yeralti sularin sularin su axarlari, gollor vo su anbarlarn ilo qarsiligh olaqgosi
proseslorinin boyiik ohomiyyati var (Romanova, 2019: 90-95).

Muxtar respublikada mdévcud olan 40-dan artiq irili-xirdali ¢aylarin imumi uzunlugu 1,8 min
kilometrdir. Orazinin miixtalif 6l¢iilii hovzalori (9-dan 1630 km?-o godor) olan gaylar1 (Arpagay
istisna olmaqla) eyni axim dovriine malikdir.

Cadval 1.
Muxtar respublikanin iri caylarmin iimumi xarakteristikasi
Caylarin ad1 | Uzunlugu, Yerlosdiyi Cayn baslangicimin | T1lik su sorfi, Orta
km arazinin.sahosi, km’ | daniz saviyyasindon m’/daq meyilliliyi %
hiindiirliiyii, m
Araz cay 1072 102000 2020 262 12,90
Arpa cay 128 2630 3045 25,7 17,4
Nax¢ivancay 84 1630 2720 3,5 243
Olincogay 61 758 2800 2,0 34,2
Gilangay 53 426 2700 33 37,9
Diiyliincay 30 124 3000 2,7 79,1
Oyliscay 24 58 3100 32 96,9
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Banannguait 29 91 3500 3,1 141,2
Ordubadgay 19 54 3275 43 155,0

Gonzagay 15,6 44,6 2700 33 1333
Kotamcay 7,8 223 1640 2,6 285,3
Kilitcay 4,8 9,15 2340 24 369.,4

Nax¢ivan Muxtar Respublikasinda ¢aylarin imumi su sorfi (Araz nozors alinmadan) 1 mlrd. 400
mln. kub metro yaxindir ki, bunun da yartya qodori Sorqi Arpacayin payima dusur. Nax¢ivangay vo
Gilangayin har birinds illik su ehtiyatt 100 mln. kub metrden artiqdir.

Muxtar respublika orazisinds bozi ¢aylar qar orimosi vo nadir leysan yagislar1 zamani su ilo
qidalanir (Cahrigay, Qalacacay, Qahabgay vas.).

Relyefdon asili olaraq asagidaki ¢caylar daglq: Arpacgay, Gilangay, Gonzagay cay, Dilyliingay (dar
dorslordo axaraq, siiratli mocrasi vo boylik yamaclari ilo segilir), diizonlik: Arazgay, Nax¢ivangay va s.
(onlar ciizi enislori, kigik yamaclar1 vo sakit hamar axima ilo segilir) (Bababayli, 2013: 256-260).

Cadval 2.
Muxtar respublikanin asas transsorhad ¢caylarimin morfometrik vo axim xarakteristikasi

Caylar Uzunluq, km Su hovzasinin sahasi, km? Su sarfi, m? /daq
Umumi | Respublika | Umumi Respublika | Orta ¢oxillik Orta coxillik
orazisindo orazisindo su sorfi minimal su sorfi
Qs | Yay-payiz
Arpagay 126 40 2630 570 23,7 7,02 5,89
Cohrigay 45 40 442 427 1,02 0,55 0,39
Oxgugay 83 43 1175 455 10,0 2,55 3,13
3000
2000
1000 _ e 1
0 e ."' .-r
Arpacay Cahricay Oxcucay
® Uzunhug, km, iimumi Uzunlug, km

Su hivzasinin sahasi, Respublika daxilinda

km? timumi

Sakil 2. Muxtar respublikanin asas transsorhad caylarimin marfometrik xarakteristikasi

Olko ohalisinin i¢gmoli su monbolori sayilan Kiir vo Araz transsorhod c¢aylarinda ekoloji
voziyyetin gorginliyi ciddi problemlor yaradan amillordir. Araz ¢ay1 Ermonistan vo Iran orazisindon,
kegorok Azorbaycana daxil olur. Tiirkiyo orazisindon c¢ay tomiz soraitdo sorhoadi kegso do
Ermonistan orazisindo ¢irklonmolor hodsiz boyiikdiir (Bayramova, 2021:70).

Nax¢ivan Muxtar Respublikasinin ¢ay sobokosi miixtolif mongoli goéllorlo zongindir. Regionda
iyirmiyadoak g6l movcuddur, bunlarin sahasi vo hocmi kicikdir. Qeydiyyata alinan gollorin
oksoriyyotinin sahasi 10 hektardan azdir. Muxtar respublikada movcud olan gollorin imumi
xarakteristikasi cadval 3-do verilmisdir.
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Cadval 3.

Naxcivan Muxtar Respublikasi arazisindoki asas gollorin iimumi xarakteristikasi

Gollarin ad1 Doniz Tutumu, | Sahasi, | Temperaturu, | Minerallhigi, mq/l vo
soviyyasindon min.m? ha ‘c kimyovi torkibi
hondiirliyii, m
Goygol 3065 1,0 11,5 16-18,5 90,0; HCO3™, Na*
Salvart1 gol 2843 1,0 11,0 18,0 50-95; HCOs5~, Ca?*
Qanli gol 2424 1,2 10,2 18,0 136,6 ; HCO3~, Na™, Ca?
Batabat g6l 2113 1,8 10,0 10,5-16 90-146; HCO;5~, Ca*"
3500
3000
2500
2000
1500
1000
500
0
Goygol Salvarti gol Qanli gol Batabat gol
B Daniz saviyyasindan héndirliyd, m M Tutumu, min.m3 Sahasi, ha

Sakil 3. Muxtar respublika orazisindaki asas gollorin iimumi gostaricilori

Gollarin su kiitlasinin kimyavi torkibi tobii vo antropogen amillarin tasiri ilo formalasaraq zamanla
cirklonmo vo minerallagmaya dogru doyisilir (Pashkov, 1977: 109). G6l sularinin hidrokimyovi
xassalorinin formalagmasina fiziki-cografi amillar (iqlim, relyef, asinma, soth sular1 ilo alaqo, torpaq
oOrtilyii va s.); geoloji amillor (hidrogeoloji sorait, slixurlarin litoloji torkibi va s.); fiziki- kimyavi amillor
(sularin torkibindoki elementlorin xiisusiyyatlori, tursu-golovi vo oksidlogmas soraiti, kation miibadilosi
vo s.); bioloji amillor (bitki vo canli orqanizmlorin miixtalifliyi, ehtiyati, kiitlosi, foaliyyoti vo s.);
antropogen amillor (insan foaliyyati ilo olagali tosirlor) tosir gostorir (Tarnovskiy, 1980: 96).

Gollordon kimyovi analiz {iglin gotiirilmiis su niimunalorinin tohlili gostorir ki, minerallagma
doracasi 1,0-45 g/m? arasinda doyisilir. pH gostoricisi 6,1-8,95, timumi codlug 20,5-850,0 mgq-
ekv/dm? arasinda doyisilir. Miioyyon edilmisdir ki, g6l sularinda kationlardan golovi metallar,
kalsium vo magnezium istiinliik toskil edir. Bu ardicilliq asagidaki kimi dayisilir: (Na™ K*)<
Mg?*< Ca?", anionlarda iso SO4*< CI'< HCOj3".

nﬁ--.-- . .

Givgdl Salvarn
gil

'-, Sira 1 mS5wral

lx gil
Qanh g Batabat gul

Sakil 4. Gol sularimin mineralhg:
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Gollarin su kiitlosindas xlorid va sulfat ionlarinin miqdari bir-birine yaxindir. Anionlardan HCO3-
ionlar1, kationlardan iso Ca?" ionlar iistiinliik toskil edir (Tarnovskiy, 1980: 100). Buna goro do
oksor gollarin sular1 az mineralli olmagla hidrokarbonatli-kalsiumludur. Mineral maddalorin imumi
miqdari ilin fasillorindon asili olaraq 49-93 mq/1 arasindi doyisilir.

Muxtar respublikada xeyli sayda siini gollor movcuddur. Bu gollor moaqgsodyonlii surotdo
yaradilmis, miixtolif toyinath sututarlar, golclik, nohur vo su anbarlaridir. Son illor muxtar
respublika orazisindo bir ne¢o su anbar1 (Arpagay, Uzunoba, Nehrom, Heydor doryacasi, Qahab,
Sirab, Bononiyar, Xok vo s.) yaradilmigdir (9sgorov, 2004: 303). Araz su qovsagl su anbarinin bir
hissosi muxtar respublikanin orazisinds yerlosir.

Bu hidrotexniki komplekslor caylarin aximini hoam movsiimi, hom do qismen c¢oxillik
tonzimloyir, orazi iiglin xarakterik olan dasqinlarin tohliikosini azaldir (Xslilov, 2006: 119).
Naxg¢ivan Muxtar Respublikasinda movcud olan asas sututarlarin imumi gostoricilori codval 4-do
verilmisdir.

Cadval 4.
Naxcivan Muxtar Respublikasinda sututarlarin iimumi xarakteristikasi

Sututarlar D;?;ﬁ;;:;gg?is?;f)an Tutumu (mln'm?) | Faydaliliq sahasi min-ha
Araz 777 1254 22,0
Arpacay 959 150 40,0
Heydor doryagasi 1147 100 56,0
Bononiyar 1200 15,0 6,0
Uzunoba 1000 9,0 1,0
Sirab 1077 9,0 4,0
Nehrom (I, II) 900 6,0 39
Xok 800 3,0 3,5
Batabat (I, II, IIT) 1100 3,0 3,0
Qahab 1043 2,0 1,0
Qrvraq 921 1,0 1,0

[llik aximm yiiksok oldugu dévrlords cay sularini toplamagq iigiin bir neco su anbari tikilib
istifadoyo verilmisdir. Bunlardan su tutumu 9 mln m? olan Uzunoba, 6 mln m? olan Nehrom, 12,7
mln m? olan Sirab, 15 mln m? olan Boananiyar, 135 mln m? olan Arpagay vo tutumu 100 mln m? olan
Vayxir su anbarlarin1 gostormok olar. Bu istigamotds islor davam etdirilmoli vo kigik su
anbarlarinin sobokasi genislondirilmalidir.

Natica

Muxtar respublika iqtisadiyyatinin, o climlodon kond tesorriifatinin inkisafi, okin saholorinin,
suvarma vo igmali su tochizati sobokolorinin genislondirilmasi naticosindo suya tolobatin artmasi
respublikanin vo onun ayrilmaz torkib hissosi olan Nax¢ivan Muxtar Respublikasinin su
tohliikasizliyinin tomin edilmasi istigamotindo kompleks todbirlorin hoyata kecirilmosini
sortlondirir. Todqigatin naticolori su ehtiyatlarina antropogen tozyiqin azaldilmasi va sudan
istifadonin somaraliliyinin artirilmasi, su itkilorinin minimuma endirilmasi, sonayedo, aqrar-sonaye
kompleksindo vo moanzil tosarriifatinda xiisusi su sorfiyyatinin azaldilmasmin miimkiin yollarmin
tapilmas1 kimi mithiim milli iqtisadi problemin hallins yonolmisdir.

