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Xiilasa

Mogqalodo miiasir ¢iloyici texnikalarmin konstruktiv vo texnoloji xiisusiyyatlori, onlarin inkisaf
istigamotlori vo totbiq olunan innovativ hollorin ¢iloma prosesinin somorsliliying, ekoloji
tohliikesizliyina vo pestisid sorfinin optimallagdirilmasina tesiri aragdirilir. Miixtalif tipli (asquls,
gosqulu vo Oziiyeriyon) ciloyicilorin is¢i organlarmin tokmillosdirilmasi, avtomatlagdirilmis
idaroetmo vo nozarot sistemlorinin, peyk naviqasiyasi vo doqiq okingilik texnologiyalarinin
totbiginin emalin boraborliyino vo pestisid itkilorinin azaldilmasina tosiri tohlil olunur. Eyni
zamanda, hava pardosi, injektor tipli ¢ilayicilor, miiasir stanq stabillogsdirmo sistemlori vo filtrasiya
qurgularinin bitkilorin miihafizasindo bioloji effektivliyin artirilmasinda rolu qiymatlondirilir.
Tadqgiqatda miiasir ¢iloyici texnikalarinin konstruktiv vo texnoloji xtisusiyyotlori sistemli gokildo
tohlil edilmis, avtomatlasdirilmis idaroetmo vo GPS osasli diferensial verilmo sistemlorinin ¢ilomo
prosesinin somaraliliyino tosiri elmi cohotdon osaslandirilmisdir. ilk dofs olaraq miixtolif ¢ilomo
texnologiyalarmin (hava pordasi, injektor tipli ¢iloyicilor vo ekranlagdirilmis pliskiirtmo sistemlori)
pestisid itkilorinin azaldilmasi1 vo ekoloji tohliikesizliyin artirilmast baximindan miiqayisali
qiymatlondirilmasi aparilmigdir. Alinan naticalor ¢iloma prosesinin optimallagdirilmas: tiglin yeni
elmi yanasmalarin formalasdirilmasina imkan verir. Todqigat materiallarindan kond tosorriifati
miiossisalorinds, fermer tosorriifatlarinda, eloco do aqrar saho iizro todris vo metodiki vasaitlorin
hazirlanmasinda istifads oluna bilor.

Acar sozlor: c¢iloyici texnikasi, pestisid sorfi, ¢ilomo borabaorliyi, ekoloji tohliikosizlik,
avtomatlasdirilmis idaraetma sistemlori, GPS naviqasiya, daqiq akingilik

Giris

Miiasir kond tesarriifatinda pestisidlorin samarali vo ekoloji cohatdon tohliikesiz totbiqi bitki
miihafizasi tadbirlorinin asas amillorindondir. Pestisidlorin artiq istifadasi hom otraf miihits monfi
tosir gostorir, hom do iqtisadi itkiloro sobob olur. Bu sobobdon ¢iloyici texnikalarinin
tokmillosdirilmosi  vo doqiq totbiq texnologiyalarmin genis totbiqi kond tosorriifatinda
mohsuldarligin artirilmasi, kimyavi sorfin azaldilmasi va ekoloji tohliikasizliyin yiiksaldilmasi tigiin
mithiim todqiqat istiqgamoti kimi aktualligin1 qoruyur. Son illor doqiq okingilik vo agilli ¢ilomo
sistemlori lizorindo aparilan todqiqatlar pestisid sorfinin azaldilmast vo emalin keyfiyyotinin
artirtlmasi ii¢lin yeni hollorin islonib hazirlanmasina yonalib.

Todgiqgatin asas hipotezi odur ki, miiasir ¢iloyici texnikalarinin avtomatlasdirilmis idaroetmo
sistemlori, GPS osash diferensial verilmo vo digor doqiq okingilik texnologiyalarmin totbiqi
noticasinds pestisid sorfi azaldila, ¢ilomo boraborliyi vo ekoloji tohliikasizlik saviyyesi iso
ohomiyyatli deracads artirila biler.
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Bu moévzu ilo bagh digor todqgiqatlarida gostormok olar:

Miiasir daqiq ¢iloma sistemlori

Agilli vo doyison normali ¢ilomo texnologiyalar1 pestisidlorin  timumi istifadosini
ohomiyyatli deracads azaldir, eyni zamanda xastaliklore qarsi tosir giiclinii qoruyur. Misal ii¢lin
doyison normali ¢ilomo texnologiyasinin totbiqi limumi piiskiirtmo hocmindo 43 % azalma ilo
xastalik nozaratini tomin etmisdir.

Pestisid istifadasi effektivliyi

PUA tipli ¢iloyicilorlo miixtolif 1is siirotlorindo aparilan todqiqatlar gostorir ki,
optimallagdirilmig parametrlor pestisid istifadesinin effektivliyini anonovi ¢iloyicilordon daha yaxsi
soviyyado yiiksaldir.

Agilh sensorlarla ¢ilomo

Real-zaman sensorlarla tochiz olunmus doqiq ¢iloma sistemlari pestisid vo digor kimyovi
maddaolarin totbiqini daha hadofli edir vo kimyovi maddslorin istifadasini azaldir [9, s.1].

Cilomo prosesini daha somorali vo ekoloji tohliikesiz etmok {i¢iin miixtolif 6lkolords vo
aragdirmalarda robotik, masin-gérma asasli vo digor agilli texnologiyalar iizorinds is aparilir.

Bu todqiqatlar gostarir ki, ¢iloyici texnikalarinin inkisafi yalniz texniki yeniliklorlo deyil,
eyni zamanda pestisid istifadosinin azaldilmasi vo otraf miihitin qorunmasi sahasindo do miihiim rol
oynayir.

Bu todqiqatin mogsodi miiasir ¢iloyici texnikalarinin  konstruktiv vo  texnoloji
xlisusiyyatlorini, onlarin avtomatlagdirilmis idarsetma vo GPS/doqiq okingilik sistemlori ilo
totbiqinin pestisid sorfi, ¢ilomo boraborliyi vo ekoloji tohliikesizlik gostoriciloring tosirini sistemli
sokildo arasdirmaqdir [4, s.54]. Todqgiqatin noticolori osasinda ¢ilomo texnologiyalarinin
somaraliliyinin  artirllmast  vo  totbiq optimallasdirilmas1  {iciin  elmi osasli  tovsiyalorin
formalagdirilmasi planlagdirilir.

Tadgiqat obyekti vo niimuna bazasi

Tadgiqatin obyekti miiasir kond tasorriifatinda istifado olunan ¢iloyici texnikalar1 vo onlarin
bitki miihafizasi tadbirlorinds totbiginin texnoloji xiisusiyyatloridir. Toadqiqat ¢or¢ivasindo stangli vo
Oziiyeriyon c¢iloyici masinlarin konstruktiv qurulusu, is¢i parametrlori vo avtomatlagdirilmis
1daraetma sistemlori tohlil edilmisdir.

Tadgigatin niimuns bazasini miixtslif 6lkslords istehsal olunan va kond tosorriifatinda genis
tatbiq edilon miiasir ¢iloyici modellari toskil edir. Bu modellora John Deere, Agrifac, Berthoud,
Amazone va digor istehsalgilarin ¢iloyici texnikalar: daxildir.

Niimuns bazasinda ¢on tutumu, is¢i eni, nasos mohsuldarligi, idaroetmo sistemlori vo ¢ilomo
texnologiyalart kimi texniki gostoricilor iizro forqlonon ¢iloyici modellori nozors alinmigdir.
Miiqayisali tohlil zaman1 miixtalif ¢iloma texnologiyalarinin (dayison normali ¢iloma, hava dastoyi
ilo ciloma, GPS osash idaroetmo vo ultrahocmli ¢ilomo texnologiyasi) pestisid sorfino, ¢ilomo
barabarliyina va ekoloji tohliikasizlik gostaricilaring tasiri qiymatlondirilmisdir.

Tadqiqat zamani aldo olunan moalumatlar elmi odabiyyat monbaolorinin tohlili, istehsalcilarin
texniki gostoricilori  vo modvcud texnoloji parametrlorin  miigayisoli analizi  osasinda
timumilosdirilmisdir.

Materiallar vo metodlar

Tadqiqat miiasir ¢iloyici texnikalarinin konstruktiv va texnoloji xiisusiyyatlorinin, hamginin
onlarin pestisidlorin totbiqi somaraliliyina tosirinin qiymatlondirilmasi magsadilo aparilmigdir.
Arasdirmada kond tesorriifatinda genis istifade olunan miixtalif tip ¢iloyici masmlarin texniki vo
texnoloji gostaricilori miiqayisali sokilds tohlil edilmisdir.

Todgiqatin material bazasini aparici istehsalcilarin ¢iloyici texnikalart togkil etmisdir. Bu
moagsadlo John Deere, Agrifac, Berthoud vo Amazone firmalarinin istehsal etdiyi stanqli, qosqulu
vo Oziiyeriyon ¢iloyici modellorinin texniki gostoricilori nozors alinmigdir. Niimunos kimi ¢on
tutumu 15004500 litr, is¢i eni 18—51 m vo nasos mohsuldarligi 280-550 1/doq diapazonunda olan
cilayicilar se¢ilmisdir.
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Todqgigat zamani asagidaki osas texniki parametrlor qiymotlondirilmisdir:
e nasos moahsuldarligi va is¢i tozyiq (2,5-4,0 bar);

forsunka tipi vo damei1 6lgiisii (150-300 pm);

¢ilomo normasi (100-300 I/ha);

is¢i eni vo aqreqatin harokot siirati (615 km/saat);

¢ilomo baraborliyi vo pestisid itkilori.

Cilomo prosesinin  keyfiyyotinin qiymaotlondirilmasi {iglin bitki sothindo damcilarin
paylanmasinin boraborliyi, pestisidlorin totbiq normasi vo damci sovrulmasi gostoricilori nozors
alimmigdir. Damcilarin paylanma boraborliyi saho iizro yerlosdirilmis xiisusi indikator kagizlari
vasitasilo giymotlondirilmis vo alinan naticolor miiqayisali sokildo tohlil edilmisdir.

Tadqiqat ¢orgivosindo hom ononovi stangli ¢ilomo tisulu, hom do miiasir doqiq ¢ilomo
texnologiyalar1 — doyison normali ¢iloma, hava dostoyi ilo ¢ilomo vo GPS asasli idaroetmo sistemlori
miigayisali sokildo arasdirilmisdir. Bu texnologiyalarin pestisid sorfino va ¢ilomo keyfiyyating tosiri
miioyyan edilmisdir.

Toplanmis molumatlarin emali igilin miigayisali tohlil vo statistik qiymotlondirmo
metodlarindan istifado olunmusdur. Statistik hesablamalar zamani orta qiymot (M), standart
konarlasma (£SD) vo faiz gostoricilori miioyyon edilmisdir. Noticolorin etibarliliginin
qiymatlondirilmasi li¢iin variasiya amsali (V, %) hesablanmis vo miixtalif ¢iloms texnologiyalarinin
gostoricilori miiqayiso edilmisdir.

Aparilmis metodoloji yanasma c¢iloyici texnikalarinin texniki parametrlorinin pestisid
sorfing, ¢ilomo boraborliyine vo bitki miihafizasi todbirlorinin ekoloji tohliikasizliyino tasirini
kompleks sokildo qiymstlondirmoys imkan vermisdir.

Cilayicilorin isinin samaraliliyinin qiymatlondirilmasinds osas meyarlar is¢i mayenin
sarfinin vo pestisid itkilorinin azaldilmasi, bitkilorin emalinin boraborliyinin artirilmasidir. Bu iso,
ilk novbado, osas is¢i orqanlarin tokmillosdirilmosi, texnoloji prosesin idars olunmasi iigiin
kompiiterlosmonin genis totbiqi, o ciimlodon pestisidlorin diferensial verilmosi texnologiyasinin
hoyata kegirilmasi magsadilo peyk naviqasiya sistemlarindon istifads hesabina alds olunur [8, s.1].

Cilayicilorin inkisafinda miihiim tendensiyalardan biri onlarin ekoloji tohliikasizliyinin
artirtlmasidir. Bu, bir sira amillorin birgs tasiri ilo tomin edilir. Homin amillars pestisid mahlulunun
cilomo keyfiyyatinin yiiksaldilmasi, bitkilorin zodelonmaesinin vo masinlarin tokerlori torafinden
torpagin sixilmasinin azaldilmasi, yeni ekoloji cohatdon tohliikasiz ¢iloma texnologiyalarinin totbiqi
va s. daxildir [6, s.215].

Ovvalki nasil ¢ilayicilorlo miigayisado yeni modellorin oksariyystinin konstruksiyasinda is
gostaricilorini optimallagdirmaga imkan veron miitoraqqi elementlor nozorde tutulmusdur: yeni,
daha keyfiyyatli vo mohsuldar nasos aqreqatlart va tozyiq tonzimloyicilori (esason xarici istehsal);
yerli vo xarici istehsal olan, tokmillogdirilmis keyfiyyot gostoricilorine malik ciloyicilor; is¢i
mohlulun daha yiiksok keyfiyyotlo tomizlonmosini tomin edon filtrasiya sistemlori, homg¢inin
ciloyicilorin kommunikasiya xotlorinin ayri-ayr1 sahslorinde vo hor bir ¢iloyici lizerindo ayrica
quragdirilan slava filtrlor; 15¢i eni tonzimlonan, torpaga tozyiqi azaldilmis sinlorls tochiz edilmis,
traktorun izi ilo “addimbaaddim”™ herokst etmo imkani olan horokst hissasi; manes ilo togqqusma
zamani qirilmadan qorunmaya malik, bolmalor {izro qosulub-sondiiriilo bilon stanglar; ¢iloyicilorin
is¢i conlori kimyovi cohatdon davamli materiallardan hazirlanir, hidravlik vo ya injektor tipli
qarigdiricilarla tochiz olunur [10, s.693]. Yerli istehsal modellorindo yuyucu su ii¢iin slavo ¢onlor
maocburi avadanliq hesab olunur, bir sira modellords iso is¢i mohlulun hazirlanmasi iiglin tutumlar
movcuddur. Texnoloji prosess nozarat edon avtomatlagdirilmis sistemlor totbiq olunmaga baglanir.

Xarici istehsal ¢iloyicilar {iglin do yerli modellora xas olan eyni tendensiyalar xarakterikdir:
1§ eninin, is¢i ¢onlorin tutumunun vo mohsuldarhigin daha da artirilmast davam etdirilir; mévcud
ekoloji tohliikesizlik normalarma riayst etmoklo emal keyfiyyatinin yliksaldilmasine boyiik digqot
yetirilir; avtomatik nozarat vo idarsetma sistemlorinin tatbiqi genislondirilir [1]. Bu sistemlor yalniz
is¢i maye sorfinin normasinin tonzimlonmosi {iclin deyil, homginin stanqn voziyyatinin
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stabillosdirilmosi, is basa catdigdan sonra ¢iloyicilorin yuyulmasi vo saho iizro horokotin
stabillogdirilmasi iiciin do hazirlanir. Onlarin inkisafinin miiasir vo perspektivli istiqamati daqiq
(koordinatl1) okingilik texnologiyalar1 soraitindo islomoyo imkan veron sistemlorin yaradilmasidir.
Xarici ¢iloyicilordo osas qovsaqlarin yerlosmosinin prinsipial hidravlik sxemi sokil 1-do
gostarilmisdir. Oziiyeriyan ¢iloyicilor istehsal edon bozi firmalar onlar1 elektriklo isloyan soyuducu
konteynerloarla do tochiz edirlor.

«John Deere» firmasi (ABS) 800 seriyali miiasir qosqulu va 6ziiyeriyan ¢iloyici modellarini
togdim edir. Yeni 840 qosqulu ¢ilayici kicik sahalor vo orta hocmli islor iigiin nozords tutulmusdur.
Onun konstruktiv xiisusiyyatlorine stanqin voziyyatinin elektron stabillogdirma sistemino malik yeni
asq1, boru xotlorinin avtomatik doldurulmasi {i¢iin vakuum sistemi, homg¢inin ¢iloyicinin traktorun
izini doqiq tokrarlamasina imkan veron avtomatik qosqu mexanizmi daxildir.

Cilayici tutumu 4 min litro godor olan ¢on, 24-39 m is¢i enino malik (iigqat gqatlanan) stang,
mohsuldarligt 280460 1/doq olan nasosla tochiz edilmisdir. Tolob olunan giic 80 a.g.-dir.
Doldurulmus vaziyystds ¢iloyicinin kiitlasi 7880 kq toskil edir.

800 seriyali ciloyicilor «Twin Fluid» tipli, hava-damei qarisig1 yaradan, damcilarin bitki
sothindo daha yaxsi saxlanmasini tomin etmoklo piiskiirtmo keyfiyyotini artiran mocburi hava
verilisli forsunkalarin totbiqi, is eninin vo is¢i ¢onlorin tutumunun artirilmasi, stanq boélmolorinin
secmo gaydada sondiiriilmosi imkani, daginma zamani stanqin ikigat vo ya ligqat qatlanmasi,
puskiirtms prosesinin elektron nozarati vo «GreenStar» monitoring sistemi ilo forqlonir.

4710 vo 4720 modelli 6ziiyeriyon ciloyicilor sos izolyasiyali, yaxsilasdirilmis goriiniiso
malik kabina, iz eninin hidravlik tonzimlomo sistemi, manes ilo toqqusduqda gatlanan, zorbayo
davaml stanq ucluqlarn ilo tochiz edilmisdir. Cilayicilor pestisid sorfi normasini idars edon miiasir
sistemo malikdir ki, bu da 15-don 356 1/doq araliginda ii¢ programlasdirila bilon norma se¢gmoys vo
qurasdirmaga imkan verir. Sonraki analiz {iglin emal olunmus sahonin 6l¢iisii, sorf edilmis kimyavi
maddonin hacmi va is vaxti avtomatik olaraq qeydo alinir. Diagnostik sistem miiharrikin firlanma
tezliyi do daxil olmaqla masinlarin is parametrlorini daim nozarotds saxlayaraq pestisidlorin verilmo
normasina doqiq riayat olunmasini tomin edir.

«Challenger» firmasinin (ABS) SPRACOUPE 4460/4660 6ziiyeriyon ciloyicilori do digqsto
layiqdir. Onlar 125 a.g. giictindo miihorrik, 1575 I tutumlu ¢on, 18,3 vo ya 24,4 m is enino malik
stangla tochiz edilmisdir. Ciloyicilorin klirensi 122 sm-o qodordir, arxa tokerlorin iz eni iso 1,84—
2,75 m araliginda tonzimlonir. Kiitlolori miivafiq olaraq 6278 vo 6383 kq-dir.

«Agrifacy firmast (Niderland) torofindon istehsal olunan «Condor» dziiyeriyon ¢iloyici 51
m-o qodor stanq is eni, 4 min litrodok ¢on tutumu, 150-225 sm diapazonunda avtomatik
tonzimlonon iz eni vo 110 sm-o godor klirenso malikdir (sokil 1 va 2).

Sakil 1. «Condor» oziiyeriyan cilayici
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Sakil 2. “Condor” ¢ilayicisinin konstruktiv xiisusiyyatlari:

a — cilayicilorin qosulmast va sondiiriilmasi iiciin pnevmatik bashq;b — miixtalif ol¢iilii
tokorlor;c — hava va is¢ci mayenin qarigdirma sistemi;d — hidravlik idaraetmali besyollu asas
klapan;e — ¢onlarin yuyulma sistemi olan tutum.f — avtomatik yaglama sistemi;g — ¢ondoki is¢i
mahlulun saviyyasini gostoran elektron indikator;h — izlorin va donma zolaginmin izlonmasi ii¢iin GPS
sistemi.

O, miiharrikin vo piliskiirtma prosesinin kompiiterlosdirilmis idaroetmo sistemi ilo tochiz
olunmusdur ki, bu da pestisid sarfini 10 %, yanacaq sorfini iso 30 % azaltmaga imkan verir. s siiroti
50 km/saat, mitharrikin tolob olunan giicii 190 a.g.-dir.

«Berthoud» firmas1 (Fransa) 200 a.g. giiclinds miiharrik, 4,2 min litr tutumlu ¢on, aliiminium
stanq (is eni 3644 m), 550 1/doq mohsuldarliga malik iki turbinli merkezdonqa¢ma nasosu, vahid
idaroetmo qollu hidrostatik transmissiya ilo tochiz olunmus miiasir «Raptor» Oziiyeriyon ciloyici
istehsal edir.

Ciloayicinin hermetik kabinasi kondisioner, radiogobuledici ilo tochiz olunmus, panoram
goriiniiso vo komfortlu oturacaga malikdir.

«Agco» korporasiyasina daxil olan «Ag-Chem» firmast (ABS) «Rogator» vo «Spra-Coup»
seriyal1 0ziiyeriyan ¢iloyicilori toqdim edir. «Rogator» seriyali tam 6tiiriiciilii 6ziiyeriyon ¢iloyicilor
elektron 1idareetmoli, turbokompressorlu vo mocburi hava ilo soyudulan miiharrikls; qaz
amortizatorlu, tonzimlonon yayl asqi ilo; ligndqtali asqiya vo rezin izolyasiyaya malik, 360° baxis
bucagi veron panoram On siisoli, radiogobuledici vo soyuducu ilo tochiz edilmis kabina ilo;
stanglarin avtomatik stabillogdirilmosi sistemi ilo; genis profilli sinlora vo 3048-3860 mm
diapazonunda tonzimlonon iz enino malik tokarlorls; Falcon II vo Raven SCS 661 elektron
idaroetmo sistemlari ilo tochiz olunmusdur.

«Spra-Coup» seriyali tam otiirticiilii 6ziiyeriyon ciloyicilor turbomiihorrikli dizel miihorriki
vo tam elektron nozarot sistemi; iki 6n hidromotorda qurasdirilmis “yas” tipli ¢oxdiskli aylaclar;
ayrica hidravlik nasosdan otiiriilon hidrostatik siikan idarsetmosi; pnevmatik asqili, ventilyasiyali,
panoram On siigali vo tam soffaf qapili, li¢ dayaq iizerindo qurasdirilmis kabina; asagi tozyiqli
sinloro vo 3,05-3,91 m araliginda tonzimlonan iz enino malik sassi; manes ilo toqqusduqda uclugu
va biitovliikde stanqr avtomatik geri ¢okilon stanqlarla tochiz edilir. Elektrik klapani vo Falcon I,
Raven 661 elektron sistemlori vasitosilo is¢i mayenin qarigdirilma intensivliyini mosafodon idaro
etmak imkan1 mévcuddur.

«Amazone» firmasi (Almaniya) daxili bazarda istifads {i¢iin qosqulu UX vo asqili UF
seriyali ciloyicilori toklif edir. UX seriyali ¢ilayicilor orijinal formali, keosicilorin totbiqini tolab
etmoyon, agsagl moarkoz agirligina malik kompakt is¢i ¢oni; coxqat amortizasiyali paralellogram tipli
stanq asqist sistemi; stabil, amortizasiyali qosqu stanqasi; ¢iloyicinin traktorun izini doqiq
1zlomosini tomin edon Trailtron elektron sistemi; ¢oxlu miqdarda bitki miihafizo vasitolorinin tez
verilmasi va ya kanistrlorin yuyulmasi {igiin injektorlu qarigdirict ¢on; qaliglarin durulagdirilmasi vo
ya ¢iloyici sistemlorinin hotta tam dolu is¢i ¢on zamani belo tomizlonmasi {igiin fasilosiz kegidli, iri
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tutumlu tomiz su ¢oni; Vario adli fasilosiz kecgid sistemino malik paylayict — hom tozyiq torofindo
(¢iloma, daxili va xarici tomizloma, baza mohlulun hazirlanmasi), ham do sorucu torafinds (gilomo,
yuma, doldurma) islomok imkani; tozyiqin tonzimlonmasi sistemi vasitosilo is¢i mayenin daimi
dovranini (ayr1 xatlorin sondiiriilmasi, hor déngado va noqgliyyat zamani da daxil olmaqla) tomin
edon macburi dovriyys DUS sistemi; miixtolif tipli stanqglarin genis ¢esidi ilo forglonir [5, s.1].

Yeni UX qosqulu ¢iloyicilo «Amazone» firmasi qosqulu ¢iloyicilorin hazirlanmasi {izro
moveud programini, ¢on tutumlart ilo forqlonan modellorlo tamamlayir. 3,6 min litr (UX 3200),
4,45 min litr (UX 4200) vo 5,46 min litr (UX 5200) tutumlu ¢onlorlo variantlar mévcuddur. Agirhiq
morkozinin olverisli yerlosmasi vo tam hamar divarlart olan ¢on tez vo asan tomizlonmoni tomin
edir. UX ciloyicilori 15-28 m is enino malik Super-S tipli stanglarla tochiz olunur. 2440 m is eni
diapazonu iso naqliyyat zamani 2,6 m-lik olduqca dar enodok qatlanan yeni Super-L stanglar ilo
tomin edilir. Stanqlar ¢onin hor iki yan torofindo yerlosdirilir.

Miuiasir ¢iloyici modellorinin osas texniki gostoricilorinin miiqayisoli tohlili codval 1-do
verilmisdir.

Cadval 1 — Miaasir ¢iloyici modellarinin 3sas texniki gostaricilorinin miiqayisasi

Model Con Isci eni Nasos Miihorrik || Xiisusi texnologiya
tutumu (1) (m) mahsuldarhg: giicii (a.g.)
(I/daq)
John Deere 840 | 4000 2439 280-460 80 GreenStar
monitoring sistemi
SPRACOUPE | 1005 || 183 244 _ 125 Tonzimlonon iz eni
4460
Agrifac Condor 4000 36-51 — 190 GP.S Vo komp‘.lter
1daroetmasi
Berthoud Raptor| 4200 | 36-44 550 200 Hidrostatik
transmissiya
Amazone UX Trailtron izloma
4200 4450 15-28 - - sistemi

UF seriyali asqilt ¢iloyicilor hocmi 1050-don 1980 litro godar olan ¢onlorlo tochiz edilir,
agirliq morkozinin optimal yerlogsmosi, Vario kecid sistemi, DUS sirkulyasiya sistemi vo miixtalif
tip stanqlara malikdir. Onlar maye mineral giibrolorin lokal verilmasi iiglin elastik slanglarla,
hamg¢inin xarici sahads va ya biitiin is eni boyunca ciloyicilori qoruyan metal borularla olave tochiz
oluna bilar. Genis tutumlu stanglar (28 m-a gadar) naqliyyat voziyyatino kompakt sokilde qatlanir
(2,4 m).

Almaniyanin “Lemken” firmasi hocmi 1,6—1,9 min litr olan ¢onlorlo yeni asqili ¢iloyicilor
seriyasinin istehsalini toskil etmisdir. Onlar 15-don 24 m-2 godor is eni olan aliiminium stanglar vo
Easyspray pestisid verilmo normasina nazarat sistemi ilo forqlonir.

Miiasir qosqulu ¢iloyicilor arasinda 27 m is enino vo 2-2,5 min litr hocmino malik ¢onlari
olan modelloar iistiinliik toskil edir; bu parametrlorin maksimal gostericilori miivafiq olaraq 42 m vo
13 min litro ¢atir. Oksor konstruksiyalarda nasoslar birbasa traktorun giic ¢ixis valindan (BOM)
kardanik mil vasitasilo horokoto gatirilir. ©Ogor traktorun hidravlik sistemi kifayat qodor giicliidiirsa,
ciloyici nasosu birbasa ondan isloya bilor. Giiclii qosqulu aqreqgatlar iigiin tez-tez bir ne¢o nasosdan
istifads olunur. Masalon, bir nasos is¢i mohlulu forsunkalara Otiiriir, digeri ise eyni zamanda
qarigdiricinin iglomasini tomin edir.

Emalin keyfiyystinin artirtlmasina vo xirda damcilarin sovrulmasinin azaldilmasina son
illordo bir sira dlkolordo (Danimarka, Almaniya, ABS, Fransa, Boyiik Britaniya, Israil va s.) genis
yayillmis hava pordosi olan stanglarin istifadesi komok edir. Bunun {igiin stanqin morkozi
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seksiyasinda oxlu ventilyator vo stanq seksiyalarinda ¢iloyicilorin kollektorlarina paralel borkidilon
elastik hava kanallar sistemi quragdirilir. Ventilyatordan hava kanallarina daxil olan hava, stanq
boyunca dar yariqdan ¢ixaraq sovrulmani azaldan pordo yaradir vo eyni zamanda is¢i mohlulunun
damcilarii qismen xirdalayib emal olunan obyekts istigamatlondirir.

Stanq is eni 36 m-o godor olan analoji “Alpha 2500 Twin Force” ¢iloyicisini Danimarkanin
“Hardi” firmasi da istehsal edir. Ciloyicilora hava axininin verilmasi sistemi bitkilorin hom yarpagin
10-15% azaltmaga imkan verir; aqreqatin harakat siiratini 10—15 km/saatadok artirmaqla ¢iloyicinin
mohsuldarligmi 2 dofodon c¢ox yiiksoldir; kiilokli havalarda qoruyucu todbirlorin aparilmasi
imkanlarin1 genislondirorok kiilok siiroti 7 m/s-o qodor oldugda damcilarin sovrulmasi vo
preparatlarin effektivliyinin azalmasi olmadan emala sorait yaradir; istigamotlonmis hava axini
xtsusilo funqisid vo insektisidlorlo emal zamani taxil bitkilorinin six siinbiil kiitlosi arasindan
pestisidlorin niifuz etmasino imkan verir [3, 5.45].

Hava pordesi olan Air Plus sistemli ¢iloyicilor Almaniyanin “Rau” firmasi torafindon
istehsal olunur.

Air Plus sistemi sahs islorini havanin temperaturu 30 °C-ya, kiiloyin siiroti iso 8 m/s-o qador
oldugda aparmaga imkan verir. Bu zaman (firmanin molumatia goro) kartofun emali zamani is¢i
mohluluna 40 %-o qodoar, danli bitkilorin ¢ilonmasi prosesinds iss 20 %-o qadar gonast olunur.

Stanqgl1 ¢iloyicilorin konstruksiyasinda istifado olunan ¢ilayicilora xiisusi toloblor qoyulur.
Onlar bitkilorin biitiin sothinin minimal itkilorlo keyfiyyatli ¢ilonmasini tomin etmolidir . Zoharli
kimyovi maddolorin mohlul itkilorinin azaldilmasi siniflori iizro boliinmiis 141 adda ¢iloyici
modelinin siyahisi1 tortib edilmisdir. Bu siyahiya osason, 68 model (masolon, turbokdpiiklii
cilayicilar) itkilori 50 %-o godor, 51 modifikasiya 75 %-o, 22 model iso 90 %-o godor azaldir
(masalan, lentvari ¢iloma va injektor tipli ¢iloyicilor).

Almaniyanin “Mantis ULV-Spriithgerdite GmbH” firmasi iso seqmentli firlanan “Rotofix”
ciloyicisini buraxir; bu qurgu tozyigsiz sokildo durulagdirilmamis preparatlart on xirda damcilar
formasinda saquli istigamotdo plskiirtmoys imkan verir vo tolob olunan ¢ilomo keyfiyyoti
saxlanilmaqla pestisidloro 80 %-o godor gonaot edir. Bununla yanasi, otraf miihitin ¢irklonmasi
aradan qaldirilir vo is¢i mohlulun hazirlanmasina sorf olunan vaxt azalir.

Bir sira xarici firmalar kiiloyin siirati 5-6 m/s-don artiq olduqda belo piiskiirmo bucagini
saxlamaq vo pestisidlorin borabor verilmosini tomin etmok {iclin ¢iloyicilori miixtalif ekranlarla
tochiz edirlor. Konus formali ekranlar goriiniisii mohdudlagdirmir, stanqi yiiklomir vo diger
ekranlardan foarqli olaraq is zamani is¢i mohlulunun yigilmasina sobab olmur.

Bozi firmalar (“Rau”, “Technoma”, “John Deere”, “Amazone” va b.) eyni model iiclin bir
nec¢o ndv stanq istehsal edir ki, bu da istehlak¢iya tolob olunan konstruksiyani segmoyo imkan verir.
Is eni 18 m-don artiq olduqda ¢iloyicilor gilomonin borabarliyini artirmaq mogsadilo stangin iifiiqi
vo saquli miistovilords sabitlosdirilmasi sistemlori ilo tochiz olunur. Bunun ii¢lin ononovi olaraq
miixtalif amortizasiya qurgulari, o ciimloden hidravlik qurgularla tochiz edilmis yelloncak veo sarnir-
gollu stabillogdirma sistemlarindon istifads olunur.

Bununla yanagi, yeni sistem vo qurgular da meydana ¢ixir: Z formali profilli dartqi ilo
paralellogram asqi sistemi (“John Deere” firmasi), stanqin hom uzununa, hom do enino
istigamatlorde stabillogdirilmasini tomin edon Parasol amortizasiya sistemi (“Jacoby”, Almaniya),
yellonmonin qarsisini alan qurguya malik HSS stabillosdirma sistemi (“Kverneland Groupe”),
pnevmo-hidroakkumulyatorlarla tochiz edilmis DPS Toprider sistemi (“Hardi”’) vo s.

Xarici firmalarin oksoriyyati ¢iloyicilorini elo stanqglarla tochiz edir ki, onlarin konar
seksiyalar1 manes ilo qarsilasdiqda geriyo vo yuxariya dogru yaymnaraq sinmanin qarsisini alir,
manead kecildikdon sonra iso ilkin voziyystino qayidir. Stanglarin gatlanmasi vo agilmasi, adston,
hidravlik iisulla hoyata kegirilir. Asqili agreqatlarda paket tipli iifiiqi vo ya saquli qatlanma iistiinliik
toskil edir, qosqulu vo 6ziiyeriyan ¢iloyicilords iso stanqlar masin boyunca qatlanir.

Hazirda asqili ¢iloyicilorin maksimal is eni 28 m-9, ¢onlorin hocmi iso 1,9 min litro ¢atir. ©On
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genis yayilmis modellor 21 m is enino malikdir, ki¢ik sahoslor {i¢iin iso 15 m stangli ¢iloyicilordon
istifado olunur. Asqili ¢ilayicilor, bir qayda olaraq, cihaz bloklar ilo tochiz edilir: is eninin (0
climlodon gismon) tonzimlonmasi ligilin klapan, osas doyismo klapani vo tonzimloyici klapan.
Qisman is eni li¢lin tonzimloma klapanlar1 ¢onin arxasinda, birbasa stanq iizorinds vo forsunkalara
yaxin yerlosdirilir ki, bu da klapanla forsunka arasinda tozyiq forqinin az olmasi hesabina zohorli
kimyovi maddo mohlulunun daha doqiq paylanmasini tomin edir. Tonzimloyici klapanlar osason
elektrik miiharriki vasitasilo uzaqdan idars olunur, lakin al ilo idars olunan klapanlar da mévcuddur.
Bir sira ¢iloyicilor traktorun hidravlik sistemi ilo olagesi olmayan, qapali konturlu miistoqil
hidravlik sistemlo tochiz edilir. Bu, yiiksok keyfiyyatli yaglardan istifade etmoys imkan verir,
hidravlik sistem hissalorinin istismar miiddotini uzadir vo stanqin emal olunan sothin iizorindo sabit
voziyyatdo saxlanilmasii tomin edir [7, $.239]. Traktor¢u kabinadon idaroetmo pultu vasitasilo
stanglar1 qatlayib-aca, onlar1 seksiyalar {izro sondiiro, hiindiirliiyiinii vo meyl bucagini doyiso bilor
ki, bu da saho konarlarinin emal1 vo miirokkob relyefds is zamani ¢ox olverislidir.

Bozi ciloyicilor ciicormodon sonraki dovrds sopin corgosi zonasinda zohorli kimyovi
maddolorlo emal tiglin ABS-1n “Teejet” firmasinin 23770 model xiisusi dostlori ilo tochiz olunur.

Xaricdo mohsuldarligi 403 1/dog-o godar olan membran-porsenli nasoslar, 550 1/dog-o qador
iso porsenli vo markozdongagma nasoslari genis yayilmisdir.

Cilayicilarin bir totbiq normasindan digarins yenidon tonzimlonmasi ii¢ilin tolob olunan vaxti
azaltmaq mogsadilo stanglar iizorino {ligdon besodok ¢iloyici uclugun qurasdirildigi korpuslar
(bashqlar) yerlosdirilir.

Isci conlor osason traktorun arxa hissesindo yerlosdirilir. “Amazone” firmasi iki is¢i ¢ona
malik yeni FT 1001-UF 1801 asqili ¢giloyici modelini toklif edir ki, onlardan biri &n hissads yerlosir.
Conin konstruksiyast onun hocmini 1,8 min litro godor artirmaga imkan vermisdir (golocokda
hocmin 2,8 min litra ¢atdirilmasi planlasdirilir). Cilayicinin konstruksiyasinin digor bir xiisusiyyeti
¢onlorde maye soviyyasina nozarat liciin Flow-Control elektron sistemindan istifade olunmasidir. O,
On vo arxa ¢onlorin doldurulma saviyyelarini bir-biri ilo uygunlasdirir, traktorun tokerlorine diison
yiikiin optimal paylanmasi {i¢iin 6n ¢ondo daha yiiksok soviyyoni saxlayir, hamginin is¢i mohlulun
qarigdirilma intensivliyini minimum kopiik amolo golmasi ilo idars edir. Giicii 147 kVt-a qader olan
on genis yayillmis traktorlarla aqreqatlagdirilan bu c¢iloyici konstruksiyasi kigik Oziiyeriyon
maginlara alternativdir. Qosqulu ¢iloyicilor adoton gqabariq vo ya giiclii derocodo yumrulasdirilmig
formali, kigik Olciilii diiz dibs vo asag1 yerloson agirliq morkozino malik is¢i ¢onlo tochiz olunur;
masalon, «Hardi» firmasinin (Danimarka) «Navigator» ¢iloyicisi.

Belalikls, c¢ondo pestisidlorin galiq miqdart minimuma endirilir vo ¢onin daha yaxsi
bosaldilmas1 tomin olunur. Buna ¢iloyicilorin resirkulyasiya sistemi ilo tochiz edilmesi do kdmak
edir. Ciloyiciler, traktorun izi ilo horokot etmo hesabina bitkiloro minimal zoror veron, tokor izi
tonzimlonan idara olunan oxlarla tochiz olunur [2]. Bir ¢ox g¢ilayicilor is¢i mahlul tigiin mexaniki vo
hidravlik qarisdiricilarla tochiz edilir. Aqreqatin isi zamani1 qarigdiricilar preparatin ¢cokmasinin
qarsisini alir; bu baximdan hidravlik qarigdiricilar Gistiinliik toskil edir.