Nax¢ivan Muxtar Respublikasinin iqlim, torpaq, relyef, hidrogeoloji xiisusiyyatlorini nozors
alaraq caylarin vo su anbarlarinin miihafizosi, onlardan somoroli istifado edilmosi {i¢lin bir sira
toxirosalinmaz tobioti miihafizo todbirlorinin hoyata kecirilmosi zorurotini ortaya ¢ixarir. Muxtar
respublika orazisinin suya olan tolobatin1 6domok, orada mohsul bollugu yaratmagq iigiin ilk névbado
bol su ehtiyati1 yaratmaq vo bunun ii¢iin mévcud tobii vo siini gollori miithafizo etmoak, ehtiyac vo
imkan olan yerlorde yenilorini yaratmaq lazimdir. Su anbarlarinin yaradilmasi su ehtiyatt vo
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enerjisindon somaorali istifado vo irrigasiya moaqgsadlori iigiin goriilon asas todbirlordondir. Lakin
nozoro almaq lazimdir ki, su anbarlarinin tikilmosi ilo olagodar olaraq yeraltt sularin soviyyosi
qalxir, noaticado torpaglarin sorlagsmasi giiclonir. Biitiin bu monfiliklorin qarsisin1 almaq Tgiin
kompleks hidrotexniki todbirlor goriilmalilir. Bununla da regionun qiymsatli su ehtiyatlarindan, o
ciimlodan ¢ay, gdl, su anbarlar1 vo yeralt1 sularindan somarali istifado etmoklo muxtar respublikanin

su tochizatini, tosorriifat foaliyyotini canlandirmaq vo hidrosistemin miihafizosini tomin etmok
miimkiindiir
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GONCO-QAZAX BOLGOSINDO GUBROLORIN MUXTOLIF NORMA VO
NiSBOTLORININ KARTOF BiTKiSINDO QiDA MADDOLORININ TOPLANMA
DINAMIKASINA TOSIRI

Xiilasa

Toadqiqat Gonco-Qazax bolgosinin Samux rayonunun suvarilan agiq boz qohvoyi (agiq sabalidi)
torpaqlarinda kartof bitkisinin “Arinda” sortu ilo 4 tokrarda 10 variantda aparilmisdir. Todqiqat
zamani mioyyon edilmisdir ki, gilibrolorin miixtalif norma va nisbatlori kartof bitkisinin inkisaf
morhalalori lizro yeriistii kiitlosindo vo kartof yumrularinda timumi azot, fosfor vo kaliumun
miqdarin1 artirmaqla maddoslor miibadilosini foallagdirmisdir. Sinaqdan kegirilon variantlar
icarisindo biitiin inkisaf morhalolorindo qida maddslorinin maksimum miqdart NogP9ooK20+Mns+Bs
verildikdo toplanmisdir.

Acar sozlar: aciq boz qahvayi (agiq sabalidi) torpaglar, kartof bitkisi, toplanma dinamikast,
azot, fosfor, kalium
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Influence of different rate and proportions of fertilizers on the dynamics of nutrient
accumulation in potato plants in the Ganja-Gazakh region

Abstract

The research was conducted in irrigated light grey brown (light chestnut) soils of Samukh
district of Ganja-Gazakh region with potato variety "Arinda" in 4 replications and 10 variants.
During the research, it was determined that different norms and proportions of fertilizers activated
the metabolism by increasing the amount of total nitrogen, phosphorus and potassium in the ground
mass of the potato plant and in the potato tubers. Among the variants tested, the maximum amounts
of nutrients were collected at all stages of growth when N9OP90K 120 + Mn5 + B5 were given.

Keywords: light grey brown (light chestnut) soils, potato plant, accumulation dynamics,
nitrogen, phosphorus, potassium

Giris

Azorbaycanda becarilon on miihiim bitkilordon biri do kartofdur. Kond Tesarriifatt Nazirliyinin
molumatina goro Azorbaycan fermerlorinin 70%-i kartof becorir. Osas istehsal orazilori Gonco,
Tovuz, Gadabay, Qusar vo Colilabaddir. Mohsuldarliq Azarbaycanda beynslxalq saviyye ilo
miiqayisado asagi olaraq qalir — 13 t/ha. Hollandiyada vo Almaniyada orta mohsuldarliq 40 t/ha-dir.
Kartof diinya miqyasinda genis yayilmis vo insanin qidasi baximindan ¢ox bdyiik shamiyyato
malik kond tosorriifat1 bitkisidir. Torkibindoki qida maddslorine vo dad keyfiyyotino goro kartof
ikinci ¢orak adlandirilir. Kartof hom qiymatli qida mohsulu, ham do heyvandarliqgda yem kimi vo
miixtolif texniki mogsadlar {igiin istifads olunur. Kartofun torkibinds ¢oxlu karbohidratlar (nisasta),

sokarlor, mineral duzlar vo vitaminlor toplanir.
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Xalq tobabatds kartof sirasindon voroma qarsi va tonaffiis orqanlarinin digor xastalikloring garsi
genis istifado olunur. Eyni zamanda kartof sirasi mods yarasinin vo onikibarmaq bagirsagin
mialicosindo do isladilir. Bundan olavo tozo kartofun sirasi hipertoniya xostaliyino tutulanlara
komok gostarir.

Lakin bu godor ohomiyyatli olan kartof bitkisini respublikamizda istehsali ohalinin tolobatini
O0domir. Buna goro do respublikaya hor il konardan c¢oxlu miqdarda kartof gotirilir. Kartof
yumrularmin torkibindo 70-75% su oldugu iiglin isti hava soraitindo dasinarkon (20-25 giin)
mohsulun 30-35%-i ciirliylib xarab olur. Bundan basqa respublikaya gotirilon kartofla borabor
xastolik vo ziyanvericilor do yayilir. Nohayot kartofun gotirilmasi ¢oxlu vasait vo omok tolob edir.

Kartofun namliys tolobati yiliksokdir, lakin vegetasiyanin ilk fazalarinda nomlik az tolob olunur.
Govdalarin intensiv inkisafi vo yumrularin bdyiimasi dovriinde suya tolobat artir. Kartof {igiin
optimal nomlik torpagin nomlik tutumunun 75%-1 hesab olunur. Nomliyin bundan artiq olmasi
mohsuldarhiga vo yumrularin keyfiyyatino pis tosir gostorir. Torpaqda nomliyi saxlamaq ii¢lin aran
rayonlarinda suvarma tatbiq olunur.

Kartof bitkisi mexaniki torkibco ylingiil vo havani yaxs1 kegiron torpaqlarda daha yaxs: inkisaf
edir. Mohz buna goro do, kartof okilon sahoalorin corgoaralarinda torpaq tez-tez yumsaldilmalidir.
Gillico torpaqlarda okildikds do kartof yiliksok mohsul verir (Omirov, 1987: 96; Yusifov, 2011:
368).

Kartofdan yiiksok vo sabit mohsul alinmasi iigiin keyfiyyotli toxum materiali segilmali,
kartofun bioloji xiisusiyyotlori, torpaq-iqlim soraiti miitloq Oyronilmali, aqrotexniki todbirlorin
vaxtinda vo keyfiyyatli aparilmasi lazimdir (Abdullayev, 2004: 40; Mommoadov, Mammadzada,
2004: 284).

Respublikamizda aparilan tocriibalordon alinan naticolorin vo tovsiyyolorin tasarriifatlara totbiqi
gostorir ki, Azorbaycanin miixtolif zonalarinda yiiksok kartof mohsulu yetisdirmok vo ohalinin
kartofa olan tolobatini il boyu tomin etmok miimkiindiir. Biitiin bunlar1 nazors alaraq Gonco-Qazax
bolgosindo kartof bitkisi altinda torpaq minbitliyi vo ekoloji tarazliq nozoro alinmagqla, qida
maddaslori balansinin hesablamalar1 asasinda gilibraloma sisiteminin islonib hazirlanmasini qarsimiza
mogsad qoydugq.

Tadgiqatin obyekti vo metodikasi. Todqiqat Gonco-Qazax bdlgosinin Samux rayonunun
suvarilan agiq boz qgohvayi (agiq sabalidi) torpaqlarinda kartof bitkisinin “Arinda” sortu ilo 4
tokrarda 10 variantda aparilmisdir.

Tadqgiqat zamani giibralorin kartof bitkisinin inkisaf morhalslori {izro yeriistii kiitlosinds vo
kartof yumrularinda qida maddslorinin miqdarma tasirini dyronmak magsadi ilo variantlar iizro
niimunolor gotiiriilmiis vo tohlillor aparilmisdir.

(ol tacriiboalori asagidaki variantlar tizro aparilmigdir:

1. Nozarat (giibrasiz)

N60P60K60
N60P60K90
N60P60K120
N90P90K60
N90P90K90
N90P90K120 — fon
Fon + Mnl,s +B1,5

9. Fon + Mnj3 +B;

10. Fon + Mns +Bs

Tacriibado mineral giibralordon, azotun ammonium sorasi (torkibinds tosiredici madds 34%-dir)
fosforun sado superfosfat (torkibindo tosiredici madds 18%-dir), kaliumun 46%-li kalium-sulfat
birlosmolorindon, manganin manqgan-sulfat (20%-1i), borun borat tursusu (17,5%-li) formalarindan
istifado edilmisdir. Giibrolor (NPK) illik normani 3 yero bdlmoklo 3 miiddotdo verilmisdir.
Mikrogiibralorin (Mn, B) iso tam illik normasi makrogiibralor ilo diqqgotlo garisdirilaraqg, 2 yero
boliinmokls, sopinqabagi mala altina vo ¢ixig vaxti corgearalarina torpagin 10-12 sm doarinliying
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verilmisdir. Gotiirtiilmiis torpaq vo kok niimunslorinde NPK (K.E.Ginzburq, Q.M.Seqlova vo E.V.
Vulfius tisulu il9) toyin edilmisdir.

Okinlora qulluq vo aqrotexniki todbirlor (giibralorin verilmasindon bagqa) kartof bitkisi iigiin
gobul olunmus aqrotexniki qaydalara uygun olaraq aparilmisdir.

Toahlil vo miizakira. BoOyiimo vo inkisaf bitki organizminin hoyatinda on mihiim
hadisoalordondir. Bitkinin keyfiyyotli inkisafi yiliksok mohsuldarligi tomin edir. Bitkinin normal
inkisafi xarici amillordon, xiisuson do mineral qidalanma soraitindon asilidir. Mineral qidalanmanin
miioyyon istigamatdo doyismosi bitkilords maddslor miibadilesini doyisir. Bitkilorin bdylimasi va
inkisafi liclin sorait no qodor olverisli olarsa, mohsuldarliq bir o godar ¢ox olur vo bununla da
torpagin tipindon, miinbitliyindon va s.asil1 olaraq azotun torpaqdan ¢ixarilmasi bas verir.

Bitkilorin iizvi maddslor yaratmasinda azot, fosfor vo kaliumun bdyiik ohomiyyoti vardir.
Bitkilorin normal inkisafi vo daha yliksok mohsuldarliq oldo etmok ii¢lin bu ii¢ elementin hamisi
zoruridir v onlar bir-biri ilo baghdir. Masalon, bir sira miihiim fizioloji funksiyalar1 yerino yetiron
fosfor va kalium bitkilar tarafindon azotun, fosforun ve kaliumun monimsanilmasinds ¢ox miihiim rol
oynayir, nainki bitkilor torafindon azotun istifadasinds foal istirak edir, hamg¢inin bitkilords azotlu iizvi
maddalorin ¢evrilmasing tasir gdstorir (Turchin, 1936).

Vegetasiya dovrii orzinds bdyilime vo inkisafin miixtolif morhalslorinda bitkilor ekoloji soraits, o
climlodon gida maddalorina eyni tolobat gostormirlor. Vegetasiya dovriinds bitkilor torofindon azot,
fosfor vo kaliumun udulmasi geyri-barabor bas verir. Boyiimonin ilkin dovriinds bitkilor nisbaton az
miqdarda qida istifado edirlor.

Coxsayli miislliflor (Bondarenko, 1963: 18; Shestakov, Pleshkov, 1954:18) 6z todqiqatlari ilo siibut
etmislor ki, kartofda qida maddslorinin toplanma intensivliyi torpagin tipi, iglim vo aqrotexniki sorait,
becarilon ndviin bioloji xilisusiyyatlori va gilibralorin dozalar ilo miioyyanlosdirilir.

Kond tasarriifati bitkilorinin, o ciimlodon kartofun mineral qidalanmasi ciicorms ilo baglayir vo
vegetasiya dovriiniin sonuna qodor davam edir, lakin bitkinin miixtalif inkisaf morhoalolorinds eyni
olmur. Qida maddolorins tolobat ¢igoklomanin sonunda, yeriistii hisso (gévds vo yarpaqlar) boytik kiitlo
omola gotirdikds vo kdk yumrulari siiratlo boyiimoys baslayanda xtisusils ytliksok olur (Kukh, 1976).

Vegetativ orqanlarin - gévdo vo yarpaqlarin on intensiv boylimasi dovriinds tolobat koskin sokildo
artir. Kok yumrularmin formalasmasi dovriinds vegetativ kiitlonin bdyiimosi basa catir vo qida
maddoalorins tolabat azalir. Normal boylime va inkisaf, eloco do kok yumrularinin amole golmasi ii¢lin
kartof digar tarla bitkilori ilo miiqayisade ¢ox miqdarda qida maddesins ehtiyac duyur. Orta hesabla
har 100 sent. kartofdan (yeriistii kiitlo vo kok yumrulari ilo birlikde) toxminon 50 kq azot, 20 kq
fosfor vo 90 kq kalium ¢ixarilir (Karmanov, 1978: 206; Spravochnik, 1987: 351).

Molumdur ki, kartof ¢icoklomoa vo kok yumrularinin omoalo golmasi dévriinde qida maddolorine
daha ¢ox tolobat gostorir (Peterburgski, 1967: 453).

Kartofun bdyilimesinin ilkin dovriinde qida maddslorinin ¢atigmazligi sobabindon normal
maddslor miibadilasi pozulur, bu da vegetasiya dovriiniin sonunda bitkilorin zsiflomasine sobab
olur, noticodo kartof mohsuldarlig1 nozora ¢arpacaq doracodo azalir. Misllif onu da geyd edir ki,
yeriistii kiitlonin formalagmasi1 zamani kartof daha ¢ox miqdarda qida maddosi tolob edir.
(Pryanishnikov, 1965: 448). Miioyyon edilmisdir ki, ciicorma dovriindo kartof kaliumdan bir qador
cox azot sorf edir. (Tamman, 1953).

Ogor qongolomadon ovval kaliumla qgidalanma soviyyesi kifayotdirso, onda onun sonraki
azalmas1 kartofun mohsuldarligina ciddi tosir gostormir. Bunun sobabi, yeriistii kiitlonin qocalmasi
zamani torkibindoki kaliumun kék yumrularina dogru haroket etmasi vo onlar1 bu gida ilo tomin
etmosidir. Fosfor iso hom ciicormoadon avval, hom do biitiin vegetasiya dovrii kartof torafindon sorf
olunur. ©n yiiksok kalium torkibi cavan bitki orqanlarinda qeyd edilmisdir.

Qida maddoleri biitiin vegetasiya dovriindo kartof torofinden monimsenilir. Inkisafin ilkin
morhslasinda bitkilori kifayst qadar azot, fosfor vo kalium ilo tomin etmok ¢ox vacibdir. Torpaqda
bu gida maddslorinin ¢atismazlig1 torpaga mineral giibrolorin verilmosi vo bununla da bitkilorin
normal bdyiimasi va inkisafi ii¢lin sorait yaratmaqla miivazinatlosdirilo bilor.
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Todqiqatlar bitki inkisafinin asas dovrlorinde yoni ciicorma, qdngaloma, cicoklomoa vo yetismo
morhalosindo aparilmisdir. Bu todqigatlarin mogsadi kartofun inkisafinin miixtolif morholslorindo
mineral gilibrolorin dozalarindan vo nisbatlorindon asili olaraq qida maddslorinin torkibindoki
doyisikliklori Oyronmok olmusdur. Qida maddslorinin niimunolorde toplanmasinin miioyyan
edilmosi kartof ti¢iin mineral giibrolorin dozasini vo vaxtini tonzimlomoyo imkan verir. Bitkilorin
gidalanmasinin bu ciir tonzimlonmaosi bitkilorin normal bdyiimasino vo inkisafina, yliksok vo sabit
mohsulun alinmasina koémok edir (Moskva, 1987: 351).

Codval 1-do verilon molumatlardan goriiniir ki, ciicormo morholosindo bitkinin yeriistii
hissalorinds (gévdo vo yarpaqglarda) gilibrosiz nozarot variantinda azot, fosfor vo kalium miivafiq
olaraq 1,78%, 0,49% vo 2,40% olmusdur. Bitkinin inkisaf morhalolori {izro vegetasiya dovriiniin
sonuna qodor bu elementlorin miqdarinin azalmasi miisahide olunmusdur. Kok yumrularmin
yetismo marholosinds giibrasiz nazarat variantinda azot, fosfor vo kaliumun miqdar1 miivafiq olaraq
N -1.17; P 2 O 5 - 0,12% vo K; O - 1,54% olmusdur. Azotun, fosforun vo kaliumun toplanmasi
qongalomo morhalosindo giibrasiz nozarot variantinda N - 1,98%, P> O 5 - 0,54%, K> O - 2,68%
maksimuma catir. Bu hal onunla izah olunur ki, gén¢alomo marhoalasindos, yoni bitkinin generativ
organlarinin formalagmasinin ilkin marhslosinds qida maddslori daha intensiv sorf edilir.

Mineral giibrolori totbiq edorkon, on yiiksok gostoricilor Ngo Pog Ki20+Mns+B s totbiq olunan
variantda olmusdur. Bu variantda yeriistii hissolordo azot, fosfor vo kaliumun miqdart maksimuma
catmis vo miivafiq olaraq clicormo morholasindo N - 2.79, P, 0 5- 0,65, K 2 O - 3,54%, qongolomo
morhalasindo N —2.99, P> O 5 - 0,72 vo K; O- 3.98%, cigokloma morhalasinds - 2,39, P, O 5-0.47
vo K2 O - 3,40% vao yetismo morhoalasindo N - 1,99, P>, 0O 5- 0,26 vo K0 - 2,53% toskil etmisdir.

Vegetasiya dovriiniin ¢icoklomo vo yetismo morhololorindo giibrosiz  variantda yeriistii
hissolords azot, fosfor, kaliumun miqdar1 azalir. Bu voziyyot kok yumrularinin formalasma prosesi
ilo baglidir. Bu dovrdo bitkilor torofindon qida maddslorinin sorf olunmnasi nozors ¢arpacaq
dorocodo azalir, belo ki, kok yumrularinin omolo golmosi ilo bitki osason inkisaf doévriinii
tamamlayir vo bitkiys daxil olan mineral elementlor osason kdk yumrularinin bdyiimasine sorf
olunur. Biz kartof bitkisinin kdk yumrularinin torkibindoki qida maddslorinin miqdarint da
Oyrondik. Bu molumatlar Cadval 2-ds tasvir edilmisdir vo buradan gérmak olar ki, mineral giibralor
verildikds kok yumrularinda azot, fosfor vo kaliumun miqdar giibrasiz nozaratlo miiqayisodo artir.
Giibrasiz nozarat variantinda azot, fosfor vo kaliumun miqdar1 : N - 0,29, P> O 5- 0,21 vo K, O —
0,73% olmusdursa, onda Ngg Pog K 120+Mns+Bs totbiq olunan variantda bu elementlorin miqdari
miivafiq olaraq asagidaki gostoricilorlo ifado edilmisdir: 0,58, 0,34 vo 1,24%. Bu molumatlar onu
demoyo osas verir ki, mineral giibrolor miixtolif dozalarda vo nisbotlordo verildikdo, glibrosiz
nozaratlo miiqayisados kartof bitkisinin kok yumrularinda qida maddslorinin miqgdar artir.

Cadval 1.
Aciq boz gahvayi (a¢1q sabahdi) torpaqlarda kartof bitkisinin yeriistii kiitlosindo
qgida maddslorinin toplanma dinamikasina giibralarin tasiri, %-1s

Tacriiba Ciicormo Qongcaloma Cicoklomo Yetismo
variantlari N [POs| KO | N [P:Os] KO | N | P.Os | KO| N [P:0s| K:O

Nozarot (giibrosiz) | 1.78 | 0.49 | 240 | 1.98| 0,54 | 2.68 | 142 | 026 | 251 | 1.17] 0.12 | 1.54
No P 60K 6o 193 | 0,52 | 252 |218] 0,57 | 2.80 | 1.62| 032 | 2.71 |1.38] 0.14 | 1.92
N6 P 60K oo 196 | 053 | 270 | 2.16| 0,58 | 290 | 1.56 | 0,35 | 2.76 | 1.36| 0.16 | 1.68

NgoPeoK i 2.10 | 0,56 | 299 |224| 0,61 | 325 | 1.79| 036 | 296 |1.50| 0.18 | 1.93
NooPooKeo 219 | 0,58 | 2.54 |239] 0,63 | 296 | 1.90| 0,38 | 2.70 | 1.64| 0.20 | 1.98
NogoPooKoo 232 | 0,60 | 2.82 |2.52] 065 | 354 | 206 | 037 | 297 |1.78] 022 | 2.18

NP oK po.fon | 248 | 0.59 | 3.18 |2.64| 0,67 | 3.62 | 2.10 | 039 | 3.15|1.73| 0.24 | 2.42

Fon+Mnis+Bis | 2.59 | 0.61 | 325 |2.79] 0,69 | 3.54 | 225 | 041 | 3.20 | 1.92| 023 | 2.47
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Fon + Mns +Bs 266 | 063 | 340 | 292| 0,68 | 3.83 | 232 | 043 | 335 |1.86| 024 | 251

Fon + Mns +Bs 279 | 0,65 | 354 |299| 0,72 | 398 | 239 | 047 | 340|199 0,26 | 2.53

Cadval 2.
Ac¢iq boz gahvayi (agiq sabahdi) torpaqlarda kartof bitkisinin kok yumrularinda
qgida maddslorinin toplanma dinamikasina giibralorin tasiri, %-1o

Tacriiba variantlar: N P205 K20

Hszapst (3110spsicus) 0,29 0.21 0,73

N6o P 60 K 60 0.34 0.23 0,88

N 6o P 60 K 90 0,36 0,25 0,95

NgoP oK 120 0.38 0.26 1.07

NoooPooKeo 0,42 0.28 0.90

N 9o P oo K 9o 0. 43 0.27 0.99

N g P 99K 120 fon 0.45 0.29 1.10

Fon+ Mni s +Bis 0.50 0,31 1.14

Fon + Mnj3 +B;3 0.54 0.33 1.18

Fon + Mns +B;s 0.58 0,34 1.24
Natico

Gilibrolorin miixtalif norma vo nisbotlori kartof bitkisinin inkisaf morhalslori {izro yeriistii
kiitlosindo vo kok yumrularinda iimumi azot, fosfor vo kaliumun miqdarin1 artirmaqla maddolor
miibadilasini foallagdirir. Sinagdan kegirilon variantlar igorisindo biitlin inkisaf moarhalslorindo qida
maddoalorinin maksimum miqdari NooPooK 12 o + Mns +Bs verildikds toplanmisdir.