Tokor izlorinin pillasiz tonzimlonmasi ¢iloyicini corgo aralarinda islomoayo uygunlasdirmaga
imkan verir. Ciloyicilorin isindo miihiim morhololor onlarin doldurulmasi, bosaldilmasi vo
yuyulmasidir. Adoton bu proseslorin idaroetma orqanlart “idarsetmo morkozi” adlanan hissads
comlanir vo daha ¢ox masinin sol torofinds yerlosir. Daha tokmil modellords is¢i ¢gonin doldurulmasi
vo bosaldilmast bort kompiiteri nozarsti altinda hoyata kegirilir. Elektron idaroetmo sistemlori
ciloyicinin daxili yuyulmasinda da istifado olunur ki, bu da torpaqda vo saoth sularinda qaliq
pestisidlorin miqdarin1 ohomiyyotli dorocods azaltmaga imkan verir. Mosolon, «Amazoney
firmasimin ¢ilayicilorindo ¢onin doldurulmasi, pestisid mohlullarinin qarigdirilmasi vo sistemlorin
yuyulmas: funksiyalar1 bort kompiiteri Amatron vasitesilo Comfort-Paket sistemi ilo hoyata
kegirilir.

Elmi yenilik

Todgiqatin  elmi yeniliyi miiasir ¢iloyici texnikalarmin konstruktiv va texnoloji
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xUsusiyyotlorinin  kompleks sokildo tohlili vo onlarin doqiq okingilik texnologiyalar1 ilo
integrasiyasinin pestisid sarfina vo ¢iloma keyfiyyatina tosirinin qiymatlondirilmasi ilo baglidir.

Tadgiqgat naticosindo asagidaki elmi yeniliklor oldo edilmisdir:

e Miiasir c¢iloyici texnikalarinin osas konstruktiv elementlori (stanq stabillogdirmo
sistemlori, hava dostoyi ilo ¢ilomo, avtomatlasdirilmis idaroetmo sistemlori vo s.) sistemli gokildo
tohlil edilmis vo onlarin texnoloji istiinliiklori miioyyon edilmisdir.

e GPS osaslt idareetmo vo dayison normali ¢ilomo texnologiyalarinin totbiginin pestisid
sorfinin azaldilmasina vo ¢ilomo boraborliyinin artirilmasina tosiri  miiqayisali  sokildo
qiymatlondirilmisgdir.

o Miixtolif ¢ilomo texnologiyalarinin (enanavi stangli ¢ilomo, hava dostoyi ilo ¢iloma, doqiq
cilomo vo ULV texnologiyasi) texniki vo ekoloji samaraliliyi miiqayisoli analiz edilmisdir.

e Ciloyici texnikalarinin texnoloji parametrlorinin optimallasdirilmas1 osasinda pestisid
sorfinin azaldilmasi vo bitki miihafizasi toadbirlorinin ekoloji tohliikesizliyinin artirilmast ii¢lin elmi
osaslandirilmis yanagma toklif edilmisdir.

Natico

1. Aparilmis miiqayisoli tohlillor gdstormisdir ki, ¢iloyici texnikalarin nasos vo piiskiirtmo
sistemlorinin asas parametrlori (tozyiq 2,5—4,0 bar, nasos mohsuldarligi 280-550 1/daq vo forsunka
tipindon asilt olaraq damci 6l¢iisii 150-300 pm) pestisidlorin bitki sathindo borabor paylanmasina
ohomiyyatli tosir gostorir. Miioyyon edilmisdir ki, optimal parametrlor totbiq edildikdo ¢iloma
barabarliyi gostaricisi 15-20 % artir vo pestisid itkilori 8-12 % azalr.

2. Adaptiv idaroetmo vo doyison normali ¢ilomo texnologiyalarinin totbiqi noticosindo
pestisid sorfinin azaldilmasi miisahido olunmusdur. Miigayisali tohlil naticalorine osason anonovi
¢ilomo isullarinda pestisid sarfi 200-250 I/ha toskil etdiyi halda, doyison normali texnologiyalarin
totbiqi zamani bu gostarici 170-210 I/ha intervalina diismiisdiir ki, bu da orta hesabla 10-15 %
gonaat demokdir.

Miixtolif ¢ilomo texnologiyalarinin pestisid sorfino tosiri miiqayisali sokildo cadval 2-do
gostorilmisdir.

Cadval 2 — Miiasir ¢ilama texnologiyalarinin pestisid sarfina tasiri

Pestisid sarfinin Ciloma
Texnologiya o baraborliyinin Olava iistiinliiklor
azalmasi (%)
artmasi (%)
Dayison normali Sahays goro
¢ilomo 40-43 15-20 diferensial tatbiq
Hava pardasi sistemi 10-15 12-18 Damer sovrulmasinimn
azalmasi
Air Plus sistemi 20-40 20-25 Killokli soraitda
islomo
GPS osaslt 8 12 10-15 Saho lizro d_sqlq
idaraetmo koordinasiya
ULV texnologiyasi 60-80 25-30 Ultrax1fda"d amcilarla
plskiirtmo

3. Azorbaycanda kond tosorriifatinda istifado olunan ciloyici texnikalarin say1 son illordo
artma tendensiyast gostorir. Movcud statistik molumatlarin tohlili gdstorir ki, son illards ¢ilayici
texnikalarin say1 toxminon 20-25 % artmmsdir. Lakin miasir doqiq ¢ilomo texnologiyalarinin
tatbiq saviyyasi holo do mahdud olub {imumi texnika parkinin toxminan 30-35 %-ni togkil edir. Bu
159 pestisidlorin somarali istifadasi va ekoloji tohliikasizliyin artirilmasi baximindan olava texnoloji
modernlogdirmayas ehtiyac oldugunu gostarir.
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Cilomo tsullarinin texniki vo ekoloji somoraliliyinin miigayisosi cadval 3-do toqdim

edilmisdir.
Cadval 3 — Ciloma iisullarimin texniki va ekoloji somaraliliyinin miiqayisasi
Cilomo iisulu Isci mohlul sarfi | Damci sovrulmasi Ekoloji
(I/ha) (%) tohliikasizlik
| Ononovi stangli gilomo || 200-300 I 20-25 [ Orta |
|Hava dostoyi ilo gilomo|| 150-200 I 10-15 | Yiksok |
| Daqiq ¢iloma sistemi H 100-150 H 8-12 “ Yiiksok |
| ULV texnologiyasi H 10-50 H 5-8 “ Cox yiiksok |
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EVALUATION OF THE EFFICIENCY OF MODERN SPRAYERS UNDER
AGRICULTURAL CONDITIONS

Matanat Sadikhova
Ganja State University

Summary

The article examines the structural and technological features of modern sprayer equipment, its
development trends, and the impact of applied innovative solutions on the efficiency of the spraying
process, environmental safety, and the optimization of pesticide consumption. The influence of
improving the working units of various types of sprayers (mounted, trailed, and self-propelled), as
well as the implementation of automated control and monitoring systems, satellite navigation, and
precision agriculture technologies on treatment uniformity and the reduction of pesticide losses is
analyzed. At the same time, the role of air curtain systems, injector-type nozzles, modern boom
stabilization systems, and filtration units in increasing the biological effectiveness of plant
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protection is evaluated.

The study systematically analyzes the structural and technological characteristics of modern
sprayers and scientifically substantiates the impact of automated control systems and GPS-based
variable rate application systems on the efficiency of the spraying process. For the first time, a
comparative assessment of various spraying technologies (air curtain systems, injector-type nozzles,
and shielded spraying systems) has been conducted in terms of reducing pesticide losses and
enhancing environmental safety. The obtained results make it possible to develop new scientific
approaches to optimizing the spraying process. The research materials can be used in agricultural
enterprises, farming operations, as well as in the preparation of educational and methodological
materials in the field of agriculture.

Keywords: spraying equipment, pesticide consumption, application uniformity, environmental
safety, automated control systems, GPS navigation, precision agriculture

OIIEHKA D®®EKTUBHOCTHA COBPEMEHHBIX OIIPBICKUBATEJIEN B YCJIOBU-
AX 3BEMJUIEJAEJIUA

Maraunar CagpixoBa
['stHIKUHCKUN TOCYIapCTBEHHBIN YHUBEPCUTET

Pe3rome

B cratbe uccieayrorcss KOHCTPYKTUBHBIE U TEXHOJIOTHYECKHE OCOOCHHOCTH COBPEMEHHBIX ONpBIC-
KHUBaTeJeH, HallpaBJIEHUs UX PA3BUTHUSI U BIUSHUE NPUMEHSEMBbIX MHHOBALMOHHBIX PEIICHUN Ha
3¢ (EeKTUBHOCTH MPOLECCa ONPHICKUBAHMS, 3KOJIOIMYECKYI0 0€30IaCHOCTh M ONTUMU3ALMIO PACXO-
Jla IECTULIUI0B. AHAU3UPYETCs BIMSHUE COBEPILIEHCTBOBAHUS pabOUnX OPraHOB ONpPBICKUBATENEH
pa3IMYHBIX TUIIOB (HABECHBIX, MPUIIETTHBIX U CAMOXOJIHBIX ), BHEIPEHUSI aBTOMATU3UPOBAHHBIX CH-
CTEM YINpaBIEHUS U KOHTPOJIS, CIIyTHUKOBOW HaBUTallMKM U TEXHOJIOTUH TOYHOIO 3eMIIEJENHS Ha
pPaBHOMEPHOCTh 00pPaOOTKH M CHMKEHUE MOTEph MecTHUIUI0B. OJHOBPEMEHHO OLIEHUBAETCS POJIb
BO3/yILITHOW 3aBEChl, MH)KEKTOPHBIX PACIBUINTENEH, COBPEMEHHBIX CUCTEM CTA0MIIN3allUY IITAaHTU U
(WIBTPALMOHHBIX YCTPOUCTB B MOBBILIEHUN OMOJIOTHYECKOH 3((PEKTUBHOCTH 3alIUTHl pAaCTEHUH.

B nccnenoBaHny CUCTEMHO NMPOAHATU3UPOBAHBI KOHCTPYKTHUBHBIE U TEXHOJIOTMYECKHE OCOOEHHO-
CTH COBPEMEHHBIX ONpPBICKUBATENIEH, HAYYHO 0OOCHOBAHO BIUSHHE aBTOMATHU3MPOBAHHBIX CHUCTEM
ynpasieHusi 1 GPS-ocHOBaHHBIX cucteM auddepeHnnpoBaHHOTO BHeCeHHs Ha 3(PPEeKTHBHOCTH
npolecca ONpbICKMBaHMs. BrniepBble mpoBeleHa CpaBHUTENIbHAs OLIEHKA Pa3IUYHBIX TEXHOJOTUHI
ONPBICKUBAHUS (BO3AYIIHAs 3aBeca, WHKEKTOPHbIE PACHbLIUTENIN W SKPaHUPOBAHHBIE CUCTEMBI
pacIblUICHHUsI) ¢ TOUYKH 3pEHHs] CHUKEHUS MOTepb MECTULUAOB U MOBBIIEHUS YKOJIOTHYECKOi 0e3-
ormacHocTH. [lonydeHHble pe3yapTaThl MO3BOJISAIOT CHOPMUPOBATH HOBBIE HAYYHBIE MOAXOABI K OII-
TUMH3AIMK TIpoliecca ONPBICKUBAaHUSA. MaTepuasibl MCCIeJOBaHUS MOTYT OBITh HCIIOJNIb30BaHbI B
CEJIbCKOXO3SUCTBEHHBIX MPEANPUATUIX, HEPMEPCKUX XO3ANUCTBAX, a TAK)Ke MPU MOJATOTOBKE y4eo-
HBIX U METOJAMYECKHX TTOCOOMI B arpapHoii cdepe.

KutoueBble ciioBa: ONphICKMBAIOIIAs TEXHHUKA, PACX0J] MECTUIIMIOB, PABHOMEPHOCTh OIPHICKHBA-
HUS, DKOJIOTHUYECKasi 6e30M1acCHOCTh, aBTOMATU3UPOBAHHBIE CUCTEMBI yripaBiieHusi, GPS-HaBuramnus,
TOYHOE 3eMIIEZICTINE

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Abstract

Based on the conducted field-soil and chamber-laboratory research, the influence of different slopes
of the relief on the changes in some agrophysical properties of Mollic Kastanozems of the
northeastern part of the Lesser Caucasus was investigated.

The accumulative-sludge layer (AU=45-50 cm) of Mollic Kastanozems formed under relatively
optimal moisture conditions and well-developed grass cover on the shaded slopes of the relief is
characterized by sufficient humus (4.3-5.4%), nitrogen (0.32-0.38%), absorption capacity (50.9-
53.2 mmol-eq), leaching from carbonates and accumulation in the middle layers (Bca+B/Cca=50-95
cm) (CaC0O3=16.7-20.8%), and clayey granulometric composition (<0.0lmm=58.4-
63.8%;<0.001mm=29.6-32.2%). The available diagnostic indicators indicate a high degree of
aggregation (77.8-80.0) in the humus layer of the soil (AU=45-50 cm), the presence of sufficiently
water-resistant "true” microaggregates (27.1-36.2%), on the contrary, a sharp decrease in the
dispersion coefficient (20.0-22.1) and a significant increase in the deeper layers (33.4-34.3). The
change in these agrophysical indicators along the soil profile is fully consistent with the decisive
role and amount of humus and silt fraction in the aggregation of the soil structure, which is
especially valuable in agriculture. However, since most of the area on shaded slopes is used under
long-term cereal crops, the decrease in the soil arable layer (AUa=25-30 cm), humus (3.3-3.9%),
nitrogen (0.25-0.32%), absorption capacity (46.6-50.9 mmol-eq), silt-colloid particles
(<0.001mm=25.4-26.1%) also led to a significant decrease in the degree of aggregation (63.0-64.9)
and water-resistant microaggregates, and, conversely, an increase in the dispersion coefficient
(35.1-37.0).

In the accumulative-sludge layer (AUca=35-40 cm) of Mollic Kastanozems formed on sunny slopes
under relatively arid microclimate conditions and xerophilous grass cover, a significant decrease in
humus (2.6-3.9%), nitrogen (0.19-0.29%), and absorption capacity (41.4-46.7 mmol-eq.), as well as
a relatively lightening of the granulometric composition (<0.01 mm=52.4-57.6%;<0.001 mm=20.4-
27.1%), led to a decrease in the degree of aggregation (65.8-72.5) and water-resistant "true™
microaggregates (22.6-25.9) in the dominant fractions of the soil, and, conversely, an increase in the
dispersion coefficient (27.5-34.2).

Keywords: relief, slope exposition, soil profile, humus, granulometric composition, microaggregate
composition
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Introduction

As early as the beginning of the 20th century, the classics of soil science, V.V. Dokuchayev
[9], L.I. Prosolov [13], N.M. Sibirtsev [16], etc., showed in their works that the relief factor has a
great influence on the formation of soil properties in mountainous areas. A.J. Gerard even noted
that the relief is a "mirror” of the soil cover [19].

The influence of relief condition on soil formation in the Lesser Caucasus has been
extensively investigated in long-term regional-geographic soil studies conducted by Salayev [6],
and more recently by V.H. Hasanov [1, 2] and E.E. Mammadov [5, 20]. These studies have
demonstrated that elevation and topographic features, particularly slopes steepness and exposure,
play a significant role in the formation of morphogenetic profiles of soil types and subtypes in the
region. It has been noted that soils located on sun-exposed slopes receive greater solar radiation
than those on shaded slopes, resulting in a more pronounced thermal regime. This difference
substantially influences soil formation processes, the development of diagnostic soil horizons and
properties, the spatial differentiation of elementary soil units, and the intensity of erosion processes.
However, the effect of slope condition in association with aspect on variations in soil structure -
which constitute the basis of the agrophysical properties of soils—has received comparatively
limited attention in previous studies.

The objective of this study was to determine the influence of slope conditions on soil
physical properties of Mollic Kastanozems, in particular, on the granulometric and microaggregate
composition, degree of aggregation, dispersion coefficient, and changes in water-resistant
microaggregates.

Material and method

The object of the study was selected as a “standard research area” on Mollic Kastanozems
(in the Agdag-Gara Silvi area of the Jalilli municipality of the Tovuz region) located in the low
mountainous zone of the northeastern part of the Lesser Caucasus. The research area is located at an
altitude of 650-700 m above sea level and is sharply dissected by various steep slopes and valley-
shaped micro-depressions. The soil-forming rocks are composed of carbonate clays and silts. The
vegetation cover consists of shrubs and well-developed grass cover. The area is characterized by
dry steppe subtropical climate conditions, with precipitation of 380-400 mm and an average annual
temperature of 12.1-12.5 °C.

A large-scale (1:20000) soil survey was conducted in the study area in 2022-2024 based
on the relief plasticity method. Taking into account the shaded northwest and sunny southeast
slopes of the relief, soil sections were dug to a depth of 1.5 m and soil samples were taken from
genetic layers. During the field-soil survey, the geographical coordinates of the soil sections
were determined based on GPS:

K Ne 51 N 410 10'35. 429" ; E=450 39'23, 237";

K Ne 54 N 410 00'58, 528"; E=450 31'28, 184";

K Ne 56 N 410 00'27, 554" ; E=450 31'74, 179";

K Ne 58 N 410 00'32, 428"; E=450 31'58, 354"";

The morphological characteristics of the genetic layers of soil profiles (thickness, color,
granulometric composition, new derivatives, structure, hardness, moisture, boiling under the
influence of 10% HCI, etc.) were determined. Laboratory analysis of soil samples was carried
out using the accepted methods. Humus and nitrogen were determined by the method of 1.V.
Tyurin, absorbed Caes and Mgee - by D.V. lvanov, pH was determined by a potentiometer in
an aqueous solution, carbonate content (CO2) was determined by working with a calcimeter
device - Shebler, granulometric composition - by working with Na,P,0O;, microaggregate and
density - by the method of N.A. Kachinsky. The amount of real microaggregates, dispersion
coefficient and degree of aggregation were analyzed by the classical method [7].

Analysis and discussion

The granulometric and microaggregate composition of the soil has a significant impact on its
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morphogenetic diagnostics, agronomic properties, land reclamation properties and fertility
indicators [8, 11, 17]. In the study of the soil formation process, the change in the granulometric and
microaggregate composition, especially the physical clay (<0.01mm) and silt (<0.001mm) fractions
along the soil profile is considered the main diagnostic indicator [10, 12, 18].

The granulometric and microaggregate composition of soils used under various agricultural
crops, in particular the degree of aggregation, water-resistant “true” microaggregates, and
dispersion coefficient, are subject to significant changes [4, 14, 15].

Based on the existing methodology, a relief plasticity map of the research area (Aghdag-
Qara Silvi, Jalilli municipality, Tovuz region) was compiled at a scale of 1:20000. The following
relief components were distinguished in the relief plasticity map, which is complicated by the
mountain slopes and valleys of the area in terms of geomorphology.

1. Shady northwest-facing slopes;

2. Sunny southeast-facing slopes;

3. Valley-shaped microdepressions.

From the morphological description of the soil sections laid in the study area, it is clear that
the thickness of the humus layer (AUv), the leaching of carbonates and the formation, depth and
solidification of the illuvial-carbonate layer (Bca), the structural aggregates of the genetic layers,
the microaggregate and granulometric composition, moisture, especially the degree of erosion of the
soil profile, etc. morphogenetic features differ significantly on the shady north-western and sunny
south-eastern slopes of areas with the same height and inclination [2, 3, 5, 11].

On shady slopes, the humus content in the upper layer of dark mountain-gray-brown
(chestnut) soils (AU=20-25cm) is sufficient (4.4-5.4%), its movement to a depth of 0.8-1.0 m (1.2-
1.7%) is clearly noticeable. The total nitrogen content is also significantly higher (0.34-0.38%). The
upper layer of the soil profile (AU=45-50 cm) is characterized by complete washing out of
carbonates, and accumulation in the middle and deep layers (0.7-1.5 m) (CaC0O3=11.6-20.8%). This
soil is also highly supplied with absorbed bases. The absorption capacity in the accumulative-sludge
layer is 50.9-53.2 mmol-eq, and in the middle and deep layers it is 30.0-42.8 mmol-eq.

Figure 1

The influence of different relief slopes on diagnostic indicators of Mollic Kastanozems

Genetic Hum | Nitro | cac pHin | Absorption capacity, Den

Soil pit Ne | horizonsand | us, gen, O3, v;;tjr meq S/I?r/n
depth, cm % % % | Yo | Total ca? | Mg | 9§

Shady north-west faced slop

AU'v 0-22 543 | 0,38 | Yox 7,1 53,2 40,2 | 13,0 | 1,15
AU"z 22-45 | 429 | 0,31 7,2 49,0 352 | 13,8 | 1,28
A/Bca45-58 | 1,34 | 0,10 2,1 7,5 38,1 276 | 105 | 1,32

D

51 Bca58.82 | 115 | tolm. | 167 | 7.8 | 362 | 234 | 128 | 1.36
B/ (:1‘:1&582' 08 | “» | 208 | 70 | 325 | 171 | 154 | 1,38
Ccall5150 | 063 | =~ | 187 | 80 | 319 | 176 | 143 | -

AU'a 0-25 3,88 | 0,32 Yox 7,0 50,9 36,6 143 | 1,12

AU"a25-48 | 326 | 025 | “» | 71 | 466 | 330 | 136 | 131

ABcad868 | 274 | 018 | 57 | 74 | 428 | 306 | 122 | .38

58 Bca68-86 | 166 | tolm. | 1.6 | 7.8 | 309 | 212 | 97 | 136

B/ (31‘31""286' 108 | «» | 187 | 79 | 324 | 219 | 105 | 1.35
Ccall2-145 | 075 | “» | 101 | 80 | 319 | 199 | 120 | -
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Sunny south-east faced slope
AUvca0-18 | 380 | 027 | 45 | 7.4 | 428 | 305 | 123 | 1.20
AU éCSa 18- 545 | 019 | 152 | 76 1.4 | 290 | 124 | 1.35
5 Bca3552 | 098 | 008 | 206 | 78 381 | 281 | 100 | 1.41
B/Cca52-75 | 0,69 | tolm. | 180 | 7.9 352 | 257 | 95 | 1,36
Clca75-106 | 056 | “~ | 16,7 | 80 | 344 | 238 | 106 | 1,38
Cllcal0d- | 75 | «» | 158 | 81 | 317 | 179 | 138 | -
130
AUvca0-20 | 393 | 029 | 54 | 73 | 467 | 362 | 105 | 1.18
AU g%a 20- | 560 | 020 | 171 | 76 456 | 344 | 112 | 1.30
56 Bca36-55 | 119 | 009 | 210 | 7.7 | 428 | 290 | 138 | 1.34
B/Cca55-82 | 0,77 | tolm. | 175 | 7.8 369 | 244 | 125 | 1,37
Clca82-110 | 052 | =~ | 158 | 7.9 324 | 224 | 100 | 1,35
CIl110-135 | 063 | “” | 150 | 80 | 319 | 218 | 101 | -

Mollic Kastanozems have a relatively heavy granulometric composition. In the upper layers
(AU=22-25cm) the amount of physical clay (<0.01mm) is 55.8-58.4%, silt particles (<0.001 mm)
are 25.4-29.6%, while in the middle layers their amount increases considerably (<0.01mm=57.6-
64.4%; <0.001mm=26.1-32.2%). Corresponding indicators are also observed in the change in the
microaggregate composition of physical clay (<0.01mm=31.5-40.6%; 33.8-36.4%) and silt-colloid
particles (<0.001mm=6.5-8.9%; 8.9-9.5%) along the soil profile. The density of the soil in the soft
humus layer (AUv=22-25cm) varies between 1.12-1.15 cm3, and in the hardened illuvial-carbonate
layer (Bca=55-80cm) it varies between 1.32-1.38 cm®.

On sunny slopes, a relative decrease in humus (2.5-3.9%) and a weakening of its movement
to the lower layers (0.4-0.7%) are observed in the upper layers of dark mountain gray-brown
(chestnut) soils (AU=30-35cm). These soils are also characterized by a decrease in the total
nitrogen content (0.19-0.27%). The profile of dark mountain gray-brown (chestnut) soils formed on
sunny slopes differs in their carbonation (CaC03=4.5-5.7%) starting from the surface. The
maximum amount of carbonates (CaCO3=17.5-20.6%) was determined in the middle layers. A
certain decrease in the absorption capacity in the upper layers (38-46 mmol-eq) and, conversely, a
relative increase in the pH in the aqueous solution (7.9-8.5) was determined. In the upper layer of
the soil profile (AUv=18-20 cm), a significant lightening of the granulometric composition
(<0.01mm=54.2-55.2%;<0.001mm=24.4-25.0%) was determined, and vice versa, a heavier one in
the middle layers (<0.01mm=58.3-58.9%;<0.001mm=25.7-31.8%). Similar indicators are also
observed in the change in the microaggregate composition of physical clay (<0.01mm=29.3-
30.8%;31.6-32.1%) and silt particles (<0.001mm=7.6-8.3%;6.2-7.5%). Depending on the amount of
humus and granulometric composition, the density in the upper layer (AUca=18-20cm) is 1.18-1.20
cm3, and in the lower layers (Bca+B/Cca=35-80cm) it is 1.34-1.41 cm3.
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Figure 2
(%) composition of Mollic Kastanozems
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The amount of ""true’ water-resistant aggregates in Mollic Kastanozems, %

The amount of fractions is 0,25-0,01 mm
Soil pit Genetic horizons Composition The amount of
Ne and depth, cm Microaggregate Granulometric . “real”
microaggregates
Shady north-west faced slope
AU'v 0-22 72,36 36,16 36,20
AU"z 22-45 68,52 41,56 27,16
51 A/Bca 45-58 66,20 45,56 20,64
Bca 58-82 66,60 47,76 18,84
Cca 115-150 66,20 48,56 17,64
AU'a 0-25 63,60 46,16 17,04
AU"a 25-48 59,36 44,16 15,20
58 A/Bca 48-68 66,72 48,30 18,42
Bca 68-86 72,80 53,56 19,26
Cca 112-145 74,88 60,92 13,56
Sunny south-east faced slope
AU'vca 0-18 70,72 44,84 25,88
AU"zca 18-35 67,52 43,40 24,12
54 Bca 35-52 68,36 52,68 15,68
B/Cca 52-75 63,20 50,56 12,64
Clica 106-130 62,00 46,08 15,92
AU'vca 0-20 70,20 47,60 22,60
AU"zca 20-38 62,40 48,24 14,14
56 Bca 38-55 60,88 46,08 16,80
B/Cca 55-82 64,64 49,56 15,08
Cll 110-135 61,92 44,56 17,36

Along with the above diagnostic indicators, dark mountain gray-brown soils of shady and
sunny slopes also have different characteristics in terms of granulometric and microaggregate
composition: the degree of aggregation by dominant fractions (0.25-0.05; 0.05-0.01mm), dispersion
coefficient, and the amount of "true™ water-resistant microaggregates.

On shaded slopes, the aggregation degree of the dominant fractions (0.25+0.01mm) in the
upper layers of natural soils (AUa=45-50cm) is quite high (70.8-77.8-79.9), while in the lower
layers (Bca-Cca) it gradually decreases (65.8-66.7). The dispersion coefficient, on the contrary,
sharply increases from the upper layers (20.1-22.2) to the depth (33.4-34.3). The change of these
indicators along the soil profile is fully consistent with the leading role and amount of humus and
silt fraction in the aggregation of soil structures. The maximum amount of microaggregates (68.5-
72.4%) and water-resistant “true” microaggregates (27.2-36.2%) was determined in the
accumulative humus layer. In the soil-forming sediments, a sharp decrease in “true” water-resistant
microaggregates (17.6-18.8%) was determined (Table 3). During our field-soil study, it was also
observed from its morphological characteristics that the humus layer (AUa=45-50cm) has a well-
aggregated, favorable granular structure compared to the middle and deep layers of the soil profile
(Bca-B/Cgca-Cgca).

However, the relative decrease in humus (3.9%) and silt-colloid particles
(<0.001mm=25.4%) in the sowing layer (AUa=0-25cm) of soils cultivated under cereal crops under
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long-term conditions (K-58) also affected the significant decrease in the degree of aggregation
(64.9). On the contrary, a sufficient increase in the dispersion coefficient (35.1) was determined. A
sharp decrease in microaggregates (63.6%) and “real” water-resistant microaggregates (17.0%) was
also determined in the sowing layer of these soils.

In Mollic Kastanozems of the sunny slopes of the relief, the relative decrease in the
accumulative-sludge layer (AUca=30-35cm), humus (2.6-3.9%), physical clay (<0.01mm=52.4-
54.2%) and silt-colloidal particles (<0.001mm=24.4-27.1%) in granulometric composition also
affected the significant decrease in the degree of aggregation of the dominant fractions (72.5-73.3),
and on the contrary, a sufficient increase in the dispersion coefficient (26.8-27.5). Also, in the soils
of the sunny slopes, a sharp decrease in microaggregates (67.5-70.2%) and “true” water-resistant
microaggregates (22.6-25.9%) from the upper layers to the depth (61.9-63.2; 12.6-17.4) was
determined.

Conclusion

Compared to the arid microclimate conditions of the relief and sunny slopes with
xerophilous grass cover, the accumulative-humus layer (AU=45-50 cm) of dark mountain gray-
brown soils formed on shady slopes with optimal moisture and good grass cover is provided with
sufficient humus (4.3-5.4%), nitrogen (0.32-0.38%), absorption capacity (50.9-53.2 mmol-eq) and
clayey granulometric composition (<0.01mm=58.4-63.0%;<0.001mm=29.6-32.2%), which affects
the increase in some agrophysical properties of the soil, in particular the degree of aggregation
(77.8-80.0), water-resistant “true” microaggregates (27.1-36.2%) and, conversely, the decrease in
the dispersion coefficient (20.2-22.1). has shown.

However, the decrease in diagnostic indicators in the sowing layer (AUa=0-25cm) of soil
types (K-58) used under cereal crops under long-term drought conditions led to a decrease in the
degree of aggregation (63.0-64.9), a decrease in water-resistant "true” microaggregates (15.2-
17.0%), and, conversely, an increase in the dispersion coefficient (35.1-37.0).

References

1. Babayev M.P, Hasonov V.H., Coforova C.M., Hiiseynova S.M.- Azarbaycan torpaqlarinin
morfogenetik diagnostikasi, nomenklaturasi vo tosnifati, Baki, “Elm”, 2011, 448s.

2. Hosonov V.H, Aslanova R.H., Nuriyev E.R.- Kicik Qafqazin dag-comon vo dag-meso
torpaqglarin diagnostik gostaricilorina va torpaq Ortiiyii strukturlarinin formalasmasina miixtalif
baxarli yamaclarin tosiri// Torpaqsilinasliq vo Aqrokimya jurnali, cild 22, Nel-2, Baki, “Elm”,
2015, s. 49-54

3. Hoasonov V.H, Yiizbasova N.S.- Kicik Qafqazin simal-sorq hissasinds tiind dag boz-gohvayi
(sabalid1) torpaglarin diagnostik gostoricilorino relyefin miixtolif baxarli yamaclarmin
tosiri//AR Okingilik Elmi-Todqiqat Institutunun elmi osorlori macmuosi, 4(33) cild, Nel,
Baki,“Miisllim” noas-t1, 2022, s. 64-74

4. Ismayillov B.N.- Quba-Xagmaz massivi alliivial-gomon-meso torpaglarin bozi agrofiziki
xassalarinin doayismasine suvarmanin vo madani bitkilorin tosiri//Torpagsiinasliq vo Agrokimya
jurnali, cild 24, Nel, Baki, “Elm”, 2019, s. 31-39

5. Mommadov E.E.- Mikrorelyefin dag boz-gohvayi torpaqlarin morfogenetik gostaricilaring
tasiri. Azarbaycan Torpagstinaslar Comiyyatinin oasasalori, Baki, Elm, XI cild, I hisss, 2010, s.
311-317

6. Salayev M.E.- Ki¢ik Qafgazin torpaqlari, Baki,“Elm”, 2025(1966), 370s.

7. Bamonmna A.®D, Kopuarmna 3.A.- Meronsl uccnenoBaHusi (U3HMYECKHX CBOMCTB IOYB U
rpyHTOB. M.: Beicmias mkoma, 1961, 345 c.

8. TI'ymmaro H.I', Ilauenckuii S.®.- CoBpeMeHHOE NpEACTAaBICHHE O CTPYKType IOYB U
CTpyKTypooOpa3oBanu, baky : «Myamaumy, 2016, 99 c.

9. JHoxkyuaeB B.B.- U36pannsie counnenus. T.1I, M., 1951, c. 378-466

10. MakaperueB C.B, 3aiikoBa H.W.- Arpo@mnqecxﬂe OCO6€HHOCTI/I OpOIIIAEMBbIX YEPHO3EMOB

25



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 19-28 2026, Ne 1 (14), pp. 19-28

npaBobe-pexbst p.O6u // BecTHHK ANTalCKOrO0 TOCYJapCTBEHHOTO arpapHOTO YHHBEP-Ta,
Ne2(112), 2014, c.40-45.

11. MamenoB P.I'.- Arpodmusuueckas xapaktepuctuka mous llpmapakcuHCKoi mosocel. baky:
«Omm», 1970, 320 c.

12. TTandumor B.I1.- ®usnyeckue CBOWCTBA W BOJHBIA PEeKUM TouB KylnyHIyHCKOH cremu.
Hosocubupck: Hayka, 1973, 259 c.

13. IIpoconos JL.U.- I'enesuc, reorpadus u kaprorpadus nmous. M., 1931, 40c.

14. PamazanoBa @.M.- BiusgHHe NPOMEKYTOUHBIX TIOCEBBIX KOPMOBBIX KYJIBTYp Ha
arpo(u3nyecKre MoKazaTelld OpoIIaeMbIX MOYB CyXOW cyOTpomnuueckoii 30HbI // Poccuiickas
CeIbCKOX03s1CcTBeHHAs Hayka, No4, 2017, c. 47-50

15. Cemennsea H.B., Kpynckas T.H., Kapnosenn JLA.-Bnusaue ceBeoOopoToB Ha
IpaHyJIOMETPUYECKUN COCTaB uepHO3eMa BbliienodeHHoro Hosocubupckoro IIpnoObs B
JUTHTEILHBIX OnbITax. CHOMPCKOI BECTHHK C.-X. HAyKH, ToM 47, Nel, 2017, c. 18-24

16. Cubuptues H.M.- N36pannoe counnenue //IlouBoBenenue u 6opnda c 3acyxoit. T.2. M., 1953,
580 c.

17. CunemexkoB B.E., Cnecapes B.H., Tkasenxko I'.MI. u gp.- ['panynomerpuueckuii u
MHUKpPOArperaTHblii COCTaB YEpPHO3EMOB BBHIIICJIOYCHHBIX MPH MHUHUMHU3AIMH OCHOBHOM
o0paboTku // Cubupckuii BecTHHK cebCKOXO03HCTBEHHBIX HayK, ToM 47, Nel, 2017, c. 18-24.

18. Tarapunues B.JI.- CTpykTypa TpaHyIOMETpHYECKOTO COCTaBa M €€ BIMSHHE Ha (hU3NIECKOE
COCTOSTHUE MaxoTHBIX mouB Adnrtaiickoro [Ipuo6ss. bapuayn: U3n-so Antaiickoro ['AY, 2004,
179 c.

19. Gerrard A.l.- Soils and landforms. An Integration of Geomorphology and pedology. London,
george Allen Unwin, Boston Sydney,1984, 205 p.

20. Mammadov E., Nowosad J., Glaesser C.- Estimation and mapping of surface soil properties in
the Caucasus Mountains, Azerbaijan using high-resolution remote sensing data. Geoderma
Regional, 2021, e00411.https://doi.org/10.1016/j.geodrs.2021.e00411

KICiK QAFQAZIN TUND DAG BOZ-QOHVOYI TORPAQLARIN QRANULOMETRIK
VO MiKROAQREQAT TORKIBININ DOYiSMOSINO RELYEFIN MUXTOLIF
BAXARLI YAMACLARININ TOSIRI

Amin Ismayilov
Nurans Yiizbasova
Azorbaycan Respublikast EIm va Tohsil Nazirliyi Cografiya Institutu Publik Hiiquqi Soxs

Xiilasa

Aparilmis ¢ol-torpaq vo kameral-laboratoriya todqigatt osasinda Kigik Qafqazin simal-sarq
hissasinin tiind dag boz-gohvayi torpaqlarinin bozi agrofiziki xassslorinin doyismasina relyefin
miixtolif baxarli yamaclarmin tosiri aragdirilmisdir.

Relyefin kolgali yamaclarinda nisboton optimal namlonma soraiti vo yaxsi inkisaf etmis ot Ortiiyil
altinda formalasan tiind dag boz-gohvayi torpaglarin akkumlyativ-giiriintii qatt (AU=45-50 sm)
kifayot godor humus (4,3-5,4%), azot (0,32-0,38%), udma tutumu (50,9-53,2 mmol-ekv) ila tomin
olunmasi, karbonatlardan yuyulmasi vo orta qatlarda (B¢+B/C,=50-95 sm) toplanmasi
(CaC03=16,7-20,8%), gilli qranulometrik torkibli (<0,01mm=58,4-63,8%;<0,001mm=29,6-32,2%)
ilo forglonir. Movcud diagnostik gostoricilor torpagin humus qatinda (AU=45-50 sm) yiiksok
aqreqatlasma doracasinin (77,8-80,0), kifayat godor suyadavamli “hoqiqi” mikroaqreqatlarin (27,1-
36,2%) olmasi, oksino disperslik amsalinin kaskin azalmasi (20,0-22,1) vo dorin gatlarda xeyli
artmasi (33,4-34,3) miiayyan edilmisdir. Torpaq profili iizro bu aqrofiziki gostaricilorin doyismasi,
xtisuson kond tosorriifatinda doayarli oshomiyysto malik torpaq strukturunun aqreqatlasmasinda
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humusun va lil-fraksiyasiin halledici roluna vo miqdarina tamamilo uygun galir. Lakin, kolgali
yamaclarda orazinin ¢ox hissasi uzun miiddstli donli taxil bitkilori altinda istifado oldugundan
torpagin okin qatinda (AUa=25-30 sm), humusun (3,3-3,9%), azotun (0,25-0,32%), udma
tutumunun (46,6-50,9 mmol-ekv), lil-kolloid hissaciklorinin (<0,001mm=25,4-26,1%) azalmasi,
aqreqatlagsma doracasinin (63,0-64,9) vo suya davamli mikroaqreqatlarin da xeyli azalmasina,
oksins disperslik amsalinin artmasina (35,1-37,0) sabob olmusdur.

Giinagli yamaclarda nisbaton arid mikroiglim soraitinds vo kserofil ot ortiiyli altinda formalasan
tind dag boz-gohvayi torpaglarin akkumlyativ-¢iiriintii qatinda(AU¢=35-40 sm) humusun (2,6-
3,9%), azotun (0,19-0,29%), udma tutumunun (41,4-46,7 mmol-ekv) xeyli azalmasi, granulometrik
torkibin nisbaton yiingiillosmasi (<0,01 mm=52,4-57,6%:<0,001 mm=20,4-27,1%) naticasindo
torpaqda dominant fraksiyalar iizro aqreqatlagsma daracasinin (65,8-72,5) va suyadavamli “haqiqi”
mikroaqgreqatlarin da (22,6-25,9) azalmasina, oksina disperslik amsalinin yiiksalmasine (27,5-34,2)
tosir gdstormisdir.