Idabiyyat

1. ©Omirov, Z.S. (1987). Kartof mohsulunun artirilmasi yollari. Baki: Azarnasr, 96 s.

2. Yusifov, M.A. (2011). Bitkicilik. Darslik. Baki: Qanun Nosiriyyati, 368 s.

3. Abdullayev, V.T. (2004). Azorbaycanda kartofdan yiiksok mohsul almagin somoroli
texnologiyasi. Baki, 40 s.

4. Mommaodov, F.N., Mammadzado, B.T. (2004). Respublikada torovoz, bostan vo kartofculugunun
elmi osaslarla inkisaf yollar1. Torovazciliyin elmi asaslarla inkisaf etdirilmasi (Azorbaycan ET
Toravazgilik Institutunun elmi asorlorinin macmuosi). Baki: Qanun, 284 s.

5. Turchin, F.V. (1936). O prirode deystviya udobreniy. M.: Selkhozizdat.

6. Bondarenko, G.L. (1963). Vliyanie usloviya pitaniya azota, fosfora i kaliya na obmen veshestv 1
produktivnost rasteniy kartofelya: Avtoref. kand.dis. Kharkov, 18s.

7. Shestakov, A.G, Pleshkov, E.P. (1954). O vliyanie azota, fosfora i kaliya na obmen veshestv i
urojay kartofelya v usloviyakh dlitelnogo primeneniya udobreniy. Sb. nauchn.tr. TSXA po
aqrokhimyy. t. 18.

8. Kukh, ILA. (1976). Vliyanie udobreniy na soderjanie elementov pitaniya v rasteniyakh 1
produktivnost kartofelya. Aqrokhimiya. Ne 3.

9. Karmanov, S.N. (1978). Spravochnik kartofelevoda. M.: izd. Rosselkhozizdat, s.4-206.

10. Peterburgski, A.V. (1967). Aqrokhimiya, 453 s.

11. Pryanishnikov, D.N. (1965). Azot v jizni rasteniy i v zemledelii SSSR. Izbr. Soch. M.. Kolos,T.
3.448s.

12. Tamman, A.L. (1953). Udobrenie kartofelya. M.: Gosselkhozgiz.

13. Moskva, V.O. (1987). Spravochnik kartofelevoda. «Agropromizdat», 351 s.

Gondorilib: 25.12.2022 Qabul edilib: 19.06.2023

36



TOBIOT VO ELM Beynolxalq elmi jurnal. 2023 / Cild: 5 Say1: 7/37-43 ISSN: 2707-1146
NATURE AND SCIENCE International scientific journal. 2023 / Volume: 5 Issue: 7/37-43 e-ISSN: 2709-4189

DOI: https://doi.org/10.36719/2707-1146/34/37-43
Mahnur Jafarly
Ministry of Science and education of the Republic of Azerbaijan
Nakhichevan State University
Doctor of Philosophy in Chemistry
mahnurceferli@ndu.edu.az
UOT 543.54:544.72

EQUILIBRIUM, KINETICS AND THERMODYNAMICS OF SORPTION OF Cu?*, Zn?",
Cd?* AND Pb?* IONS BY DOWEX MAC-3.

Abstract

In this study, equilibrium conditions and kinetics of sorption of Cu?*, Zn**, Cd*" and Pb** ions
with Dowex MAC-3 (carboxyl group, H") cationite were studied, thermodynamic quantities were
calculated based on kinetic parameters. It was noted that the kinetics of the processes at the selected
concentrations are under internal diffusion control. Sorption isotherms were established, Langmuir
and Freundlich models were proposed. In all cases, the selectivity is governed by the enthalpy
factor with heat release and entropy reduction. The variation of parameters such as activation
energy of sorption, free energy, activation entropy and diffusion coefficients varies due to various
factors. In the calculation of thermodynamic parameters, the ideality of the ionic phase was
determined, in other words, the activity coefficients of the sorbed ions in the ionic phase were not
taken into account.

Keywords: ionite, ion exchange, Zn’*, Cu’*, Cd’*" and Pb*" ions, sorption isotherms, Langmuir
and Freundlich models, kinetic and thermodynamic parameters
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Cu?", Zn*", Cd** VE Pb?" ionlarimin DOWEX MAC-3 Kationiti ilo sorbsiyanin tarazhgi,
kinetikasi vo termodinamikasi

Xiilasd

Bu arasdirmada Cu?*, Zn?>", Cd*" vo Pb?" ionlarinin zaif tursu xassali H formali Dowex MAC-3
(karboksil funksional qruplu) kationiti ilo sorbsiyasmnin tarazliq soraiti, kinetikasi Gyronilmis,
kinetik  parametrlor osasinda  termodinamik  komiyyatlori  hesablanmmigdir.  Secilon
konsentrasiyalarda proseslarin kinetikasi daxili diffuziyanin nozarati altinda olmasi qeyd edilmisdir.
Sorbsiya izotermlori qurulmus, Lenqmyiir vo Freyndlix modellori toklif olunmusdur. Biitiin hallarda
secicilik istilik ayrilmasi vo entropiyanin azalmasi ilo entalpiya amili torofindon idars olunur.
Sorbsiyanin aktivlogsmo enerjisi, sorbost enerji, aktivlosmo entropiyasi vo diffuziya omsallart kimi
parametrlorin  doyismosi miixtolif amilloro goéro doyisir. Termodinamik parametrlorin
hesablanmasinda ionit fazasinin idealligi miioyyon edilmis, basqa sozlo, sorbsiya olunmus ionlarin
ionit fazasinda foalliq omsallar1 nozors alinmamisdir.

Acar sozlar: ionit, iondayisma, Zn’*, Cu’*, Cd** va Pb*" ionlari, sorbsiya izotermlari, Lengmyiir
va Freyndlix modellari, kinetik va termodinamik parametrlor
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Introduction

Environmental pollution with toxic metals occurs globally through military, industrial, and
agricultural processes and waste disposal (Duffus, 2002: 793-807). Metals that are released or
transported into the environment can undergo transformation and affect the environment, public
health, and the economy. Among the methods used for the removal of heavy metals in high
concentrations, sediment-filtration, ion exchange, etc. should be considered.

The purpose of the presented research is to propose a cationite that meets the technological
requirements by studying the sorption of Cu?*, Zn?>*, Cd** and Pb*" ions to Dowex MAC-3 cationiti and
to calculate the parameters characterizing the processes (Abbasov, Jafarli, Heydarova, Memmedova,
2017:42-47; Jafarli, Abbasov, 2017: 449-462; Pehlivan Erol, Altun Turkan, 2006: 149-156).

Experimental part. Sorption of studied ions from aqueous solutions with a concentration of
0.5-5.0 gMe-L! with H'-form cationite was carried out under static conditions, at room
temperature, in the pH range of 5-6. The ratio between the mass of the sorbent and the volume of
the solution was 1:100. The limiting sorption capacity of the cationite for the studied ions was
determined by the method of saturation of the samples in H" form in solutions of varying
concentrations. The acidity of the initial and equilibrium solutions was measured with a pH meter
Acvilon pH-meter-pH 410.

Residual concentrations of studied ions in solution and after sorption were determined by
complexonometric method using pyridyl-azo-naphthol-PAN (Cu?"), eriochrome black T (Zn** and
Cd?") and xylenol orange (Pb?") (Shvartsenbakh, Flashka, 1970: 562). Residual amounts of studied
ions in equilibrium solutions were determined in a Thermo Scientific iCE 3500 atomic absorption
spectrometer. The amount of absorbed Zn(II), Cu(II), Cd(II) and Pb(II) ions was calculated from the
equation A (mg/g):

A= (Co- C)V/ m (1).

The kinetics of the processes was studied by the "limited volume" method with solutions with an
initial concentration of 1.0 gMe-L"!, the values of the effective diffusion coefficients were calculated
from the equation proposed by G. Boyd and colleagues (Boyd, Adamson, Myers, 1947).

F :Ql = I—L Lexpr— Dr 2n2t (2)
/QOO 2 Z }

7’12 L v, 02

There the rate of change of F-ions; Qt and Qoo-show the amount of sorbed ion corresponding to
the time t (when the sample is taken for analysis, sec.) and the time when the equilibrium is

established:
Bt=Dn’t/r* (3).
i 0

Bt is called dimensionless parameter or Fourier measure of homochrony. The values of the
effective diffusion coefficients were calculated by this formula:

D=8, -r}/t-n’4)

r- indicates the average radius of the swollen ionite grain in cm. Values of the effective
activation energy - Ea were calculated from the Arrhenius equation:

D =Dy exp(~E,y, | RT (5)

based on the dependence of the values of the effective diffusion coefficients on temperature
InD-(1/T)-10°. Entropy of activation (AS*) values was calculated from the equation proposed by
R.M. Barrer et al (Barrer, Bartholomew, Rees, 1963: 51-62):
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D, = d?(ekT/ h)-exp(AS* / R) (6).

In this equation, d is the jump distance of the ion in diffusion (this is assumed to be 0.5 nm), k is
the Bolstman constant, h is the Plank constant, T is the absolute temperature, and R is the universal
gas constant. The entropy multipliers is calculated by the formula A? -exp(AS/R) — proposed by
S.Gleston et al (Glasstone, Laidler, Eyring, 1941: 501):

D=e A>kT/h.exp(AS*/R).exp(-Eaxr/RT) (7).

Conclusion

Sorption with Dowex MAC-3 ionite occurs due to the replacement of functional groups of Me?*
ions by H" ions. The total sorption capacity of Dowex MAC-3 cationite (10.8 mg-eq/g) (9) and the
maximum values of the sorption capacity for the studied ions are characterized depending on the
acidity of the solution, the nature and concentration of the components. The high swelling capacity
of cationite (swelling coefficient = 2.85) confirms the macroporous structure of the functional
groups involved in the sorption process (Harju, Krook, 1995: 431-436). Maximum removal of metal
ions is observed at pH 5.5-6.5.

The value of the change constant (especially in the sorption of copper and zinc ions) indicates
the high selectivity of the sorption. Cu?" isotherms have the greatest peak and convexity in the
initial parts. The observed differences in the sorption selectivity of the studied ions can be related to
the stability of their ionic and hydrate compounds. The absence of curves in the sorption isotherms
indicates that the absorption of the studied ions occurs mainly due to their interaction with the
functional groups of the cation exchanger.

Table 1.
Equilibrium parameters of adsorption of Cu?*, Zn?**, Cd** and Pb**- ions by
Dowex MAC- 3 (H* form) ionite

C(), Ce, A, P, , K, K, Kexc
gl gl mg.g-1 ml.g! % Lang Freund.

Cu?" - cation
0,5 0,029 47,1 1624,14 9420 8,64
1,0 0,076 924 1215,79 92,40 8,52 12,85
1,5 0,157 134,3 855,41 89,53 8,48
2,0 0,304 169,6 557,89 84,80 8,52
2,5 0,558 194,2 348,03 77,68 8,51
3.0 0,916 208,4 227,51 69,46 8,52 218.,7
4.0 1,792 220,8 123,21 55,20 8,62
5,0 2,649 235,1 88,75 47,02 -

Zn*" cation
0,5 0,05 45,0 900,00 90,0 5,37
1,0 0,13 87,0 669,23 87,0 5,33 8,46
1,5 0,262 123,8 472,52 82,53 5,33 204,1
2,0 0,475 152,5 321,05 76,25 5,35
2.5 0,784 171,6 218,87 68,64 5,35
3,0 1,17 183,0 156,41 61,0 5,30
4.0 2,052 194,8 9493 48,7 5,36
5,0 2,87 212,5 73,91 42.5 -

Cd?*- cation
0,5 0,06 44,0 733,33 88,0 3,61
1,0 0,145 85,5 589,65 85,50 3,64
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1,5 0,272 122,8 451,47 81,87 3,62

2,0 0,452 154,8 342,48 77,40 3,70

2,5 0,712 178,8 251,12 71,52 3,66

3,0 1,05 195,0 185,71 65,00 3,67

4,0 1,847 215,3 116,56 53,82 3,64

5,0 2,527 2473 97,86 49,46 -

Pb2" - cation

0,50 0,042 458 1090,47 91,6 5,10

1,00 0,102 89,8 880,39 89,8 5,17 45,71 2,59
1,50 0,195 130,5 669,23 87,0 5,17
2,00 0,336 166,4 495,24 83,2 5,29
2,50 0,575 192,5 334,78 77,0 4,96
3,00 0,870 213,0 244,83 71,0 5,21
4,00 1,663 2337 140,53 58,42 5,34
5,00 2,40 260,0 108,33 52,0 -

Convex parts of sorption isotherms from the wusing of Langmuir equation (7):
A=Amax. K-C/1+K-Ce is converted to a linear form: 1/A=1/Amax + 1/Amax'’K-1/C¢ (7). Absorption of
ion cations is expressed linearly with a high correlation coefficient in Co/A-Ce coordinates (R? =
0.97-0.98). This allows us to reliably calculate the maximum absorption value - Amax and the value
of the change constant K from the dependence. From the obtained results, it is possible to compile
the selectivity series for the sorption of studied ions by the studied sorbent at concentrations of 0.5-
5.0 gMe-I'": Cu?™> Zn?>™> Cd*"> Pb?*": 7,4; 6.5; 4,4 vo 2,51 meq/g. The indicated range corresponds
to the variation of the removal rate of metal ions in the range of 94.6-74.5%. Polyampholyte with
carboxyl functional group was found to be the most effective sorbent for the studied ions. This is
shown in the sorption isotherms and diagram (Figure 1-2).

Experimental materials show that the accuracy of the Langmuir equation, the source of
processes, can be expressed with certain deviations. The Freundlich equation — x/m=a-C." includes
a and n lg x/m-1gCt also depends on the graph (Freundlich, 1906: 385-470). In graphical
dependence, the length of the segment cut from the ordinate axis gives the value of a, and the
tangent of the angle formed by the straight line with the abscissa axis gives the value of n. But the
Freundlich equation can only satisfy the initial parts of the sorption curves: (0.15-0.9 g/l for Cu?,
0.05-0.3 g/l for Zn?*, 0.05-0.3 g/l for Cd*>* and 0.04-0.6 g/l for Pb?" ions). At the same time, the
maximum sorption values of these ions are quite different in a wide concentration range and reach a
maximum value of 2.51 (for Pb%") -7.40 (for Cu?" ions) mg eq/g. The resulting isotherms are
described by the following equations:

Dowex MAC-3: Cu*" A=235,1(8,54 £+ 0,05)-Ct/1+(8,54 + 0,05)Ct  A=218.7-Ct*?3

Zn**A=212,5(5,34 £ 0,06)-Ct/1+(5,34 £ 0,06)Ct  A=204-1Ct%*
Cd?**A=247,3(3,65 + 0,06)-Ct/I+-(3,65 £ 0,06)Ct  A=331,0-Ct"’
Pb?*A=260,0(5,18 + 0,08)-Ct/I+(5,18 £ 0,08)Ct ~ A=457,1-Ct*78

40



TOBIOT VO ELM Beynolxalq elmi jurnal. 2023 / Cild: 5 Say1: 7/37-43 ISSN: 2707-1146
NATURE AND SCIENCE International scientific journal. 2023 / Volume: 5 Issue: 7/37-43 e-ISSN: 2709-4189

300

A, mg/q

250 A

200

150

—m— Cu®
—e—Zn*
s Cg*
v— Pb*

100

50+

ctma/l

T = T T T T T T T

T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Fig.1. Sorption isotherms of Cu?*, Zn**, Cd** and Pb**- ions by the studied Dowex MAC-3
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Fig. 2. Sorption diagram of Cu?**, Zn**, Cd** and Pb**- ions by the studied
Dowex MAC-3 ionite

The study of the kinetics of the processes shows that the sorption equilibrium is established
within 2.5-3 hours in all cases. A simple and reliable "kinetic memory", in other words partition
method, was used to determine the boundary phase in practice. The increase of the sorption rate
compared to the initial rate in all cases after the partition confirms that the processes are under the
control of internal diffusion. At low levels of saturation, the dependence of -log(1-F) on time is not
expressed by a straight line, while at higher values of saturation (F>0.5-0.6), the dependence obeys
a straight line. The expression of the dependence of the degree of saturation F on t? up to values of
0.4-0.5 by a straight line from the coordinate origin and the quantities calculated for the absolute
values of the Bio criterion (Bi>50), (12) once again confirm that the studied processes are under the
control of internal diffusion (Fig. 3). At optimal pH sorption of ions, the highest value of the
internal diffusion coefficient is realized by Pb?" ions. All results were statistically analyzed
according to standard methods. The experimental error did not exceed 5% for three parallel
experiments. As the temperature increases, the sorption rate increases sharply during the first
minute of contact of the ion exchanger with the solution and then gradually decreases until an
equilibrium state is reached.
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Fig. 3. Dependence of the degree of saturation of the studied ions with
Dowex MAC-3 ionite on t!2

As the temperature increases from 25°C to 55°C, the speed of processes increases by about 1.5-
2.5 times. During the sorption of lead and cadmium ions, the increase in temperature is more
obvious. The higher the activation energy, the more intense the temperature change and sorption
rate. The values we obtained for the activation energies are typical for the sorption processes
occurring in the internal diffusion region (Fig. 4) (Chromatography, 2003-2004: 453).
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Fig. 4. Graphs of temperature dependence of absorption of studied ions by
Dowex MAC-3 ionite

The thermodynamic parameters of ion sorption studied by polyampholyte were calculated
assuming the ideality of the ionic phase, in other words, without taking into account the activity
coefficients of the sorbed ions in the ionic phase. As it is known, one of the most important energy
parameters of any chemical process, especially sorption processes, is the thermal effect of the
reaction (Valdman, Panfilov, 1979: 479). The enthalpy change of the system was studied in all
cases at 298 K, the obtained results were evaluated according to 1 mole. In all cases, the sorption of
ions is accompanied by the release of heat (AH<0). The relationship we established between the
increase in selectivity of sorption and the decrease in entropy holds true in all the systems we
studied. For small values of the entropy product, the case of faster formation of sorption equilibrium
is characteristic. Entropy product values were calculated according to (Glasstone, Laidler, Eyring,
1941: 501). The obtained results confirm the fact that thermodynamic quantities are characterized
by minimal values for sorption processes that proceed at high speed and selectivity. It can be argued
that the selectivity is controlled by the enthalpy factor in all the systems we have investigated with
heat release and entropy reduction. The value of the entropy coefficient for copper ions is lower
than for other ions. This indicates a faster establishment of sorption equilibrium, which is confirmed
by experimental data. Since Dowex MAC-3 is characterized by a very high (10.4 mg-eq/g)
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exchange capacity, its large number of functional groups makes sorption processes more efficient.
The values of the diffusion coefficients and other kinetic and thermodynamic parameters calculated
with it also confirm the claim (Table 2). Dowex MAC-3 ionite half-time period values are as
follows: (21.78 min for Cu?"; 22.36 min for Zn?"; 23.46 min for Cd?>* and 24.30 min for Pb?" ions)
(Adsorption analysis: equilibria and kinetics, 1998: 913).

Table 2.
Kinetic and thermodynamic parameters of sorption of Cu?* Zn?**, Cd** and Pb**- ions by
Dowex MAC 3 ionite. (ro=0.063:2=0.0315 c¢m)

D;107 Do.10* E., AS?, AHO, AG?, K A 2expASR 1078 om?
cm?sec | cm%sec | kC/mol | C/mol.K | kC/mol | kC/mol

Dowex MAC 3 -Cu?*

264 | 092 | 1450 | -5098 | -21,50 | -632 | 1285 | 5,44

Dowex MAC 3 - Zn2"

226 | 1,76 | 16,50 | -4556 | -1887 | -529 | 846 | 1043

Dowex MAC 3 - Cd*"

198 | 395 | 1880 | -3885 | -150 | -342 | 398 | 2337

Dowex MAC 3- Pb?"

144 | 7476 | 2690 | -1440 | -1440 | -236 | 259 | 442,45

9]
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MACRO ELEMENT REQUIREMENT AND FERTILIZER RECOMMENDATION
ON SOIL ANALYSIS RESULTS FOR WHEAT AND SUNFLOWER
AS BASIS OF OUR FOOD

Abstract

In a growing world, growing polarity between the rich and the poor is getting more and more
distinct, there comes a huge problem of food shortage. For many years, scientists have been
working consistently, conducting researches for an optimal solution to this problem. One of the
main solutions to this food crisis is to properly supplement the essential nutrients that plants uptake
from soil. In theses, a solution to the problem is given in successful studies increasing both yield
and quality coefficients of plants. In fertilizer analysis of this research, farmers will be able to find
the fertilizer uptake of their soil, which in turn, will help in calculating costs beforehand in terms of
high-yield production rates and lesser finances spent.

Keywords: nutrient uptake of plants, macronutrient elements, nitrogen, phosphorus, potassium,
wheat, sunflower, assessment of analysis results, fertilizer determination
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Qidamizin 3sasim taskil edon bugda va giinabaxanda makro element t3labi vo
torpaq analizi naticasindd giibra tovsiyasi

Xiilasd
Boyliyon diinyamizda, boyiiyon kasib vo varli qiitblosmasi hor kecon giin daha da forqini
gostorarkon, ortaya boyiik qida ¢atigmazligi problemi ¢ixir. Bu problemin halli iigiin illordir alimlor
todqiqat vo arasdirmalar aparir. Qida ¢atismazliginin holl yollarindan biri do bitkilorin torpagdan ala
bilocayi qida elementinin tam olaraq ona verilmasidir. Belo todqiqatlarin noticosinds bitkilords hom
mohsuldarliq hom do keyfiyyat gostoricilorinde ytiksolmolor goriilmiisdiir. Bu moqaloda giibra
analizi etdirmis hor bir tosorriifat sahibi okin sahasine lazim olan giibronin miqdarin1 hesablaya
bilocok vo daha yiiksok mohsul ilo yanasi lazim olan maliyys xorclorinin hesablanmasinda da
komoklik ala bilocokdir.
Acar sozlor: bitkinin gida almasi, makro elementlor, azot, fosfor, kalium, bugda, giinabaxan,
torpaq analiz naticasina ray bildirilmasi, giibra tayini

Introduction
One of the first conditions of happiness is that the link between man and nature shall not be broken.
Leo Tolstoy

Just as we humans get nutrients from the food we eat, similarly, plants get their nutrients from
the soil. Of the 118 chemical elements found so far, for plants, only 17 of them are known as
essential nutrient elements. Nutrient elements are also divided into 3 different classes based on their
uptake ratio. The nutrients that plants consume the most are macro elements, then comes micro
elements which trace elements and then there is ultra-micro elements which scientists are still
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working on and their importance for plants is being investigated. The aim of our study is to
calculate the Nitrogen (N), Phosphorus (P) and Potassium (K) ratio in the soil based on the results
of soil analysis in wheat and sunflower, which are the main foods of the world due to
overproduction, and to illuminate the ways of calculating the fertilizer uptake necessary for plants.