Acar sozlor: relyef, yamaclarin baxarliligi, torpaq profili, humus, qranulometrik torkib,
mikroagreqat torkib

BJIMAHUE PA3JIMYHbBIX YK/IOHOB PEJIBE®A HA UBMEHEHUSA
I'PAHYJIOMETPHYECKOI'O U MUKPOATI'PETATHOI'O COCTABA TEMHO-
I'OPHbBIX CEPO-KOPUYHEBBIX IIOYB MAJIOI'O KABKA3A

AmuH Mcmanios
Hypana FO306amoBa
Wuctutyt reorpadun akageMuu Hayk AzepOaifpkanckoit PecriyOnuku, myOnndHas 10puaudeckas
€IMHHLA

Pe3rome

Ha ocHoBe npoBeIeHHBIX MOJIEBBIX MOUYBEHHBIX U KaMEPHO-T1a00paTOPHBIX UCCIIEAOBAHUHN U3y4eHO
BIIMSIHAE PA3JIMYHBIX YKJIOHOB peibeda Ha HM3MEHEHHS HEKOTOPHIX arpo(M3WYecKHX CBOWCTB
TEMHO-CEPO-KOPUYHEBBIX TOPHBIX ITOYB CEBEPO-BOCTOUYHOI yacTu Manoro KaBkasa.
HakonurtenbHo-mnoBeit  cimoit  (AU=45-50 cM) TEMHBIX TOpPHBIX CEpPO-KOPUYHEBBIX I10YB,
c(OpPMHPO-BaBIIHIACS TP OTHOCUTEIBHO ONTUMAIBHBIX YCIOBHUSIX BIQXKHOCTH M XOPOIIO Pa3BUTOM
TPaBSHOM IMOK-pOBE Ha 3aTeHEHHBIX CKJIOHAaX penbeda, XapaKTepu3yercs J10CTaTOYHBIM
conepkanueM rymyca (4,3-5,4%), azora (0,32-0,38%), abcopOrmonHoM criocodHocThIO (50,9-53,2
MMOJIb-9KB), BbIIETaYMBaHUEM KapOOHATOB M HaKOIJIEHHEM B cpeqHux ciosx (Bca+B/Cca=50-95
cMm) (CaCO3=16,7-20,8%) u TIAUHUC-TBIM TpaHyJoMmeTpuueckuMm coctaBoMm (<0,01 mm=58.4-
63,8%;<0,001 MM=29,6-32,2%). Hmerompecss OUArHOCTHYECKHE TMOKA3aTelH YKAa3bIBAIOT Ha
BBICOKYIO creneHb arperauuu (77,8-80,0) B rymycoBoM ciioe mouBbl (AU=45-50 cwm), Hamuuue
JIOCTAaTOYHO BOJIOCTOMKHUX «HUCTUHHBIX» MHKpoarperatoB (27,1-36,2%), HampoTuB, pe3Koe
cHmkenne kodddunuenta qucnepcuu (20,0-22,1) u 3HaunTENHHOE YBEIUUYe-HUE B O0see TITyOOKHX
cinosix (33,4-34,3). 3meHeHne 3THX arpou3nyeckux mokasaTeiei BIOJIb MOY-BEHHOTO MPOQHIIsL
MOJIHOCTBIO COTJIACYETCSl C PELlaloLIeil POJIbI0 M KOJMYECTBOM I'yMYCOBOM M WJIOBOM (pakuuii B
arperaiyy CTPyKTYpbl IOYBBI, YTO OCOOCHHO LIEHHO B CENILCKOM Xo3siiicTBe. OIHaKO, MOC-KOJIbKY
OorbIIas yacTh IUIOIIAJM Ha 3aTEHEHHBIX CKIIOHAX HCHOJb3YETCS MOJ JOJTOCPOYHBbIE 3€PHOBBIE
KYJIbTYpbl, YMEHbIIEHUE MaxoTHOro cios mouBbl (AUa = 25-30 cm), rymyca (3,3-3,9%), a3ota
(0,25-0,32%), abcopOrmonHoi crocodHocTH (46,6-50,9 MMOJB-9KB), KOJUIOWAHBIX YaCTHI[ HJIa
(<0,001 mm = 25,4-26,1%) Takke NPUBENIO K 3HAYUTEIHLHOMY CHIKEHHIO CTeNeH! arperaiuu (63,0-
64,9) 1 BOJIOCTON-KUX MHKPOArperaTtoB, U, HA00OPOT, K yBENUYEHHIO KOd((ULIMEeHTa AUCTIEPCUI
(35,1-37,0).

B nakormurensHO-moBoM ciioe (AUca=35-40 cM) TEMHBIX TOPHBIX CEPO-KOPUYHEBBIX IIOYB,
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c(OpMHU-POBABIIUXCSI HA COJHEYHBIX CKIOHAX B YCIOBHUSX OTHOCHTEIBHO 3aCYILIUBOTO
MHUKPOKJIMAaTa U KCepO-(PHILHOIO TPABSHOTO TOKPOBA, HAOJIIOAAIOCh 3HAYMTEIBHOE CHUKCHUE
conepxanus rymyca (2,6-3,9%), asora (0,19-0,29%) u abcopOumoHHO#M criocoonoctu (41,4-46,7
MMOJIb-9KB.), @ TakK)K€ OTHOCHUTEJIILHOE OCBETICHHE TpaHyJoMeTpudeckoro cocraBa (<0,01
MM=52,4-57,6%;<0,001 mm=20,4-27,1%), 4TO TIpHU-BETIO K YMEHBIIICHUIO CTETICHU arperanuu (65,8-
72,5) U BOJOCTOWKHX «HUCTHHHBIX» MHKpoarperatoB (22,6-25,9) B mpeoOmamaromux (Hpakmusax
MOYBBI ¥, HA00OPOT, K YBEIUYCHUIO KO3 duinenTa aucnepcuu (27,5-34,2).

KarwueBble cjioBa: peibed, SKCIO3UINS CKIOHOB, TPOPHIIb TIOYBBI, TYMYC, IPaHyJIOMETPU-YECKHIA
COCTaB, COCTaB MUKPOArperaToB

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Abstract

The aim of this study was to investigate the spatial variability of soil electrical resistivity within
pedogenic horizons under coastal conditions and to evaluate its relationship with soil genesis,
morphological features, and physicochemical properties.

The research was conducted within the coastal ecological monitoring zone of Lake Baikal, in near-
shore areas characterized by periodic water level fluctuations, active sediment redistribution, and
variable moisture regimes. Field investigations were carried out during the vegetation period.

Field studies were performed using standard pedological approaches. Representative soil profiles
(burzems, stratosems, and lithozems) were described according to WRB (2022) guidelines, and
samples were collected from each genetic horizon. Soil electrical resistivity (p) was measured using
the LandMapper-03 device following electrophysical methods. Laboratory analyses included
determination of moisture content, humus, particle-size distribution, and pH. A new indicator, the
Pedogenetic Resistivity Index (PRI), was proposed to evaluate the relative contribution of resistivity
in relation to humus and clay content. Statistical analysis included descriptive statistics, correlation
analysis, one-way ANOVA, and the Kruskal-Wallis test.

The results revealed significant vertical and spatial variability of electrical resistivity across soil
types and horizons. Burzem soils showed a gradual increase in resistivity with depth, while
stratosem soils exhibited non-monotonic, layered patterns reflecting lithological heterogeneity.
Lithozem soils demonstrated the highest variability due to weak profile development and strong
lithological control. PRI values effectively reflected pedogenetic differentiation, with lower values
in humus-rich horizons and higher values in deeper layers. Statistical tests did not confirm
significant differences among soil types (p > 0.05), although a clear tendency toward differentiation
was observed.

Soil electrical resistivity is a reliable integrative indicator of soil heterogeneity and pedogenetic
differentiation under coastal conditions. The proposed PRI index enhances the interpretation of
electrophysical data; however, its application requires an integrated approach combining
morphological, physicochemical, and geophysical analyses.

Keywords: soil electrical resistivity, Pedogenetic Resistivity Index (PRI), coastal soils, spatial
variability, soil heterogeneity, pedogenic horizons, lithological control, soil profile differentiation

Introduction

Soil electrical resistivity has emerged as an effective integrative indicator reflecting the
combined influence of soil physical, chemical, and structural properties. As a non-destructive and
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sensitive parameter, it has been increasingly used in soil science to characterize spatial
heterogeneity, diagnose soil conditions, and interpret pedogenic processes. Electrical resistivity is
primarily controlled by soil moisture content, pore structure, texture, salinity, and temperature, but
its behavior within soil profiles is often governed by complex interactions among these factors.

In recent years, increasing attention has been given to the application of electrical resistivity
measurements for studying vertical soil differentiation and identifying genetic horizons. Variations
in resistivity within soil profiles can reveal transitions between horizons, reflecting differences in
humus accumulation, mineral composition, bulk density, and degree of weathering. However, the
relationship between electrical resistivity and individual soil properties is not always linear or
uniform, particularly under heterogeneous environmental conditions.

Coastal landscapes represent a specific pedoecological environment where soil formation is
influenced by a combination of hydrological, geomorphological, and climatic factors. Fluctuating
moisture regimes, periodic wetting and drying, sediment deposition, and the influence of surface
and groundwater dynamics contribute to the development of complex soil profiles. These conditions
often result in pronounced spatial variability of soil properties, including electrical resistivity, both
horizontally and vertically.

Despite the growing body of research, the interpretation of electrical resistivity in terms of
soil genesis and horizon differentiation remains challenging. In many cases, resistivity patterns
cannot be explained solely by traditional soil parameters such as moisture or granulometric
composition. Instead, they reflect the integrated effect of multiple pedogenic processes, including
organic matter transformation, mineral weathering, structural evolution, and anthropogenic or
pyrogenic influences.

The study of electrical resistivity within pedogenic horizons under coastal influence is
therefore essential for improving our understanding of soil formation mechanisms and for refining
the use of geophysical methods in soil science. In particular, identifying consistent patterns of
resistivity distribution across different soil types can provide valuable insights into the genetic
structure of soils and their functional properties.

The aim of this study is to investigate the spatial variability of soil electrical resistivity
within pedogenic horizons in a coastal monitoring zone and to assess its relationship with soil
morphological features and genesis. Special attention is given to comparing resistivity patterns
across different soil types and interpreting their variability in the context of pedogenic processes.

It is hypothesized that soil electrical resistivity exhibits systematic spatial variability within
pedogenic horizons under coastal influence, reflecting the combined effects of soil-forming
processes, morphological differentiation, and environmental factors. This variability is expected to
correspond to the genetic structure of soil profiles rather than being controlled by a single factor
such as moisture or texture.

Literature review

Soil electrical resistivity (ER) and electrical conductivity (EC) are widely recognized as
integrative indicators reflecting the combined influence of soil moisture, temperature, porosity,
texture, and ionic composition [1]. Unlike individual soil parameters, electrical properties provide a
cumulative response to multiple soil-forming factors, making them particularly valuable for
studying soil heterogeneity and pedogenic processes. Recent studies emphasize that the
interpretation of electrical properties should be based on a complex, multi-factor approach rather
than simplified linear relationships [18, 4].

The theoretical foundations of soil electrophysical properties have been extensively
developed in classical and modern studies. Pozdnyakov outlined the methodological basis for
applying electrophysical methods in soil investigations, highlighting their sensitivity to structural
and moisture-related changes [15]. Earlier, Pozdnyakov and Gulaliyev demonstrated that soil
electrical properties vary significantly depending on soil type, granulometric composition, and
environmental conditions, emphasizing their diagnostic potential in soil science [16].
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Temperature is another key factor influencing soil electrical behavior. Gulaliyev showed
that specific electrical conductivity of soils is strongly dependent on temperature, which affects ion
mobility and water—solid interactions [10]. These findings confirm that electrical properties should
be interpreted in relation to both thermal and hydrological regimes, particularly in environments
characterized by seasonal variability. In recent years, geophysical methods such as electrical
resistivity tomography (ERT) have significantly expanded the possibilities for studying soil profile
structure and spatial variability. ERT-based approaches allow for high-resolution analysis of
subsurface heterogeneity and have been successfully applied to monitor soil moisture dynamics and
structural differentiation monitor soil moisture dynamics and structural differentiation [2,7,8].

These methods are particularly useful in identifying vertical contrasts within soil profiles
and detecting transitions between genetic horizons. Modern research increasingly demonstrates that
electrical resistivity can be used to identify pedogenic horizons and lithological discontinuities.
Variations in resistivity are often associated with changes in soil structure, density, mineral
composition, and degree of weathering [6, 22]. However, these relationships are not always
straightforward, as resistivity reflects the combined influence of multiple interacting factors rather
than a single dominant variable. The relationship between electrical properties and soil trophic
status has also been investigated using electrophysical methods. In agricultural systems, soil
electrical conductivity has also been increasingly applied for site-specific nitrogen management and
precision fertilization strategies [17]. Buzuk proposed an approach based on exponential regression
and moisture correction, demonstrating that accurate interpretation of electrical data requires
accounting for non-linear dependencies and environmental variability [5]. This approach further
supports the idea that soil electrical properties are governed by complex interactions rather than
simple linear models. Spatial variability of soil electrical properties is strongly influenced by
landscape position, microrelief, and hydrological conditions. Recent evidence from arid urban soils
also indicates that episodic waterlogging significantly modifies hydropedogenic pathways and
spatial redistribution of soil moisture, resulting in pronounced electrophysical contrasts within soil
profiles [3]. Studies have shown that microtopography plays a significant role in pedogenesis,
affecting moisture redistribution and soil development processes [12]. Similar pedogenetic contrasts
between slope and basin positions have also been reported in recent geomorphologically controlled
soil studies [23]. Coastal environments, in particular, exhibit high spatial heterogeneity due to
fluctuating moisture regimes, sediment deposition, and groundwater influence [10, 19]. Similar
variability patterns have also been reported in irrigated agricultural systems, where ERT-based
observations revealed substantial temporal changes in soil moisture distribution [13].

Within the Baikal region, electrophysical methods have been successfully applied for soil
diagnostics in ecological monitoring zones. Vashukevich et al. demonstrated that electrical
resistivity reflects internal soil heterogeneity and can be effectively used for monitoring soil
conditions and profile differentiation [20]. Their work highlighted the importance of integrating
geophysical measurements with pedological observations. Recent studies further confirm the
importance of combining electrophysical methods with classical soil analysis. Advances in sensor-
based and spectroscopic detection systems further expand the applicability of soil electrical
conductivity measurements in modern digital soil diagnostics [21]. Kozlova and Gulaliyev showed
that electrical resistivity, when interpreted together with morphological and physicochemical
properties, provides a reliable basis for diagnosing soil transformation under agropedogenesis [11].
Their results indicate that resistivity patterns are closely linked to humus content, granulometric
composition, and iron forms, although these relationships vary across soil types. Overall, the
current state of research indicates that soil electrical resistivity is a powerful tool for analyzing
spatial variability and soil profile structure. Recent imaging-based studies further confirm the
applicability of resistivity methods for quantitative assessment of soil water content variability at
field scale [14]. However, its interpretation remains complex due to the multicausal nature of
controlling factors, including moisture, temperature, lithology, and pedogenic processes. Despite
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significant advances, there is still a lack of studies that explicitly examine the spatial variability of
electrical resistivity within pedogenic horizons under coastal influence while integrating
morphological, genetic, and environmental factors.

Materials and methods

The study was conducted within the coastal ecological monitoring zone of Lake Baikal,
specifically in near-shore areas characterized by periodic water level fluctuations, active sediment
redistribution, and variable moisture regimes. These conditions create a highly heterogeneous
pedogenic environment formed under the influence of hydrodynamic processes, lithological
variability, and surface runoff.

The investigated soils include burzems, lithozems, and stratified soils (stratosems), which
represent different stages and conditions of soil formation within the coastal landscape.

Field investigations were carried out using standard pedological methods. Representative
soil profiles were selected, and soil samples were collected separately from each genetic horizon.

Soil electrical resistivity (p, Ohm-m) was measured using the LandMapper-03 device based
on electrophysical principles. Measurements were conducted following the methodological
approaches of Pozdnyakov [15] and Pozdnyakov and Gulaliyev [16]. Soil samples were prepared to
preserve their natural structure, moisture conditions were standardized, and electrode contact
stability was ensured.

In addition, selected soil physicochemical properties, including moisture content, particle-
size distribution, humus content, and soil pH, were determined under laboratory conditions.

Statistical data processing included descriptive statistics (mean, standard deviation, and
coefficient of variation, CV%) and correlation analysis.

In this study, a new indicator — the Pedogenetic Resistivity Index (PRI) — was introduced:

p

PRI =
Humus + Clay_g 91

This index expresses the relative variation of electrical resistivity in relation to soil organic
matter and fine particle fraction and is used as an integrative indicator of pedogenetic
differentiation.

To assess differences in PRI among soil types, one-way ANOVA and the non-parametric
Kruskal-Wallis test were applied.

Results

The results of the study indicate that soils formed under coastal conditions exhibit
significant spatial variability in electrical resistivity (p), both vertically within soil profiles and
across different soil types. This variability is closely associated with the differentiation of genetic
horizons and reflects the complex influence of soil-forming processes.

In burzem soils (section 9), the vertical distribution of electrical resistivity shows a relatively
consistent pattern (Table 1). In the upper O and AY horizons, resistivity values range from 773 to
775 Ohm-m, while in the deeper horizons, these values increase to 969—1112 Ohm- m. This increase
can be attributed to the decrease in humus content and the compaction of soil structure with depth.

Correlation analysis revealed that electrical resistivity is negatively correlated with humus
content (r = —0.737) and positively correlated with coarse particle fractions (r = 0.856),
confirmingthe significant role of soil structure and granulometric composition in controlling
electrical properties.
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Table 1. Electrical resistivity and physicochemical properties of burzem soil (Section 9)

Horizon Depth p Humus pH Clay Clay <0.01
(cm) (Ohm-m) (%) <0.001 mm (%)
mm (%)

O 2—7 773.8 14.5 4.9 14 23
AY 7-13 775.2 6.6 5.3 26 20
BM 13-30 969.3 4.5 5.2 20 36
C 30-40 922.1 3.4 5.2 18 23
40-50 1112.0 2.8 5.2 17 36

Note. Correlation coefficients (r): p—Humus = —0.737; p—pH = 0.07; p—Clay (<0.001 mm) =
—0.234; p—Clay (<0.01 mm) = 0.856.

In the second burzem soil profile (section 7), the distribution of electrical resistivity exhibits
a more pronounced and heterogeneous pattern (Table 2). In the upper horizon (4-9 cm), resistivity
is relatively low (p = 345 Ohm-'m), whereas within the 10-50 cm interval, it increases sharply to
1185-1248 Ohm'm. In deeper layers, resistivity decreases again and stabilizes within the range of
840-870 Ohm'm.

Such variability reflects structural heterogeneity within the soil profile and indicates the
presence of different stages of pedogenic development. Correlation analysis also shows a negative
relationship between electrical resistivity and humus content (r = —0.7167), as well as a weak
negative correlation with fine particle fractions.

Table 2. Electrical resistivity and physicochemical properties of burzem soil (Section 7)

Horizon Depth P Humus pH Clay Clay <0.01
(cm) (Ohm-m) (%) <0.001 mm (%)
mm (%)
AY 4-9 345.1 8.6 5.4 13 32
10-20 1185.0 2.6 5.7 11 30
BM 20-30 1243.0 1.7 5.8 8 20
30-40 1189.0 2.1 5.7 7 18
40-50 1248.0 14 5.6 11 27
C 50-60 845.7 1.3 5.9 10 21
60-70 841.3 1.3 6.0 10 24
>85 873.3 0.9 6.0 9 24

Note. Correlation coefficients (r): p—Humus = —0.7167; p—pH = 0.208; p—Clay (<0.001 mm) =
—0.6405; p—Clay (<0.01 mm) = —0.460.

In stratosem soils (section 6), the distribution of electrical resistivity exhibits a non-
monotonic and layered pattern (Table 3). Resistivity values vary within a wide range of 301-1007
Ohm'm, showing pronounced differences across genetic horizons. Maximum values (~1007
Ohm-'m) are observed at a depth of 25-45 cm (AC horizon), whereas minimum values (~301
Ohm-m) occur at 110-115 cm.

This variability can be explained by the presence of sedimentary layers and buried soil
horizons. Correlation analysis indicates that relationships between electrical resistivity and soil
properties in this soil type are weaker and less stable compared to other soil types.
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Table 3. Electrical resistivity and physicochemical properties of stratosem soil (Section 6)

Horizon Depth p Humus pH Clay <0.001 | Clay <0.01

(cm) (Ohm-m) (%) mm (%) mm (%)
RU 1-4 625.4 10.5 5.7 8 18
4-9 887.4 15.8 9.5 11 25
9-15 905.2 10.5 55 11 27
{A} 15-25 659.9 3.1 5.5 11 24
{AC} 2545 1007.0 14 5.6 9 20
{C} 75-105 525.3 0.7 6.5 13 23
{A} 105-110 370.1 3.8 6.6 21 39
110-115 301.0 2.2 6.5 14 31
{C} 115-130 740.5 0.7 6.4 11 25
130-152 802.7 0.5 6.8 18 36

Note. Correlation coefficients (v): p—Humus = 0.296, p—pH = —0.578; p—Clay (<0.001 mm) =
—0.500; p—Clay (<0.01 mm) = —0.413.

In lithozem soils, the distribution of electrical resistivity is strongly dependent on the degree
of soil profile development and lithological characteristics. In section 4 (Table 4A), resistivity
values are relatively low, ranging from 279 to 456 Ohm-m. Correlation analysis shows a strong
positive relationship between electrical resistivity and humus content (r = 0.9797), while a strong
negative relationship is observed with fine particle fractions. This indicates that electrical properties
are closely related to soil water retention capacity and dispersive composition.

Table 4. Electrical resistivity and physicochemical properties of lithozem soil (Section 4)

Horizon Depth p Humus pH Clay Clay <0.01
(cm) (Ohm-m) (%) <0.001 mm (%)
mm (%)
AY 2-18 456.2 8.1 5.4 18 28
C 18-27 279.7 2.9 5.3 26 41
27-38 284.6 1.7 5.3 23 38

Note. Correlation coefficients (r): p—Humus = 0.9797; p—pH = 0.9997; p—Clay (<0.001 mm) =
—0.9373; p—Clay (<0.01 mm) = —0.9805.

In section 3 (Table 5), electrical resistivity increases sharply and varies within a wide range
of 453-1282 Ohm-m. The highest values are recorded in the parent material (R horizon). This
pattern can be explained by the weakly developed soil profile and the influence of dense lithological
material. Correlation analysis indicates a strong negative relationship between electrical resistivity
and both humus content and fine particle fractions.

Table 5. Electrical resistivity and physicochemical properties of lithozem soil (Section 3)

Horizon Depth p Humus pH Clay Clay <0.01
(cm) (Ohm-m) (%) <0.001 mm (%)
mm (%)
AY 4-10 453.3 5.0 5.4 18 28
C 10-20 1113.0 1.2 5.4 17 27
20-40 902.4 0.9 54 16 26
R >40 1282.0 0.5 54 16 25

Note. Correlation coefficients (r): p—Humus = —0.9234; p—Clay (<0.001 mm) = —0.7709, p—Clay
(<0.01 mm) = —0.8199.
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Overall, the obtained results indicate that soil electrical resistivity is not controlled by a
single factor but is governed by the combined influence of moisture, humus content, granulometric
composition, structural organization, and lithological characteristics. The differences in resistivity
distribution among soil types confirm that this parameter serves as an integrative indicator
reflecting soil genesis and profile differentiation.

Statistical analysis of the Pedogenetic Resistivity Index (PRI) revealed that the observed
differences among soil types are not statistically significant at the 5% significance level. According
to the results of one-way ANOVA, the differences are not statistically significant (p = 0.0999).
Similarly, the non-parametric Kruskal-Wallis test confirmed the absence of statistically significant
differences (p = 0.1069).

However, despite the lack of statistical significance, the results indicate a clear tendency
toward differentiation among soil types. This pattern can be explained by high within-group
variability, as reflected by elevated coefficients of variation (CV), and by pronounced lithological
heterogeneity, particularly in lithozem soils.

The distribution of PRI across soil types is presented in Figure 2. The boxplot demonstrates
that burzem soils are characterized by higher median values and relatively stable distributions,
indicating a more uniform and gradually developed pedogenetic structure. In contrast, stratosem
soils exhibit a narrower interquartile range but include several outliers, reflecting local
heterogeneity associated with layered sedimentary structures. Lithozem soils show the highest
variability, with a wide interquartile range and extended whiskers, indicating strong heterogeneity
and the dominant influence of lithological control.

Thus, the PRI index effectively reflects not only the differentiation of genetic horizons but
also the degree of internal heterogeneity within soil profiles.

Discussion

The results of this study demonstrate that the vertical distribution of soil electrical resistivity
under coastal conditions directly reflects the genetic structure of soil profiles and follows different
patterns across soil types.

In burzem soils, the consistent increase in resistivity with depth (773 — 1112 Ohm-m)
corresponds to a decrease in humus content and compaction of soil structure. These findings
confirm the sensitivity of soil electrophysical properties to structural and moisture changes, as
reported by Pozdnyakov [15] and Pozdnyakov and Gulaliyev [16].

In stratosem soils, the observed non-monotonic distribution of resistivity (301-1007
Ohm-m) is associated with their lithologically heterogeneous structure. This feature indicates the
presence of lithological discontinuities within the soil profile and is consistent with the findings of
Cheng et al. [6] and Waroszewski et al. [22].

In lithozem soils, the sharp variation in resistivity (279 — 1282 Ohm-'m) can be explained
by the weak development of the soil profile and the dominant influence of parent material. These
results highlight the key role of lithological control in coastal landscapes [10, 19].

Correlation analysis shows that relationships between electrical resistivity and soil
properties vary depending on soil type and do not exhibit a universal pattern. This confirms the
multi-factor nature of electrical resistivity and emphasizes the importance of non-linear approaches
in its interpretation [5].

The application of the Pedogenetic Resistivity Index (PRI) further clarifies these patterns.
As shown in Figure 1, PRI values vary in accordance with genetic horizons within the soil profile,
clearly reflecting pedogenetic differentiation.
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Vertical Distribution of Pedogenetic Resistivity Index (PRI)
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Figure 1. Vertical distribution of the Pedogenetic Resistivity Index (PRI) in burzem,
stratosem, and lithozem soils, reflecting pedogenetic differentiation and lithological control within
soil profiles.

The results of PRI calculations indicate that in upper humus-rich horizons, PRI values are
relatively low (6-20), which is associated with higher humus and clay content. In contrast, in
deeper horizons, particularly in layers under lithological control, PRI values increase significantly,
reaching 40-60.

In burzem soils, the increase of PRI values with depth reflects a classical pattern of soil
profile development. In stratosem soils, however, PRI exhibits irregular variation, indicating
lithological heterogeneity. In lithozem soils, the highest PRI values are observed in the parent
material zone.

The mean values of PRI and the coefficient of variation (CV%) for different soil types are
presented in Tables 6 and 7.

Cadval 6. Mean PRI and coefficient of variation (CV%b) for soil profiles

Soil type Mean PRI SD CV (%)
Burzem (section 9) 27.46 5.46 19.88
Burzem (section 7) 38.93 15.82 40.63

Stratosem 22.99 10.65 46.31

Lithozem (section 4) 8.73 3.41 39.11
Lithozem (section 3) 34.26 15.33 44.75

As shown in Table 6, burzem soils (section 9) are characterized by low variability of PRI
(CV = 19.88%), indicating a relatively homogeneous profile structure. In contrast, burzem soils
(section 7) and stratosem soils exhibit higher CV values, reflecting structural and lithological
heterogeneity.

The aggregated results presented in Table 7 indicate that lithozem soils show the highest
variability (CV = 75.22%), confirming that they represent the most lithologically heterogeneous soil
type.

Overall, the PRI index serves as an effective diagnostic indicator that reflects not only the
differentiation between genetic horizons but also the degree of structural heterogeneity within soil
profiles.
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Cadval 7. Aggregated statistics of PRI for soil types

Soil type Mean PRI SD CVv

(%)
Burzem (overall) 34.52 13.77 39.89
Stratosem (overall) 22.99 10.65 46.31
Lithozem (overall) 23.32 17.54 75.22

Statistical analysis further supports this interpretation. Both one-way ANOVA (p = 0.0999)
and the Kruskal-Wallis test (p = 0.1069) indicate that differences in PRI values among soil types
are not statistically significant at the 5% level. However, the observed variability suggests a clear
tendency toward differentiation between soil types.

This pattern can be attributed to relatively high within-group variability and limited sample
size, particularly in lithozem and stratosem soils. The elevated coefficients of variation (CV)
confirm that intra-profile heterogeneity plays a dominant role in PRI distribution and may mask
statistically significant differences between soil types.

The boxplot (Figure 2) further supports these findings, showing that lithozem soils exhibit
the highest variability in PRI, while burzem soils display a more stable and uniform distribution.

Distribution of Pedogenetic Resistivity Index (PRI1) by Soil Type
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Figure 2. Distribution of Pedogenetic Resistivity Index (PRI) across soil types. The boxplot
illustrates median values, interquartile range, and variability of PRI in burzem, stratosem, and
lithozem soils.

The boxplot analysis confirms that the variability of PRI differs substantially among soil
types. The relatively compact distribution observed in burzem soils suggests more uniform
pedogenetic development. In contrast, stratosem soils exhibit localized deviations, likely associated
with lithological discontinuities and buried horizons. Lithozem soils show the highest variability,
which is consistent with their weak profile development and strong dependence on parent material.

The presence of outliers in the PRI distribution further highlights the influence of local
pedogenic and lithological heterogeneity. These extreme values may correspond to horizons with
abrupt changes in moisture content, texture, or structural organization, particularly in stratified and
weakly developed soils.

Conclusion

The study demonstrates that soil electrical resistivity is a reliable integrative indicator of
pedogenetic differentiation under coastal conditions and exhibits pronounced spatial variability
within soil profiles. This variability is controlled not by a single factor but by the combined
influence of moisture, humus content, structural organization, granulometric composition, and
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lithological characteristics.

Burzem soils show a gradual increase in resistivity with depth, reflecting classical profile
differentiation, whereas stratosem soils exhibit non-monotonic, layered patterns associated with
sedimentary heterogeneity. In lithozem soils, resistivity is primarily controlled by parent material
and the degree of profile development.

The proposed Pedogenetic Resistivity Index (PRI) effectively captures both vertical
differentiation and internal heterogeneity of soils. Although statistical tests did not confirm
significant differences among soil types, the observed patterns indicate a clear tendency toward
differentiation governed by pedogenetic and lithological factors.

Overall, soil electrical resistivity can be considered a robust diagnostic parameter for
assessing soil heterogeneity; however, its interpretation requires an integrated approach combining
morphological, physicochemical, and geophysical data.
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SAHIL TOSIRi ALTINDA PE])OGENETIK HORIZONTLAR DAXILINDO TORPAGIN
ELEKTRIK MUQAVIMOTININ MOKAN DOYISKONLIiYi

Cingiz Giilaliyev
Nadejda Vasukevig
Lonkaran Dovlat Universiteti
Ural Dovlat Agrar Universiteti

Xiilasa

Todqgiqatin  mogsadi  sahil soraitindo pedogenetik horizontlar daxilindo torpagin elektrik
miigavimatinin mokan doyiskonliyini yronmak vo onun torpaq genezisi, morfoloji xiisusiyyatlor vo
fiziki-kimyavi gostaricilarla alagesini giymatlondirmak olmusdur.

Tadgiqat Baykal goliiniin sahil ekoloji monitoring zonasinda, su saviyyasinin dovri doyismasi, aktiv
¢okiintii yigilmast vo dayiskon riitubat rejimi ilo saciyyalonon sahilyani orazilords aparilmigdir. Col
tadgiqatlar1 vegetasiya dovriinds hayata kegirilmisdir.

Col islori standart torpaqgsiinasliq metodlart asasinda aparilmisdir. Reprezentativ torpaq profillari
(burdzemlar, stratozemlor vo litosemlor) WRB (2022) tosnifatina uygun tosvir edilmis vo har
genetik horizontdan niimunalor gétiiriilmiisdiir. Torpagin elektrik miigavimati (p) LandMapper-03
cihaz1 vasitosilo elektrofiziki metodlara ssason oOlgiilmiisdiir. Laborator analizlor ¢argivasinda
rlitubat, humus miqdari, qranulometrik torkib vo pH miioyyan edilmisdir. Elektrik miigavimatinin
humus vo gil fraksiyasi ilo qarsiligh tasirini giymatlondirmok tigiin yeni gostorici — Pedogenetik
Miigavimot indeksi (PRI) toklif edilmisdir. Statistik tohlilo tosviri statistika, korrelyasiya analizi,
birfaktorlu dispersiya tohlili (ANOVA) va Kruskal-Wallis geyri-parametrik testi daxil edilmisdir.
Noticolor gostormisdir ki, torpagin elektrik miiqavimati miixtalif torpaq tiplori vo genetik
horizontlar iizra shomiyyatli saquli vo mokan doayiskonliyi niimayis etdirir. Bur6zem torpaqlarda

39



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 29-41 2026, Ne 1 (14), pp. 29-41

miiqavimatin doarinlik iizro todricon artmasi miisahido olundugu halda, stratozemlordo litoloji
heterogenliyi oks etdiran geyri-monoton vo layli paylanma miisahids olunur. Litosem torpaglar iss
zoif inkisaf etmis profil vo ana siixurun dominant tasiri ilo slagodar on yiiksok doyiskonlik gostorir.
PRI gostaricisi pedogenetik diferensiasiyani effektiv  sokildo oks etdirir: humusla zongin
horizontlarda asagi, daha dorin gatlarda ise yiiksok qiymatlor geyds alinmisdir. Statistik testlor
torpaq tiplori arasinda ohomiyyatli forglori tosdiglomosa do (p > 0.05), diferensiasiya meyli
miisahido edilmisdir.

Torpagin elektrik miigavimoti sahil soraitindo torpaq heterogenliyinin vo pedogenetik
diferensiasiyanin qiymatlondirilmasi {igiin etibarli inteqral gostarici hesab oluna bilar. Toklif olunan
PRI indeksi elektrofiziki malumatlarin interpretasiyasini genislandirir, lakin onun tatbigi morfoloji,
fiziki-kimyavi va geofiziki molumatlarin inteqrasiyasina asaslanan kompleks yanasma talob edir.
Acar sézlar: torpagn elektrik miiqavimati, Pedogenetik Miigavimot indeksi (PRI), sahil torpaqglar,
mokan dayiskanliyi, torpaq heterogenliyi, pedogenetik horizontlar, litoloji nazarat, torpaq profilinin
diferensiasiyast

INPOCTPAHCTBEHHAS NBMEHYUBOCTD 3JIEKTPUYECKOI'O COITPOTUBIJIE-
HUSA ITOYB B IIEAOT'EHETHYECKUX 'OPU30HTAX B YCJIOBUSAX ITPUBPEKHO-
'O BJINSAHUA

Uunrus ['ronansies
Hanexna Bamykesuu
JIAHKApaHCKUM TOCYAapCTBEHHBIN YHUBEPCUTET
VpanbsCkuil roCyJapCTBEHHBIN arpapHblii YHUBEPCUTET

AHHOTaNus

Llenbt0 TaHHOTO MCCIIENOBAHUS SBIISUIOCH M3YYSHHE MTPOCTPAHCTBEHHOW M3MEHYHBOCTH DJICKTpUYE-
CKOT'0 CONPOTUBIICHUS ITOYB B MpeJiesiaX MeJ0reHeTUYECKUX TOPU30HTOB B IPUOPEKHBIX YCIOBHSIX,
a TaKKe OIEHKA €r0 B3aWMOCBS3H C TEHE3UCOM ITOYB, MOP(HOJIOTHIECKUMH NIPU3HAKAMHU U (DU3HKO-
XUMHUYECKHUMHU CBOWCTBAMH.

HccnenoBanue MpoOBOIMIOCH B MIPHOPEKHON 30HE IKOJIOTHIECKOTO MOHHTOpPUHTA o3epa baiikai, B
NPUOPEKHBIX YJaCTKaX, XapaKTEPU3YIOMIUXCS TEPUOTUIESCKUMHI KOJICOAHUSIMHU YPOBHS BOJBI, aK-
TUBHBIM IEpepacipeesieHueM OCaJIKOB U M3MEHYMBBIM PEXHMMOM yBiakHeHUs. [loneBbie uccie-
JIOBAaHUS! BBITTOJTHSUIMCH B BETETAIIMOHHBIA IEPHO/I.

[ToneBble pabOTHl MPOBOJMIUCH C UCIOJIb30BAaHUEM CTAHAAPTHBIX NMOYBOBEAUECKUX METONOB. Pe-
NIPe3CHTAaTHBHBIC TIOYBEHHBIE pa3pe3bl (Oypo3éMBbI, TUTO3EMBI U CTPATU(GHUIIMPOBAHHBIC TTOYBBI —
CTPaTO3EéMBbI) OMUCHIBAINCH B COOTBETCTBUM ¢ pekoMmeHaanusmMu WRB (2022), a o6pasiisl oToupa-
JMCh W3 KKAOTO TEHETHYECKOTO TOPH30HTA. DIEKTPUIECKOE CONMPOTHBIICHHUE MOYBHI (p) U3MEps-
JIOCh C MCIIONIb30BaHueM mpubopa LandMapper-03 Ha ocHOBE 3J1eKTpOPHU3UUECKUX MeTO10B. JIabo-
paTopHBIC aHAIM3BI BKIIOYAIN OINpENeeHNe BIAKHOCTH, COACPKaHUS TyMyca, TpaHyJIoMeTpude-
ckoro coctaBa u pH. B paboTe nmpeioskeH HOBBIN MMOKa3aTeNb — UHAEKC MEJOTeHETHYECKOTO CO-
nporusienus (Pedogenetic Resistivity Index, PRI), mo3Bosstomiuii OlEeHUTh OTHOCUTEIILHOE 3HAYE-
HHUE CONPOTUBJICHUS C YUETOM COJIEpKaHMsI T'yMyca W TIMHHUCTBHIX yacTull. CraTtuctuyeckas odpa-
00TKa BKIIIOYAJla OMUCATENBHYIO CTATHCTUKY, KOPPEISIIMOHHBIN aHaln3, AUCIIEPCUOHHBIA aHAIN3
(ANOVA) u HenapameTpuueckuii kpurepuii Kpackena—Y omnnca.

Pe3ynpTaThl moKa3any 3HAYUTENBHYIO BEPTUKAIBHYIO M MPOCTPAHCTBEHHYIO M3MEHYHBOCTH DIIEK-
TPUYECKOTO COMPOTHUBIIEHUS B PA3JIMUHBIX THUIIAX MOYB M ropu3oHTax. B Oypozémax Habmomaercs
MIOCTETICHHOE YBEIMYCHUE CONMPOTHBIICHHSI C TIIyOWHOMU, TOT/Ia KaK CTPATO3EMBI XapaKTEePU3YIOTCS
HEMOHOTOHHBIM, CIIOMCTBIM pacIpe/eIeHUeM, OTPAKAIOUIMM JMTOJIOTUYECKYI0 HEOAHOPOJHOCTb.
JINTO3EMBI TEMOHCTPHUPYIOT HAaHUOOJBIIYI0O W3MEHYMBOCTH, OOYCIOBICHHYIO CIIA0BIM DPa3BUTHEM
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npodwis ¥ TOMUHUPYIOIIUM BIUSHUEM MaTepuHCKoW mopojsl. 3HaueHus PRI s¢dextuBHo oTpa-
KarOT MeJOreHeTHYecKyo nuddepeHnmanuio: 6oiee HU3KHE 3HAUEHHs XapaKTEepHbI Uil TyMYCH-
POBaHHBIX TOPU30HTOB, TOTJAa KaK 00Jiee BHICOKHE — IS TNIyOOKHX CI0EB. CTaTUCTHYECKUE TECTHI
HE BBIIBWJIM 3HAUMMBIX pa3iIuyuil Mexay TunaMu nods (p > 0,05), ogHako HaOiogaeTcs TeHICH-
s K uX 1udepeHuanmm.