Plants need at least 17 plant nutrient substances or elements to grow and improve optimally.
Three of these elements are Hydrogen, Carbon and Oxygen. These elements are divided into micro,
macro and ultra-micro elements. Essential plant nutrients Carbon, Hydrogen, Oxygen, Nitrogen,
Phosphorus, Potassium, Calcium, Magnesium and Sulfur are used in higher amounts than others
and these are called macronutrients (Janan, 2004).

% Ppm -
- Hydrogen 6 om0
m ¥ e
ome E R
_ 30.1 0.2 (0.1-05) _
— e
— —
. Fenm  Fe 55.8 10050250 | FeLFe

Table 1. Essential elements and their suitable compounds for plants

Plant nutrients necessary for the growth of most plants and some properties related to them.

Plants are fed with macro, micro and ultra-micro elements. The importance of ultra
microelements for plants, about which researches are still made, is learned mostly in growth and
biofortification trials. We know that there are 61 of 94 elements in total in human body, but how
and how much of 33 of those elements are still being learned. We know that these ultra-
micronutrients come to us from the foods we eat, but when we exclude 17 of those 61 elements as
micro and macro, we get 44 ultra-micro elements (Aydemir, Nasrin, 2003).
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growth. Because there are no Nitrogen
compounds in the bedrock of the soil and

Figure 1. Deficiencies of nutrients viewed
from leaves.

the inorganic material derives from the -
bedrock. The source of Nitrogen in nature o :
is the atmosphere. Apart from this, there is m

a significant amount of Nitrogen in the ;
hydrosphere and living things. The main <
reservoir of Nitrogen in the soil is organic /
matter. As a result of the decomposition of

organic matter over time, plants can benefit

from the Nitrogen contained in it

(Boshgelmez, Boshgelmez, Savashchi, ﬁ /
Pasli, 2001).

Nitrogen takes place in the structure of
many important organic compounds in
plants. Proteins, Amino Acids, Nucleic
Acids, Enzymes, Chlorophyll, ATP, ADP are important organic compounds containing Nitrogen
(Aktas, Ates, 1998; Boshgelmez, Boshgelmez, Savashchi, Pasli, 2001).

Type Macronutrient elements Micronutrient elements
Carbon (C)
Mostly uptaken by air or water Hydrogen (H) _

Oxygen (O)

Nitrogen (N) Ferrum (Fe)

Phosphorus (P) Manganese (Mn)
. Potassium (K) COPP er (Cu)
Uptaken from soil Calcium (Ca) Zinc (Zn)
Magnesium (Mg) Mol}llg‘bdenu(rirl3 )(Mo)
Sulph S oron
ulphur (5) Chlorine (CI)

Table 2. Macronutrient and Micronutrient elements uptaken through air, water & soil

The total amount of Nitrogen in the soil is generally between 0.02 - 2.5 %. It may be less than
0.02 % in surface soils or more than 2.5 % in organic soils. Most of the total Nitrogen present in the
soil (96 - 98 %) is in organic form. A small part of it is available in Ammonium, Nitrate and other
inorganic forms (Erzurum, 1993).

Symptoms of Nitrogen Deficiency. Nitrogen is necessary for the formation of new cells in the
plant. In Nitrogen deficiency, the growth rate of plants decreases.
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Potassium deficient

Healthy

Phosphate deficient

Figure 2. Deficiencies of major macronutrient elements observed

It adversely affects the vegetative growth of the plant. Leaf and stem system becomes very
weak. Similarly, root growth and especially branching in roots weakens. Blooming and fruit yield
rate decreases and fruits remain small. The general appearance of the plants becomes light green
instead of dark and vibrant green. Leaf Area Index (LAI) decreases and photosynthesis occurs less
frequently. If the deficiency is more severe, chlorosis is seen on the leaves. Chlorosis occurs as
homogeneous yellowing of the leaf (tissue). When Nitrogen deficiency increases, the leaves turn
brown and die (Aktas, Ates, 1998; Boshgelmez, Boshgelmez, Savashchi, Pasli, 2001).

Excess Nitrogen Potassium, Copper, Boron
Excess Phosphorus Potassium, Calcium, Zinc, Ferrum, Copper
Excess Potassium Magnesium, Boron
Excess Zinc Manganese, Ferrum, Copper
Excess Manganese Zinc, Ferrum
Excess Ferrum Phosphorus, Manganese
Excess Copper Zinc, Manganese, Ferrum

Table 3. Excessive uptake of a nutrient element adversely affecting uptake of other elements

Nitrogen Antagonism. Excess Nitrogen prolongs the vegetative growth period of the plant,
delays blooming and reduces sugar synthesis. It causes late ripening in fruits. Excess Nitrogen
reduces resistance to diseases (especially fungal diseases) (Aktas, Atesh, 1998; Boshgelmez,
Boshgelmez, Savashchi, Pasli, 2001).

B = N

Molibden M608) s

-ym

Figure 3. NH4" being Antagonistic and/or Synergistic with chemical compounds in fertilizers
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Figure 4. NO3™ being Antagonistic and/or Synergistic with chemical compounds in fertilizers

In addition, while excess Nitrogen reduces the resistance of plants to breaking, it also causes
delayed harvest.

Nitrogen Determination Methods in Soil. For determination of total Nitrogen, generally
Kjeldahl and Dumas methods are used. The Dumas method, basically is a dry burning method.

The Importance of Phosphorus in Plant Nutrition. The source of Phosphorus in the soil is the
Apatite mineral. Apatite mineral is found in flour Apatite or Hydroxyapatite compositions. In
general, crystalline Schists such as Quartzites, Phyllites and Mica schists contain little Phosphorus,
whereas Basalt and similar basic igneous rocks contain more Phosphorus. Phosphorus, which is
released by the breakdown of rocks and minerals, can be used by plants. In addition, as there is
Phosphorus in the structure of organic matter, there are also organic Phosphorus compounds in soil
(Aktash, Atesh, 1998)

Plants need Phosphorus as it is necessary for the formation of ATP, sugars and Nucleic Acids.
ATP, which transfers energy in the plant, is one of the most important of these compounds. It is
necessary for the formation of DNA that determines the genetic characteristics of the plant.
Phosphorus plays an important role in cell division, blooming and fruit formation. It accelerates the
maturation of plants. It forms basis for the uptake of Potassium by plants. It increases the resistance
of the plant against diseases and pests. It regulates the uptake of water by plant roots and ensures
effective use of water (Aktas, Atesh, 1998; Boshgelmez, Boshgelmez, Savashchi, Pasli, 2001).

Symptoms of Phosphorus Deficiency. Phosphorus deficiency is noticed earlier in young plants
that need more Phosphorus compared to older plants. In addition, Phosphorus deficiency may occur
in cold (wet) soils at the beginning of the vegetation season. In Phosphorus deficiency, generative
organs such as flowers, fruits and seeds are damaged the most. Growth regresses in plants with
Phosphorus deficiency. The formation of shoots and buds in fruits and trees is reduced. Leaves
become darker green than normal. Root growth of plants is weakened. The resistance of the plant
against frost events and diseases decreases (Aktas, Atesh, 1998; Boshgelmez, Boshgelmez,
Savashchi, Pasli, 2001).

Phosphorus Antagonism. The effect of excess Phosphorus on plants occurs mostly indirectly.
On the other hand, as Phosphate ions are tightly held in the soil, it becomes difficult for plants to
absorb Phosphate ions.

Therefore, excess Phosphorus in plants is not a common situation. In the case of excess
Phosphorus, micronutrient deficiencies such as Zinc and Ferrum may occur, alongside, Calcium,
Boron, Copper and Manganese deficiencies may also occur (Aktas, Atesh, 1998).
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Phosphorus content of plants is usually between 0.2 - 0.8 % of their dry weight. In case of
deficiency, this rate falls below 0.1 %. Phosphorus is more in the seeds and fruits of the plant than
in the leaves and other parts. In general, the Phosphorus level of soils varies between 0.02 % and
0.15 %, of which a very small portion (1 - 2 %) can be taken up by plants (Sezen, 2002).

e

Bor (803)
7,69%

Magnezyun (Mat+)

It

Molitude 1604)
Y.EOW ) é Siner)ix & Ant

Figure 5. PO4* being Antagonistic and/or Synergistic with chemical compounds in fertilizers

Phosphorus exists in two forms in soil-organic and inorganic. Plants benefit from inorganic
orthophosphates dissolved in soil water. Almost all of the Phosphorus in plants and soil is found in
the form of Phosphorus Pentoxide (P20s).

The Importance of Potassium in Plant Nutrition. Potassium in soil is formed as a result of
the disintegration and disintegration of rocks containing Potassium minerals such as Potassium
feldspars (complex and micro-line) or micas (muscovite and biotite). It is also found in the soil as
secondary or clay minerals. Potassium plays a fundamental role in multiple events that occur in
plants. It is used by plants in the activation of many Enzymes and Coenzymes, in Photosynthesis,
protein formation, Starch formation and sugar transfer. It increases the cell sap and thus the plant's
water balance and its resistance against drought. It has positive effects on surviving summer
drought and frost resistance (Brady, 1990). Potassium increases the resistance of plants against
diseases. Potassium, which ensures the maturation of the seed, also provides the growth of the root
system of the plant. It plays a role in the formation of Chlorophyll; however, it is not included in the
structure of Chlorophyll. It does regulations in the opening and closing of stomatal cells in plant
leaves and in the uptake of water by stem cells. It eliminates the negative effects of excess Nitrogen
in the soil. Potassium delays early growth and prevents the damage of insufficient seed filling
caused by the early ripening effect of Phosphorus. In plants that receive sufficient Potassium, water
loss by transpiration decreases (Brady, 1990; Boshgelmez, Boshgelmez, Savashchi, Pasli, 2001).

Potassium is mostly found in the young leaves, the young and fast-growing parts such as root
tips and buds of the plant. Potassium moves continuously through the plant and when it is found in
excess in the old parts, it is carried to the younger parts.

The most important function of Potassium is its role in opening and closing of stomata of the
leaves for transpiration (water evaporation) and Photosynthesis. At this time, when in the daylight,
that is, when the sun is up, Potassium with Hydrogen gathers around the stoma and opens the
stoma, allowing the plant to evaporate water and release Oxygen gas into the atmosphere. In the
absence of light, Potassium and Hydrogen move away from the stoma and cause the stoma mouth to
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close. When there is no enough Potassium, as there is no good transpiration and Photosynthesis, it
can cause yellowing in the color tissues around the leaves, and it can cause the plant to lessen yield
and to dry out completely (Arnon, Stout, 1939: 371-385).

Potassium Deficiency Symptoms. Potassium deficiency is more common in plants grown on
sandy, light-textured soils. In plants, immediate visible symptoms are not observed. First, there
becomes a regression in the growth rate, then Chlorosis and Necrosis are seen. The leaf margins
first turn yellow, then the color turns dark brown in these parts. If the deficiency is very severe,
these parts turn black. Turgor pressure decreases in plants suffering from Potassium deficiency and
when water stress occurs, plants become brittle textured. Drought and frost resistance is reduced.
The formation of xylem and phloem tissues in plants regresses (Aktas, Atesh, 1998; Boshgelmez,
Boshgelmez, Savashchi, Pasli, 2001).

Potassium would be supplemented from soil in many forms. Natural ash is the most used by
farmers. When ash is used, by enriching the soil with Potassium, we also reinforce other nutrients.
However, Nitrogen and Nitrogenous compounds (Amino Acids) are not found in the ash because
they are only present in living cells. The use of ash as a source of Potassium has a positive effect on
the physical and chemical structure of the soil, and when it is used excessively, the soil becomes
hard.

Potassium Antagonism. The existence of excess Potassium in soil does not have a harmful
effect on plants unlike excess Nitrogen or excess Phosphorus. However, it is reported that excess
Potassium negatively affects the Manganese uptake of plants (Boshgelmez, Boshgelmez, Savashchi,
Pasli, 2001). Potassium is mostly found in the young leaves, root tips and also in young and fast-
growing parts such as buds of the plant. The existence of excess Potassium in the soil does not have
a harmful effect on plants unlike the excess Nitrogen or excess Phosphorus. Excess Nitrogen can
adversely affect Potassium, Copper and Boron deficiency and uptake (7able 3).

Azot (NO3-) Sinerjik 8 Antagonist
760% 22.08%

Cinl;u Znet)

Dou;m(b)

Figure 6. K* being Antagonistic and/or Synergistic with chemical compounds in fertilizers

I. Wheat (Triticum aestivum L.)
Requirements:

1. pH: ranges from 6.5 up to 8.5

2. EC: 6.0
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3. ®IMax Nitrogen uptake amount of wheat from soil (as NH4 -N, NO2 -N composition): 21.6
kg/da

4. *¥?Max Phosphorus uptake amount of wheat from soil (as P205 compound): 5.9 kg/da

5. ®™3Max Potassium uptake amount of wheat from soil (as K20 compound): 22.7 kg/da

Soil Property Measure Method Analysis Result
Sand: 12
Components % Hydrometer Clay: 5.2
Silt: 36
PH Potantiometric 1:2.5 8.09
EC MS/cm Conductometric 1:2.5 0.75
Lime % Calcimetric 42.78
Organic Substance % Walkey-Black Titrimetric 2.34
Total Nitrogen % Theoretical 0.12
Uptakeable P ppm Olsen-Spectrophotometric 61.9
Uptakeable K ppm AA-ICP 454
Uptakeable Ca ppm AA-ICP 5546
Uptakeable Mg ppm AA-ICP 677
Uptakeable Fe ppm DTPA-ICP 8.13
Uptakeable Mn ppm DTPA-ICP 7.08
Uptakeable Zn ppm DTPA-ICP 1.93
Uptakeable Cu ppm DTPA-ICP 13.07
Uptakeable B ppm Hot Water Ext. 0.5

Table 4. Soil analysis results by several properties and methods

Fertilization is important for the productivity of wheat, which is the main food of human
consumption. Correct application of fertilization also affects the quality values in yield and
increases the market value. Wheat, which has high nutritional value, has many uses, but it also
affects the storage time. It is observed that the amount of protein in wheat increases when Nitrogen
fertilization is done on time and in sufficient amount (Bergmann, 1992).

Calculation Of Nitrogen (N) Requirement of Wheat.

1. First step is to convert the analysis result to decares (gives % (percent) kg amount).

In area of 1 decare (0 - 25 cm thick) exists 200 x 1.25 = 250000 kg of soil.

Ifin 100 kg of soil < exists 0.12 kg of total Nitrogen (N),
250000kg & X

X =0.12x250000/100

X =300kg

Retakei: In 1 decare of soil (~20 cm thick, 250000 kg), exists total of 300 kg Nitrogen (N).

2. First year, useful amount of total Nitrogen for the plant is calculated (it’s 50 % for total
Nitrogen (N)).

Ifin 100 kg of total Nitrogen < 50 kg is useful
In 300 kg total Nitrogen < X

X =50x%300/100

X =150 kg Nitrogen (N)

3. Total Nitrogen’s (N) useful amount for the plant NO3-N and NH, -N is calculated (gets 2.5
% or 3 %).
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Figure 7. Chemical structure of Ammonium Nitrate

Ifin 100 kg of total Nitrogen (N) & exists 3 kg of NO3-N and NH4 -N,
150kg & X

X=3x150/100

X=45kg

Retake:: 4.5 kg of total Nitrogen found in 1 decare of soil is a Nitrate Nitrogen and Ammoniac
Nitrogen composition.

4.*Max Nitrogen (N) Uptake (K) Amount (M) — Nitrogen (N) Amount (M) Exist (B) in Soil
(T) =Nitrogen (N) Amount (M) Must (G) be Given (V) as Fertilizer (G)

(NKM — (NMBT = (NMGVG

21.6 kg/da —4.5 kg/da=17.1 kg/da

Retakes: If the *!max Nitrogen (N) uptake amount is greater, must give a fertilizer.

Retakes: If the Nitrogen (N) amount exist in soil is great enough, giving fertilizer is not needed.

5. Usefulness ratio of Nitrogen in fertilizer (60%).

If, of 100 kg Nitrogen fertilizer < 60 kg is useful to plant,

X © 171kg
X=100%17.1/60
X=285kg

6. Convert to fertilizer:

1) Urea: 46% N

2) DAP: (NH4),HPO4 18% Nitrogen (N) and 46% Phosphorus (P)

3) MAP: (NH4)HPO4 —12% N (Nitrogen) + 61% P20s (Phosphorus)

4) Potassium Nitrate: KNO3 Nitrate Nitrogen (N-NO3) 13%, water dissolvable Potassium Oxide
(K20) 45.5%

5) Nitric Acid: HNOj3; 68% Nitrogen (N)

Finding the required Urea amount for a decare of wheat field (Begon, Townsend, Harper, 2006):

1If 100 kg fertilizer < contains 46 kg Nitrogen,

X © 285ke
X =100 x 28.5 /46
X=61.95kg
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Figure 8. Plant’s nutrient uptake in relation to soil pH

Retakes: For 1 decare of wheat field, if farmer uses Urea fertilizer, 61.95 kg of fertilizer must

be used per decare.

v For 1 decare of wheat field require DAP: (NH4),HPOs 18% Nitrogen (N) and 46%

Phosphorus (P) amount.

If 100 kg fertilizer < contains 18 kg of Nitrogen (N),

X o 285kg
X=100x28.5/18
X =158.33 kg

Retakes: For 1 decare of wheat field, farmer must use DAP fertilizer as 158.33 kg per decare.
v For 1 decare of wheat field, required MAP: (NH4)(H2PO4) —12% N (Nitrogen) + 61% P20s

(Phosphorus) fertilizer.

If 100 kg fertilizer < contains 12 kg of Nitrogen,

X © 285kg
X=100x28.5/12
X =237.5 kg/da

Retake7: For 1 decare of wheat field, farmer must use MAP fertilizer as 237.5 kg/da.

Figure 9. Potassium Nitrate formula by its substance
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v’ For | decare of wheat field, required Potassium Nitrate: KNO3 Nitrate Nitrogen (N-NOs) 13%,
water dissolvable Potassium Oxide (K20) 45.5% fertilizer (Brown, Welch, Cary, 1987: 801-803).

If 100 kg fertilizer < contains 13 kg of Nitrogen (N),

X o 285kg
X=100x28.5/13
X =219.23 kg

Figure 10. Nitric Acid’s (HNQO3) structure

Retakes: In 1 decare of wheat field, farmer must use KNOs fertilizer as 219.23 kg/da.
v" For 1 decare of wheat field, required HNO3 68% Nitrogen (N) fertilizer.
If 100 kg fertilizer < contains 68 kg of Nitrogen (N),
X © 285kg
X=100x28.5/68

X=4191kg
Retakeo: For 1 decare of wheat field, farmer must use HNOs fertilizer as 41.91 kg/da.

Calculating Phosphorus (P) Requirement of Wheat (ppm)
1. First step is to convert to decares (250000 kg/da).

1. First step is to convert to decares (250000 kg/da).

2. First year, useful amount of total Phosphorus (P) in soil
for plant is calculated (%30).

P-2.29 =P20s5

4.22Max P,05 uptake of the plant — Amount of P,Oj5 exist
in soil = Amount of P20s must be given as fertilizer.

5. Usefulness ratio of P20s in fertilizer (%30).

6. Convert to fertilizer.

b -

Figure 11. Steps to follow to effectively calculate Phosphorus uptake in wheat
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kg/da=ppm % 0.25

kg/da=61.9 x 0.25

kg/da = 15475

2. First year, useful amount of Phosphorus (P) in soil for plant is calculated (%30).

1f, of 100 kg of Phosphorus (P) < 30 kg is useful,
15475kg & X

X=15.475%30/100

X =4.6425 kg

Retakei: In 1 decare of soil, 4.6425 kg of Phosphorus (P) is useful for plant.

3. Converting Phosphorus in soil to P2Os compound amount.

4.6425 kg/da x 2.29 =10.631 kg/da

4. *2Max P20s uptake amount of wheat — P20s amount exist in soil = P20s amount must be
given as fertilizer

Retake2: As 10.631 kg/da of Phosphorus (P) exist in soil is P20s, it is sufficient enough for
wheat. For 1 decare of wheat plant, ®?max Phosphorus (P205) uptake amount is 5.9 kg/da. Then
there is no need for fertilization (Brown, Welch, Madison, 1990: 19-27).

Calculating Potassium (K) Requirement of Wheat (me / 100 gr)

1. First step is to convert the analysis result to decares.

me/100gr = K (ppm)/390

K (ppm) =me/100gr x 390

kg/da = ppm x 0.25

kg/da =454 x 0.25

kg/da=113.5

Retake1: Because of soil analysis result is set as 454 ppm (see Table 4), there is no need for
conversion.

2. First year, useful part of Potassium (K) in soil for plant is calculated (40%).

If, of 100 kg Potassium < 40 kg is useful,

1135 & X

X=454kg

3. Convert Total Potassium (K) in soil useful for plant to K2O compound, find its amount (K x
1.2 =K20).

454 x1.2=K20

K20 =54.48 kg/da

4. ™3Max K20 uptake amount of wheat — K20 amount exist in soil = K20 amount must be
given as fertilizer

5. Usefulness ratio of K20 in fertilizer.

6. Convert to fertilizer.

Retake:z: 54.48 kg/da Potassium (K20) exist in soil is fully sufficient for the wheat plant.
Annually, for wheat plant, *3max Potassium (K20) uptake amount from soil is 22.7 kg/da,
therefore, there is no need for fertilization.