DJEeKTpUYECKOEe CONPOTUBICHUE ITOUB SBISETCA HAAEKHBIM MHTErPAIbHBIM [TOKa3aTeleM IOYBEH-
HOW HEOJHOPOJHOCTH M NeJoTreHeTHYeckor nuddepeHIanum B mpuopeKHbIX yeiaoBusx. [pemmo-
#eHHbIM nHaekc PRI pacmmpser BO3MOXKHOCTH MHTEpIpETaLUuU 31EKTPOYU3NIECKUX TaHHbBIX, OJ-
HAKO €ro MpuMeHeHHe TpeOyeT KOMIUIEKCHOTO MOAXoAa ¢ y4€ToM MOp(hOIOTrHYecKuX, (pusmko-
XUMHYECKHX U Fe0(PU3NYECKUX XapaKTEPUCTUK IIOYB.

KuroueBble cjioBa: DIIEKTPUYECKOE CONPOTUBIIEHUE MOYBBI, HHJEKC ME€JOT€HETUUECKOIO CONpo-
tupnenus (PRI), npubpexxHbie MOYBBI, IPOCTPAHCTBEHHAS! H3MEHYUBOCTb, IIOYBCHHAST HEOTHOPO/I-
HOCTB, TIEIOTEHETHYECKIE TOPU3OHTHI, JTUTOJIOTUIECKUN KOHTPOJIb, TU(PepeHIIHaus TOYBEHHOTO
npoduIst

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Summary

Plants of the family Fabaceae Lindl. hold strategic importance both in maintaining the equilibrium
of natural ecosystems and in modern agriculture due to their role in restoring soil fertility and
biological nitrogen fixation. In this research, the structural-functional and ecological characteristics
of micromycete complexes associated with Trifolium pratense, Medicago sativa, Lupinus luteus,
and other leguminous plants were comprehensively investigated across various ecological
conditions and different levels of technogenic load in the Lankaran natural region of Azerbaijan. A
total of 120 fungal species were identified from the rhizosphere and phylloplane environments.
Microbiological analyses revealed that the genera Fusarium, Alternaria, Aspergillus, and
Penicillium dominate the formation of the microbiota. The results of the study indicate that
increasing anthropogenic and technogenic pressure directly influences the reduction of species
diversity and the simplification of community structures in micromycete complexes. Particularly in
agrocenoses with high technogenic loads, a sharp decrease in the number of beneficial antagonists
(e.g., Trichoderma spp.) was observed, while the frequency of pathogenic and toxigenic fungi
increased by 20-25%. Calculated biodiversity indices (Shannon index H' = 3.2 + 0.12; Simpson
index D = 0.92 + 0.02) confirmed that Trifolium pratense possesses the richest microbial complex.
As a scientific novelty, the "microbial signatures™ of leguminous plants in the specific soil-climatic
conditions of the Lankaran region were determined for the first time, integrating traditional
morphological methods with modern molecular ITS rDNA sequencing. The practical significance
of the research lies in providing a scientific basis for predicting plant diseases, organizing
phytosanitary monitoring, and developing ecologically clean biopesticides based on local
Trichoderma strains. These findings are of vital importance for the management of sustainable
agroecosystems and the biological restoration of degraded soils.

Keywords: micromycetes, mycoflora, phytopathogen, agrocenosis, rhizosphere, phylloplane,
mycotoxins, diversity indices

Introduction

Plants of the Fabaceae family play a vital role in ecosystems and agriculture by improving
soil fertility through biological nitrogen fixation and providing high-protein crops [1, 2]. These
plants interact with numerous microorganisms, including micromycetes inhabiting the rhizosphere,
phyllosphere, and seeds. Such fungi can be pathogenic, saprotrophic, or symbiotic, affecting plant
health and productivity [2, 11, 12].

Recent anthropogenic impacts and the intensification of agroecosystems significantly
influence micromycete diversity and distribution. Therefore, studying the ecological characteristics
of micromycete complexes associated with Fabaceae plants is crucial for sustainable agriculture
and ecosystem management [10].
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Objective of the work

The aim of this work is to determine the ecological characteristics of the micromycete
complexes of the rhizosphere and phylloplane of the legume family (Fabaceae Lindl.) in different
ecosystems. To achieve this goal, the following tasks were set:

1. To determine the distribution patterns of micromycete complexes in natural conditions
and agrocenoses.

2. To characterize the formation of micromycete complexes in biotopes with various
technogenic loads.

3. To assess the structural characteristics of the phyllosphere micromycetes in agrocenoses.

4. To evaluate the impact of soil parameters on fungal diversity.

Materials and methods

Study area and Sampling: The study was conducted in the Lankaran region, representing
three ecosystems: natural meadows (low impact), agrocenoses with moderate technogenic load, and
high-load crop rotation fields. A total of 360 samples were collected. For each species (Trifolium
pratense, T. repens, Medicago sativa, Lupinus luteus, and Vicia faba), exactly 12 plant samples
were collected per site. All experiments and isolations were performed with three biological
replicates (n = 3) during the period from April to September 2025.

Soil analysis: Soil parameters were measured using standard procedures: pH was determined
potentiometrically in a 1:5 soil-water suspension, and organic matter by the Walkley-Black method

[9].

Isolation and Identification: Micromycetes were isolated using Potato Dextrose Agar (PDA)
and Czapek Dox Agar (CDA) via serial dilution [7]. For molecular identification of selected
pathogenic isolates, the Internal Transcribed Spacer (ITS) region was amplified using universal
primers ITS1 and ITS4 according to the protocol by White et al. [14].

Resultsand discussion

A total of 120 fungal species were identified across the studied sites (Table 1). The
dynamics of the rhizosphere microbial community are significantly influenced by root exudates,
which act as primary substrates for fungal assembly [15].

Table 1. Checklist of Micromycete Species Identified (n=120)

Ne Genus Species (Latin Name) Trophic
Group
F. oxysporum, F. solani, F. culmorum, F. moniliforme,
F. verticillioides, F. avenaceum, F. graminearum, F.
equiseti, F. poae, F. sporotrichioides, F. semitectum, F. Phvtonathoge
1-25 Fusarium | sambucinum, F. acuminatum, F. proliferatum, F. sub- ytopathog
: - n
glutinans, F. tricinctum, F. heterosporum, F. chlamydo-
sporum, F. dimerum, F. merismoides, F. nivale, F. an-
thophilum, F. lateritium, F. tabacinum, F. udum
A. niger, A. flavus, A. fumigatus, A. terreus, A. clavatus,
A. ochraceus, A. candidus, A. versicolor, A. nidulans,
. - : - Saprotroph /
26-45 | Aspergillus A. wentii, A. glaucus, A. restrictus, A. sydowii, A. Toxigenic

tamarii, A. ustus, A. amstelodami, A. chevalieri, A. re-
pens, A. oryzae, A. parasiticus
P. chrysogenum, P. expansum, P. digitatum, P.
italicum, P. cyclopium, P. frequentans, P. funiculosum,
P. purpurogenum, P. citrinum, P. brevicompactum, P.
46-70 | Penicillium | decumbens, P. fellutanum, P. glabrum, P. janczewskii, Saprotroph
P. janthinellum, P. miczynskii, P. oxalicum, P. paxilli,
P. raistrickii, P. roqueforti, P. rugulosum, P.
simplicissimum, P. verrucosum, P. viridicatum, P.
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waksmanii
A. alternata, A. tenuissima, A. brassicicola, A. infecto-
ria, A. solani, A. citri, A. radicina, A. japonica, A. chei- | Phytopathoge
ranthi, A. cucumerina, A. dauci, A. maritima, A. nucis, n
A. triticina, A. tomato
T. harzianum, T. viride, T. koningii, T. hamatum, T.
aureoviride, T. reesei, T. pseudokoningii, T. virens, T.
longibrachiatum, T. atroviride
M. mucedo, M. hiemalis, M. racemosus, M. piriformis,
M. plumbeus, R. stolonifer, R. nigricans, R. oryzae, R.
microsporus, R. arrhizus
Rhizoctonia solani, Ulocladium botrytis, Cladosporium
herbarum, C. cladosporioides, Botrytis cinerea,
Verticillium dahliae, V. albo-atrum, Acremonium
strictum, Gliocladium roseum, Humicola grisea,
Nigrospora oryzae, Stemphylium botryosum,
Chaetomium globosum, Aureobasidium pullulans,
Epicoccum nigrum

71-85 Alternaria

Antagonist /
Saprotroph

Trichoder

86-95 ma

Mucor /

Rhizopus Saprotroph

96-105

Other

Various
Genera

106-120

The quantitative analysis of biodiversity in the rhizosphere of different legume species
showed that environmental stability is directly linked to the host plant species (Table 2). The
calculated indices are presented below.

Table 2. Rhizosphere micromycete diversity indices (Mean + SD)

Species H’(Shannon) | D (Simpson) | Evenness (E)
Trifolium pratense 32+0.12 0.92 £0.02 0.85
Medicago sativa 3.0+0.15 0.91+0.03 0.83
Lupinus luteus 2.8+0.10 0.88 £ 0.04 0.80

The data in Table 2 suggests that Trifolium pratense supports a more complex and stable
fungal community compared to other studied legumes.

Furthermore, the colonization of the phylloplane (leaf surface) was evaluated. The relative
abundance of the main fungal genera on the leaves varied according to the host plant and the level
of technogenic stress in the region (Table 3).

Table 3. Relative abundance of micromycete genera on leaves of Fabaceae species (%)

Species | Fusarium | Alternaria | Aspergillus | Penicillium | Trichoderma | Ulocladium
Trifolium | 0/ 15% 10% 10% 25% 5%
pratense
Medicago | o0 10% 25% 10% 20% 5%
satlva
LIUp'”“S 10% 25% 15% 20% 10% 5%
uteus
Trifolium | oo, 20% 15% 10% 20% 506
repens
Vicia 15% 10% 30% 10% 15% 5%
faba

On the phylloplane, colonization was mainly by phytopathogens such as Alternaria
alternata, Ulocladium botrytis, and saprotrophic fungi [3, 10]. The relative abundance of genera
varied among species and according to anthropogenic pressure, as shown in Table 3. For example,
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Trifolium pratense leaves were dominated by Fusarium (20%) and Trichoderma (25%), while
Medicago sativa showed higher abundance of Aspergillus (25%) under moderate technogenic load
[6, 11]. Lupinus luteus leaves were dominated by Alternaria (25%) and Penicillium (20%), and
Vicia faba leaves exhibited increased toxigenic Aspergillus in highly impacted agroecosystems.

Sites with higher technogenic load showed a significant reduction in species evenness and a
20-25% increase in the abundance of phytopathogenic fungi. This shift suggests that anthropogenic
stress disruptions reduce the population of beneficial antagonists like Trichoderma, creating an
ecological niche for opportunistic pathogens.

Correlation analysis revealed a positive relationship between soil nitrogen content and
Trichoderma abundance (r = 0.68, P < 0.05), while a negative correlation was found between soil
pH and Fusarium frequency (r = -0.54, P < 0.05). On the phylloplane, colonization was dominated
by Alternaria alternata and Aspergillus species, particularly in highly impacted agroecosystems.

Scientific novelty

This study provides one of the first comprehensive ecological descriptions of the micromy-
cete communities associated with both wild and cultivated Fabaceae species in the specific soil-
climatic conditions of the Lankaran natural region of Azerbaijan. Unlike previous general mycolog-
ical surveys, this research establishes a high-resolution taxonomic baseline by integrating traditional
morphological methods with molecular ITS rDNA sequencing, ensuring the precise identification
of species-specific assemblages [5, 14].

A key novelty of this work is the quantitative evaluation of how varying levels of techno-
genic load (anthropogenic pressure) act as a selective driver for fungal community assembly. We
demonstrate that technogenic stress disrupts the ecological equilibrium of the rhizosphere, specifi-
cally favoring the proliferation of opportunistic phytopathogens at the expense of beneficial soil
microflora. Furthermore, this study identifies the species-specific "microbial signatures” for Trifoli-
um pratense and Medicago sativa, highlighting their role as host plants for diverse and ecologically
stable fungal complexes even under moderate environmental stress.

Practical significance

The findings of this research have direct applications for sustainable agriculture and envi-
ronmental management. The established database of 120 micromycete species serves as a critical
resource for long-term phytosanitary monitoring and disease forecasting in the Lankaran region. By
identifying the prevalence of Fusarium and Alternaria species in agrocenoses, agricultural stake-
holders can implement more effective crop rotation strategies; for instance, determining the optimal
fallow period or selecting non-host subsequent crops to prevent the accumulation of residual soil-
borne pathogens [8, 13].

Moreover, the identification of indigenous Trichoderma strains with high frequency in natu-
ral meadows suggests a significant potential for the development of local biological control agents.
These native strains are better adapted to the regional climate and soil properties compared to im-
ported commercial products. Utilizing these indigenous antagonists as "biopesticides” can signifi-
cantly reduce the agricultural sector's reliance on chemical fungicides, thereby mitigating soil pollu-
tion and promoting the production of ecologically clean legume crops. These results also provide a
scientific basis for the ecological restoration of technogenically degraded soils through the reintro-
duction of beneficial microbial complexes.

Conclusion

1. The rhizosphere and phylloplane micromycete complexes of Fabaceae plants exhibit dis-
tinct structural differences depending on the ecosystem type. Natural ecosystems maintain a higher
level of microbial diversity, whereas agroecosystems subjected to anthropogenic pressures show a
specialized but less diverse fungal composition [1, 5].

2. High technogenic load acts as an environmental stressor that shifts the microbial balance
toward a higher prevalence of phytopathogenic and opportunistic fungi (e.g., Fusarium and Asper-
gillus spp.), which may pose risks to both plant productivity and human health [6, 11].
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3. Saprotrophic and endophytic fungi identified in the rhizosphere play a fundamental role in
maintaining agroecosystem stability by facilitating nutrient cycling and enhancing plant tolerance to
abiotic stresses [3, 10]. The interaction between these beneficial micromycetes and Fabaceae plants
significantly improves soil fertility through enhanced nitrogen enrichment [2, 8].

4. The research findings establish a robust scientific basis for integrated phytosanitary moni-
toring and disease forecasting in the Lankaran region. Maintaining balanced microbial communities
is essential for developing sustainable management practices and resilient agricultural systems [4,
9].
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PAXLALILAR AILOSIN® (FABACEAE LINDL.) AID OLAN BITKILORIN
MIKROMISET KOMPLEKSLORININ EKOLOJI XUSUSIYYOTLORI

Giilnar Oliyeva
Sumgayit Dovlat Universiteti

Xiilasa

Fabaceae Lindl. (Paxlalilar) ailasine aid bitkilor hom tabii ekosistemlorin miivazinatinds, ham do
miasir kond tosorriifatinda torpaq miinbitliyinin barpasi vo bioloji azot fiksasiyasi baximindan
strateji shomiyyat kasb edir. Togdim olunan tadqiqat isinde Azarbaycanin Lonkaran tabii vilayatinin
miixtalif ekoloji soraitlorinds va farqgli texnogen yiiklonmays moruz qalmis arazilorinds Trifolium
pratense, Medicago sativa, Lupinus luteus vo digaor paxlali bitkilorlo assosiasiya olunan mikromiset
komplekslorinin struktur-funksional va ekoloji xiisusiyyatlori kompleks sokildo arasdirilmigdir.
Todqigat zamani rizosfer vo filoplan miihitlorindon timumilikdo 120 gébolok ndvii identifikasiya
edilmigdir. Aparilan mikrobioloji analizlor noticasinde miioyyon edilmisdir ki, mikrobiotanin
formalasmasinda Fusarium, Alternaria, Aspergillus va Penicillium cinslori dominantliq taskil edir.
Todqgigatin  naticolori  gosterir ki, antropogen va texnogen tozyiqin artmasi mikromiset
komplekslorinin név miixtalifliyinin azalmasia vo icmalarin strukturunun sadslosmasine birbasa
tosir gostorir. Xiisusilo yiiksok texnogen yiiko malik aqrosenozlarda faydali antaqonistlorin
(masalan, Trichoderma spp.) saymnin koskin azalmasi, patogen vo toksigen goboloklorin yayilma
tezliyinin iso 20-25% artmasi miisahido olunmusdur. Hesablanmis biomiixtaliflik gdstoricilori
(Sennon indeksi H' = 3.2 £+ 0.12; Simpson indeksi D = 0.92 £ 0.02) Trifolium pratense bitkisinin an
zongin mikrob kompleksino malik oldugunu tosdiq edir. EImi yenilik kimi, ilk dofs olaraq Lankaran
bolgasinin spesifik torpag-iqlim soraitinds paxlal bitkilorin "mikrob imzalari" miioyyon edilmis vo
ananavi morfoloji metodlar miiasir molekulyar ITS rDNA sekvenlogsdirma tisullari ilo integrasiya
olunmusdur. Tadgiqatin praktiki shamiyyati bolgads bitki Xastaliklarinin prognozlasdirilmast,
fitosanitar monitoringin toskili vo yerli Trichoderma stammlar1 osasinda ekoloji tomiz
biopestisidlorin  hazirlanmast {igiin elmi baza yaratmasindadir. Bu tapmtilar dayanigh
agroekosistemlorin idaro olunmasi vo deqradasiyaya ugramis torpaqlarin bioloji borpast iigiin
mithiim shamiyyat dasiyir.

Acar sozlor: mikromisetlor, mikromofauna, fitopatogen, agrocenosis, rizosfer, filoplan,
mikotoksinlor, miixtaliflik indekslari

3KOJOTMYECKHUE OCOBEHHOCTH KOMIIJIEKCOB MUKPOMMIIETOB
PACTEHUU CEMEMCTBA FABACEAE LINDL

['tonpHap AnneBa
CyMrautckuii rocy1apcTBEHHBIN YHUBEPCUTET

AHHOTaNUA

Pacrenus cemeiictBa Fabaceae Lindl. (boGoBbie) MMEIOT cTpaTermueckoe 3HAa4YeHHe Kak s
MOJIEP)KaHUsT PABHOBECHS TIPUPOIHBIX IKOCHUCTEM, TaK U JUISI COBPEMEHHOTO CEIbCKOTO X03SHCTBA
Onarogapst UX poJid B BOCCTAHOBIICHUU ILIOIOPOAUS MOYBHI U OMOJOrHYeckor ¢ukcanuu azora. B
JAHHOW HCCIIeI0BaTENbCKOW paboTe KOMIUIEKCHO H3YYEHbl CTPYKTYpPHO-(YHKIHMOHAJIbHBIE H
DKOJIOTHYECKUE XAPAKTCPUCTUKH KOMIUIEKCOB MHUKPOMHUIICTOB, acCOIMUpOBaHHBIX ¢ Trifolium
pratense, Medicago sativa, Lupinus luteus u apyrumu OOOOBBIMH DPACTCHHSMH, B Pa3IHYHBIX
AKOJIOTMUYECKUX YCIOBUSX U MPHU Pa3HOUW CTETICHH TEXHOTEHHOW HArpy3ku B JISHKSIpaH MpUPOTHOM
perrnone AsepOaiimkana. B xoxe wuccnemoBanus wu3 pusochepbl U (GuiUIomIaHa  OBLIO
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UACHTUPUIUPOBAHO B oOmel cioxHocTH 120 BUmOB rpubOB. MUKpPOOHOIOrMYECKHH aHaIU3
1okasail, uto B ((OpMUPOBAaHHH MHUKPOOHMOTHI JOMHHHUPYIOT poabl Fusarium, Alternaria, Aspergillus
u Penicillium. Pe3ynbrathl nccienoBaHus YKa3bIBalOT HAa TO, YTO YCHJICHHUE aHTPOIOTCHHOIO U
TEXHOTEHHOTO BO3JICHCTBUS HANPSMYIO BIMSET HA CHIDKCHHE BHJOBOTO pa3sHOOOpazus u
YIPOIIEHHE CTPYKTYpPBI COOOIIECTB MUKPOMHIETOB. B uyacTHOCTH, B arpoleHo3ax C BBICOKOW
TEXHOTEHHON HArpy3KO# Ha0III0JaJI0Ch PE3KOE COKPAIICHNE YUCIICHHOCTH TTOJIC3HBIX aHTarOHUCTOB
(manmpumep, Trichoderma spp.), B To BpeMs Kak 4YacToTa BCTPEYACMOCTH TATOTCHHBIX U
TOKCUTEHHBIX TpHOOB yBenuumiach Ha 20-25%. PaccuumranHble mokasarenu OHOpa3zHOOOpasus
(uapexc ennona H' = 3.2 + 0.12; unaexc Cumncona D = 0.92 + 0.02) moarBepaAwiu, 4TO
Trifolium pratense o6aamaer Hamboiee GoraTbiIM MHKPOOHBIM KOMILIEKCOM. HayduHast HOBH3HA
pabOTHI 3aKIFOYACTCS B TOM, YTO BIIEPBBIC B CHEHU(PUUCCKUX MOYBCHHO-KIMMATHYCCKUX YCIOBHSX
JISSHKSIpaHCKOTO pPEruoHa OBLIM OIpENeIeHbl «MHUKPOOHBIC CHTHATYpPBD» OOOOBBIX PACTCHHIA, a
TPaJAUIIUOHHBIC MOP(OIOTUIECCKUE METO/IbI ObUIM MHTETPUPOBAHBI C COBPEMEHHBIM MOJICKYJISIPHBIM
cekBenupoBanueM ITS pJIHK. Ilpakrtuyeckas 3HaYMMOCTb HWCCIECIOBAaHHS COCTOUT B CO3IaHUU
Hay4yHOW O0a3bl JJIsl MPOTHO3MPOBAHMs OOJIe3HEW pACTEHHId, OpraHu3alMd (PUTOCAHUTAPHOTO
MOHHUTOPHHTA ¥ pa3pabOTKH IKOJIOTUYCCKH YUCTHIX OMOMECTHIIUIOB HA OCHOBE MECTHBIX IITAMMOB
Trichoderma. DOTu BBIBOABI HUMEIOT BAXKHOC 3HAYCHHE JUIS YHPABJICHUS yCTOWYHMBBIMHU
arpo’KOCHCTEMAaMHU U OUOJIOTMYECKOTO BOCCTAHOBIICHHS JICTPAIUPOBAHHBIX TTOYB.

KaoueBble cji0oBa: MHUKPOMHUIECTBI, MHUKpoduiopa, (HUTOMATOreH, arpoleHo3, pusocdepa,
(GWLI0IUIaH, MUKOTOKCHUHBI, HHIIEKCHI Pa3HOOOpa3Hs

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026

48



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 49-60 2026, Ne 1 (14), pp. 49-60

UOT: 631.434

AGCABODIi RAYONUNDA TORPAGIN DUZLULUQ ANALIiZi: MUXTOLIF
INDEKSLORIN TOTBIQi

professor, Qarib Mommadov
doktorant, Koéniil Macnunlu
Baki1 Dovlat Universiteti
Azorbaycan Memarliq vo Insaat Universiteti
garibmammadovl@gmail.com
konul.majnunlu@azmiu.edu.az
https://orcid.org/0000-0003-1340-2394
https://orcid.org/0009-0001-8331-6750

DOI: https://doi.org/10.30546/2958-8111.2025.3.1120

Xiilasa

Bu todqiqat Agcabadi rayonunun torpaqlarinda sorlasma soviyyosinin qiymatlondirilmasi vo
sorlasmis orazilorin mokan {izro yayilma dinamikasinin tohlilini aparmaq mogsadilo hoyata
kecirilmigdir. Azorbaycanin Aran bolgosindo yerloson Agcabadi rayonu kond tosorriifatr iiglin
strateji ohomiyyot dasisa da, torpaq sorlasmasi ilo bagli ciddi problemlorlo {izlosir. Yiiksok
soviyyadas torpaq sorlagsmasi mohsuldarligin azalmasina, torpaq miinbitliyinin pozulmasina vo kond
tosarriifatinin davamli istifadesine monfi tosir gostorir. Bu sabobdon torpaglarin doqiq monitoringi
va effektiv idare olunmas: ticlin elmi asasli yanasmalarin totbiqi vacibdir.

Bu mogsadlo peyk goriintiilori mosafadon zondlama vo Cografi informasiya Sistemlori (CIS)
texnologiyalar1 osasinda analiz edilmisdir. Landsat 8 peyk tosvirlori istifado olunaraq Sorlagsma
Indeksi 1, Sorlasma Indeksi 2, Sorlasma indeksi 3 vo Normallasdirilmis Forq Sorlasma Indeksi
kimi sorlasma indekslori hesablanmisdir. Hor bir indeks torpagin sorlasma soviyyosinin forqli
aspektlorini oks etdirorok rayon {izro torpaq sorlasma xaritolorinin hazirlanmasina imkan
yaratmisdir. Todqiqat noticasindo forqli sorlasma indekslorinin Agcabadi rayonunun ekoloji vo
iglim soraitine uygunlugu miiqayiso edilmis, on uygun indeks secilmigdir. Bu yanasma torpaqlarin
somarali monitoringing, akin sahalorinin planlagdirilmasina vo torpaq idarsetma strategiyalarinin
hazirlanmasina tohfo verir. Homginin, todqiqat ekoloji davamliliq, koend tasarriifati resurslariin
optimal istifadosi vo torpaq deqradasiyasimnin qarsisinin alinmasi baximindan elmi vo praktiki
ohomiyyat dasiyir.

Todgigatin moagsadi Agcabadi rayonunda torpaq sorlasmasinin mokan {izro yayilma soviyyosini
mioyyon etmok vo miixtolif sorlasma indekslorinin doqiqliyini qiymetlondirerak, torpaq
monitoringi va idaraetms li¢ilin an optimal indeksin se¢ilmasini tomin etmakdir.

Acar sozlor: sorlagsma indeksilori, Landsat 8, uzaqdan zondlama, peyk gorintiilori, torpaq
monitoringi

Giris

Torpaglarin sorlasmasi, xiisusilo quraq ve yari-quraq iqlim soraitine malik regionlarda, kond
tasarriifatt mohsuldarligini mohdudlagdiran on miihiim ekoloji vo iqtisadi problemlordon biridir.
Sorlasma prosesi naticesinda torpagin fiziki vo kimyovi xiisusiyyatlori pislosir, struktur sabitliyi
azalir, ion balans1 pozulur vo bu da bitkilorin su vo qida maddoslorini menimsoma qabiliyyetinin
zoiflomoasing sabab olur. Naticado kond tosarriifatt mohsuldarligi azalir vo torpaq resurslarinin
deqradasiya prosesi siiratlonir [10].

Son illords torpaq sorlagsmasinin monitoringi va qiymatlondirilmasi mogsadilo uzagdan
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zondlama texnologiyalarindan genis istifado olunur. Bu texnologiyalar, genis orazilor {izro
sorlasma soviyyosini siiratli, ganaatcil va obyektiv sokildo miioyyon etmoyo imkan verir. Xiisusilo
peyk tasvirlori osasinda oldo edilon spektral moalumatlardan istifado etmoklo torpaq sothinin
duzluluq daracosini giymotlondirmak ti¢lin miixtolif sorlasma indekslari hesablanir [4, 8, 12].

Torpaq sorlasmasinin uzaqdan zondlama {isullar1 ilo qgiymatlondirilmasi istigamotindo
miixtolif 6lkolordo aparilan todqigatlar bu metodun yiiksok effektivliyini gostormisdir. Masalon,
ABS-in Kaliforniya statinda, San Joaquin vadisindo aparilan todqgiqatda Landsat 7 peyk
tosvirlorindon istifado olunaraq torpaglarin sorlasma soviyyasi qiymotlondirilmisdir [2]. Homin
todgigatda regional miqyasda torpaq duzlulugunun tohlili hoyata kegirilmis vo miixtslif sorlasma
indekslarinin totbiqi ilo saho miisahidslorinin noticalori arasinda yiiksok uygunluq miioyyan
edilmisdir.

Eyni zamanda torofindon Ozbakistanmin Sirdarya vilayatindo aparilan todqiqatda peyk
tosvirlori osasinda miixtolif sorlasma indekslorinin miiqayisali analizi hoyata ke¢irilmisdir [3].
Miislliflor regionda torpaq sorlagsmasinin qiymatlondirilmasi ii¢lin bir nec¢o spektral indeksin
effektivliyini miiqayiso etmis vo onlarin lokal ekoloji soraito gors forgli naticalor verdiyini miioyyon
etmislor.

Hazirki todqiqatda iso, Azarbaycan Respublikasinin Agcabadi rayonu orazisindo
torpaqglarin sorlagsma soviyyssinin qiymetlondirilmasi moagsadilo dord forqli sorlasma indeksi —
S11, SI2, NDSI vo SI3 — totbiq edilmisdir. Bu indekslor Landsat 8 peyk tosvirlori asasinda
hesablanmis, naticolors asason torpaglarin duzluluq soviyyesini oks etdiron sorlasma xaritalori
hazirlanmigdir. ©ldo olunan noticolor Agcabadi rayonunun spesifik iqlim vo ekoloji soraiti
kontekstindo hansi indeksin torpaq sorlagsmasinin qiymatlondirilmasindo daha yiiksok daqiglik
tomin etdiyini miioyyoan etmoys imkan verir.

ABREVIATURA

« Sorlasma Indeksi 1 - Salinity Index 1 (SI1)

« Sorlagma Indeksi 2 - Salinity Index 2 (S12)

o Sorlasma Indeksi 3 - Salinity Index 3 (SI3)

« Normallasdirilmis Forq Sorlasma indeksi — Normalized Difference Salinity Index (NDSI)

e Qisa dalgali infraqirmizi 1 - (SWIR1)

Material vo metodlar

Bu todqiqat Agcabodi rayonu torpaqglarinda sorlasma voziyyetinin qiymaotlondirilmasi
mogsadilo Landsat 8 OLI/TIRS peyk tosvirlorindon istifado olunmagqla hoyata kegirilmisdir.
Uzaqdan zondlama texnologiyalari, xiisusilo Landsat 8 peyk sisteminin tomin etdiyi yiiksok spektral
vo temporal ayirdetmo qabiliyysti, genis orazilordo torpaq sorlasmasinin miintozom izlonmasi vo
xaritologdirilmasi ti¢lin alverigli imkanlar yaradir [6, 9, 11]. Todgigatda istifado olunan Landsat 8
OLI/TIRS peyk tosvirlari 2024-cii ilin iyun—avqust aylarina aid olmaqla, vegetasiya dovriinii ohato
edon tarixlor iizro secilmisdir (Path/Row: 167/032). Todgigat sahasi tiglin koordinat sistemi olaraq
WGS 84 / UTM zone 39N istifado edilmisdir [13, 14, 15].

Toasvirlor USGS platformasindan sldo edilmisdir. Peyk molumatlarimin emali asagidaki
marhalalori ohato etmisdir:

o Radiometrik korreksiya — rogomsal dayarlorin (DN) soth oksolunmasina g¢evrilmasi

e Atmosfer korreksiyasi — Dark Object Subtraction (DOS1) metodu ilo hoyata
kegirilmisdir.

¢ Bulud maskalanmasi — keyfiyyat (QA) bandi asasinda aparilmigdir.

o Kaosim (clip) — todgigat sahasine uygunlasdirilmigdir.

Tadqgiqatda istifads edilon peyk tosvirlori 2024-cii ilo aid molumatlar osasinda secilmis vo
orazi koordinat sistemino uygunlasdirtlmigdir. Peyk tosvirlorinin emali vo analiz prosesi zamant
dord miixtolif sorlasma indeksi hesablanmigdir (Codval 1):

« Sorlasma Indeksi 1

o Sorlasma Indeksi 2
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 Sorlasma indeksi 3

o Normallasdirilmis Forq Sorlasma Indeksi

Bu indekslor, Landsat 8 peyk tosvirlarinden aldo olunan spektral bant mslumatlar asasinda
torpagin saothi duzluluq soviyyasini qiymsatlondirmok mogsadils totbiq edilmisdir.

Sorlasma gostaricilorinin doqiqliyini artirmaq t¢lin saha dlgmalori do aparilmisdir. Bu
mogsadlo “Progress 1T” cihazi vasitasilo torpaqlarin elektrik kegiriciliyi vo temperatur gostoricilori
miioyyon edilmisdir. Olgmaler ii¢ derinlik intervalinda (0-20 sm, 2050 sm va 50—100 sm) hoyata
kecirilmis vo timumilikdo 214 niimuns toplanmisdir. Bu molumatlar torpaq sorlasma doracosinin
saho soraitinds qiymatlondirilmasi {igiin asas baza toskil etmisdir.

Cadval 1. Torpaq niimunalarinin elektrik kegiriciliyi gostaricilari

Dorinlik (sm) Minimum EC Maksimum EC Orta EC (dS/m)
(dS/m) (dS/m)
0-20 1.2 18.5 7.6
20-50 1.5 21.3 9.2
50-100 2.1 24.7 11.4

Cadval 1-don goriindiiyli kimi, torpagin elektrik kegiriciliyi dorinlik artdiqca ytiksalir ki, bu
da sorlasmanin daha ¢ox alt qatlarda toplandigin1 gdstorir.

Peyk tosvirlorindon olds edilon spektral gostoricilar ilo saha dlgmalari naticosinds miioyyan
edilmis elektrik kegiriciliyi arasinda regressiya olaqesi qurulmusdur. ©lds olunan empirik tonliklor
sorlagsma xaritolorinin tortibindo asas model kimi istifados edilmisdir [5, 7].

Peyk indekslari ilo torpagin elektrik kegiriciliyi (EC) arasinda aparilmis regressiya analizinin
naticalori asagidaki kimidir:

SI1 ii¢iin regresiya tonliyi: EC =2.13 x SI1 +0.87 (R?=0.81, RMSE =1.27)
SI2 Gigiin: EC=1.76 x SI2 + 1.12  (R?=0.63, RMSE =2.14)
SI3 iigiin: EC=1.54 xSI3 + 1.45 (R2=0.58, RMSE =2.46)
NDSI iiglin: EC =0.98 x NDSI +2.01 (R?=0.49, RMSE =2.91)

Alinan naticalor gostorir ki, SI1 indeksi digar indekslorlo miigayisodo daha yiiksok determi-
nasiya amsalina (R?) vo daha asag1 sohv gostaricisina (RMSE) malikdir.

Xoritologdirms prosesi “ArcGIS” program tominati vasitasilo aparilmisdir. Peyk tosvirlorinin
emal1 morhalesinds piksel parlaqliq doyarlori vo bitki Ortiiyii gostoricilori miixtalif spektral kanallar
tizro hesablanmis, noticodo Agcabodi rayonunun miixtolif orazilori {izro torpaq sorlasmasinin
doracasini oks etdiron xaritolor hazirlanmigdir. Bu yanasma, regionun ekoloji vo torpaq-iglim
soraitind uygun sokilds sorlasma saviyyslarinin mokan paylanmasini daqiq miioyyon etmays imkan
vermisdir.

Naticalor va onlarin miizakirasi

Cadval 2. Tadgigatda istifada edilon duzlulug indekslarinin diisturlar:

| indeks adi [ Formul [istifada olunan bandlar|

Band 4 (Qirmiz1 / Red),
SI = V(Red x SWIRI) Band 6 (Qisa dalgali
infraqurmiz1 1 / SWIR1)

Band 6 (SWIR1), Band 5

Sorlasma indeksi 1 (Salinity
Index 1, SI1)

Sorlasma Indeksi 2 (Salinity

Index 2, SI2) SI. = SWIR1/NIR (Yaxin infraqirmizi /
NIR)
| Sorlasma indeksi 3 (Salinity | SI; = SWIR1 / Green |Band 6 (SWIR1), Band 3|
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| Indeks adi I Formul |istifada olunan bandlar|
| Index 3, SI3) [ | (Yasil/Green) |
Normallasdlrllmls Sorlasma Band 4 (Qurmiz1 / Red)
Indeksi (Normalized NDSI = (Red — NIR) / (Red + NIR) Band 5 (Yaxin in-
Difference Salinity Index, fraqurmuzt / NIR)
NDSI) q

Sorlagsma indeksi (SI1):

Bu indeks torpagin soth reflektansinda qurmizi vo qisa dalgali infraqirmizi (SWIRI)
kanallarin qarsiliqh tesirini qiymaetlondirir. Qirmizi kanal bitki ortliyliniin vaziyyatini, SWIRI iso
torpaq sothindoki duzlulugun intensivliyini oks etdirir.

Formula: SIi = V(Red x SWIR1)

Sorlasma indeksi (SI12):

SWIR1 va NIR kanallar1 arasinda nisbat torpaq ve bitki Ortiiyiiniin duz tesirina qarst spektral
cavab forqini gostorir. SI2-nin yiliksok doyarlori torpagin yiiksok duzluluq saviyyasini gostora bilar.
Formula: SI. = SWIR1 / NIR

Sorlagsma indeksi (SI3):

SWIRI va Yasil (Green) kanallarin nisbotine ssaslanir vo torpaq sathinin optik parlaglhigini
vo duz yigintilarinin intensivliyini qiymotlondirmak ti¢iin istifads olunur.

Formula: SI: = SWIRI / Green

Normallasdirilmis Sorlasma Indeksi (NDSI):

Qirmiz1 vo NIR kanallar1 arasinda forq vo comin nisbati osasinda hesablanir. Bu indeks
torpaq sothinin duzlulugu ilo bitki ortiiyli sixligi arasindaki olagoni normallagdirilmis sokildo
gostorir.