Saturation in Water % 63 TS 8333 : 1990
Clay Ratio % 8.48 Bouyocus Hydrometer Method
Silt Ratio % 31.71 Sandy Loam Bouyocus Hydrometer Method
Sand Ratio % 59.81 Bouyocus Hydrometer Method
pH 21.5°C/pH 7.72 Saturation Mud
EC / Salt 21.5°C-mS/m 6.02 Saturation Mud
Organic Substance % 12.24 Walkley Black
Kire¢ (CaCs) % 9.79 Calcimeter
Nitrogen (N) % 0.01 Spectrophotometer
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Phosphorus (P) pPpm 381 Spectrophotometer
Potassium (K) ppm 110.00 Spectrophotometer

Calcium (Ca) pPpm 25440 Spectrophotometer
Magnesium (Mg) pPpm 90.00 Spectrophotometer
Manganese (Mn) ppm 1.68 Spectrophotometer
Ferrum (Fe) pPpm 0.29 Spectrophotometer

Copper (Cu) ppm 0.29 Spectrophotometer

Table 5. Sample soil analysis sheet

I1. Sunflower (Helianthus annus L.)
Requirements:
1. pH: ranges from 6.0 up to 7.2
2. EC: range from 2 up to 4 mmhos/cm
3. #Max Nitrogen uptake amount of sunflower from soil (as NH4 -N, NO2 -N composition):
6.5 kg/da
4. 32Max Phosphorus uptake amount of sunflower from soil (as P05 compound): 4.1 kg/da
5. 33Max Potassium uptake amount of sunflower from soil (as K20 compound): 36.0 kg/da
Sunflower’s Nitrogen (N) Requirement & Increasing Nitrogen in Soil
1. First step is to convert the analysis result to decares (% (percent) kg amount given).
In area of 1 decare (0 - 25 cm thick) exists 200 x 1.25 = 250000 kg of soil.
Ifin 100 kg of soil & exists 0.01 kg of Nitrogen (N),
In 250000 kg of soil & X
X =250000x0.01/100
X=25kg(N)
Retakei: Total 25 kg of Nitrogen (N) exist in 1 decare of soil (250000 kg).
2. First year, useful amount for plant is calculated (it’s 50% in total Nitrogen (N)).
If, of 100 kg total Nitrogen < 50 kg is useful,

25kg/da & X
X=50x%25/100
X=12.5kg

3. Total Nitrogen’s (N) useful amount for the plant NO3-N and NH, -N is calculated (gets 2.5%

or 3%).
Ifin 100 kg of Nitrogen < exists 3 kg of NO3-N and NH4 -N composition,
125 & X

X=12.5%3/100

X=0.375kg

Retake2: 0.375 kg of total Nitrogen exist in 1 decare of soil as a Nitrate Nitrogen and
Ammoniac Nitrogen composition.

4. 'Max Nitrogen (N) Uptake (K) Amount (M) of sunflower — Nitrogen (N) Amount (M) Exist
(B) in Soil (T) = Nitrogen (N) Amount (M) Must (G) be Given (V) as Fertilizer (G)

(N)KM — (NMBT = (NMGVG

6.5 kg/da — 0.375 kg/da = 6.125 kg/da

Retakes: If the *!'max Nitrogen (N) uptake amount is greater, must give a fertilizer.

Retakes: If the Nitrogen (N) amount exist in soil is great enough, giving fertilizer is not needed.

5. Usefulness ratio of Nitrogen in fertilizer (60%).

If, of 100 kg fertilizer < 60 kg is useful,

X © 6.125kg
X =6.125 % 100/ 60
X =10.208 kg

6. Convert to fertilizer:
1) Urea: 46% N
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2) DAP: (NH4)>HPO4 18% Nitrogen (N) and 46% Phosphorus (P)

3) MAP: (NH4);HPO4 —12% N (Nitrogen) + 61% P20s (Phosphorus)

4) Potassium Nitrate: KNO3 Nitrate Nitrogen (N-NO3) 13%, water dissolvable Potassium Oxide
(K20) 45.5%

5) Nitric Acid: HNO;3 68% Nitrogen (N)

For 1 decare of sunflower field, DAP and MAP amount of required Nitrogen need;

Notei: As we know, in sunflower cultivation, if feeds 24.984 kg/da of DAP fertilizer to soil,
apart from Phosphorus, it also provides 4.497 kg of Nitrogen (N) nutrient to the soil.

Notez: As we know, in sunflower cultivation, if feeds 100.219 kg of Potassium Nitrate fertilizer
to soil, apart from Potassium, it also provides 13.028 kg of Nitrogen (N) nutrient to the soil.

4497 +13.028 =17.525 kg

Retakes: In 1 decare of sunflower field, as sunflower’s ®'max Nitrogen (N) uptake amount is
6.5 kg/da, after giving DAP and MAP fertilization through soil, it does also provide that soil with
more than enough of Nitrogen (N) nutrient, too (Ilyas, Omar, 2017: 218-228).

Calculating Phosphorus (P) Requirement of Sunflower (ppm)

1. First step is to convert to decares (250000 kg/da).

2. First year, useful amount of total Phosphorus (P) in soil for
plant is calculated (%30).

3. Convert the Phosphorus in soil to P20s compound.

; P-2.29=P:0s

4. 2Max P,05 uptake of the plant — Amount of P,O; exist in
soil = Amount of P20s must be given as fertilizer.

5. Usefulness ratio of P20s in fertilizer (%30).

(.; 6. Convert to fertilizer.

Figure 12. Steps to follow to effectively calculate Phosphorus uptake in sunflower

1. First step is to convert to decares (250000 kg/da).

kg/da = ppm x 0.25

kg/da=3.81 x 0.25

kg/da =0.952

2. First year, useful amount of Phosphorus (P) in soil for plant is calculated (30%).

If of 100 kg Phosphorus < 30 kg is useful,

0952 & X

X=0.925%x30/100

X=0.285kg

3. Convert the Phosphorus in soil to P05 compound.

P x2.29 =P,0s

0.285 x 2.29 = 0.652

Retakei: For 1 decare of sunflower field, amount of P20s exist in 1 kg/da of soil is 0.652 kg.

4. »2Max P,Os uptake amount of sunflower — Amount of P>Os exist in soil = Amount of the
P>,Os must be given as fertilizer
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4.1-0.652=3.448 kg ;
Retake:: To 1 decare of field, given P20s amount is 3.448 kg. A
5. Usefulness ratio of P2Os in fertilizer (%30). ; XS
If, of 100 kg fertilizer < 30 kg is useful, e N J ik

X © 3448kg = 0

X=100x3.448/30

X=11.493 kg

Retakes: For 1 decare, required useful P20s amount is set to
11.493 kg.

6. Convert to fertilizer:

1) Urea: 46% N

2) DAP: (NH4),HPO4 18% Nitrogen (N) and 46% Phosphorus (P)

3) MAP: (NH4),HPO4—-12% N (Nitrogen) + 61% P20s (Phosphorus)

4) Potassium Nitrate: ~ KNOj3 Nitrate Nitrogen (N-NO3) 13%, water dissolvable Potassium
Oxide (K20) 45.5%

5) Nitric Acid: HNO;3 68% Nitrogen (N)

Required DAP amount for 1 decare of sunflower field:

v DAP: (NH4),HPO4 18% Nitrogen (N) and 46% Phosphorus (P)

If 100 kg of DAP fertilizer < contains 46 kg of P20s,
X © 11493 kg

X=100x11.493/46

X =24.984 kg/da

If 100 kg of DAP fertilizer < contains 18 kg of Nitrogen (N),

24984 & X

X=18x%24.984/100

X =4.497 kg/da (N)

Retakes: For 1 decare of sunflower field, required DAP (Di Ammonium Phosphate) amount is
24.984 kg/da.

Note1: For sunflower cultivation, if feeds 24.984 kg/da of DAP fertilizer to soil, apart from
Phosphorus, it also provides 4.497kg of Nitrogen (N) to the soil.

Required MAP amount for 1 decare of sunflower field:

v' MAP: (NH4);HPO4 —12% N (Nitrogen) + 61% P20s (Phosphorus)

Ifin 100 kg of MAP fertilizer < exists 61 kg of P20,

X & 11493 kg

X =100 x 11.493 /61

X =18.840 kg/da

Ifin 100 kg of MAP fertilizer < exists 12 kg of Nitrogen (N),

18.840kg © X

X=12x18.840/100

X =2.260 kg/da (N)

Retakes: For 1 decare of sunflower field requires MAP (Mono Ammonium Phosphate) amount
of 18.840 kg/da.

Notez: In sunflower cultivation, if feeds 24.984 kg/da of MAP fertilizer to soil, apart from
Phosphorus, it also provides 2.260 kg of Nitrogen (N) to the soil.

Calculating The Potassium (K) Requirement of Sunflower (me / 100 gr)
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1. First step is to convert the analysis result to decares.

kg/da = ppm x 0.25

kg/da=110 % 0.25

kg/da=27.5

2. First year, useful amount of Potassium (K) in soil for plant is calculated (here 40%).
If, of 100 kg of Potassium (K) < 40 kg is useful,

275k & X Figure 13. Illustration of

X=40x27.5/100 .
sunflower plant getting
X=11kg essential nutrient elements
3. Useful amount of total Potassium (K) for plant in soil as KaC co.ipovin w0 cinvurnins (an X
1.2 = K20).

Kx12=KO
I1x12=132

4. *Max K,0 uptake amount of sunflower — Amount of K»O exist in soil = Amount of KO
must be given as fertilizer

36.0 kg/da K20 — 13.2 kg/da K20 = 22.8 kg/da K20

5. Usefulness ratio of K,O in fertilizer.

Ifin 100 kg of fertilizer < 50 kg K>O is useful,

X & 22.8kg/da K20

X =100 x22.8/50

X =45.6 kg/da K20

6. Convert to fertilizer:

1) Urea: 46% N

2) DAP: (NH4)HPO4 18% Nitrogen (N) and 46% Phosphorus (P)

3) MAP: (NH4),HPO4—-12% N (Nitrogen) + 61% P20s (Phosphorus)

4) Potassium Nitrate: KNO3 Nitrate Nitrogen (N-NO3) 13%, water dissolvable Potassium Oxide
(K20) 45.5%

5) Nitric Acid: HNO3 68% Nitrogen (N)

Potassium Nitrate amount required for a 1 decare of sunflower field:

v’ Potassium Nitrate: KNO;3 Nitrate Nitrogen (N-NOs) 13%, water dissolvable Potassium
Oxide (K20) 45.5%

Ifin 100 kg of fertilizer < exists 45.5 kg of K20,

X © 45.6kg

X=100x456/454

X =100.219 kg/da

Ifin 100 kg of fertilizer < exists 13 kg of Nitrogen (N),

100.219kg & X

X=100.219x13/100

X =13.028 kg (N)

Retakei: For 1 decare of sunflower field, required Potassium Nitrate amount is 100.219 kg/da.

Notez: In sunflower cultivation, if feeds 100.219 kg/da of Potassium Nitrate fertilizer to soil,
apart from Potassium (P), it also provides 13.028 kg of Nitrogen (N) nutrient to the soil, per se.

Conclusion

As mentioned about the nutritional requirements of plants and the problems caused by feeding
excess amount of nutrients, also emphasized the importance of macro elements in plants. In the
article, on 2 plants and as a result of 2 soil analyses, carried out calculations of nutrients' amount
exist in soil and to be fed as in fertilizers needed by the plant. For wheat plant, Nitrogen deficiency
was observed in soil, but Potassium and Phosphorus reserves in soil has been found to be in
sufficient amounts. As for sunflower plant, the deficiency of all of those three major macronutrients
has been observed, and then calculating the amount of fertilizer required after getting opinion on the
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soil analysis of those elements to determine their existing amounts in soil. According to the results
of analyses, the sunflower plant requires more fertilization compared to wheat. Afterall, can
instantly say, if follows these parameters and techniques of fertilization in the field, both high yield
and high quality of wheat & sunflower is expected.

10.

11.

12.

13.
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