Formula: NDSI = (Red — NIR) / (Red + NIR)

Cadval 3. Landsat 8 OLI/TIRS zolaqlarimmin spektral xiisusiyyatlori

?’and . Band ad1 . Spekiral Marke%l dalga Totbiq sahasi
nomrasi diapazon (um)| uzunlugu (um)
| Band 1 || Sahil/ Aerosol || 0.43-045 | 0.44 | Sahil vo aerozol miisahidolori |
Band 2 Mavi 0.45 051 0.48 Su obyektlori, bitki stress,
torpaq/bitki ayrimi1
Band 3 Yasil 0.53—0.59 0.56 Bitki saglamlig, fotosintez
aktivliyi
Bitki ortiiyii, torpaq ortiiyii,
Band 4 Qirmiz1 0.64-067 0.65 duzlulug giymatlondirilmasi
Yaxin Bitki biomassa, torpaq nomliliyi,
Band 5 Infraqirmizi 0.85-088 0.86 NDSI indekslori
- Torpaq Vo siixurlarin
Band 6 _Qisa Dalgalt 1.57-1.65 1.61 minerallig1, sorlagsma
Infraqirmizi 1 . DT
gostaricilari
Band 7 Qisa Dalgali 2119299 220 Torpaq rutulzatl, yangin vo istilik
Infraqirmizi 2 miisahidoalori
Band8 | Panxromatik | 050 0.68 0.59 Yitksok mokan ayirdetmo,
koskinlosdirma
| Band 9 | Sirrus | 1.36-1.38 | 1.37 | Bulud vo atmosfer miisahidalori |
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?and . Band adi . Spekiral Marke)%l dalga Tatbiqg sahasi
nomrasi diapazon (um)| uzunlugu (um)
Band 10 || - Termal 10.60 — 11.19 10.9 Istilik analizlori, torpaq sathi
Infraqirmizi 1 temperaturu
Band 11 ~ Termal 1150 — 12,51 120 Istilik emissiyas1 vo _S_ath enerji
Infraqirmizi 2 balansi tohlili

Otraf mithitin miisahidasi va torpaq Ortiiyliniin tohlili tiglin miixtolif spektral bandlar vo on-
lara osaslanan spektral indekslor miihiim rol oynayir. Uzaqdan zondlama molumatlari, xiisusilo
Landsat seriyasina aid peyk tosvirlari, torpaq va bitki Ortiiylinlin voziyyastini qiymatlondirmak {igiin
on genis istifado olunan molumat monbalorindondir [1].

Landsat 8 peyk sisteminin multispektral bandlar torpaq sothindon vo bitki ortiiyiindon oks
olunan elektromaqnit siialanmani miixtalif dalga uzunluglarinda qeyd etmoys imkan verir. Bu
molumatlar vasitasilo torpagin sorlasma doracasi, nomlik soviyyasi, bitki Ortiiyiliniin sixlig1 vo soth
temperaturu kimi gostericilor miixtalif spektral indekslor asasinda tohlil olunur (Cadval 2).

Aparilmis hesablamalar vo indekslorin totbiqi nsticosindo Agcabadi rayonunun torpaq
sorlasma vaziyyatini oks etdiron bir sira mokan xaritalori tortib edilmisdir. Miixtolif sorlagsma
indekslari (SI1, SI2, SI3 va NDSI) osasinda yaradilmis bu xaritolor torpaq ssthindo duzlulugun
mokan paylanmasin vJ intensivlik daracalorini giymatlondirmays imkan verir.

Asagida toqdim olunan xorito Salinity Index 1 gostoricisine osason Agcabadi rayonu
torpaqlarinda sorlasmanin makan iizra paylanmasini gostorir (Sokil 1). SI1 indeksi torpaq sothindo
duzlulugun artimini asason qirmizi vo qisa dalg@ah infraqirmizi bandlarin qarsiligl tosiri asasinda
qiymatlondirir. Tohlil naticosindo sorlagsma saviyyasi bes forqli sinif iizra tasnif edilmisdir:

1. Cox zaif sorlasmis torpaqlar

2. Zoif sorlasmis torpaglar

3. Orta daracadas sorlasmus torpaqlar

4. Giiclii sorlasmis torpaqlar

5. Cox giiclii sorlagsms torpaqlar

Bu tosnifat sorlasma dorocolorinin mokan {izro paylanmasini daha aydin gostormoys vo
torpaq duzlulugunun intensiv oldugu sahalorin miidyyon edilmasina imkan yaratmigdir.

Cadval 4. SI1 indeksind 3sasan sorlasma siniflorinin sahs paylanmasi

Sorlagma saviyyasi Saho (ha) Pay (%)
Cox zoif 12,450 18.3
Zoif 15,620 23.0
Orta 18,770 27.6
Giicli 13,540 19.9
Cox giiclii 7,580 11.2

Cadvoaldon goriindiiyli kimi, Agcabadi rayonu orazisinds torpaqglarin boylik hissasi orta vo
zoif sorlagsma siniflorino aiddir. Orta sorlasma sinfi imumi orazinin 27.6%-ni togkil etmoklo
tistlinliik toskil edir. Yiiksok vo ¢ox yiiksok sorlasma siniflori birlikdo imumi orazinin 31.1%-ni
toskil edir ki, bu da torpaq deqradasiyasinin ciddi saviyyado oldugunu gostarir.

Xorito iizro analiz gostorir ki, rayonun conub vd canub-qorb hissalorinda sorlasma
soviyyasi daha yiiksok miisahido olunur, halbuki simal va simal-sorq zonalarinda torpaq
duzlulugu nisbaton zoifdir.
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SCALE:1:300 000

20 Meters

Sokil 1. Agcabadi rayonunun torpaqglarinda Sorlasma Indeksinin Dayar Diapazonlari

SCALE:1:300 000

20 Meters

Sokil 2. Agcabadi rayonunun torpaqlarinda Sorlasma indeksi 2-nin (Salinity Index 2) mokan
paylanmast

1cm =3 km
5 10 20 Meters

Sakil 3. Agcabadi rayonunun torpaqlarida Normallasdiriimis Forq Sorlasma Indeksinin (NDSI)
mokan paylanmasi
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SCALE:1:300 000

24 Meters

Sokil 4. Agcabadi rayonunun torpaglarinda Sorlagsma Indeksi 3-iin (Salinity Index 3) mokan
paylanmast

Sorlasma Indeksi 1 gdstoricisino osason hazirlanmis xorito torpaq sorlasmasmin bes osas
sinifde paylanmasini oks etdirir:

1. Cox asag1 sorlagsma

2. Asagi sorlagsma

3. Orta sorlasma

4. Yiiksok sorlasma

5. Cox yliksok sorlagma

Bu tosnifat sorlagma soviyyslorinin genis diapazonda qiymotlondirilmoesine imkan verir vo
torpaq duzlulugunun mokan paylanmasini detalli gokildo gostorir. Xorito analizino osason, ¢ox
yiiksok sorlasma sinfi (20.000-44.584 araligi) torpaq sothindo daha miirokkob vo heterogen
paylanma niimayis etdirir. Bu araliq, torpaqlarin yiiksok duzluluq konsentrasiyasini gostormoklo
yanag1, homin orazilorde duz yigilmasinin intensivliyini do vurgulayir.

Umumilikda, Sorlasma Indeksi 1 xoritosi sorlasma doracolorinin mokan miixtalifliyini daha
aydin gostormis, yiliksok sorlagsma sahalorinin genis cografi orazido yayilmasini agkar etmoys imkan
vermisgdir. Bu indeks, torpaq sothinin spektral parlaqligindaki doyisikliklori yaxs1 oks etdirdiyindon,
torpaq sorlasmasinin xaritologdirilmosinds yliksok doqiqlikle natico vermisdir.

Sorlasma indeksi 2

Bu gostoriciyo osason tortib edilmis xaorito torpaq sorlagsmasinin ii¢ sinifdo paylanmasini
togdim edir (Sokil 2):

e 0 — normal vo ya ¢ox asagi duzluluga malik torpaqlar,

e 1 — orta doracads sorlagsmis torpaqlar,

e 2 — yiiksok doracada sorlagsmis torpaglar.

Bu indeks sadolosdirilmis tosnifat modeli toqdim edir vo torpaq sorlasmasmin osas
saviyyalarinin toyininda effektivdir. Lakin, ¢ox yiiksok sorlasma doracalori SI2 gostoricisinds oks
olunmadigindan, bu indeks torpaqlarda duzlulugun intensiv doyismosini SI1 qador doqiq ifads
etmir.

Analiz naticolori gdstorir ki, Sorlasma indeksi 2 indeksi iimumi sorlasma tendensiyalarini
izlomok iiglin yararhidir, lakin detalli vo yiiksok intensivlikli sorlasma zonalarmin
xoritologdirilmasinds mohdud imkanlara malikdir. Buna baxmayaraq, Sorlasma Indeksi 2
gostaricisi orta vo zoif sorlasma siniflorinin mokan paylanmasmin ilkin qiymotlondirilmasindo
faydali naticolor vermisdir.

Normallasdirilmis Farq Sorlasma indeksi

Bu gostoriciyo osason hazirlanmig xorito torpaq sorlasmasinin mohdud diapazonunu oks
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etdirir (Sakil 3). Xoaritada:
e -1 ilo 0 aras1 doyarlor su saholorini vo ya nom torpaqlar1 gostorir,
e 0-0.2 aras1 doyorlor iso orta doracods sorlasmis torpaqlart tosvir edir.

Bu indeks osason su vo nom torpaq saholorine digqget yetirir, sorlasmanin genis yayilmasini

gdstormir. Analiz gdstorir ki, Normallasdirilmis Forq Sorlasma indeksi xoritosi sorlasmanin az

yayildigi arazileri va su ilo slagali torpaq saholerinin ¢oxlugunu milayysn etmok ii¢iin faydaldir.
Bununla belo, Normallagdirilmis Forq Sorlasma Indeksi yiiksok sorlagsma doracolorini ohato

etmodiyindon, genis sorlasmis arazilorin xaritolosdirilmasindo mohdud molumat toqdim edir.

Sorlasma Indeksi 3

Bu xarits torpaq sorlagsmasini dord osas sinifdo tosnif edir (Saokil 4):
e 0 — normal torpaglar vo ya su saholori,
1 — asag1 sorlagma,

e 2 — orta sorlasma,

e 3 — yiiksok sorlasma.

Tohlil noticolori gostorir ki, Sorlasma Indeksi 3 indeksindo yiiksok sorlasma (3) sinfi
orazilorin ¢oxunda miisahido olunmur; yalniz kicik orazilords orta sorlasma (2) sinfi mévcuddur.
Bu, Sorlasma Indeksi 3 xoritosinin yiiksok intensivlikli sorlasma saholorini miioyyon etmokdo
mohdud oldugunu vo oksor orazilorin orta sorlasma soviyyssindo oldugunu gostorir. Sorlagsma
indekslorinin miiqayisali statistik tohlili gostormisdir ki, SI1 indeksi digor indekslorlo miigayisodo

daha yiiksok determinasiya omsali (R =0.81) vo daha asagi RMSE gostaricisine malikdir.

SI2 va SI3 indeksloari orta saviyyali sorlasmani miioyyan etmokdo mogbul naticalor verss do,
yiiksok sorlagsma zonalarinin doqiq identifikasiyasinda mohdudiyyastlor niimayis etdirmisdir. NDSI
indeksi iso asason nam torpaq vo su saholorinin miioyyan edilmasindo effektiv olmus, lakin yiiksok

sorlagsma saviyyelorinin qiymatlondirilmasinds agag1 hassasliq niimayis etdirmisdir.
Cadval 5. Agcabadi rayonunda istifads olunan sorlasma indekslarinin miiqayisasi

lindeks|| Sorlagma siniflori ||

osas iistiinliklar

Mahdudiyyatlor

0—4 (Cox asag1 —

Sorlagsmanin genis diapazonunu

Olava saho 6lgmoalari olmadan bazi

sorlasma)

effektiv miioyyon edir

SI1 .. gostorir; yiiksak intensivlik ki¢ik dayisikliklari oks etdirmoak
Gox yiiksok) sahalorini askar edir ¢atin ola bilor
0-2 (Normal — Sadolosdirilmis tosnifat; asas Cox yiiksak sorlagsma sahalarini
SI2 ) . R ; s
Yiksok) sorlagsma saviyyalorini gostorir ohato etmir; detallar itirir
sI3 0-3 (Normal — Orta sorlasma saviyyalarini :l;lli(sziﬁalzniﬁ;e;?csjlg\/“'kllnglin Q(E]r(lj:dn(igrrl;l
Yiiksok) miioyyan etmokdos faydalidir gents 19 yuksok sorias
gostarmir
-1-0.2 (Su/nam SU Vo nem torpad sahslarini Yiiksok sorlagsma sahalorini shata
NDSI || torpaglar — Orta pag etmir; sorlasmanin genis

yayilmasini gostarmir

Analiz naticolori gostorir ki, torpaq sorlasmasinin qiymotlondirilmasindo istifado olunan

indekslorin har biri forqli maqsad va diapazon tizro effektivdir (Cadval 3):

e SI1 — sorlagmanin mokan paylanmasini vo yiiksok intensivlik saholorini oks etdirmado
on genis diapazonlu indeksdir.
e SI2 — sadolosdirilmis tosnifat toqdim edir, asas sorlasma soviyyolorini gostorir, lakin

yiiksok intensivliyi ohato etmir.

SI3 — orta sorlasma saviyyalorini tohlil etmak ii¢lin yararlidir, yiiksok sorlasma zonalari

189 mohduddur.

NDSI — su vo nom torpaqlart miioyyon etmok {igiin effektivdir, lakin genis sorlasma

araligini ohats etmir.
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Belolikloa, Agcabadi rayonunda torpaq sorlagsmasmin doqiq vo mokan iizra
giymatlondirilmasi igiin SI1 indeksi an genis diapazon vo daqiqlik tomin edan indeks kimi
tovsiyo olunur, digor indekslor iso tamamlayicir rol oynayir vo spesifik mogsadlor {i¢iin (masolon,
su vo nom torpaqlarin izlonmasi) istifads edilo bilar.

Sorlagmanin intensivliyini vo mokan iizro yayilmasini qiymatlondirarkon, SI-1 xaritosi daha
genis vo intensiv sorlagsma zonalarini gostorir, xiisusilo ¢ox yiiksok sorlasma (20.000-44.584)
orazilori doqiq tosvir edir. SI-2 vo SI-3 indekslori iso daha sadolosdirilmis tesvir toaqdim edir vo
yalniz yiiksok sorlasmanin mohdud saholorini gostorir. NDSI iso sorlasmanin nisboton daha az
yayildigini va su sahoalorinin shamiyyatini vurgulayir.

Tadgiqatda istifado olunan saho Olgmoalori vo regresiya tohlili, indekslorin daqiqgliyini
artirmagq ui¢lin asas vasitalordir. Bu 6lgmalor torpagin elektrik keciriciliyi vo temperaturunu ii¢ forqli
dorinlik araliginda (0-20 sm, 20-50 sm, 50-100 sm) tohlil edorok, peyk molumatlar1 ilo
olagalondirilmisdir. Noticodo, Landsat 8 peyk sokillori yiiksok doqiqlikle islonmis vo torpaglarin
sorlagsma voziyyatini oks etdiron xaoritolor hazirlanmigdir.

Xaoritalorin hazirlanmasinda “ArcGIS” proqramu istifads edilmis vo peyk molumatlart ilo
saho 6lgmolori miigayise edilorak real diinya sorlasma voziyyaeti ilo uygunluq qiymstlondirilmisdir.
Elektrik kegiriciliyi dlgmolori (“Progress 1T” cihazi ilo aparilmis) sorlagsma doracalorinin doqiq
tohlilini tomin etmis, peyk goriintilori ilo birlosdirildikdo iso doqiq vo mokan iizro sorlagsma
xoritolorinin olds edilmasino imkan yaratmisdir.

Naticd

Bu todgigatin osas mogsadi Agcabodi rayonu orazisindo torpaq sorlasmasinin movcud
voziyyatini qiymatlondirmok vo miixtolif sorlasma indekslorinin (SI1, SI2, SI3 va NDSI)
effektivliyini miiqayisali sokildo tohlil etmok olmusdur. Oldo olunan naticalor gostorir Ki,
torpaglarin sorlasma dorocosini qiymotlondirmok {i¢iin istifado olunan indekslor arasinda SI1
indeksi on yiiksok doqiqlik vo hassasliq gostaricilorino malikdir. Bu indeks, hom asagi, hom do
yiiksok intensivlikli sorlasma sahalorini doqiq miioyyon etmoklo yanasi, torpaq Ortiiyli vo duzluluq
paylanmasi barado genis diapazonlu malumatlar togdim edir.

S12 indeksi daha ¢ox torpaglarin imumi sorlagma soviyyasini toyin etmokds faydali olsa da,
xUsusilo yiiksok daracads sorlasmus sahalorin tam spektrini oks etdirmokdo miioyyon
mohdudiyyotlora malikdir. SI3 indeksi osason orta sorlasma doracasine malik orazilordo daha
etibarli naticolor gostormis, lakin yiiksok intensivlikli sorlasma barodo mohdud informasiya tomin
etmigdir. Digor torofdon, NDSI gostoricisi osason nam torpaqlarin va su ehtiyatlarinin miisyyon
olunmasinda faydali olmus, lakin duzlulugun yiiksok soviyyads oldugu torpaqlarda sorlasmanin
intensivliyini qiymatlondirmak baximindan yetorli doqiqlik niimayis etdirmamisdir.

Umumilikds, aparilmis analizlor siibut edir ki, SI1 indeksi Agcabadi rayonu torpaglarinin
sorlasma vaziyyatinin monitorinqi vo giymoatlondirilmasi iiciin oan optimal gostoricidir. Bu
indeksin totbiqi, hom moalumatlarin yiiksok hassashqla aldo olunmasina, hom do arazilor iizra
sorlasma daracalorinin daha daqiq xaritalosdirilmasina sorait yaradir. SI1 indeksinin iistiinliiyii,
onun optik peyk molumatlar1 va spektral aksolunma xiisusiyyatlori ilo torpaq duzlulugu
arasindaki alagoni daha real sokilds oks etdirmasindadir.

Bu naticalor asasinda qeyd etmak olar ki, SI1 indeksi golocokds Agcabadi rayonu vo oxsar
iqlim soraitina malik bolgslords torpaq ehtiyatlarinin somoarsli idars olunmasi, kand tasarriifati
planlasdirilmasi va duzluluga qars1 miibariza tadbirlorinin optimallasdirilmasi iiclin praktik
ohomiyyat dasiyir. Eyni zamanda, bu indeks uzaqgdan zondlama (remote sensing) vo cografi
informasiya sistemlori (CIS) vasitosilo davamli monitorinq aparmagq iiciin etibarli bir alot kimi
istifads oluna bilar.

Oldo olunan naticalor gostarir ki, SI1 indeksi digor indekslorlo miiqayisado 18-30% daha
yiiksok doqiqlik tomin edir vo Agcabadi rayonu soraitindo torpaq sorlasmasinin monitoringi {i¢tin on
optimal gdstarici hesab edils bilar.

Beloliklo, todqiqat naticolori vo aparilmig statistik tohlil gdstorir ki, SI1 indeksi hom elmi,

57



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 49-60 2026, Ne 1 (14), pp. 49-60

hom do totbiqi baximdan on effektiv gostorici hesab edils bilor. Bu indeksin istifadasi torpaqlarin
deqradasiyasinin qarsisinin alinmasi, meliorasiya todbirlorinin planlasdirilmas1 vo dayaniqhi kond
tasarriifatinin inkisafi ticin miihiim praktik shomiyyat kosb edir.
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ASSESSMENT OF SOIL SALINIZATION IN THE AGHJABADI DISTRICT: APPLICA-
TION OF VARIOUS SPECTRAL INDICES

Garib Mammadov
Konul Majnunlu
Baku State University
Azerbaijan University of Architecture and Construction

Summary

This study was conducted to assess the level of soil salinization in the Aghjabadi district and to ana-
lyze the spatial distribution dynamics of saline soils. Although Aghjabadi, located in the Aran re-
gion of Azerbaijan, holds strategic importance for agriculture, it faces serious problems related to
soil salinization. High levels of soil salinity lead to decreased productivity, reduced soil fertility,
and negatively affect the sustainable use of agricultural lands. Therefore, the application of scientif-
ically grounded approaches for accurate soil monitoring and effective land management is essential.
For this purpose, satellite images were analyzed using Remote Sensing and Geographic Information
Systems (GIS) technologies. Based on Landsat 8 satellite imagery, various salinity indices such as
Salinity Index 1 (SI1), Salinity Index 2 (SI2), Salinity Index 3 (S13), and the Normalized Difference
Salinity Index (NDSI) were calculated. Each index reflected different aspects of soil salinity, ena-
bling the development of soil salinity maps for the study area.

As a result of the research, the applicability of different salinity indices to the ecological and climat-
ic conditions of Aghjabadi district was compared, and the most suitable index was identified. This
approach contributes to efficient soil monitoring, agricultural land-use planning, and the formula-
tion of soil management strategies. Furthermore, the study holds both scientific and practical signif-
icance in terms of promoting ecological sustainability, optimizing the use of agricultural resources,
and preventing soil degradation.

The purpose of this study is to determine the spatial distribution of soil salinity levels in Aghjabadi
district and to evaluate the accuracy of various salinity indices in order to select the most optimal
index for soil monitoring and management.

Keywords: Salinity indices, Landsat 8, remote sensing, satellite imagery, soil monitoring

OIIEHKA 3ACOJIEHUA ITOYB B ATI'JIDKABEJJUHCKOM PAHOHE: IPUMEHEHUE
PA3JIMYHBIX CIIEKTPAJIBHBIX HHIEKCOB

["apu6 Mamenos
Kenyns MemxuayHny
bakuHCKUI roCy1apCTBEHHBIM YHUBEPCUTET
AzepbaiiyKaHCKUN YHUBEPCUTET apXUTEKTYPbl U CTPOUTENHCTBA

Pe3rome

JlanHoe wuccrneAoBaHWe OBUIO TIPOBEACHO C IMETbI0 OICHKH YpPOBHS 3acOJIeHUs TOYB B
ArmkabeIMHCKOM palloHe ¥ aHajdu3a IPOCTPAHCTBEHHOTO  PACIPEICICHHS  3aCOJEHHBIX
tepputopuii. HecmoTpst Ha TO, uTO Armpkabenau, pacmoloXeHHBIH B ApaHCKOW 30HE
A3zepbaiikaHa, UMEeT CTpaTerHuecKoe 3HaYeHHe ISl CETTbCKOTO X03sICTBA, PailioH CTaIKUBaeTcs ¢
CEpbE3HBIMU TIPOOJIEMaMH, CBS3aHHBIMH C 3aCOJIEHHEM TIO0YB. BBICOKUII ypOBEHBb 3acOJEHUS
MPUBOJIUT K CHWKEHUIO YPOKAMHOCTH, YXYAIIEHUIO IUIOJOPOJUS MOYB U OKa3bIBAET HETaTUBHOE
BJIUSIHUE HA YCTOMYMBOE HCIIOJb30BAHHUE CEIIbCKOXO3SIMCTBEHHBIX yroaui. IloaTomy npumMenenue
HAayYHO OOOCHOBAHHBIX MOAXOJOB JJIsi TOYHOIO MOHUTOPHHTA MOYB U 3()()EKTUBHOTO yIpaBICHUS
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3eMeJIbHBIMH PECYpCaMH UMEET BaXKHOE 3HAYCHHE.

C 3TOif 1eNBI0 CITYTHUKOBBIE CHUMKHU OBLIM TPOAHATM3UPOBAHBI C WCIOJIH30BAHUEM TEXHOJOTHI
JMCTaHIIMOHHOTO 30HAMPOBaHuUs U reorpadudeckux nHpopmannonusix cuctem (I'MC). Ha ocHoBe
CIYTHHUKOBBIX M300pakeHuid Landsat 8 ObuM paccyMTaHbl pa3iMYHbIC HHIACKCHI 3aCOJICHUS, TAKHE
kak Wunexc 3aconmenus | (SI1), Muanekc 3acomenuss 2 (S12), Unpekc 3aconenmst 3 (SI13) u
Hopmanm3oBanubiii pasHocTHbId uHAEKC 3acosieHus (NDSI). Kaxaplii M3 WHAIEKCOB OTpaxkan
pasHble aCHEeKThl 3aCOJICHUs TOYB, YTO MO3BOJWIO COCTAaBUTH KAapPTHI 3aCOJICHUS TEPPUTOPUU
paiioHa.

B pesynbrarte nccrnenoBanus Obljia MPOBEACHA CPABHUTENIbHASL OLEHKA MPUMEHUMOCTH Pa3InYHbIX
WHJICKCOB 3aCOJICHHS K 3KOJOTHYECKUM M KIMMATHYECKUM YCIOBUSIM AT/DKaOCTMHCKOTO paiioHa, B
X0Jle KOTOpoW ObUT ompenenéH Hambosiee MOAXOAALIMA HMHAEKC. TakoW MOIXOA CIOCOOCTBYET
3¢ (EeKTUBHOMY MOHUTOPHHTY I10YB, TUIAHUPOBAHHIO CEITbCKOXO03SHCTBEHHBIX YTOUI U pa3padoTKe
CTpaTeTuil ympaBJieHHUs 3eMENbHBIMU pecypcamu. Kpome Toro, mcciieioBaHue MMEET HaydyHOe U
NPaKTUYECKOE 3HAYCHUE B KOHTEKCTE 00ECIICUCHHSI IKOJIOTHUECKOW YCTOMYMBOCTH, ONTHMAIBHOTO
UCTIOJIB30BaHUS CEIBCKOX03SICTBEHHBIX PECYPCOB U MPEIOTBPAIICHUS IerpaIalluil TOYB.

Llenp wccneqoBaHUs 3aKIFOYACTCS B ONPEACICHHH POCTPAHCTBEHHOTO PACIPEIEIICHUST YPOBHS
3acoJIeHHs IOYB B AT/KaOEAMHCKOM palilOHE M OIEHKE TOYHOCTH PA3IMYHBIX MHJEKCOB 3aCOJICHUS
C IIEJIbI0 BHIOOPA HarboJIee ONTUMAIBHOTO ITOKA3aTeNs Il MOHUTOPUHTA U YIIPABJICHUS TTOYBAMHU.
KiroueBble ci1oBa: nHAEKCH 3aconenus, Landsat 8, mucraHimonHOE 30HANPOBAaHUE, CTyTHUKOBBIC
n300paKeHsI, MOHUTOPHHT [10YB

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Abstract

In large cities of Azerbaijan (Baku, Ganja, Sumqayit, etc.), the health and longevity of trees and
shrubs in urban greening programs are directly dependent on the composition of soil mycobiota.
The conducted study identified 118 different fungal species in the rhizosphere soils of 142 plant
species. The majority of these species belonged to the phyla Ascomycota (68.6%) and Zygomycota
(18.4%), with dominant genera including Fusarium (19 species), Trichoderma (14 species),
Penicillium (12 species), Aspergillus (11 species), Mortierella (9 species), Alternaria (7 species),
Cladosporium (6 species), and Verticillium (4 species).

In the functional structure of urban soil mycobiota, potentially pathogenic and conditionally
pathogenic species accounted for an average of 76.8%, saprophytes for 14.3%, and symbiotic
(mycorrhizal) species for only 8.9%. Anthropogenic impacts (soil compaction, heavy metal
contamination, alkaline pH shifts) accelerate pathogen-oriented changes, particularly increasing
disease intensity in imported ornamental species (Acer negundo, Catalpa bignonioides, Ginkgo
biloba, etc.) to 18-22.3%.

During the study, 38 different disease forms were recorded, with the most widespread being root rot
and wilting caused by the Fusarium complex (42.1%), verticillium wilt, and alternariosis. Relict
and endemic species (Quercus castaneifolia, Zelkova carpinifolia, Parrotia persica) exhibited the
lowest disease incidence (1.5-9.7%). Species of Trichoderma demonstrated strong antagonistic
effects against other pathogens, showing a negative correlation with disease intensity (r = —0.68 to —
0.81).

Consequently, soil mycobiota ecology and pathogenic potential should be considered a priority
factor in urban greening strategies. Extensive use of relict species, careful selection of imported
species, and the integration of Trichoderma based biocontrol agents minimize pathogen risks,
protect plant health, and significantly enhance the resilience of urban ecosystems and the quality of
ecosystem services. This approach also contributes to improving the living comfort of urban
residents and strengthening resistance to climate change.

Keywords: urban ecosystem, soil mycobiota, rhizosphere fungi, potential pathogen, disease spread,
biological control, greening resilience

Introduction

Urban greening programs in Azerbaijan’s large cities are rapidly developing, and the proper
selection, planting, and long-term maintenance of trees and shrubs are recognized as one of the key
conditions for the ecological sustainability of urban ecosystems. The multiple functions of urban
greenery reducing air pollution, absorbing carbon dioxide, regulating microclimate, preserving
biodiversity, and improving the psychological and physical well-being of residents are directly
dependent on the health of plants and the soil microbial communities in their rhizosphere. In this
context, soil mycobiota the taxonomic composition, ecological roles, and dynamic development of
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fungi inhabiting the soil plays a particularly important role.

Soil fungi perform diverse functions in urban ecosystems: saprotrophic species decompose
organic matter, recycling nutrients; symbiotic species (e.g., mycorrhizal fungi) enhance plant uptake
of water and minerals; while potential pathogens damage plant tissues, causing root rot, wilting,
blotches, and other diseases, ultimately weakening plant populations and reducing the effectiveness
of greening initiatives. Mycological studies in urban soils of Azerbaijan’s major cities revealed the
presence of nearly 118 fungal species in the rhizosphere of trees and shrubs, with dominant genera
including Fusarium (especially F. oxysporum and F. moniliforme), Trichoderma (T. harzianum, T.
asperellum), Penicillium (P. chrysogenum, P. cyclopium), Aspergillus (A. niger, A. fumigatus), and
Mortierella.

The functional traits of these fungal groups have both positive and negative effects:
Trichoderma species act as strong natural antagonists against other pathogenic fungi, secrete
growth-stimulating compounds (antibiotics, siderophores, phytohormones), and enhance soil
biological activity; whereas Fusarium and Aspergillus species synthesize mycotoxins (fumonisins,
aflatoxins, etc.), posing risks to plants and potentially to human and animal health. Mycological
analyses indicate that approximately 76.8% of urban soil mycobiota exhibit potentially pathogenic
characteristics, causing at least 38 different disease forms in trees and shrubs (root rot, crown rot,
verticillium wilt, fusariosis, alternariosis, anthracnose, powdery mildew, leaf blotch, etc.). Disease
incidence varies depending on plant species, soil type, anthropogenic impacts, and climatic
conditions, ranging from 1.5% to 22.3%.

The specific conditions of urban ecosystems dense construction, air and soil pollution,
disrupted irrigation regimes, soil compaction, accumulation of heavy metals and other pollutants
significantly alter the structure and functional composition of soil mycobiota. Anthropogenic
transformation reduces the share of saprotrophic and symbiotic species while promoting dominance
of pathogenic and conditionally pathogenic species (Alternaria, Cladosporium, Verticillium, etc.).
This process is especially pronounced in imported ornamental trees and shrubs, which are poorly
adapted to local mycobiota and have low resistance to new pathogens. In contrast, Azerbaijan’s
relict and endemic tree species (derived from ancient forest remnants) carry a lower pathogen load:
approximately 65 fungal species were recorded in their rhizospheres, and although pathogens
comprise 84.6% of the mycobiota, the actual disease incidence remains relatively low.

The article provides a detailed analysis of the taxonomic composition, ecological
characteristics, and functional role of soil mycobiota associated with trees and shrubs used for urban
greening in large cities of Azerbaijan. The main objectives of the study include: assessing the
structure of dominant fungal groups in rhizosphere soils (Fusarium, Trichoderma, Penicillium,
Aspergillus, and others) and the ratio of pathogenic to saprophytic species; identifying the spectrum
and dynamics of diseases caused by potential pathogens; investigating the effects of urbanization
factors (pollution, soil compaction, water regimes) on soil mycobiota; comparatively analyzing the
advantages of relict and native species’ mycobiota and developing recommendations for
minimizing pathogen risks through biological control methods (Trichoderma-based preparations),
soil management strategies, and optimal plant selection [1, p.7-9].

Although the existing literature provides some information on the taxonomic composition
and pathogenic potential of urban soil mycobiota, systematic studies in Azerbaijan’s cities based on
long-term monitoring, molecular identification (ITS region sequencing), and functional
metagenomic analyses remain limited. These gaps create significant challenges for scientifically
grounded and practically applicable urban greening strategies. The results presented in this article
are important both theoretically (for a deeper understanding of soil-microbe—plant interactions) and
practically (for optimizing urban greening programs and improving their effectiveness), providing a
solid scientific basis for future research [2, p.231-240].

It should be emphasized that the ecology and pathogenic potential of soil mycobiota must be
considered a priority factor in urban ecosystem planning, plant species selection, improvement of
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planting technologies, and the application of biological control measures. This approach not only
ensures plant longevity and health but also strengthens the overall resilience of the urban biosphere
and contributes to the protection of human health.

Materials and methods

The study was conducted in major urban centers of the Republic of Azerbaijan particularly
Baku, Ganja, Sumgait, Shaki, and Mingachevir to systematically analyze the rhizosphere soil
mycobiota of trees and shrubs widely used in urban greening programs. A total of 142 different tree
and shrub species were selected, including both endemic and relict species native to the local flora
(e.g., Quercus castaneifolia, Parrotia persica, Zelkova carpinifolia, Pterocarya fraxinifolia) as well
as recently imported ornamental varieties (Acer platanoides, Tilia cordata, Fraxinus excelsior,
Catalpa bignonioides, Ginkgo biloba, Magnolia grandiflora, etc.). Plant samples were
systematically collected from city parks, boulevards, avenues, street greenery, green zones of
residential areas, botanical garden collections, and urban forest remnants near industrial zones.

Soil sampling was carried out during 2024-2025 across four different seasons (spring,
summer, autumn, and winter) to account for seasonal variability. For each plant species, a minimum
of 4-6 biological replicates was ensured. For each replicate, composite samples were prepared by
mixing sub-samples collected from the north, south, east, and west sides of the root zone at a depth
of 0-25 cm, yielding 400-600 g of soil per sample. Samples were placed in sterilized polyethylene
bags and immediately stored at +4 + 2°C; mycological analyses commenced within 36—48 hours.
The physical and chemical properties of the soil (pH, organic carbon content, humus, available N,
P, K, heavy metal concentrations, texture, etc.) were determined using standard pedological
methods (ISO 10390, ISO 11277, Walkley—Black method, etc.) and evaluated as environmental
factors influencing the mycobiota structure.

Fungal isolation and enumeration followed standard procedures using the serial dilution
plating method. Soil samples were diluted in sterile distilled water from 107! to 10°¢, and 0.1 ml of
each dilution was plated onto selective and general media including:

= 2% Malt Extract Agar (MEA);

= Potato Dextrose Agar (PDA);

= Sabouraud Dextrose Agar (SDA);

= Czapek-Dox Agar (CDA);

= Nash-Snyder medium (selective for Fusarium spp.);

= Trichoderma-selective medium (TSM);

= Rose Bengal Agar (for total fungal counts).

Plating was performed in triplicate, and plates were incubated in the dark at 25 + 1°C for 7—
21 days. Colony counts (CFU/g dry soil) were determined, and dominant species were purified into
pure cultures based on morphological characteristics (mycelial structure, conidia and sporulation
forms, colony color, growth rate, odor, etc.).

Fungal taxonomic identification was primarily based on cultural-morphological and
microscopic characteristics. Species determination employed international standard keys and
monographs (Barnett & Hunter, 1998; Samson et al., 2010; Leslie & Summerell, 2006; Domsch et
al., 2007; Gams & Domsch, 2007). For Fusarium species, specific morphotypes were analyzed on
SNA and PDA media, focusing on macro- and microconidia structures; for Trichoderma,
sporulation intensity and antagonistic potential were assessed; for Aspergillus and Penicillium,
conidiophore structure and conidia dimensions were examined in detail. In ambiguous cases or for
potential new species, molecular identification was performed: genomic DNA was extracted using
the CTAB method, the 1TS1-5.8S-1TS2 region was amplified with ITS1/ITS4 primers, sequenced
via Sanger sequencing, and validated through NCBI GenBank BLAST analysis.

To evaluate pathogenic potential and disease spread, symptomatic zones of plant organs
(leaves, stems, root collars, fine roots) were selected. These tissues were surface-sterilized in 70%
ethanol (30 s) and 0.1% mercuric chloride (1 min), rinsed in sterile water, and plated onto PDA or
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selective media. Disease prevalence and severity were assessed using standard scales (0-5 or 0-
100%), with at least 30-50 individual plants evaluated per species. The potential pathogenicity
index was confirmed through saprotroph/pathogen ratios, mycotoxin synthesis screening
(aflatoxins, fumonisins, T-2 toxin, etc.), and Koch’s postulates-based reinfection experiments.

Statistical analyses were conducted using R (version 4.3.2) and SPSS Statistics (version 28).
Fungal diversity was calculated using Shannon-Wiener and Simpson indices, while dominance was
evaluated with the Berger-Parker index. Intergroup comparisons were performed using one-way
ANOVA, followed by Tukey HSD or Kruskal-Wallis tests. Correlation analyses used Pearson or
Spearman coefficients, with significance levels set at p < 0.05 and p < 0.01. Results are presented as
mean + standard deviation (SD).

All experimental procedures were carried out at the Mycology and Urban Ecology
Laboratories of the Soil Science and Agrochemistry Institute of the Azerbaijan National Academy
of Sciences and the Azerbaijan State Agrarian University. Methods were aligned with international
standards (ISO 16072:2002 for soil microbiology) and adapted from previous regional studies,
providing a comprehensive evaluation of soil mycobiota structure, functional role, and pathogenic
potential in Azerbaijani urban ecosystems.

Results and discussion

The study confirmed a relatively high diversity of soil fungi (mycobiota) in the rhizosphere
of trees and shrubs used in urban greening programs in major cities of Azerbaijan (Baku, Ganja,
Sumgait, Shaki, and Mingachevir). A total of 118 fungal species were recorded from rhizosphere
samples of 142 plant species (4-6 biological replicates per species, covering seasonal dynamics).
These species mainly belonged to the phylum Ascomycota (68.6 + 5.1%), Zygomycota (including
Mortierellomycota, 18.4 + 3.7%), and to a lesser extent Basidiomycota (9.3 + 2.6%) and other phyla
(3.7 £ 1.4%). Taxonomic distribution varied significantly depending on plant species, urban zones
(central avenues, parks, industrial areas), and anthropogenic load.

Table 1 presents species richness, Shannon-Wiener and Simpson diversity indices, dominant
species abundance, and functional grouping (saprotrophs, symbionts/mycorrhizae,
potential/conditional pathogens) for three main plant groups: relict/endemic native species, widely
distributed native species, and imported ornamental species. Relict species (Quercus castaneifolia,
Zelkova carpinifolia, Parrotia persica, Pterocarya fraxinifolia, etc.) had species richness of 42-58,
Shannon index 2.8-3.4, and the lowest pathogen share (average 71.2 + 4.8%). Widely distributed
native species (Acer campestre, Tilia platyphyllos, Fraxinus excelsior, etc.) showed species richness
55-72, Shannon index 3.1-3.7, and pathogen share 74—79%. Imported ornamentals (Acer negundo,
Catalpa bignonioides, Ginkgo biloba, Magnolia grandiflora, Paulownia tomentosa, etc.) exhibited
the highest species richness (68-89), lower Shannon index (2.9-3.5), and the highest pathogen
share (81.4-86.7%).

Overall fungal diversity in urban soils was inversely proportional to the degree of
anthropogenic transformation: in densely built and industrial zones (central avenues of Baku,
Sumgait areas), species richness was 92-105, Shannon index 3.2-3.6, with pathogen dominance
82-84%; in parks and green zones, richness was 105-118, Shannon index 3.5-3.9, and pathogen
dominance 74-78%. Dominant genera included Fusarium (19 species, 16.1%), Trichoderma (14
species, 11.9%), Penicillium (12 species, 10.2%), Aspergillus (11 species, 9.3%), Mortierella (9
species, 7.6%), Alternaria (7 species, 5.9%), Cladosporium (6 species, 5.1%), and Verticillium (4
species, 3.4%), occurring in at least 78-92% of all samples.

The high diversity (118 species) indicates complex soil microbe plant interactions but also
demonstrates that anthropogenic impacts shift the community toward a pathogen-dominated
structure. In the literature, fungal OTU numbers in urban green zones often range 300-1000+
(metagenomic studies), while classical culture-based methods usually detect 50-150 species. The
118 species recorded in Azerbaijani urban soils represent a medium high diversity level, reflecting
regional flora richness [3, p.374].
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Data in Table 1 highlight that relict and native species harbor a more balanced mycobiota
(lower pathogen share, relatively higher symbiont proportion), likely due to long-term local
adaptation and co-evolutionary resistance mechanisms. Imported species, despite higher species
richness, show elevated pathogen dominance due to the introduction of new pathogens and limited
adaptation to local microbial communities emphasizing potential risks in urban greening programs.

The dominance of stress-tolerant pathogenic genera (Fusarium, Aspergillus) correlates with
urban soil characteristics: compaction, heavy metal contamination, alkaline pH, and reduced
organic matter. The relative stability of Trichoderma and its antagonistic activity demonstrates its
potential for biological control under urban conditions. Overall, these diversity metrics confirm the
importance of plant species richness in maintaining functional balance of soil mycobiota:
integration of relict species reduces pathogen load, while careful monitoring of imported species is
necessary [4, p.826]. These findings underscore the need to consider microbiological aspects in
urban greening strategies and recommend metagenomic approaches (ITS2/18S sequencing) and
long-term monitoring for future research. Soil mycobiota diversity and structure should be regarded
as a key indicator of ecological sustainability and a priority factor in urban greening planning in
Azerbaijani cities.

Table 1
Number of fungal species in rhizosphere samples by plant group

Plant Group Number of Recorded Fungal Percentage
Samples Species (%)
Native tree species 65 52 44.1
Relict species 15 13 11.0
Imported ornamental species 62 53 44.9
Total 142 118 100

The study results confirmed a relatively high fungal diversity (mycobiota) in the rhizosphere
soils of various trees and shrubs used in urban greening programs across major cities of Azerbaijan.
From rhizosphere samples of 142 plant species, a total of 118 fungal species were identified.
Taxonomically, these species were primarily assigned to Ascomycota (68.6 £ 5.1%) and
Zygomycota (including Mortierellomycota, 18.4 = 3.7%), while Basidiomycota (9.3 + 2.6%) and
other phyla (3.7 = 1.4%) contributed less. This distribution highlights the dominance of
Ascomyecota in urban soil mycobiota, reflecting the prevalence of stress-tolerant and saprotrophic
species under anthropogenic pressures.

Table 1 presents diversity indicators of rhizosphere mycobiota for the main plant groups
(relict/endemic native species, widely distributed native species, imported ornamental species),
including species richness, Shannon-Wiener diversity index, Simpson dominance index, and
functional group proportions (saprotrophs, symbionts/mycorrhiza, potential/conditional pathogens).
In the relict species group (Quercus castaneifolia, Zelkova carpinifolia, Parrotia persica,
Pterocarya fraxinifolia, etc.), species richness ranged from 42-58, Shannon index 2.8-3.4, and
potential pathogen share was lowest (71.2 + 4.8%). Widely distributed native species (Acer
campestre, Tilia platyphyllos, Fraxinus excelsior, etc.) showed richness 55-72, Shannon index 3.1—
3.7, and pathogen share 74-79%. Imported ornamentals (Acer negundo, Catalpa bignonioides,
Ginkgo biloba, Magnolia grandiflora, Paulownia tomentosa, etc.) had the highest species richness
(68-89), but comparatively lower Shannon index (2.9-3.5) and the highest pathogen share (81.4—
86.7%).

This table demonstrates significant differences in fungal composition across plant groups in
urban soils. Relict and native species exhibited a more balanced mycobiota (lower pathogen share,
higher proportion of symbiotic species), whereas imported species combined high species richness
with elevated pathogen dominance likely due to introduction of new pathogens and incomplete
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adaptation to local microbial communities [5, p.600].

The most frequent genera recorded were Fusarium (19 species), Trichoderma (14 species),
Penicillium (12 species), Aspergillus (11 species), Mortierella (9 species), Alternaria (7 species),
Cladosporium (6 species), and Verticillium (4 species). These dominant genera appeared in at least
78-92% of all samples, playing key roles in the structure of urban soil mycobiota. Table 2 provides
detailed information on the relative abundance (%), functional group (saprotroph, potential
pathogen, biocontrol agent, symbiont, etc.), main ecological effects (positive/negative impact on
plant health, mycotoxin potential, antagonistic properties), and distribution trends across urban
zones.

The distribution of dominant genera (Fusarium and Aspergillus as stress-tolerant pathogens)
is closely linked to anthropogenic factors (soil compaction, heavy metal contamination, alkaline pH,
reduced organic matter). The relative stability of Trichoderma and its antagonistic activity against
pathogens highlight its biocontrol potential in urban settings. Data in Table 2 indicate that the
proportion of pathogenic genera such as Fusarium and Alternaria is notably higher in imported
species and highly contaminated zones, whereas Trichoderma and Mortierella show greater
abundance in relict species and park areas [6, p.42].

These findings underscore the necessity of integrating microbiological considerations into
urban greening strategies. Broad use of relict species can reduce pathogen load, while imported
species require careful monitoring and support via biocontrol agents (e.g., Trichoderma-based
preparations). Future research using metagenomic approaches (ITS sequencing) and long-term
monitoring will deepen insights from these tables. Thus, the diversity and structure of soil
mycobiota, especially the dominant genera, should be regarded as key indicators of ecological
sustainability and a priority factor in urban greening planning in Azerbaijani cities.

Table 2
Dominant fungal genera and their functional groups in urban soil mycobiota

Genus Number of Species | Relative Abundance (%0) Functional Group
Fusarium 19 16.1 Potential pathogen
Trichoderma 14 11.9 Saprotroph / Biocontrol

Penicillium 12 10.2 Saprotroph
Aspergillus 11 9.3 Potential pathogen
Mortierella 9 7.6 Saprotroph
Alternaria 7 59 Potential pathogen
Cladosporium 6 51 Potential pathogen
Verticillium 4 3.4 Pathogen
Other species 36 30.6 Saprotroph / Symbiont
Total 118 100 -

Functional grouping analysis shows that the majority of fungi in the rhizosphere soils of
urban greening systems are potential or conditional pathogens. Overall, an average of 76.8 + 4.2%
of urban soil fungi belonged to the potential/conditional pathogen category. Saprotrophs accounted
for 14.3 + 3.1%, while symbiotic species (mainly arbuscular mycorrhiza-forming) constituted only
8.9 + 2.4%. These proportions varied significantly depending on urban zones and plant species: in
high-anthropogenic areas of Baku and Sumgait (central avenues, industrial proximity), pathogen
share reached 81.4-84.7%, while in parks and green zones it ranged from 72.1-76.3%.

Table 2 also illustrates that dominant genera in urban soil mycobiota are primarily from
pathogen and saprotroph groups. Fusarium (16.1%), Aspergillus (9.3%), Alternaria (5.9%), and
Verticillium (3.4%) dominate as potential pathogens, negatively affecting plant root systems.
Penicillium (10.2%) and Mortierella (7.6%) mainly function as saprotrophs, contributing to organic
matter decomposition. Trichoderma (11.9%) is notable for its dual role: as a saprotroph and as a
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strong antagonist to other pathogenic fungi, providing biocontrol benefits and supporting the
resilience of soil ecosystems [7, p.358].

A significant negative correlation was observed between the abundance of Trichoderma
species (especially T. harzianum, T. virens, and T. asperellum) and the incidence intensity of other
pathogenic genera (Fusarium, Alternaria, and Verticillium) (r = —0.68 to —0.81, p < 0.01). This
finding confirms the potential of Trichoderma as a natural biological control agent in urban
environments and provides a scientific basis for the development and application of Trichoderma-
based preparations.

The spectrum and intensity of fungal diseases are visualized in Table 3, which summarizes
the 38 most frequently recorded disease forms including root rot, collar rot, Verticillium wilt,
fusariosis, Alternaria leaf spots, anthracnose, powdery mildew, necrotic lesions, and others by plant
species, causal agents, incidence (%), and severity index (0-100% scale). The highest incidence
rates (18.7-22.3%) were observed in imported ornamental species (Acer negundo, Catalpa
bignonioides, Ginkgo biloba, Paulownia tomentosa), while the lowest values (1.5-9.7%) were
recorded in relict species (Quercus castaneifolia, Zelkova carpinifolia, Pterocarya fraxinifolia).
Diseases caused by the Fusarium complex, including root rot and wilting, accounted for 42.1% of
the total disease burden.

The dominance of pathogens (76.8%) in the functional grouping of urban soil mycobiota
reflects classic outcomes of anthropogenic transformation and aligns with international urban
ecology research: in urban soils, decreases in saprotrophic and symbiotic species, coupled with
increases in pathogenic and opportunistic fungi, are associated with soil compaction, heavy metal
accumulation, pH alterations, and organic matter depletion. The low proportion of symbiotic
species (mycorrhizal fungi, 8.9%) indicates limited nutrient and water uptake by urban plants,
which may reduce long-term stress resilience [8, p.227-231].

The biological control potential of Trichoderma is particularly noteworthy: its antagonistic
mechanisms against pathogens including antibiotic production, mycelial competition,
mycoparasitism, and systemic induction are especially valuable under urban conditions. Data from
Table 2 demonstrate that Trichoderma abundance is higher in relict species and park zones,
supporting the preservation of local genotypes and demonstrating the microbiological benefits of
expanding green areas.

Table 3 highlights the high-risk profile of imported ornamental species: weak adaptation to
new pathogens (e.g., Fusarium verticillioides, Verticillium albo-atrum) is a major factor in losses
within urban greening programs. Conversely, the low disease intensity in relict species reflects
resistance mechanisms developed through long-term co-evolution with local microbial
communities.

In summary, the functional grouping of urban soil mycobiota and the disease spectrum
underscore the need for microbiological monitoring and management in Azerbaijani urban greening
strategies. Strategies such as the application of Trichoderma-based biocontrol agents, prioritization
of relict species, and careful selection of imported species can effectively reduce pathogen load and
enhance ecosystem resilience. Future research employing functional metagenomics and long-term
monitoring could further substantiate these findings.

Table 3
Number and incidence of fungal diseases in urban ecosystems
Disease Form Causal Agent(s) Incidence (%) | ™MOSt AéffeCFEd Plant

pecies

Root rot Fusarium spp., Rhizoctoniasolani | 3.2-12.5 | Quercus, Zelkova, Acer
negundo

Collar rot Pythium spp. + Fusarium 2.8-9.7 Fraxinus, Catalpa
Verticillium wilt Verticillium dahliae 51-180 | A\ ”e%‘:{‘odboé Ginkgo
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Alternaria leaf Alternaria alternata 15.15.0 Imported or_namental
spots species
Anthracnose Colletotrichum spp. 2.0-11.2 Catalpa, Fraxinus
Powdery mildew Erysiphe spp. 1.8-9.4 Ginkgo biloba, Quercus
Necrotic lesions Cladosporium herbarum 1.5-10.3 Zelkova, Acer negundo
Total 38 disease forms 1.5-22.3 —

The table systematically illustrates the diversity of disease forms in urban soils, their
severity, and the plant species most affected. Disease spectrum and severity vary significantly by
plant species and urban zone, reflecting the critical importance of pathogen-saprotroph balance for
overall ecosystem health and long-term resilience.

Among the most prevalent and severe diseases are those caused by the Fusarium complex
(F. oxysporum, F. solani, F. verticillioides), accounting for 42.1 £+ 5.3% of all disease cases, with
incidence ranging from 8.4-22.3%; Verticillium wilt caused by V. dahliae and V. albo-atrum (6.2—
19.8%); Alternaria leaf spots (A. alternata, A. tenuissima, 4.7-17.1%); and collar rot linked to
Pythium spp. and R. solani (12.3-18.9% in young seedlings).

Disease severity (0-100% scale) also differed by plant species and urban zones. Relict and
endemic species (Q. castaneifolia, Z. carpinifolia, P. persica, P. fraxinifolia) showed low mean
severity (3.2-9.7%), whereas imported ornamentals exhibited the highest severity: Acer negundo
(22.3 + 3.1%), Catalpa bignonioides (19.8 + 2.7%), Ginkgo biloba (18.4 + 2.9%), Paulownia
tomentosa (17.6 + 3.4%). By urban zone, central avenues of Baku and industrial areas of Sumgait
had higher mean severity (14.7-19.2%), while parks, boulevards, and less anthropogenically
impacted green areas ranged from 6.8-11.3%.

The table clearly indicates that disease patterns in urban ecosystems are shaped by plant
species selection, anthropogenic load, and the functional balance of soil mycobiota. High disease
severity in imported ornamentals likely results from poor adaptation to local microbial communities
and weak resistance to novel pathogens. Low disease pressure in relict and native species reflects
naturally acquired defense strategies through long-term co-evolution, including microbial-
associated protection, allelopathic effects, and symbiotic interactions with Trichoderma.
Differences across urban zones confirm that soil compaction, heavy metal contamination, alkaline
pH, and disrupted irrigation regimes facilitate pathogen activation and spread [9, p.486].

The pronounced imbalance between pathogenic and saprotrophic fungi (with pathogens
comprising 76.8% of the community) poses a serious threat to the long-term sustainability of urban
greening systems. Such imbalance can lead to increased plant mortality, higher maintenance costs,
and reduced ecosystem services including air purification, carbon sequestration, biodiversity
conservation, and microclimate regulation. The biological control potential of Trichoderma plays a
crucial role in mitigating these risks: the observed negative correlation between Trichoderma
abundance and disease severity highlights its effectiveness as a natural, environmentally safe
strategy for disease management in urban conditions [10, p.660].

Thus, Table 3 underscores that systematic monitoring and management of pathogen loads in
urban soil mycobiota should be a priority in greening policies. The extensive use of relict and
endemic species, careful selection of imported ornamentals, and integration of Trichoderma-based
biocontrol agents represent scientifically supported, ecologically sustainable approaches to
minimizing disease risk, protecting plant health, and enhancing the overall resilience of urban
ecosystems. Future research employing molecular-level analyses (metagenomics, gPCR-based
pathogen monitoring) and long-term dynamic studies can refine these datasets, enabling more
accurate predictive models and evidence-based management strategies.

Conclusion

A study of rhizosphere mycobiota in major Azerbaijani cities identified 118 fungal species
from 142 plant species, mainly Ascomycota (68.6%) and Zygomycota (18.4%). Dominant genera
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included Fusarium, Trichoderma, Penicillium, Aspergillus, Mortierella, Alternaria, Cladosporium,
and Verticillium.

Pathogens/opportunists 76.8%, saprotrophs 14.3%, symbionts 8.9%. Pathogen dominance
was stronger in highly impacted zones (central Baku, Sumgait). 38 disease forms were recorded,;
severity was highest in imported ornamentals (Acer negundo, Catalpa bignonioides, Ginkgo biloba,
Paulownia tomentosa) and lowest in relict/endemic species (Quercus castaneifolia, Zelkova
carpinifolia, Parrotia persica, Pterocarya fraxinifolia). Fusarium caused 42.1% of diseases.

Trichoderma species (T. harzianum, T. virens, T. asperellum) showed strong antagonism
against pathogens (r = —-0.68 to —0.81, p < 0.01), supporting their use as biocontrol agents.
Relict/native species had more balanced mycobiota, lower pathogen loads, and higher symbiont
proportions, confirming local adaptation.

Soil mycobiota ecology and pathogen load should guide urban greening: favoring
relict/endemic species, monitoring imported ornamentals, and using Trichoderma-based biocontrol
can reduce disease risk, protect plant health, and enhance urban ecosystem resilience.
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AZORBAYCANIN iRi SOHOR EKOSISTEMLORINDO YASILLASDIRMA
BITKILORININ MiKOBIOTASI VO EKOLOJI TOSIRI

Qumru Balaxanova
Azorbaycan Dovlat Pedaqoji Universiteti

Xiilaso
Azorbaycanin boyiik sohorlorinds (Baki, Gancs, Sumgayit vo s.) yasillasdirma programlarinda

istifado olunan agac vo kol bitkilorinin saglamligi vo uzundmiirliiliiyii torpaq mikobiotasinin
torkibindon birbasa asilidir. Aparilan tadgigat naticasinds 142 bitki noviiniin rizosfer torpaglarinda
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118 forqli gobalok névii miiayyan edilmisdir. Bu névlarin boyiik aksariyysti Ascomycota (68,6%)
Vo Zygomycota (18,4%) soObolorino aid olmus, dominant cinslor ise Fusarium (19 nov),
Trichoderma (14 nov), Penicillium (12 nov), Aspergillus (11 név), Mortierella (9 nov), Alternaria
(7 n6v), Cladosporium (6 név) va Verticillium (4 nov) olmusdur.

Sohar torpaqglarinin funksional mikobiota qurulusunda potensial patogen va sorti patogen novlor orta
hesabla 76,8%-i toskil edir, saprofitlor 14,3%, simbiotik (mikoriza amalo gotiran) névlar iss comi
8,9% olmusdur. Antropogen tasirlor (torpagin sixilmasi, agir metal ¢irklonmasi, pH-in goalaviliya
dogru doyismasi) patogen yoniimlii doyisikliklori siiratlondirir vo xiisusilo introduksiya olunmus
bazok bitkilarinda (Acer negundo, Catalpa bignonioides, Ginkgo biloba va s.) xastalik intensivliyini
18-22,3%-o godor artirir.

Todqiqat zamani 38 miixtalif Xostolik formasi qeyds alinmigdir. ©On genis yayilan xastoliklor
Fusarium kompleksi tarafindon téradilon kok ¢iiriimasi vo solma (42,1%), hamg¢inin vertisillioz vo
alternariozdur. Relikt vo endemik novlor (Quercus castaneifolia, Zelkova carpinifolia, Parrotia
persica) on asagi xostolik yayilmasina malik olmusdur (1,5-9,7%). Trichoderma névlari digor
patogenlora qarst giiclii antagonistik tosir gostormis vo Xastolik intensivliyi ilo monfi korrelyasiya
niimayis etdirmisdir (r = -0.68- -0.81).

Notico etibarilo, torpaq mikobiotasinin ekologiyasi vo patogen potensiali sohor yasillasdirma
strategiyalarinda prioritet amil Kimi nozaro alinmalidir. Relikt névlarin genis tatbigi, introduksiya
olunan ndvlarin diizgiin se¢ilmasi va Trichoderma asasli biokontrol vasitalorindon istifado patogen
riskini minimuma endirir, bitkilorin saglamligin1 qoruyur va sohar ekosistemlarinin dayamigligini,
homginin ekosistem xidmatlorinin keyfiyyatini ohomiyyatli doracads artirir. Bu yanagma sohor
sakinlorinin  yasayis komfortunun yiiksaldilmosina vo iglim doyismolorine davamliligin
giiclonmasina do miihiim téhfa verir.

Acar sozlar: sohor ekosistemi, torpaq mikobiotasi, rizosfer gobaloklori, potensial patogen, xastalik
yayilmasi, bioloji miibariza, yasillagsdirmanin dayaniglig

MHKOBHUOTA PACTEHHUH I'OPOJICKOT'O O3EJIEHEHUS U EE DKOJIOT'MYECKOE
BO3JEVCTBUE B KPYIIHBIX TOPOJAX ABEPBAMI)KAHA

I'ympy banakcanosa
A3zepbaiiiykaHCKU TOCYIapCTBEHHBIN Me1arornueckuii yHUBepCUTET

Pe3rome

B xpynHbsix ropogax AsepOaiimkana (baky, I'sHmpka, CyMrabiT U Jp.) 370pOBbE U JIOJTOJIETHE
JPEBECHBIX U KYCTApHHUKOBBIX IOPOJ, HCIHOJb3YEMBIX B IpOrpaMMax O3€J€HEHHUs, HamnpsMyro
3aBHUCAT OT COCTAaBa MOYBEHHON MUKOOHOTHI. B X071€ mpoBeEHHOTO Hccae10BaHus B pU30c(hepHbIX
nouBax 142 BUI0B pacTeHUl ObUIO BbIsIBICHO 118 pa3inuuHbIX BUIOB rpuOOB. BOIBIIMHCTBO U3 HUX
OTHOCHJIOCH K oTzaenaM Ascomycota (68,6%) u Zygomycota (18,4%); TOMUHUPYIOIIUMH POJaMHU
seisutick Fusarium (19 sumos), Trichoderma (14 sumos), Penicillium (12 sumos), Aspergillus (11
BuzoB), Mortierella (9 Bumon), Alternaria (7 sumo), Cladosporium (6 Bunos) u Verticillium (4
BHJIA).

B (yHKIMOHANBHON CTPYKType MOYBEHHOH MHKOOHMOTHI TOPOJCKUX SKOCHCTEM MOTEHIMAIbHO
MaTOTEHHBIC W YCJIOBHO IMATOT€HHBIE BUIBI COCTAaBWIM B cpemHeMm 76,8%, canpodutsr 14,3%, a
cumMOunoTnyeckne (MUKOpPH3HBIE) BBl JUIIb 8,9%. AHTpONOreHHble BO3JEHCTBUA (YIUIOTHEHHE
MIOYBBI, 3arpsA3HEHHE TSHKEIBIMU MeTallaMu, CABUT pH B I1€JI0YHYIO CTOPOHY) YCKOPSIIOT MaTOTEH-
OPUEHTHPOBAaHHBIE M3MEHEHUS U OCOOEHHO TOBBIIIAIOT WHTEHCUBHOCTh 3a00JIeBaHUI y
MHTPOAYLUPOBAHHBIX JeKOpaTUBHBIX BUJIOB (Acer negundo, Catalpa bignonioides, Ginkgo biloba u
ap.) no 18-22,3%.

B xome wccmenoBanus Obuio  3adukcupoBano 38  dopm  3aboneBanuii. Hawmbonee
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pacrpoCTpaHEHHBIMH OKa3aIiCh KOPHEBAs THUIb U YBSJIaHKE, BbI3bIBAEMbIC KOMILJICKCOM Fusarium
(42,1%), a Takke BepTHUMWIUIE3 M adbTepHapHo3. PemukroBeie W sHAeMuYHbIe BuAbl (Quercus
castaneifolia, Zelkova carpinifolia, Parrotia persica) mpo1eMOHCTpUPOBAIM MUHUMAJIbHBIA YPOBEHb
nopaxénnoctu (1,5-9,7%). Bunsl pona Trichoderma nposiBuiin BeIpaKEHHYIO aHTarOHHUCTHYECKYIO
AKTHUBHOCTH IO OTHOIICHHUIO K JIPYTUM MAaTOre€HaM M MOKa3aJd OTPULIATEIBHYIO KOPPEISAIHUI0 C
WHTEHCUBHOCTHIO 3a00eBanuii (r = -0.68 - -0.81).

TakuM 00pa3oM, 3KOJIOTHS TOYBEHHOW MHUKOOMOTHI M €€ MaTOTeHHBIM MOTEHIUAT JOJIKHBI
paccMaTpuBaThCS KaK IPUOPUTETHBIN (akTop MpH pa3paboTKe cTpaTeruii TOPOJCKOTO 03€ICHEHNUS.
[IIupokoe NCIOIL30BaHUE PEITMKTOBBIX BUIOB, TIIATEIBHBINA 0TOOP MHTPOAYIIHPOBAHHBIX PACTEHUI
U MHTErpaiys OMOKOHTPOJBHBIX CPEICTB Ha OCHOBe Trichoderma mo3BoJilOT MHUHUMHU3UPOBAThH
pUCK pa3BUTHS 3a00JEBaHUM, COXPAHUTh 370POBbE PACTEHUM W CYIIECTBEHHO TOBBICUTH
YCTOMYMBOCTh TOPOACKUX SKOCHUCTEM U KayeCTBO IKOCHCTEMHBIX yciyr. Takod MOoaxoi Takxke
CHOCOOCTBYET TOBBIIIEHUIO KOM(OPTa TOPOJICKOW Cpeabl U YKPEIUIGHHWIO YCTOWYMBOCTH K
KIIMMaTHYE€CKUM U3MEHEHUSIM.

KiueBble cj10Ba: TOPOACKAas OJKOCHUCTEMa, IOYBEHHAss MHKOOMOTAa, pu3ocdepHbie TpUOHI,
NMOTCHLMAJIbHBIA  MATOTE€H, pachmpocTpaHeHue 3aboneBaHuil, OUONOTMYECKUNH  KOHTPOJb,
YCTOMYMBOCTD O3E€JIEHEHHUS

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Abstract

The medicinal leech, belonging to the phylum Annelida, is an ectoparasite that has been used by
humans for various purposes since ancient times. This organism is primarily known as an ectopara-
site that feeds on the blood of vertebrate animals and plays a significant role in the treatment of nu-
merous diseases. Although global interest in this species has increased in recent years, there re-
mains a need for comprehensive and systematic scientific research in Azerbaijan. As a result of our
studies, water bodies in the Quba-Khachmaz and Lankaran-Astara regions of Azerbaijan where
Hirudo orientalis Utevsky & Trontelj, 2005 is distributed have been identified. During our research
conducted between 2018 and 2024, H. orientalis was detected in 12 water bodies in the Quba-
Khachmaz region and 15 water bodies in the Lankaran-Astara region. The numerical dynamics of
H.orientalis Utevsky & Trontelj, 2005 in these regions were determined using hydrobiological
methods, and their distribution was mapped based on GPS coordinates using the ArcGIS software.
Keywords: H. orientalis, hydrobiological method, Red Book, hirudofauna, leech, Quba-Khachmaz,
Lankaran-Astara

Introduction

Leeches are representatives of the genus Hirudo, adapted to an ectoparasitic lifestyle, be-
longing to the phylum Annelida. According to historical sources, the medicinal leech has been used
for centuries in China, India, Greece, Rome, and Egypt. Due to mass harvesting in various periods,
since 1983 the medicinal leech has been included in the Red Data Book as a rare and endangered
species. In 2017, it was also listed as a protected species under the international CITES agreement.
In Azerbaijan, the export of this species is only allowed with the permission of the Ministry of
Ecology and Natural Resources. Due to illegal commercial exploitation, the population of the spe-
cies has significantly declined and it has been included in the editions of Azerbaijan’s “Red Book”
published in 1984 and again in 2023 [1].

In recent years, several studies related to the hirudofauna of Azerbaijan have been conducted
by M. Guseynov and Shabnam Farzali. M. Guseynov investigated the population and distribution
characteristics of various leech species across different regions of Azerbaijan [3]. Shabnam Farzali,
in her dissertation titled "Morphological and Molecular Identification of Leech Species in the
Lankaran-Astara Region", studied the hirudofauna of that area [4].

Currently, there are eleven artificial leech farms operating in the country and individuals
from these farms are mainly used in hirudotherapy. The species characteristic of Azerbaijan is the
Eastern medicinal leech — Hirudo orientalis Utevsky & Trontelj, 2005. Although it was previ-
ously referred to in the literature as Hirudo medicinalis until 2005, research by Utevsky and
Trontelj confirmed that the species is indeed Hirudo orientalis [7]. The distinguishing features
between Hirudo medicinalis and Hirudo orientalis are presented in Table.1 [6].

Table 1. Comparison of Hirudo orientalis and Hirudo medicinalis species

72


mailto:dr.sd.leman@gmail.com
https://doi.org/10.30546/2958-8111.2025.3.1128

Texnika va Agrar elmlori
2026-c1 il, Ne 1 (14), soh. 72-80

Technical and Agrarian sciences
2026, Ne 1 (14), pp. 72-80

Characteristic

Hirudo orientalis

Hirudo medicinalis

Taxonomic status

Medicinal leech

Traditional medicinal leech species

Genetic difference

Differs in mtDNA and nu-

Genetically distinct

clear DNA
Bodv color Dark green or olive- Light green background with red and
Y colored black patterns

Faint, in darker shades
Broader and shorter body
Caucasus, Iran, Turkiye,

Central Asia
Used for medical purposes
Siddall et al., 2007

Clearly visible reddish dorsal stripes
More slender and elongated body

Dorsal patterns
Body shape

Distribution area Western and Central Europe

Most widely used in medicine
Carl Linnaeus, 1758

Medical use
Scientific description

The main objective of our research was to study the distribution and numerical dynamics of
Hirudo orientalis in the water bodies of the Quba-Khachmaz and Lankaran-Astara regions.

Materials and methods

The materials for this study were collected between 2018 and 2024. The collection of Hiru-
do orientalis was carried out using the following hydrobiological methods, which are of great im-
portance in terms of detecting the species in its natural ecosystems, assessing numerical dynamics,
and evaluating biodiversity [2]. The research was conducted on a seasonal basis throughout the
study years. During the period from October to May leeches remained in hibernation due to the low
temperature of both water and air. Therefore, the majority of the leech specimens were collected
between June and September. The highest number of smaples was obtained in July. Quantitave in-
dicators were determined based on the calculation of the total number of collected individuals.

During the study, a comparative analysis of the distribution of H.orientalis species in differ-
ent water bodies was conducted, and a certain sequence was taken as a basis in this process:

1. Selection of water biotopes.

For the purpose of the study, water bodies were first classified according to their geomor-
phological structure, hydrological characteristics and vegetation cover (Ceratophyllum, Potamo-
geton, Carex). H. orientalis species was mainly found in shallow water areas with weak currents or
stagnant, swampy and rich in aquatic plants. The materials were collected from pre-determined
permanent points throughout the year.

2. Collection of benthic samples.

H. orientalis is mainly found in the benthic zone - at the bottom of the water. For this rea-
son, special hydrobiological tools, dredges and nets were used to collect samples. The samples tak-
en from the bottom with these tools are placed in plastic containers and a preliminary examination
is carried out. The size of the nets is usually 0.5-1 mm, which allows for the collection of leeches
without damaging them.

3. Visual observation and manual search.

In field conditions, the visual observation method is very effective and accessible. The
search for H. orientalis individuals was carried out mainly in coastal zones, in shallow and vegetat-
ed parts of the water. At this time, it was possible to enter the water and collect leeches manually or
by skimming between the aquatic plants and silt layers. The collected samples were collected in
vials.

4. Research with plant associations.

Since leeches often live in association with aquatic plants (especially reeds), macrophytes in
water bodies were also studied by us. These plants were collected and brought to the laboratory, and
when leeches were found, they were separated and placed in containers.

5. Irritating stimulus method.

The irritating stimulus method used in the collection of H. orientalis species and leeches in

73



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 72-80 2026, Ne 1 (14), pp. 72-80

general is one of the methods that increases the efficiency of leeches detection and observation.
This method mainly stimulates the behavioral reactions of leeches when they are passive and en-
sures their emergence to the surface. During hunting, 5 strong blows are made to the smooth surface
of the water with a 1 m stick at a distance of 2 seconds. Then, leeches are collected within 3
minutes. This process is repeated several times within 10 minutes. After the hunting is over, the
leeches are counted and released into the water body.

6. Labeling of samples.

A part of the collected leeches was fixed in a 95% ethanol solution. Each sample container
was provided with a special label and brought to the laboratory. These labels recorded the date of
collection of the samples, the study area, GPS coordinates, weather conditions and the method used.
Some of the leeches were placed in transparent jars and used for reproduction.

7. Recording geographical coordinates via GPS.

The geographical coordinates of the water bodies under study were accurately determined
via GPS. This approach played an important role in the preparation of the leech distribution map.
The map-scheme of the study area was compiled in a digital information database using geographic
spatial analysis using the ArcGIS 10.3 (Geographic Information System) program. The method ap-
plied in the map compilation was selected in accordance with the purpose of the study. The map
was prepared at a scale of 1: 100,000. The areas surveyed and the areas where the H. orientalis spe-
cies was detected were placed on the land use / land cover (Seninel-2 B; Land use / Land cover -
2024) map, based on geographical coordinates.

When using the main method of collecting material - the irritating stimulus method, leeches
have shown high sensitivity to changes in the environment, especially vibrations and chemical sig-
nals. Mechanical impact or irritation applied to the water surface activates their behavioral mecha-
nisms associated with danger or food search. Blood or food supplements (liver, spleen) awaken the
hunting instinct in leeches. This method is also important in terms of revealing the functional activi-
ty of their sensory structures.

When using the impact method, the use of the following stimulations led to higher results
when collecting material:

1. Mechanical stimulation - rhythmic blows are made to the bottom of the water with a foot
or a long stick.

2. Biological stimulation - blood, a piece of liver or crushed fish tissue is added to the water.

3. Chemical stimulation - a small amount of salt water solution is used (half a teaspoon per 1
liter of water).

4. Temperature stimulation — leeches are more active during the hot hours of the day or by
applying artificial heat.

In the Lankaran-Astara region, when using the impact method in wetlands rich in vegetation,
mechanical and biological stimulation was more effective. In the Guba-Khachmaz region, when this
method was applied, a combination of temperature and mechanical stimuli was used, since leeches
mainly hide in cool flowing waters with a stable bottom.

Results and discussion

Hirudo orientalis differs from other representatives of the Hirudo genus in both morpho-
logical and genetic characteristics. Figures 1 and 2 show the posterior sucker and segments of H.
orientalis. The posterior sucker of H. orientalis is notably larger in size compared to that of H.
medicinalis. The number of segments is thirty-four. The images were captured using a Nikon STZ
8000 microscope (Figure 1, 2).
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Figure 1. Posterior sucker of hirudo orientalis Figure 2. Segments of hirudo orientalis

Based on the research conducted between 2018 and 2024, a total of 954 leech specimens
were collected from the Quba-Khachmaz region. Specifically, 92 individuals were collected from
the Agzibirgala port, 54 from Khanlar port, 61 from Ambilgol, 200 from Qusar¢ay, 162 from the
Nohur lakes, 55 from Davachichay, 35 from Afurca waterfall, 183 from the Nohur lakes (Quba), 59
from Qurugay, and 53 from Qarachay. Out of the total specimens collected in this region, 61 indi-
viduals were brought to the laboratory for morphological analysis.
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Diagram 1. Numerical dynamics of Hirudo orientalis collected from water bodies in the
Quba-Khachmaz region.

During our research conducted between 2018 and 2024 in the water bodies of the Quba-
Khachmaz region, Hirudo orientalis was recorded in 12 locations: Agzibirgala near Shabran Port,
Khanlar, Ambil Lake, Nohurlar (Shabran), Davachichay, Afurja Waterfall, Nohurlar (Quba),
Qusarchay (Quba and Qusar), Quruchay, and Qarachay. Diagram 1 illustrates the numerical dynam-
ics of H. orientalis in the water bodies of the Quba-Khachmaz region where it was detected, shown
by year (Diagram 1).

Based on this diagram, it can be stated that the abundance of Hirudo orientalis was highest
in Nohurlar (Quba) in 2018 and 2019, and in Qusarchay in 2020, 2023, and 2024. The lowest abun-
dance of Hirudo orientalis was recorded in 2024 at Agzibirchala Port. In Khanlar, no Hirudo
orientalis was observed in 2024, primarily due to the complete drying of the water body and the
influence of seawater salinity. It should also be noted that leeches are highly sensitive to saline wa-
ter, which causes them to quickly leave such areas.

Another part of our research was conducted in the water bodies of the Lankaran-Astara re-
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gion between 2018 and 2024. In total, 42 water bodies in the Lankaran-Astara region were studied,
and Hirudo orientalis was found in only 15 of them.

The water bodies where Hirudo orientalis was detected include Kazimabad, Kazimabad 1,
Goytapa, Misharchay, Mollaoba Lake, Vilashchay, Alvadi, Luran, Tatyan River, ponds in Babaser
village, Khanbulan Lake, Boladi River, Qizilagac Bay, Lakar River, and Lerik Waterfall. Diagram 2
illustrates the numerical dynamics of Hirudo orientalis observed in these water bodies by year (Di-
agram 2).

In the Lankaran-Astara region — 627 individuals were collected from fifteen water bodies:
66 from Kazimabadchay, 29 from Kazimabad-1 reservoir, 25 from Goytepechay, 15 from Mis-
harchay, 74 from Mollaoba lake, 30 from Vileshcay, 15 from Alvadi, 9 from Lurenchay, 54 from
Tatyan River, 86 from the ponds located in Babaser village, 10 from Khanbulan lake, 52 from Bo-
ladi river, 157 from the Gizilaghaj Bay, 3 from Lekerchay, and 2 from Lerik waterfall. From this
region, 52 specimens were transferred to the laboratory for morphological studies.
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Diagram 2. Numerical dynamics of Hirudo orientalis collected from water bodies in the
Lankaran-Astara region.

Based on Diagram 2, it can be stated that the highest abundance of H.orientalis was ob-
served in Qizilagac Bay. This is attributed to the fact that Qizilagac Bay is a protected area and is
not directly exposed to anthropogenic impacts. In 2020 and 2023, no H.orientalis was found in
Lakarchay, and in 2024, none were observed in Kazimabad-1, Lakarchay, and Alvadi water bodies.

At Lerik Waterfall, H. orientalis was only recorded in 2019, on leaves in an area covered
with moss. The Kazimabad-1 water body, located near a potato cultivation field, has been affected
by chemical fertilizers seeping into the soil and water, resulting in the destruction of not only the
leech fauna but also the characteristic biotopes of their habitats. In the Alvadi water body, following
a flood caused by heavy rainfall in March 2022, no H. orientalis was observed during the studies
conducted in 2023 and 2024. Another contributing factor is the establishment of fishponds in this
area, which has subjected it to direct anthropogenic impacts

Conclusion

Based on the research conducted between 2018 and 2024, a total of 954 leech specimens
were collected from the Quba-Khachmaz region. In the other research area — the Lankaran-Astara
region — 627 individuals were collected from fifteen water bodies.

The results of the studies showed that the main habitats of the H. orientalis species are the
water basins of Nohurlar (Shabran area), Gusarchay (Guba, Gusar area) and Lake Nohurlar in the
Guba region, and we determined the percentage of the total mass of the H. orientalis species rec-
orded in these water basins.
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Diagram 3. Percentage of the mass of H. orientalis species in water bodies in the Guba-
Khachmaz region.

According to the diagram, we can say that Nohurlar-Shabran accounted for 16.98%,
Gusarchay in the Guba-Gusar area for 20.96% and Nohurlar in the Guba area for 19.18%. That is,
57.12% of the total mass was collected or settled in these 3 water bodies. The remaining 42.88% of
the total mass falls on the share of the other 8 water bodies, which varies between 3.67-9.64%.
Among these eight water bodies, Lake Agzibirchala is relatively dominant (Diagram 3).

m Kazimabad  ® Mollacba kand gélmacalari  m Babaser su anban Quzilagac korfazi m Digar

Diagram 4. Percentage of H. orientalis species mass in water bodies in the Lankaran-Astara
region.

When studying the water bodies of the southern region of the republic, it was determined
that in 15 water bodies inhabited by the species H. orientalis, the main mass was collected in only
four locations. The percentage of the total mass of the species H. orientalis recorded in these water
bodies was determined by us and presented in the form of a diagram

These locations are Kazimabad 11.95%, Mollaoba village ponds 11.64%, Babaser reservoir
13.52% and Qizilaghaj bay 24.68%, which constitute 61.79% of the total recorded mass. The
remaining 38.21% of the mass is distributed in the range of 0.31-8.18% in the territory of other
eleven water bodies.

Of the 15 water bodies inhabited by the species H. orientalis, Qizilaghaj bay should be
specially noted. Thus, 24.68% of the total mass was recorded to be inhabited in this location.
Probably, the protection of the territory is one of the main reasons for this situation.

The reason for the high number of H. orientalis individuals in some water bodies is the low
water flow rate, the not very high banks of the water bodies, the abundance of vegetation and the
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optimal water temperature (+22-25°C).

As a rule, the number of H. orientalis individuals in water bodies located close to human
settlements was very low. The reason for this is undoubtedly the wild hunting of medical leeches by
people (poachers). Such water bodies are brought to a state where there is no need to look for
leeches there. Thus, for the first time during the research years (2018-2024), we determined the
number dynamics of the H. orientalis species in the water bodies of the Guba-Khachmaz and
Lankaran-Astara regions, mapped the studied water bodies by regions, and calculated the
percentage of the mass of the H. orientalis species in water bodies by regions.

When assessing the numerical dinamics of the Hirudo orientalis species, it was determined
that the number of this species in the water bodies of the Guba-Khachmaz region decreased by 1.73
times over a period of 3 years, and in the water bodies of the Lankaran-Astara region by 1.41 times.
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Figure 4. Water bodies surveyed and leech specimens detected in the Lankaran-Astara re-
gion.

Based on the results of the research carried out in the water bodies of the Quba-Khachmaz
and Lankaran-Astara regions of Azerbaijan, the water bodies observed using GPS coordinates and
the areas where H. orientalis was detected were mapped for the first time by us using the ArcGIS
software (Figures 3, 4).

In order to protect the natural populations of H. orientalis, the ecological state of the lakes,
rivers and swamps where they live should be constantly monitored. The stability of the environment
should be ensured by regularly monitoring the chemical and biological parameters of water bodies.
The mixing of pesticides, fertilizers and industrial waste into water should be prevented, and eco-
logical buffer zones should be created in agriculture. An ecological assessment should be carried
out during the construction of new reservoirs and canals, and damage to the natural habitat of leech-
es should be excluded.
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AZORBAYCANIN BOZi BOLGOLORINDO H/IRUDO ORIENTALJIS UTEVSKY &
TRONTELDJ, 2005 NOVUNUN SAY DINAMIKASI

Loman Dadasova
Azorbaycan Respublikasi Elm vo Tohsil Nazitliyi Zoologiya Institutu

Xiilasa

Holgovi qurdlar tipino aid olan tibb zolisi godim zamanlardan insanlar torofindon miixtolif
magsadlar ticlin istifade edilon ektoparazitdir. Bu orqanizm ilk ndvbado onurgali heyvanlarin qani
ilo gidalanan vo ¢oxsaylt xastaliklorin miialicasindo miihiim rol oynayan ektoparazit kimi taninir.
Son illorde bu ndve diinyada maraq artsa da, Azarbaycanda hartorafli vo sistemli elmi todqiqatlara
ehtiyac galmaqdadir. Apardigimiz todqiqatlar noaticosindo Hirudo orientalis Utevsky & Trontelj,
2005-in yayildig1 Azorbaycanin Quba-Xa¢maz vo Lonkoran-Astara bolgolorinds su hovzolori
mioyyon edilmisdir. 2018-2024-cii illor arasinda apardigimiz todqigatlar zamani Quba-Xagmaz
bolgasinda 12, Lonkoran-Astara bdlgasinds iso 15 su hdvzosindo H.orientalis askar edilmisdir.
H.orientalis Utevsky & Trontelj, 2005-in bu regionlarda say dinamikasi hidrobioloji tisullarla

79



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 72-80 2026, Ne 1 (14), pp. 72-80

mioyyon edilmis vo onlarin paylanmasi ArcGIS proqram tominatindan istifade etmoklo GPS
koordinatlar1 asasinda xoritolagdirilmisdir.

Acar sozlor: sorq tibb zolisi, hidrobioloji metodlar, qirmizi kitab, hirudofauna, zsli, Quba-Xagmaz,
Lonkoran-Astara

YUCJIEHHAS IMHAMUKA BUJOB HIRUDO ORIENTALIS UTEVSKY & TRONTELJ,
2005 B HEKOTOPBIX PETHOHAX A3BEPBAVIXKAHA

Jlssman JlapamioBa
HNHcTHuTyTa 300710TMH MUHUCTEPCTBA HAYKH M 00pa3oBanus A3epOaiikanckoit PecriyOmmku

Pedxrome

Menunuuckas nusBka (Hirudo orientalis Utevsky & Trontelj, 2005), oTHOcsmiasics K THITY
KoJbUaThiX 4YepBed (Annelida), siBieTCS SKTOMApa3sUTOM, MUTAIOMIMMCS KPOBBIO MMO3BOHOYHBIX
JKMBOTHBIX M C JIDCBHHX BPEMEH HCIOJIB3yEeMBbIM YEIIOBEKOM B JieueOHbIX Iesax. HecMoTps Ha
BO3paCTAIINNA MHUPOBOM HMHTEpeC K JaHHOMY BHUAY, B A3sepOaiimxkaHe Bc€ emié He XBaraer
KOMILUIEKCHBIX M CHUCTEMAaTHUYCCKUX HAy4YHBIX HCCieoBaHUi. 1[enbr0 HACTOSAIIET0 MCCIICIOBaHUS
ObuTO M3yueHue pacrnpoctpanenus H. orientalis B pernonax Kyba-Xauma3s u JlsHkspan-Acrapa B
nepuoa ¢ 2018 mo 2024 roasl. B pesynbrare npumMeHEHHs CTaHIAPTHBIX THIPOOHMOIOTHYECKHX
metonoB H. orientalis 6buta BeisiBieHa B 12 Bomoémax pernona Kyba-Xaumasz u B 15 Bogoémax
peruoHa JIsHksipaH-AcTapa. bpuii poaHaIM3UpPOBAHbI THHAMHKA MOMYJISIIIUN U COCTABJICHBI KapThI
pacnpocTpaHeHusi ¢ ucrnosb3oBanueM GPS-koopaunat um nporpammuoro oOecrnedenus ArcGIS.
[TonydeHHBIE pe3yNIbTaThl CIIOCOOCTBYIOT OXpaHE JAHHOTO BHJA M MOTYT IOCIY)XUTh OCHOBaHUEM
s Bromrouenust H. orientalis B Kpachyro kuHury AsepOaiimpkaHa, Mogu€pkuBas HEOOXOIUMOCTh
COXpaHEHUs YHUKAIbHOU TUPyA0(hayHbl CTPAHBL.

Kawuesbie ciaoBa: hirudo orientalis, rugpoouonornyeckuii METOI, KpacHast KHHra, TupyaodayHa,
nusBka, Kyba-Xaumas, JIsnkspan-Acrapa

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Abstract

In this study, the morphogenetic types and modifications of fruits in various taxa belonging to eight
genera of the Oleaceae family were investigated. During the research, the main criterion for differ-
entiating the morphogenetic fruit types of the different genera of Oleaceae was the localization of
lignified tissues in various histogenetic regions of the pericarp. It was determined that the studied
species exhibit four fruit types: drupe (Forestiera, Olea), winged dry fruit (Fraxinus, Fontanesia),
capsule (Syringa, Ligustrum, Forsythia), and berry (Jasminum). The study also analyzed the ar-
rangement of mechanical tissues in the pericarp of the investigated genera, examining the location
and functional significance of these tissues, which is reflected in the findings of this work. During
the study, it was determined that in the fruits of species belonging to the genus Forsythia, mechani-
cal tissues develop only within the mesophyll of the fruit leaves, while parenchyma cells form the
endocarp. In general, the analyses conducted showed that the Forsythia-type fruit can be noted as
the ancestor within the Oleaceae family. The anatomical structure of the fruits of taxa belonging to
the tribe Oleeae showed that the fruits of plant species belonging to this tribe are typical Olea-type
seeded xenocarp fruits. During the study, it was determined that mechanical stress in plants of spe-
cies belonging to the genus Jasminum is not due to the presence of a distinct sclerenchyma region,
but to the heterogeneity of the mesocarp parenchyma cells.

Keywords: Oleaceae, fruit, modification, morphogenetic type, carpology, pericarp
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Introduction

The family Oleaceae is regarded as one of the most important and significant groups of
angiosperms, encompassing a wide diversity of life forms and exhibiting a broad geographical
distribution. The taxa included within this family are notable for their ecological and biological
significance under both in situ and ex situ conditions. In this context, the investigation of fruit
morphological and anatomical characteristics holds particular importance in carpological studies of
taxa belonging to this family. The structural features of fruits are considered critical not only for
taxonomic identification but also for elucidating the evolutionary relationships among species.

Species and varieties within the Oleaceae family differ markedly in terms of fruit
morphogenetic types and shapes. These differences are closely associated with floral structure,
ovary development, and the processes occurring during ontogenesis. The fruits of taxa belonging to
the studied genera within Oleaceae are observed to develop into various forms, including winged
fruits, drupes, and capsules. These morphogenetic fruit types arise as adaptive responses to diverse
ecological conditions and are often accompanied by modifications that play a crucial role in seed
and fruit dispersal.

The study of fruit morphogenetic types and their modifications represents a key aspect in
clarifying the phylogenetic relationships among species of the Oleaceae family, refining their
systematic positions, and understanding their evolutionary pathways. In this regard, a comparative
morphological and anatomical analysis of fruits across different genera within Oleaceae is highly
relevant for both fundamental and applied research.

Accordingly, the present study aims to provide a systematic and comparative analysis of the
morphogenetic fruit types of taxa within the Oleaceae family, with particular emphasis on their
developmental characteristics and associated modifications.

The fruits of Oleaceae have long attracted researchers’ attention as sources of phylogenetic
information. For example, the presence of fleshy, single-seeded drupes was used to distinguish the
subfamily Oleoideae [7, p.1508-1513]. Similarly, in the sectional classification of the genus Jas-
minum, A. P. de Candolle (1844) considered the morphological characteristics of fruits, a criterion
that remains relevant to this day [4, p.8-13; 6, p.4-25].

In general, the fruits of Oleaceae representatives have not been thoroughly or comprehen-
sively studied in Azerbaijan. Moreover, the literature on the morphology and anatomy of fruits in
this family contains contradictory information. For instance, Olea europaea L., a well-known and
relatively well-studied taxon, is often described as producing drupes, while some studies indicate
that its fruit is apocarpous [5, p.112-118]. Other sources state that all representatives of Oleaceae
possess syncarpous fruits [4, p.8-13; 6, p.4-25].

These discrepancies demonstrate the need for further study of Oleaceae fruits. Such research
1s crucial not only for understanding fruit structure and determining morphogenetic types, but also
for providing key information for reconstructing the phylogenetic system of the family. Additional-
ly, carpological research is particularly valuable due to the economic importance of Oleaceae,
which includes widely cultivated ornamental genera such as Syringa, Forsythia, Ligustrum, Fraxi-
nus, Olea, and Jasminum. In general, carpological studies contribute not only to structural botany
but also to solving broader botanical and phylogenetic problems [9, p.125-131].

Materials and methods

In this study, mature fruits of species belonging to eight genera of the Oleaceae family were
used as research material. For many species, fruits at different stages of development were exam-
ined. For several genera (e.g., Forsythia, Jasminum, Olea, etc.), studies on the histogenesis of the
pericarp at various stages of fruit development were conducted. Flowers and floral buds at different
developmental stages were also examined for Jasminum arborensis, J. fruticans, J. nudiflorum, and
J. officinale.

During the course of the study, 20 samples were collected from each taxon. This sample size
was considered sufficient for statistical analysis, and efforts were made to ensure equal sampling

82



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 81-93 2026, Ne 1 (14), pp. 81-93

across all studied taxa to enable reliable comparison.

For microscopic examination, four sections were prepared from the fruits of each taxon. Mi-
crotome sections were obtained at a thickness of 10-20 um. In the analysis of the anatomical struc-
ture of fruits in taxa belonging to the Oleaceae family, it was observed that cell size and the thick-
ness of tissue layers do not remain constant, but vary depending on species, fruit type, and devel-
opmental stage.

The average anatomical parameters recorded for taxa within the Oleaceae family were as
follows: exocarp cell size ranged from 10 to 30 um, with a cuticle thickness of 2—10 um; mesocarp
cell size ranged from 30 to 150 um, with a layer thickness of 0.2—2 mm; and endocarp cell size
ranged from 10 to 100 um, with a layer thickness of 0.2—-0.3 mm, depending on fruit type.

A comparative analysis of the morphogenetic traits and anatomical characteristics of the
fruits of the studied taxa is presented in this research.

The research material was collected by the authors from the Institute of Dendrology of the
Ministry of Science and Education of the Republic of Azerbaijan, the Central Botanical Garden, as
well as from parks and gardens in Baku city.

For anatomical studies of the pericarp, preparations were made for observation under a light
microscope. A MS-2 microtome was used for sectioning. Fresh, fleshy fruits were initially fixed in
70% ethanol. Mature dry fruits, as well as fruits from carpological and herbarium collections, were
stored prior to analysis in Strasburger’s mixture (distilled water: 96% ethanol: glycerin, 1:1:1). The
duration of storage in Strasburger’s mixture ranged from 10 to 30 days, depending on the size of the
fruit and the thickness of the sclerenchyma tissue.

For sectioning, the plant material was embedded in paraffin blocks without prior treatment.
Transverse sections were prepared from the middle portion of the fruit to study the pericarp anato-
my, as these provide highly informative parameters for anatomical analysis [16, p.69-75; 17, p.59-
67]. In some cases, longitudinal sections were also prepared to clarify structural features. Anatomi-
cal observations were carried out using a Mikmed-1 light microscope.

Fixation of the material, staining of sections, histochemical reactions, as well as localization
of secondary metabolites, were performed following standard protocols [3, p.19-21]. Of particular
importance were the observations of mechanical elements processed with phloroglucinol and con-
centrated hydrochloric acid, which provided information on cell shape and degree of lignification.
Drawings of the preparations were produced using a PA-5 drawing apparatus. The ultrastructure of
the dry fruit surface was examined using a Hitachi S-405A scanning electron microscope. Prepara-
tion for electron microscopy followed standard methods [3, p.19-21].

During the description of the pericarp, absolute cell size was not the main focus. Instead,
emphasis was placed on the size of parenchyma cells in fleshy fruits, their formation, and changes
in response to environmental conditions during maturation.

In the research work, mathematical and statistical calculations of experimental results were
carried out using G.N. Zaytsev and statistical analyses were carried out using GraphPad Prism 7 and
Microsoft Excel 2010 programs [20]. The formulas mentioned below were used.

1. Arithmetic M= &x / N

2. Variance: 2 = ¢ (x-M)2 / N-1

3. Standard deviation: U= 2

4. Arithmetic mean deviation: m= U/ N

5. Coefticient of variation: ¥= 100x0O/M

Results and discussions

During the analysis of the obtained data, the morphogenetic fruit types of the studied taxa
were determined. As noted in the introduction, the morphogenetic type of a fruit can only be estab-
lished after its anatomical structure has been thoroughly examined [1, p.71-74; 13, p.1-5]. There-
fore, to differentiate between various morphogenetic fruit types, the primary criterion is the locali-
zation of lignified tissues within the distinct histogenetic zones of the pericarp. This approach en-
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sures more accurate and reliable results. Analysis of the fruit structure of taxa belonging to the Ole-
aceae family allowed the identification of their morphogenetic types, and their main structural char-
acteristics are summarized in Table 1.
Table 1. Morphogenetic fruit types of the studied genera of the Oleaceae family and the
distribution of mechanical tissues in their pericarp

Location of Tissue

Fruit Type Mechanical Tissue . ; Function / Importance
In Pericarp
Drupe (stone fruit) Sclereids Endocarp Protects the seed
Winged dry fruit Sclerenchyma (fi- Mesocarp, Endo- Dispersal by wind
bers) carp

Capsule fruit

Sclerenchyma

Endocarp (dehis-
cence region)

Fruit opens (dehiscence)

Berry

Sclereids (weak)

Mesocarp (local

Dispersal by animals

areas)

Genus Forsythia Vahl According to the literature, species of the genus Forsythia produce
dehiscent dry capsule fruits. Each fruit can contain 8 to 20 seeds. Upon maturation, the fruits natu-
rally split open, allowing seeds to disperse. Because they are characterized by loculicidal dehis-
cence (opening along the back of the fruit leaves).

Table 2. Morphological and Anatomical Structure of Forsythia suspense Fruit

General Morphological Anatomical Characteristics
Feature of Characteristics
Fruit
Type Capsule fruit Pericarp consists of 3 layers
Shape Oblong with pointed ends Outer layer cells are compact
Size 1.5-2cm Cell layers are tightly connected; cell walls are
thick
Color Brownish-yellow —
Fruit Capsule opening with two | Well-developed mechanical tissues in the dehis-
dehiscence valves (dehiscent capsule) cence zone
Number of Numerous Seeds are located in the ovary cavity
seeds
. Exocarp — epidermal cells; mesocarp — parenchy-
Pericarp Exocarp, mesocarp, . - ]
layers endocarp ma and mechanical tissues; endocarp — scleren-
chyma cells
M(;g;irélscal Strengthen the fruit wall Sclerenchyma, sclereids
Seed structure Winged edges, flat Seed coat composed of thick-walled cells

However, using the term “capsule” to describe fruits with dehiscence along the dorsal side of
the carpels for all Oleaceae species is not entirely correct. Fruits with loculicidal dehiscence are
highly diverse; they can be syncarpous or paracarpous, and superior or inferior. Most importantly,
the anatomical structure of the pericarp in fruits with loculicidal dehiscence is very different. The
fruit opening mechanism follows the same principle—uneven contraction of pericarp tissues during
drying—but this process occurs differently across various taxonomic groups. The mechanical tis-
sues that mediate fruit dehiscence can develop from different histogenetic zones of the carpels,
which can lead to the formation of entirely different morphogenetic fruit types.

Consequently, it is not correct to directly compare the dried fruits of species in Forsythia
Vahl. with those of another genus, such as Parrotia C.A.Mey., because these genera differ in multi-
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ple fundamental morphological and anatomical characteristics.

In species of the genus Forsythia Vahl., mechanical tissues develop only within the meso-
phyll of the carpels, while the parenchyma cells form the endocarp (Table 2).

The arrangement of mechanical elements in this way, along with the lignification of the mul-
tilayered endocarp, forms the basis for identifying a distinct morphogenetic fruit type, the Forsyth-
ia-type capsule [9, p.125-131].

Overall, analyses have shown that the Forsythia-type fruit can be considered ancestral within
the Oleaceae family. Based on the floral structure of taxa in the genus Forsythia, it closely resem-
bles the hypothetical ancestral flower of Oleaceae, as suggested by T. F. Weber. This view has been
supported by several researchers [6, p.4-25; 10, p.37-41; 11, p.476-509; 12, p.8-11 ].

A notable feature indicating the primitiveness of the fruit structure in Forsythia species is
that the dehiscence (fruit opening) zones are perforated with numerous parenchyma strands and
reinforced by a thickened sklerenchyma region [10, p.31-37]. In contrast, taxa with larger fruits
(e.g., Nathusia Hochst.) have relatively thinner sklerenchyma regions and more delicate parenchy-
ma strands [10, p.41-43]. Another evidence of the primitive fruit structure is the high variability in
ovule number, both within individuals and among taxa in the genus Forsythia.

Syringa L. — genus-The fruits of taxa in the genus Syringa L. are also capsules, similar to
those of the genus Forsythia. Literature sources generally describe lilac fruits as capsules; however,
several researchers have noted that this characterization may be inaccurate [14, p.577-592; 15, p.19-
23; 18, p.1827-1841].

Table 3. Morphological and Anatomical Structure of Syringa vulgaris Fruit

General fruit characteristic Botanical description

Fruit type Dehiscent capsule

Fruit shape Ovoid

Fruit size 1.5-2 cm
Color Brown

Type of dehiscence Capsule opening with two valves
Number of seeds 2-4
Seed shape Flattened, winged
Seed dispersal Wind-dispersed

Table 4. Anatomical structure of the pericarp of Syringa vulgaris

Layers of the fruit Anatomical structure of the fruit
pericarp
Exocarp Composed of a single layer of cells, serving a protective function

Mainly composed of parenchyma cells, occasionally containing me-

Mesocarp . .
chanical tissues
Endocarp Made of densely structured cells, playing a role in fruit dehiscence
. . Sclerenchyma cells located in the walls of the capsule fruit, providing
Mechanical tissues strength

Species of the genus Syringa exhibit fruit development characteristics similar to those of
taxa in the genus Nathusia Hochst.. This similarity is evidenced by the presence of a normally
formed dehiscence mechanism and a consistent number of ovules [18, p.1827-1841]. Anatomical
studies of the pericarp in Syringa species have shown that, like other Oleaceae, the pericarp consists
of three layers, with each layer composed of distinct cell types.

Genus Ligustrum L.

In general, the fruits of species in the genus Ligustrum have traditionally been considered
capsule fruits [5, p.218-221]. However, analysis of the literature indicates that these fruits are more
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diverse than they initially appear. Most Ligustrum species have fleshy fruits that have lost their de-
hiscence ability, though traces of the opening mechanism remain. The anatomical structure of
Ligustrum fruits is similar to the characteristics described above.

It has been proposed that the fruit type of Ligustrum taxa can be considered as Olea-type
pyrenaria (drupe-like fruits) [5, p.228-231]. By “pyrenaria,” we refer to syncarpous fruits with a
single distinct stone. Olea-type pyrenaria are distinguished from other stone fruits by the localiza-
tion of mechanical elements in the inner part of the mesocarp. It is suggested that the Olea-type
stone fruit may have evolved directly from the Forsythia-type capsule fruit through compaction of
the parenchyma in the pericarp and reduction of the dehiscence mechanism.

Although the fruits of Ligustrum taxa resemble the anatomical structure of Syringa fruits,
Ligustrum ibota can still be classified as a typical Forsythia-type drupe (pyrenaria, stone fruit). At
maturity, the parenchyma in the pericarp of L. ibota remains moist and, under various influences,
can rapidly disintegrate. As a result, like Syringa taxa, the seeds are released into the environment
via loculicidal dehiscence.

In fact, the fruits of Ligustrum ibota represent a stable transitional stage between Forsythia-
type capsule fruits and Olea-type stone fruits (pyrenaria). Additionally, taxa in the genus Ligustrum
exhibit a slight reduction in the number of ovary locules and ovules. Consequently, the fruits may
occur as two-stoned, four-ovule pyrenaria; two-stoned, two-ovule pyrenaria; one-stoned, one-ovule
pyrenaria; or as single-stoned syncarpous fruits [4, p.8-13].

In typical single-ovule plants, the reduction in the number of ovary locules or developed
seeds to one reflects the general evolutionary trend in Angiospermae fruits, representing a transition
to a single-seeded dispersal unit that facilitates seed distribution [5, p.43-51].

In Ligustrum vulgare, a different developmental pattern of fruit formation is observed, indi-
cating variation within the genus.

Table 5. Morphological and anatomical structure of the fruit of Ligustrum vulgare

General characteristics of | Morphological characteris- | Anatomical characteristics of
the fruit tics of the fruit the fruit
Fruit type Berry Pericarp consists of three layers
Fruit shape Ovoid Composed of densely packed
parenchyma cells
Fruit size (diameter) 5-9 mm Composed of thin-walled cells
Fruit color Dark purple Pigment s_ubstances present in
epidermal cells
Exocarp Thin-skinned Slngle-laye_red epl_dermls with
thick cuticle
Mainly composed of parenchy-
Mesocarp Juicy mesophyll ma cells; occasionally mechani-
cal tissues are present
Endocarp Surrounds the seeds Composed of dense cells
Number of seeds 1.3 Seed coat composed of thick-
walled cells
Seed position In the center of the fruit Endosperm and embryo are well
developed

The pericarp of the fruit in this species is entirely composed of parenchyma cells, which
leads to the loss of both the dehiscence mechanism and the seed. The rudiments of the seed are dis-
tributed in groups of sclereids within the inner layers of the mesocarp parenchyma. As a result, the
plant produces a syncarpous berry. By berry, we mean a fruit that lacks the sclerenchyma region in
the pericarp. It should be noted that although the fruits of Ligustrum vulgare have evolved different-
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ly from most other taxa in the genus, the number of developed seeds is reduced (one seed) (Table
5). The fruits of Ligustrum ibota represent the most primitive structure within the genus Ligustrum
L., whereas the fruits of Ligustrum vulgare are the most developed. This view is also supported by
several researchers [4, p.8-13; 8, p.360-377 ].

Tribe Oleeae Hoffmanns. & Link ex Dumort, 1827 — Oleeae tribe

This tribe, which includes 12 genera (such as Forestiera, Olea, etc.), differs from other
tribes in terms of fruit formation and structure [9, p.125-131]. In the literature, the fruits of all gene-
ra within this tribe are generally described as stone fruits (Olea europaea type) [5, p.69-75]. How-
ever, this characterization can be considered inaccurate, as was also noted for taxa in the genus
Ligustrum, because the main reason is that a stone fruit is actually an apocarpous fruit [17, p.59-67]
. In fact, there are no taxa within the Oleaceae family that produce truly apocarpous fruits. This
view is supported by several researchers in their studies [9, p.125-131].
Table 6. Morphological and Anatomical Structure of Fruits of Some Species Belonging to the

Oleeae Tribe
Taxon Fruit Fruit Pericarp Structure Number | Anatomical Fegtures
Type Shape of Seeds of the Fruit
Olea I(:;:gﬁg Ovoid, Exocarp: thin epidermis; End_oca}rp composed
europaca | fruit) fleshy Mesocarp: parenchyma; 1 of lignified scleren-
mesocarp | Endocarp: lignified cells chyma cells
Drupe e .
Forestiera | (stone Small, T;I(:;:(:gr. th'gfe}:;:gﬁ rms, Endocarp forms a
neo- fruit) fleshy E p parenchyma, 1 hard protective ligni-
; : ndocarp: lignified scle- .
mexicana fruit fied layer

renchyma cells

The anatomical structure of fruits in the tribe Oleeae shows that the species within this tribe
produce typical Olea-type drupaceous syncarp (pyrenaria) fruits (Table 6). Minor variations, such
as the presence of isolated sclereids in the mesocarp parenchyma or radially elongated cells in the
mesocarp parenchyma, do not significantly affect the overall pericarp structure. The presence of
traces of a dehiscence mechanism in the inner mesocarp indicates the evolutionary transition from
Forsythia-type capsule fruits to Olea-type drupaceous syncarp fruits.

Unlike taxa in the genus Ligustrum, representatives of the Oleeae tribe do not show inter-
mediate forms that indicate sequential reductions in seed number [4, p.8-13; 9, p.125-131]. Within
this tribe, the parenchymatous layers of the pericarp undergo complex development, which is close-
ly associated with seed dispersal by animals [13, p.1-5]. Based on the data obtained on the fruits of
Oleeae, their fruits can be considered more advanced compared to those of Ligustrum taxa. Among
all genera in the Oleeae tribe, species of the genus Forestiera possess the most developed fruit
characteristics, as no traces of a dehiscence mechanism are observed in their fruits.

Genus Fraxinus L.

The fruits of species in the genus Fraxinus L. have traditionally been classified as winged
dry fruits (Table 7). As noted in the literature, these fruits are not only winged but also represent a
fruit type in which lignification occurs in all histogenetic regions of the pericarp [15, p.287-298]. In
the fruits of taxa within Fraxinus, lignification is observed primarily in the inner part of the meso-
carp, where sclerenchyma cells are distributed in an organized pattern.
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Table 7. Anatomical structure of the pericarp of Fraxinus excelsior

Morphological Feature of

Botanical Description of the Fruit

the Fruit
Fruit type Winged dry fruit
Shape Egg-shaped, flattened with one broad wing
Size (length) 2.5-4 cm
Number of seeds 1
Pericarp type Thin and dry
Exocarp Composed of a single layer of epidermal cells
M Mainly composed of parenchyma cells, sometimes with mechani-
esocarp :
cal tissues
Endocarp Protective layer of dense and thickened cells

Mechanical tissues

Sclerenchyma cells located in the winged part of the fruit

Winged part

Flattened and expanded section of the pericarp that helps the fruit
stay in the air

Seed coat

Thin, providing strength to the seed coat

Dispersal type

By wind

Overall, the fruits of representatives belonging to the genus Fraxinus L. can be considered

Olea-type syncarpous stone fruits; however, ash fruits do not exhibit all the characteristics of typi-
cal syncarpous stone fruits. There are several reasons to believe that the fruits of ash species
evolved directly from Olea-type syncarpous stone fruits. The fruits of ash plants have acquired ad-
aptations for wind dispersal (anemochory) [17, p.59-67; 19, p.287-298]. Specifically, in these taxa,
the number of parenchyma and sclerenchyma layers in the pericarp has decreased, and the seed
mass has been reduced from an evolutionary perspective [2, p.8-13]. From an evolutionary stand-
point, these adaptations can be considered part of the general evolutionary trajectory of all fruits
within the Angiospermae division.

Fontanesia Labill. — Species of this genus show fruit morphology and anatomy very similar
to those of Fraxinus. Although some literature incorrectly describes their fruits as winged fruits, the
fruits of Fontanesia species are actually Olea-type syncarpous stone fruits [5, p.77-81]. The fruits
of this genus are elongated and oval, with a thin membranous wing along the lateral side of the
fruit. Analysis has shown that species of Fontanesia and Fraxinus have evolved fruit structures that
provide adaptations for dispersal, allowing their diaspores to remain airborne for extended periods
[15, p.288-298].

Table 8. Morphological and Anatomical Structure of the Fruit of Fontanesia fortune

Morphological Eeature of Botanical Description of the Fruit
the Fruit
Fruit type Indehiscent winged dry fruit
Fruit shape Ovoid, flattened, with one side having a broad thin wing
Size (diameter) 1.5-3cm
Color Yellowish-brown
Number of seeds 1
Pericarp type Thin and dry
Exocarp Composed of thin epidermal cells
Mainly composed of parenchyma cells, sometimes containing
Mesocarp ! .
mechanical tissues
Endocarp Thick cell layers surrounding the seed
Mechanical tissues Sclerenchyma cells in the mesocarp and endocarp
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Thin membranous wing formed by the expansion of the fruit’s
lateral side
Function Wind dispersal

Wing structure

The main point here is that in most representatives of the Angiospermae, there is an increase
in the number of pericarp layers and the development of fruit wings. In addition, it should be noted
that in taxa of the genus Fontanesia, each ovary locule contains only one ovule, which indicates
that the fruits of Fontanesia species have an independent origin and do not derive from Forsythia-
type capsule fruits [5, p.234-238]. The fruits of taxa belonging to this genus are indehiscent winged
dry fruits, each containing a single seed (Table 8). When mature, the fruits turn light or yellowish-
brown. In Fontanesia fruits, the pericarp is mainly thin, and the mechanical tissues are weakly de-
veloped, primarily in the winged part of the fruit. The lignification process in the endocarp is weak.

Analysis of the literature shows that there is considerable variability in the terminology used
to describe the fruits of taxa in the genus Jasminum L.. Some authors classify these fruits as cap-
sules (dehiscent fruits) [7, p.1508-1513]. It should also be noted that the difference between the
fleshy fruits of Jasminum and the capsule fruits of Forsythia is substantial, comparable to the dif-
ference between a capsule and a fleshy drupe.

On the other hand, some literature sources describe the fruits of Jasminum taxa as berries [4,
p.8-13]. In general, there is a wide variety of opinions regarding the fruit structure and type within
the Oleaceae family. The pericarp of Jasminum species is relatively thin and rarely exceeds 10 cell
layers, but the seeds have a very thick sarcotesta (fleshy outer layer). Therefore, classifying these
fruits as fleshy is not accurate [4, p.8-13]. Overall, the fruits of Jasminum taxa can be divided into
two morphogenetic types, depending on whether they dry out or remain fleshy.

The dehiscent fruits of Jasminum are not Forsythia-type capsules but rather Galanthus-type
capsules, because they lack the topographically distinct sclerenchyma zones in the pericarp that are
characteristic of Forsythia-type capsules [4, p.8-13; 5, p.158-173]. In contrast, Galanthus-type cap-
sules contain distinct sclerenchyma regions in the pericarp. Thus, the opening (dehiscence) of Jas-
minum fruits occurs as a result of mechanical forces acting on the pericarp tissues during fruit dry-
ing.

Table 9. Morphological and anatomical structure of fruits of Jasminum officinale

Biological Characteristics

Botanical Description

Fruit type Berry
Fruit shape Elongated, oval
Fruit size 4-7 mm
Fruit color Dark bluish-black
Pericarp structure Thin and fleshy, weak mechanical tissue
Exocarp Thin epidermis with waxy coating
Mesocarp Slightly fleshy, parenchymatous
Endocarp Slightly differentiated, weak lignification
Number of seeds per fruit 1-3
Seed shape Ovoid
Fruit dehiscence Indehiscent
Fruit dispersal By birds

Position within Oleaceae family

Berry-type fruit

In species of the genus Jasminum, mechanical stress in the fruit is not associated with a dis-
tinct sclerenchyma region, but rather with the heterogeneity of the mesocarp parenchyma cells (Ta-
ble 9). The presence of parenchyma cells of highly variable size and shape, as well as numerous
cells with thickened but non-lignified walls in the fruit’s dehiscence zone, ensures uneven compres-
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sion of the pericarp during fruit drying, which in turn triggers its opening.

In general, taxa with dehiscent fruits have a clearly defined area in the pericarp that trans-
forms into a dehiscence zone consisting of heterogeneous parenchyma. In indehiscent fruits, such a
zone is usually absent, although clusters of cells with thickened walls and small parenchyma cells
are present. The area of the pericarp with the highest concentration of such cells usually corre-
sponds to the site of fruit opening.

It should also be noted that in Jasminum fruits, the pericarp from the distal (apical) to the
median (ventral) region is very thin (3-5 cell layers), which is why these fruits rarely split in the
middle. In contrast, in fully dehiscent fruits, opening occurs in the thickest pericarp region (10-15
cell layers).

Although the opening mechanism of fruits in other Oleaceae genera (e.g., Forsythia, Syrin-
ga) is based on similar principles, it is more complex and involves a clearly differentiated tissue
zone (sclerenchyma) [2, p.1-34].

Fruits of Jasminum taxa that have lost their dehiscence capability are characterized by the
absence of topographically distinct sclerenchyma zones in the pericarp, and in this regard, these
fruits can be classified as Psysena-type nuts. These fruits are derivatives of Galanthus-type capsules
[5, p.321-332]. Anatomically, Psysena-type nuts differ from Galanthus-type capsules by being
composed of more uniform parenchyma cells, where the parenchyma is more clearly visible.

It can be inferred that both Galanthus-type capsules and Psysena-type nuts diverged from
the ancestral Forsythia-type capsule forms at early stages of morphogenesis. Nevertheless, both
Galanthus-type capsules and Psysena-type nuts are sufficiently specialized and evolutionarily ad-
vanced [5, p.159-170].

A comparative statistical analysis of the anatomical structure of fruits of taxa belonging to
the studied genera within the family Oleaceae is presented in Table 10.

Table 10. Comparative statistics of the anatomical structure of fruits of taxa belonging to the
family Oleaceae

Genus Cell Exocarp | Exocarp | Mesocarp | Endocarp | Seed coat | Total num-
diameter | cell size | thickness | thickness | thickness | thickness | ber of lay-
(um) (um) (um) (um) (um) (um) ers (aver-
age)

Olea L. |26,5£2,9 | 27,5£3,0 | 25+2,8 | 2750300 | 1650+180 | 200£21,8 | 27429
Fraxinus L. | 23+2,5 | 24426 | 18+2,0 | 1400£150 | 108 =12 | 130+15 26+2.8
Syringa L. | 30£3,2 | 22424 | 15+1,6 | 550460 | 100£11 | 100+11 19+2.0

Liguitmm 3543,8 | 31+33 | 22424 | 400444 | 96+ 11 185+21 14+£1,5
TN | 23404 | 24426 | 20+2,1 | 800487 | 7590 | 8589 1741,8
Ffi;’;ﬁia 28530 1 004 | 17518 110004105 | 108212 | 115413 13+1,4

Fontanesia | 25+2,7 26+2,8 16 +1,7 475452 50+£5,4 130+15 11£1,2
Labill.

As shown in Table 10, the thickest exocarp was observed in taxa belonging to the genus
Olea. The relatively thick exocarp in these taxa indicates a strong protective function of the fruit.
Increased mesocarp and endocarp thickness were also recorded in representatives of the genus Olea,
a characteristic typical of fleshy drupaceous fruits. The well-developed endocarp provides effective
protection of the seed against mechanical damage in members of this genus.

A comparative analysis of seed coat thickness across the studied genera revealed that taxa
belonging to Olea again exhibited the highest values, whereas the lowest seed coat thickness was
recorded in Jasminum and Syringa. These findings indicate that fruits of Olea taxa within the Olea-
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ceae family are distinguished from other genera by a more highly differentiated and thicker peri-
carp. The lowest total number of tissue layers was observed in representatives of the genera Fonta-
nesia and Forsythia.

Conclusion

- Four morphogenetic fruit types were identified among the taxa of the studied genera within
the Oleaceae family, namely pome fruits, berries, capsule fruits, and winged fruits;

- The formation of morphogenetic fruit types is closely associated with ovary structure,
while pericarp differentiation occurs in different developmental directions;

- Fruit modifications in the studied taxa are influenced by ecological factors;

- Morphophenetic characteristics of the fruits reflect phylogenetic relationships among taxa;

- Statistical analyses confirm the reliability and validity of the obtained results.

In conclusion, the morphogenetic fruit types and their modifications within the Oleaceae
family exhibit a high degree of diversity, which is determined by morphological-anatomical, eco-
logical, and evolutionary factors. Fruit structural characteristics possess significant diagnostic value
for determining the systematic position of taxa.
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OLEACEAE FOSILOSINO AiD TAKSONLARIN MEYVOLORININ MORFOGENETIK
TIiPLORI VO MODIFIKASIiYALARI
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Ekologiya Institutu, Azorbaycan Miidafio Senayesi Nazirliyinin Milli Aerokosmik Agentliyi
Qarabag Universiteti
Molekulyar Biologiya Institutu Publik Hiiquqi Soxs
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Xiilasa

Tadqiqat isindo Oleaceae fasilosinin § cinsino aid miixtalif taksonlarin meyvalorinin morfogenetik
tiplori vo sokildoyismolori todqiq olunmusdur. Todqiqat zamami Oleaceae fasilosing aid forqli
cinslorin morfogenetik meyva tiplorini forqlondirmok {iglin asas gostarici kimi perikarpin miixtalif
histogenetik saholordo ligninlogsmis toxumalarin lokalizasiyast olmusdur. Molum olmusdur ki,
todqiq olunan novlordo dord meyvo tipinin (¢oyirdokli meyvo- Forestiera, Olea; ganadli quru
meyvo- Fraxinus, Fontanesia; qutucuq meyve- Syringa, Ligustrum, Forsythia, gilomeyva-
Jasminum) oldugu miioyyon edilmisdir. Todqiqat isindo Oleaceae fosilosing aid todqiq olunan cins
nlimayandslarinds olan meyvalorinin perikarpinda mexaniki toxumalarin yerlogsmasi, toxumanin
perikarpda yerlosdiyi yer vo shomiyyati dyronilorak osords 6z oksini tapmigdir. Todqgiqat zamani
Forsythia cinsino aid novlorin meyvolorindo mexaniki toxumalarin yalniz meyve yarpaqlarinin
mezofili daxilinds inkisaf etdiyi, parenxim hiiceyralori iso endokarp1 formalagdirdigi miisyyan
olunmusdur. Umumiyyatlo aparilan tohlillor onu gostormisdir ki, Oleaceae fosilosi igorisindo
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Forsythia tipli meyvani ocdad kimi geyd etmok olar. Oleaceae tribasina aid taksonlarin
meyvalarinin anatomik qurulusu onu gostormisdir ki, bu tribaya aid bitki névlarinin meyvalori tipik
Olea tipli coyirdokli senokarp meyvolordir.Todgigat zaman1 miiayyan edilmisdir ki, Jasminum
cinsino aid novlards bitkilorindo mexaniki stres, forqli bir sklerenxim bdolgasinin olmasi ilo deyil,
mezokarp parenxim hiiceyralorinin heterogenliyi ilo slagodardir.

Agar sozlar: Oleaceae, meyvo, modifikasiya, morfogenetik tip, karpologiya, perikarp

MOP®OI'EHETUYECKHUE THUIIBI U MOIUP®UKALIUU I1JIOJJOB PA3JINYHBIX
TAKCOHOB CEMENCTBA OLEACEAE

Jleitna Mycradaesa
baxap Mammanosa
Cabuna [[xadapzane
I'ynenap Macumsazne
Onpman Uckenaep
LenTpanpHblii 60TaHUYECKUil cajl (TOCYAapCTBEHHOE IOPUINIECKOE JIUIIO)
MHCTUTYT 3KOJIOTHH, HAIIHOHATBHOE a3POKOCMHUYECKOE areHTCTBO MUHUCTEPCTBA 000POHHOU
MIPOMBIIITIEHHOCTH A3epOaiikana
Kapabaxckuii yauBepcuteT
WHCTUTYT MOJIEKYIAPHON OMOJIOTHY (TOCYAAPCTBEHHOE IOPUAMUECKOE JIUI0), MUHUCTEPCTBO HAYKU
u oOpa3oBanus A3zepOaiikanckoi PecriyOmmku
HNuctutyT 60TaHNKHU (TOCYAapCTBEHHOE IOPUINYECKOE JIUIIO ), MUHUCTEPCTBO HAYKH U 00pa30BaHUs
Asepbaiikanckoil PecryOnuku

AHHOTaNus

B uccnenoBannu u3ydannch MOpGOreHETHYECKHE TUIIBI U MOP(OJOTHUECKUE U3MEHEHHUS TUIOI0B
pa3IUYHBIX TakCOHOB 8 pojaoB cemeiictBa Oleaceae. B xome wucciaenoBaHus JOKaTH3AIH
OJIPEBECHEITBIX TKAHEH B Pa3IHYHBIX TMCTOTCHETUYECKUX 00JACTAX MepUKapa SBIsJIacCh OCHOBHBIM
mokazarejaeM JUIS  pasiuYeHUs MOP(OTrEHETHYECKMX THIIOB  IUIOJIOB  Pa3HBIX  POJIOB,
npuHaaexkanmx k cemeiictsy Oleaceae. M3BecTHO, YTO y U3ydEHHBIX BUAOB OBLIO OMpPEICICHO
YeThIpe THITOB IIO0B: KOCTOYKOBBIN 1101 - Forestiera, Olea; xpsutateiii cyxoit oz - Fraxinus,
Fontanesia; kopobouka - Syringa, Ligustrum, Forsythia; sroaer- Jasminum. B xoje ucciemoBaHust
U3y4aioch M OTPakajloCh B pabOTE pacHoOIOXKEHUE MEXaHWYECKUX TKaHeH B MEPUKAPIHU IUIOI0B
npejicTaBUTENeH M3ydaeMbiX poaoB cemeiictBa Oleaceae, a Takke MECTOMOJIOKEHUE W 3HAYCHHE
TKaHell B mepukapnuu . B xome ucciaenoBaHus ObLJIO YCTAHOBJCHO, YTO Y IUIOMOB BHJIOB poOjia
Forsythia mMexanuveckue TkaHU Pa3BUBAIOTCS TOJBKO B Me30(HiUIe JUCTHhEB IUIOJA, TOTJA Kak
napeHXUMHBIE KIIETKH 00pa3yroT SHA0KapIl. B 1iemom, mpoBecHHbIC aHATU3bI TIOKA3aJIH, YTO TLI0
tuna Forsythia moxHo cuurtath mpenkom B cemeiictBe Oleaceae. AHaToMHYecKoe CTPOCHHE
MJIOAOB TAaKCOHOB, MPHHAJICKAIIHUX K TpH6e Oleeae, IMoKa3ajgo, 4TO IIJIOJABI BHUJIOB paCTeHHﬁ,
NPUHAISKAIIMX K 3TOW TpUOEe, TMPEACTABISIOT COOOW THIHUYHBIC KCEHOKAPITHBIC IUIOABI C
cemenamu tuna Olea. B xoje nccieoBanus ObIJIO YCTAHOBIIEHO, YTO MEXAHHYECKOE HAMPSKEHUE
y pacTeHud BUAOB poaa Jasminum oOYCJIOBICHO HE HaJIWYHEeM YEeTKO BBIPAKCHHOU
CKJIEPEHXHUMHOM 00JIACTH, a TeTEPOreHHOCTHIO TAPEHXUMHBIX KIIETOK ME30KapIia.

Kawuesble ciaoBa: Oleaceae, mioa, moaudukanus, MOpGOreHETHUSCKUN THII, KapIrioJoTus,
nepuKap

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Xiilasa

Tadqiqat isindo Lonkoran-Astara bdlgasinds becarilon ¢ay bitkisinin (Camellia sinensis (L.)Kuntze)
sort vo formalarinda genetik miixtolifliyin yaranmasina edafik vo iqlim amillorinin tosiri
Oyronilmisdir. Edafik vo iqlim soraiti birbasa - torpaq ve iqlim amillorinin ¢ay populyasiyalarinda
genetik qurulusu, allel tezliklorini, adaptiv xiisusiyyetlori vo genotiplor arasinda diferensiasiyani
formalagdirmaqla vo ya dolayist ilo iso bitki-torpaq mikrobiomu vo biotik proseslor vasitosilo
genetik miixtolifliyi formalasdirir. Cay bitkisinin (Camellia sinensis (L.)Kuntze) sort vo
formalarinda molekulyar markerlordon istifads edilorok genetik miixtalifliyi dyronilmisdir. Genetik
miixtoliflik seleksiya iiglin baza olmaqgla yanasi, populyasiyalarin gevikliyini vo otraf miihit
dayisikliklorine doziimliililylini miisyyon edir. Genetik miixtolifliyi dyronmak {igiin seleksiya
isindo molekulyar markerlordon istifado notico etibari ilo daha effektlidir. Molekulyar marker
sistemlori arasinda RAPD (Randomly Amplified Polimorphic DNT) markerlori genetik
miixtolifliyin agkarlanmasi vo filogenezin tohlili {i¢iin an ¢ox istifado edilon iisuldur. Molekulyar
marker sistemlori arasinda RAPD markerlori siiroti, sadsliyi vo genetik miixtolifliyin agkarlanmasi
va filogenezin tohlil iiclin an ¢ox istifado edilon tisuldur. Bu todqiqatda RAPD markerlori ilo
filogenetik analizlor gostordi ki, genom saviyyasindoe tadqiq olunan ¢ay genotiplari arasinda yiiksok
genetik diferensiasiya var.

Acar sozlor: Camellia sinensis (L.) Kuntze, biokimyavi vo molekulyar markerlor, edafik amillar,
iqlim, genetik miixtaliflik

Giris

Cay bitkisi (Camellia sinensis (L.)Kuntze) diinya {izrs iqtisadi vo madoni shomiyyato malik,
homg¢inin yliksok fenotipik vo genetik variasiya nlimayis etdiron bitkidir. Genetik miixtaliflik
seleksiya li¢iin baza olmaqla yanasi, populyasiyalarin ¢evikliyini vo otraf miihit doyisikliklorina
doziimliiliylinii miioyyan edir. Cay bitkisi diinya shalisinin toxminan 70%-i torafindon istehlak
edilir [4, 8]. Tadqiqat isinin magsadlari: Lonkaran-Astara bolgasinda becarilon ¢ay yetisdirilmasine
tasir edon edafik soraiti vo iglim doyisonlorini xarakterizo etmok; secilmis sortlar arasinda osas
arttm parametrlorini vo mohsuldarliq forglerini miioyyan etmok; RAPD molekulyar markerlordon
istifads edoarok genetik miixtalifliyi giymatlondirmok.
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Azorbaycanin conub bdlgasine intraduksiya olunmus ¢ay bitkisi bolgenin iqtisadiyyatinda
mithiim rol oynayir [5, 2]. Xarici miihitin doyison soraitino qarsit ¢ox hassas olan ¢ay bitkisinin
(Camellia sinensis L.) genetik mixtalifliyinin giymatlondirilmasi vo onlara istinad edorok
genefondunun Oyranilmasi zoruri olan ilk addimlardan biridir [7]. Todgiqgatlar Lonkoran-Astara
bolgasinda Kond Tesarriifati Nazirliyinin Meyvagilik vo Cayeiliq Elmi todqigat Institutu Lonkoran
Elmi Tocriibs Bazasinin tacriiba sahasido becarilon Formangay 1/73, Lonkaran 2/17, Xozor 3/341,
S/S-11, S/S-13, S/S-14, S/S-15, S/S-18, S/S-19, Kolxida va Cohray1 4/44 ¢ay genotiplari {izarinda
aparilmigdir. Cay (Camellia sinensis (L.) Kuntze) subtropik va tropik bolgalards becarilon igtisadi
cohotdan an giymatli goxillik bitkilardan biridir. Bitkinin temperatur, riitubat, torpagin tursulugu vo
yagint1 normalart kimi otraf miihit parametrlorino hassasligi onu iqlim vo edafik soraitin etibarli
bioindikatoruna g¢evirir. Azorbaycanda ¢ay becarilmasi son vaxtlar yenidon strateji shomiyyat kash
edorak torpaqglardan davamli istifadoys, genetik tokmillosdirmays va aqroekoloji optimallasdirmaya
maragin yenidon artmasina sobob olub. Cayin mohsuldarhigi vo keyfiyysti tokco genetik
mansubiyyatlo deyil, ham ds edafik vo iglim uygunlugu ils tonzimlonir. Optimal boyiimo adston
yiiksok {izvi maddolora vo adekvat makro va mikroelementlora malik tursu torpaqglarda bas verir.
Yersiz giibra totbiqi, xiisusilo ammonium asasli manbalar torpagin pH-n1 optimal soviyyadon asagi
sala bilar, kok inkisafina vo gida maddslorinin udulmasina manfi tosir gostorir. Buna gora do, dagiq
aqrokimyoavi profillogsdirmo vo torpagin idaro edilmasi strategiyalart ¢ayin uzunmiiddatli
davamlilig1 Giclin vacibdir. Bundan olava, ¢ay bitkilori tumurcuglarin giiciinii vo ikincil metabolit
sintezini qorumagq ii¢iin sabit riitubato Vo vegetativ dovr arzinds borabar paylanmis yagisa ehtiyac
duyur. Apardigimiz todgiqatlar naticasindo miioyyan edilmisdir ki, ¢ay genotiplori arasinda genom
saviyyasinds genetik forglonmo var [3, 6, 7].

Todgigat obyektlorinds  genetik  miixtalifliyinin - giymatlondirilmasi  {igiin RAPD
markerlarindan istifads edilmis, polimorfizmin mévcudlugunun orta hesabla 52% vo 93% arasinda
doyisdiyi miioyyon edilmisdir. Test edilon genotiplor arasindaki genetik oxsarliq iso 0.440 ilo 0.815
arasinda doyismis vo ortalama 0.508-ys barabar olmusdur. Eyni zamanda slds edilon naticalor
genetik oxsarhigl asagi olan (0.443) sort (Formangay 1/73 vo ”Lonkaran”) vo formalarin (“S/S-11”
Vo “S/S-18”) morfoloji xiisusiyyatlori ilo, genetik oxsarlig1 yiiksok olan (0.816) sort Formangay
1/73 vo “Xozor 3/341” vo formalarin (“S/S-13”, “S/S-14”, “S/S-15”) morfoloji xiisusiyyatlori va
keyfiyyat gostaricilori arasinda koreliyativ alagonin olmasini géstordi. Yerli sortlar arasinda genetik
miixtalifliyin todqiqi, igtisadi cohotdon daha giymatli sortlarin miiayyan edilmasi mévzusu hamiso
aktualligi ilo diggoti calb edir va bu istigamotds todqiqatlara genis yer verilir.

Material va metodika

Todgigat islori 2020-2022-ci illordo Caygiliq Elmi Todqigat Institutu Lonkoran Elmi
Tocriilba Bazasmin tocriibo zonasinda becorilon ¢ay bitkisinin (Camellia sinensis (L.) Kuntze)
miixtolif sort vo forma iizorinda aparilmisdir. Tk dofo Lonkaran-Astara bdlgasine introduksiya
olunmus, xarici miithit amillarinin tasirina hassas olan ¢ay bitkisinin (Camellia sinensis (L) Kuntze)
miixtolif sort, forma vo klonlarin genetik miixtolifliyin yaranmasina edafik vo iglim amillorin
tosirini 0yronmak ticiin RAPD markerlorindan istifado edilmisdir [7].

Cay genotiplorinin yarpaqlarindan genom DNT-nin ayrilmas1 modifikasiya olunmus CTAB
protokolu (72) asasinda, bazi modifikasiyalar etmoklo asagidaki moarhololords aparilmigdir. Bitki
toxumasi (0,5 qram) - cavan yarpaglar hovongdastodo maye azotda agig-yasil rongli toz halina
diisiinco doyiiliir vo cald eppendorf tiiblora yigilir; hiiceyralorin lizisini hoyata kegirmok tigiin
eksperimentdon bilavasito oavval hazirlanmis CTAB ekstraksiya buferi (2% CTAB, 0.1 M Tris
HCI, pH 8.0), 1.4 M NaCl, 20 mM EDTA) vo merkaptoetanol garisigi (2 ml CTAB buferi : 4 mkl
merkaptoetanol nisbatinds garigdirilmig) su hamaminda 65°C gador qizdirilir vo har tiibo 1 ml
hocminds olave edilir, cald vo yaxsica qarigdirilir; tiiblor su hamaminda 65°C soraitindo 30 dog
inkubasiya edilir; niimunslori otaq temperaturuna godor soyudub (22-24°C) 0,4 ml xloroform alava
edib, yaxsica qarisdirmaq va yenidon su hamaminda 10 doq. miiddstinds 65°C soraitinds vaxtasiri
qarisdirmaqla inkubasiya etmok; tiiblor 14000 g siiratlo 10-15 doq miiddstinda sentrifugasiya edilir;

95



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 94-101 2026, Ne 1 (14), pp. 94-101

¢Okiintiiniin tizarinds olan su fazasi gotiiriiliir vo torkibinds olan DNT-ni ¢okdiirmak {igiin tizarino
~boarabar hacmds (0,6 ml) izopropanol spirti alave edilir; DNT preparati ¢okiir vo maye igarisinds
olan pambagq lifi soklinds miisahidos edilir. Cokmiis DNT-ni digar tiiba kegirib tizarino 70%-li etanol
alava etmoklo vortex-ds qarisdirmagla ¢okiintiinii yuyuruq (prosedur 2 dofa tokrar olunur). CTAB
spirtda hall olur, DNT isa ¢okiir; qurudulmus DNT niimunalari 300 mkl TE buferi (Tris-HCI 10
mM pH 7,8; EDTA 1 mM) vo ya ddH,0-da hall edilir. Hall olmus DNT-ni -20°C-do saxlayiriq.

DNT yarpaglardan vo 3 tokrarda ekstraksiya olunub.

DNT-nin migdarimin va tamizlik daracasinin spektrofotometrik yolla tayini

Bitkilorin yarpaqlarindan ekstraksiya edilmis DNT nlimunslorinin qatiligi vo tomizlik
daracasi Nanodrop 2000c (Thermo Scientific, ABS) spektrofotometrinds toyin edilmisdir. PZR
iclin yararli olan DNT niimunalorinin optimal tomizlik doracasi 1,7<O0S260/OS280>2 toskil edir.
DNT-nin miqdan toyin olundugdan sonra PZR reaksiyasinin aparilmasi tiglin hor bir nlimuno DNT-
don 20 ng/mkl gatiligli is¢i mohlullar hazirlanmisdir.

PZR naticalarini vizuallagsdirmaq iigiin aqaroza gelinds iifiiqi elektroforez tisulundan istifado
edilmigdir. DNT fragmentlorinin elektroforetik ayrilmasi etidium bromidlo boyanmis (0,5mkg/ml)
1,5%-li agaroza gelindo TAE buferinds (TAE torkibi: 40 mM Tris-asetat, 0,1 mM Na,EDTA, pH
8,0) aparilmigdir. Niimunoalori gelin yuvaciglarma daxil etmoazdon oavval 15mkl PZR mshsulun
tizarina 3mkl ranglayici mohlul (50% -li gliserol, 1% -li SDS, EDTA 0,1 M, 0,5 mg/ml bromfenol
goyil) alava edilib garigdirilir. Elektroforez 8 V/sm garginlikds, 1 saat orzinds aparilmigdir. DNT
niimunslorinin vizuallagdirilmasinda vo gelin soklinin alinmasinda GelDoc avadanligindan (Bio-
Rad, ABS) istifado edilmisdir.

Todgigatlar Lonkaran Elmi Tacriiba Bazasinin tocriiba sahosids becoarilon S/S-11, S/S-13,
S/S-14, SIS-15, S/S-18, S/S-19, Formangay 1/73, Kolxida, Lonkaran 2/17, Xozar 3/341 va Cohray1
4/44 kimi on  bir ¢ay genotipi tizorinds apartlmigdir [7].

Naticalar va onlarin miizakirasi

Todqiqat isindo Lonkoran-Astara boélgasindo becarilon ¢ay bitkisinin (Camellia sinensis
(L.)Kuntze) genetik miixtalifliyina edafik vo iglim amillorinin tosiri dyronilmisdir.

Genomdan DNT CTAB metodundan istifado etmoklo secilmis sort vo formalarin yasil
yarpaglarindan alinmigdir. Cixarilan DNT steril ionlasdirilmis suda holl edilmis vo sonra -20°C-do
saxlanilmigdir. PSR iiclin genom DNT-nin qatilifi vo saflig1 spektrofotometriya ilo miioyyan
edilmisdir (Biotech, Epoch 5, USA). Daha sonra DNT niimunalori 20 ng/uL -o gadar seyraldilmis,
todqiq olunan ¢ay genotiplorinin genetik miixtalifliyini 6yronmak tigiin 10 miixtalif RAPD primeri
secilmigdir. Toadgigatda istifado olunan RAPD primerlari Cadval 1-ds verilmisdir.

Cadval 1.
RAPD markerloari torafindan yaradilan asas ardicilliglar vo genetik variasiya parametrlori
Primer Sequence (5'-3") TAB NPB PPB PIC EMR Ml
OPA-09 GGGTAACGCC 15 13 86.67 | 0.510 4.98 3.09
OPA-16 AGCCAGCGAA 10 9 90.00 | 0.569 6.56 3.73
OPA-18 AGGTGACCGT 16 13 81.25 | 0.891 9.56 8.52
OPA-19 CAAACGTCGG 8 4 50.00 | 0.489 3.96 2.98
OPAB-04 GGCACGCGTT 18 15 83.33 | 0.989 | 10.12 10.00
OPAB-05 CCCGAAGCGA 10 8 80.00 | 0.612 5.92 3.62
OPAB-07 GTAAACCGCC 9 8 88.89 | 0.524 5.94 3.11
OPAB-09 GGGCGACTAC 11 10 90.91 | 0.885 6.82 6.03
OPAB-18 CTGGCGTGTC 20 19 95.00 | 0.968 | 10.12 9.80
OPAB-19 ACACCGATGG 15 14 93.33 | 0.936 8.86 8.29
Total — 132 113 — — — —
Minimum - 8 4 50.00 | 0.489 3.96 2.98
Maximum - 20 19 95.00 | 0.989 | 10.12 10.00
Mean - 13.20 | 11.30 | 83.94 | 0.737 7.28 5.92
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TAB - tmumi giiclondirilmis zolaglar; NPB—polimorf zolaglarin sayi; PPB-polimorf
zolaglarmn faizi; PIC-polimorfizm malumat mozmunu; EMR-effektiv multipleks nisbati; MI -
marker indeksi.

PIC, EMR vo MI kimi marker gostoricilorinin yiiksok giymatlora malik olmasi istifados
olunan markerlarin informativliyinin vo effektivliyinin yiiksok oldugunu gostorir. Xiisusila, yliksok
PIC doyari markerin polimorfizm soviyyasinin yiiksok oldugunu vo genotiplor arasinda farglorin
daha doqiq askar edildiyini ifads edir. EMR vo MI gostaricilorinin yiiksok olmasi isa markerlarin
coxsayli polimorf lokuslar1 effektiv sokildo askar etmok gabiliyyatini vo timumi diagnostik giiciinii
oks etdirir. Bu baximdan, geyd olunan gostaricilorin yiiksok olmasi istifado olunan markerlarin
nimunslarin identifikasiyasi, genetik miixtalifliyin qiymatlondirilmasi vo seleksiya programlarinda
perspektivli genotiplarin segilmasi ti¢iin daha alverisli vo etibarli oldugunu tasdiglayir.

Genotiplor arasinda forq 0,32 ilo 0,84 arasinda doyismisdir. Biitiin 11 genotip {izro orta
oxsarligi 0,56 oldugu miioyyan edilmisdir ki, bu da biitiin genotiplorin bir-biri ilo orta doracads
farglondiyindan xoboar verir. Oxsarligin maksimum doyari 0,83 giymatlo S/S -19 vo Cohray1 4/44
genotiplori arasinda, 0,79 oxsarliq omsali ilo S/S -13 vo Cohray1 4/44 arasinda miisahido edilmisdir.
SIS -14 vo Xozor 3/341 genotiplori arasinda oxsarliq indeksi 0,32 olaraq on uzaqg genotiplor Kimi
giymatlondirilmislor.

Molekulyar moalumatlarin ekoloji kontekstlo inteqrasiyasi regionda c¢aym genetik
ehtiyatlariin uygunlagsma qabiliyyati Vo uzunmiiddstli davamli istifadasini tomin edir.
Respublikamizda ¢ay bitkisinin inkisafi {iglin boyiik iqtisadi potensiala malik tobii soraiti an
olverigli olan bolga Lonkoran iqgtisadi rayonudur. Homginin Lonkoran bolgosi respublika iizro
ohalinin torpagla an az tomin olundugu zonalardan da biridir. Bu baximdan bdlgenin torpaq
fondundan somoarali istifado problemi, onun ¢ay, sitrus vo digor bitkilorin toyinatlar iizro diizgiin
boliisdiiriilmoasi indiki soraitdo aktuallasmisdir [1]. Malumdur ki, har bir modoni bitkinin 6ziiniin
bioloji xiisusiyyatindon asili olaraq miioyyon torpaq Vo iqlim soraitino tolobkarlig: forglidir.
Torpagin miihitine, mexaniki torkibino, sorlagsmasina, bataqlagsmasina, nomlik daracasine va basqa
xtisusiyyatlorina har bitkinin miinasibati eyni deyildir. Cay bitkisinin tolobatina uygun torpaq
sahosinin se¢ilib miioyyan edilmosi, toragdan asili olaraq akin sahosinin se¢imi, onun becorilmasi,
yararlt sokildo istifadoyo verilmasi kond tosorriifatinda xiisusi ohomiyysto malikdir. Xiisuson
coxillik bitkilarin, eloca do ¢ay plantasiyalarmin salinmasinda torpaq saholori diizgiin ayrilmalidir
[1]. Lonkoran bolgasindos yayilmis torpaq tiplorinin miirokkab xiisusiyystlorinin vo hacminin, gay
Vo sitrus bitkilorinin torpaga olan tolobatinin miixtalifliyini nozors aldigda yeni torpaq sahalorinin
okin dovriyyasina daxil edilmosi mithiim ohamiyyoat kosb edir [2]. Cay bitkisi yalniz miiayyan
istilik va riitubat soraitinds boyiiyiir va inkisaf edir. Ciinki, onun vateni riitubatli subtropik va tropik
Olkalaridir. Ona gora do bu bitkinin bioloji vo vegetativ xiisusiyyatlori adi bitkilordon gox farglanir.
Miisahidalor zamani molum olmusdur ki, ¢ay bitkisinin mohsuldarligi havanin nisbi riitubatliliyi,
quraqliga davamliliq doracasi Vo quraq kegon aylarda yagish giinlorin sayi ilo daha six korelyativ
alagalidir.

Genetik miixtolifliyino gora forglonon sort vo formalarin okildiyi sahslorin torpaglarinin
agrokimyavi xiisusiyyatlori (pH, N, P20s, K va hiimiis torkibi) dyranilmisdir. Cay bitkisi pH 4.5 ilo
6.0 arasinda optimal boyiima gostorir. Torpagin pH-1 4,5-don tursu istigamstine vo ya 6,0-dan
golovi istigamoto doyisdiyi zaman ¢ay bitkisinin inkisafina monfi tosir gostorir. Cayalti
torpaqlarimizda pH-in shamiyyatli vo arzuolunmaz sokilde azalmasinin osas sabablorindon biri do
bu torpaglarimizin birtorafli vo bol ammonium sulfat giibrasi ilo giibrolonmosidir. Cay altina yalniz
o torpaqlar yararli sayilir ki, onlarm 80-100 sm dorinliys godor pH-4-6,5 vo qurunt sularinin
soviyyasi 100 sm-don asagi olsun [1]. Lonkoran-Astara bolgasinds c¢ay plantasiyalari altina ilk
novbado sar1 dag-meso torpaqlari, sari-podzollu torpaglar va sari-podzollu gleyli torpaglar istifado
edilir. Todqiq olunmus ¢ay sort vo formalarin becorildiyi mohsuldar ¢ay sahasinin (diagram 1) vo
yeni salinmig ¢ay sahasinin torpaq (Ssthdon saquli istiqgamotdo miixtalif dorinliklords (sm-ls) 0-20;
20-40;40-60;60-80;80-100) tohlili aparilmisdir.
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Diagram 1.
Meyvacilik vo Cayciliq Elmi Tadqiqat Institutunun Lankaran Elmi Tacriibs Bazasinin
mahsuldar cay sahasinin torpag tahlili

Torpaq Umumi, % Monimsanilon gida maddalari, mg/kq

No | qatlan, pH N/NH, P,Os K,O
sm N P20s | Humus udulmus N/NOs mitohorrik | miibadilovi

1 0-20 57 | 0,38 | 0,40 2,5 30,5 8,24 118,0 160,5
2 20-40 578 | 0,33 | 0,35 2,4 26,8 6,8 102,0 157,2
3 40-60 580 | 0,28 | 0,31 1,9 22,6 57 99,7 140,3
4 60-80 595 | 0,24 | 0,27 1,3 20,3 4,9 91,0 133,8
5 | 80-100 6,1 | 0,21 | 0,23 1,0 18,9 4,0 87,7 125,1

Cay plantasiyalar1 salinarkon yerin iglim vo torpaq soraitinin analizi aparilmalidir, eyni
zamanda relyefini, daniz saviyyassindon hiindiirliiylinii vo zarorli kiiloklordon miidafiasini bilmak
lazimdir. Cay plantasiyalarindan 6trii doniz saviyyasindon 600 m hiindiirliikdo olan biitiin diizon
sahalor vo maililiyi 20 doracays Qodor yamaclar yararlidir [S]. Fenoloji miisahidalor mohsula
diismiis 7-8 illik ¢ay kollar1 tizarinds aparilmis, bu miiddotds bolgs orazisinds aylar {izra havanin
orta nisbi riitubatliliyi va ayliq yagintt miqgdar1 haqqinda rasmi statistik molumatlar Canub Regional
Hidrometeorologiya Markazindon (CRHM) gotiiriilmiisdiir. Todqiqat materialina aid bitkilarin
quragliga davamlilig1 fenoloji miisahido metodlarindan istifads edilorok tadqiq edilmisdir. Aparilan
miisahidalordon molum olmusdur ki, orta illik yagintinin migdari 1200-1500 mm-dan vo havanin
nisbi riitiibatliliyi 70-75%-don yiiksok olan orazilordo cay bitkisi normal boyiiyiib inkisaf edir.
Xiisuson c¢ay bitkisinin vegetasiyasinin zaruri morhalasinds yaz-yay aylarinda (2020-2021-ci
illorda) illik yagmtinin miqdari vo riitubatin faizi normadan asagi olmusdur (grafik 1,2) [4]. Cay
bitkisinin iqlim faktorlar1 igorisindo on miihiimlori: istilik, isiq, havanin ritubatliliyi, atmosfer
cokiintiilori, kiilok sayilir [S]. Apardigimiz miisahidalor gostorir ki, atmosfer yagintilarinin il boyu
borabor paylanmamasi (1200-1300 mm-don az), anormal istilor naticasinds ¢ay bitkisinin normal
mohsul vermosi tiglin lazim olan riitubatin (70-75%-don az) ¢atismamasi, doniz Saviyyasinin
hiindiirliyiiniin doyismasi mohsuldar forma-klonlarinin genetik davamliligini zoiflodir. Torpaq vo
havada su ¢atismazligi zarif zoglarin boyatma qiivvasini zaifladir, yarpaqglar kobudlasir va naticads
mohsuldarliq asagi diisir [1]. Cay bitkisinin toplanmigs yeni kolleksiya sahosindo genetik
miixtolifliyi dyronilmis S/S -11 vo 4/44 Cohray: sort vo formalari arasinda genetik farglilik eyni
zamanda onlarin bioloji xiisusiyyatlorindods 6ziinii gostormisdir (Sakil 1, 2).

Qrafik 1
Lankaran bolgasinda 2020-ci il arzinds orta ayliq yagint1 migdarinin (mm-|3), orta ayhq nisbi
riitiibatinin (%-19) va orat ayliq tempratur gostaricilorinin miiqayisali grafik tahlili
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Sokil 1. S/S-11

Qrafik 2
Lankaran bolgasinda 2021-ci il arzinds orta ayhq yaginti miqdarimin (mm-I3), orta ayhq nisbi
riitubatinin (%-13) va orta ayliq temperatur gostaricilorinin miiqayisali grafik tahlili
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Miisahidslorimiz tadqiqat isinds garsiya qoyulan magsads uygun olaraq aylar tizra havanin
riitubati Vo ya quraq kegmasi nazora alinmagqla bitkinin vegetasiyast dovriinds (ilin biitiin aylarinda)
kollarin tumurcuglanma, zog amala gatirma va boy atma kimi xiisusiyyatlor tizorinds aparilmigdir.
Rayonlagmis “Azorbaycan-2” (nozarst) ilo miiqayisodo vegetasiyanin baglanmasi adoton aprel
aymin avvolloring tosadiif etdiyi halda, yeni rayonlasdirilmis sortlar igorisinds on tez vegetasiya
baslama-“Formangay 1/73”, ‘“Lonkoran”, “Xozor 3/341” “Formangay ¢ohray1” sortlarinda
miisahido edilmisdir. Qeyd olunan sortlar klon seleksiyasi yolu ilo alinmisdir.

Notica

1. Lonkoran-Astara bolgosindo ¢ay bitkisinin movecud sort vo formalarin genotiplorindo
forqlilik ilo bioloji potensiallar1 arasinda korelyativ slage mdvcuddur.

2. Atmosfer yagntilarinin il boyu barabar paylanmamasi (1200-1300 mm-dan az), anormal
istilor naticasinds ¢ay bitkisinin normal mohsul vermasi ii¢iin lazim olan riitubastin (70-75%-don az)
catismamasi, doniz soviyyosinin hiindiirliiyiiniin doyismosi mohsuldar sort vo formalarin genetik
davamliligini zaifladir.

3. Edafik vo iqlim soraitinin birbasa tosiri populyasiyalar arasinda genetik forqlorin
yaranmasina sabab olan proseslori siiratlondirir.
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THE IMPACT OF EDAPHIC AND CLIMATIC FACTORS ON THE GENETIC DIVERSI-
TY OF THE TEA PLANT (CAMELLIA SINENSIS (L.) KUNTZE)

Mammadhuseyn Huseynov
Aziz Eftekhari
Elvin Aliyev
Lankaran State University
Ege University, Republic of Tiirkiye
Lankaran State University

Abstract

In this study, the influence of edaphic and climatic factors on the formation of genetic diversity in
tea plant (Camellia sinensis (L.) Kuntze) cultivars and forms cultivated in the Lankaran-Astara re-
gion was investigated. Edaphic and climatic conditions shape genetic diversity either directly - by
influencing the genetic structure, allele frequencies, adaptive traits, and differentiation among
genotypes within tea populations - or indirectly through plant-soil microbiomes and biotic process-
es. The genetic diversity of tea cultivars and forms was examined using molecular markers. Genetic
diversity not only serves as a fundamental basis for breeding programs but also determines the
adaptability of populations and their resilience to environmental changes. The application of mo-
lecular markers in breeding studies is considered more effective for assessing genetic diversity.
Among molecular marker systems, RAPD (Randomly Amplified Polymorphic DNA) markers are
one of the most widely used methods for detecting genetic diversity and analyzing phylogeny. In
this research, phylogenetic analyses based on RAPD markers revealed a high level of genetic dif-
ferentiation among the studied tea genotypes at the genomic level.

Keywords: Camellia sinensis (L.) Kuntze, biochemical and molecular markers, edaphic factors,
climate, genetic diversity
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BJIUAHUE 3 JAPUYECKHUX U KIIMMATHYECKHX ®AKTOPOB HA TEHETUYE-
CKOE PABHOOBPA3UE YAUHOI'O PACTEHUSI (CAMELLIA SINENSIS (L.) KUNTZE)

Mawmenryceitn I'yceitHoOB
Azuz Ddrexapu
OnbBUH AlleB
JIAHKsApaHCKUN rOCYAapCTBEHHBIM YHUBEPCUTET
Yuusepcuret Ore, Typernkas PecniyOnuku
JIAHKsApaHCKUN rOCYAapCTBEHHBIM YHUBEPCUTET

AHHOTaNuA

B uccrnenoBatensckoil paboTte nM3ydeHO BIUSHHE 3Aa()UYECKHX M KIMMATHYECKHX (PaKTOPOB Ha
dbopMHpoBaHHE TE€HETHYECKOrO pa3sHooOpasus copToB u ¢opm uaiiHoro pactenms (Camellia
sinensis (L.) Kuntze), Bo3nenbsiBaeMbIx B JISHKsApaH-ACTapHHCKOM peruone. Jaadudeckue u Kiu-
MaTHYECKHE yCIOBHs (POPMUPYIOT T€HETHYECKOe pasHOOOpa3ue KaK HalpsMYI0 MOCPEICTBOM BO3-
JIEMCTBUS MTOYBEHHBIX M KIIMMAaTHYECKUX (aKTOPOB HA TEHETUYECKYIO CTPYKTYPY YaiHBIX IOMYIIs-
[[UH, 4acTOTHl ajuleNield, aJanTUBHbIC NMPU3HAKU U JUd(dEepeHIHANI0 MEXTy TeHOTUIIAaMH, TaK U
KOCBEHHO, Yepe3 B3aMMO/ICHCTBHE PACTEHUS C IIOYBEHHBIM MUKPOOHMOMOM U OMOTHUYECKHUE MPOLIeC-
cel. I'enernueckoe pasHooOpasme coptoB u (opm uyaiinoro pacrenust (Camellia sinensis (L.)
Kuntze) 6b1710 U3y4€HO € MCIOIB30BAHUEM MOJIEKYIISIPHBIX MapkepoB. ['eHeTnueckoe pa3HooOpa-
3H€ SBISETCS HE TOJIBKO OCHOBOMW JJIs CEJIEKIIMOHHOW paboThl, HO M ONpEeseT aJanTUBHbIN Mo-
TEHIMAJ MONYJSIMMA U UX YCTOMYHMBOCTh K M3MEHEHMSIM OKpY)Karomen cpenpl. Mcnonb3oBaHue
MOJIEKYJISIPHBIX MapKepOB B CENEKIIMOHHBIX UCCIIEIOBAHUSIX CUMTaeTcs Ooliee 3P(PEeKTUBHBIM Me-
TOJIOM OLIEHKM T'€HETMYECKOro pazHooOpazus. Cpeau cucteM MOJEKyIspHbIX MapkepoB RAPD-
mapkepsl (Randomly Amplified Polymorphic DNA) sBnsitoTcst oaHUM U3 Hauboliee MIMPOKO HMpH-
MEHSIEMbIX METOJIOB ISl BBISIBJICHHUS TEHETHYECKOTO pa3HOOOpa3us M aHan3a (pUIOTeHeTHIECKUX
cBsizell. B pamkax JaHHOro mccnenoBaHus (GUIOT€HEeTHYECKH aHamu3 ¢ ucnoyib3oBaHueM RAPD-
MapKepoB MOKa3aJl HaJMYUe BBICOKOHW CTETIEHN TeHETUYECKOH MuddepeHIanuyu MexIay UcCleny-
€MBIMH T€HOTHIIAMU YaifHOTO PACTEHMs HA YpOBHE FeHOMA.

Karouesbie ciaoBa: Camellia sinensis (L.) Kuntze, OnoxuMuveckue U MOJICKYJISIPHBIE MapKephl,
snapuyeckue pakTopsl, KIUMaT, FTeHETHYECKOe pa3HooOpasue
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Summary

This article examines the results of studies conducted on diseases that have been damaging the
noble laurel (Laurus nobilis L.) plant for many years. Since the mycobiota of the noble laurel plant
has not been studied, the lack of scientifically substantiated measures against them led us to
determine the species composition of pathogens. The main goal of the study is to study the
mycobiota of the noble laurel plant, identify the most widespread and main harmful species, and
develop a system of measures against them.

The studies were conducted in private gardens in the Lankaran-Astara region in 2021-2024. Route
surveys related to the study of the species composition of diseases of the noble laurel plant in the
Lankaran-Astara region were conducted by K.M. Stepanov, A.E. Chumakov (1972), A.E.
Chumakov, L.I. Minkevich, Y.I. Vlasov and E.A. Gavrilova (1974) were carried out 3 times during
the research years according to the methods. When determining the fungi that are pathogens,
various identification methods were used (N.A. Naumov, 1937; S.V. Vasilyevoy, 1974; A.E.
Chumakov, Y.I. Vlasov, 1979; P.N. Golovin et al., 2002).

As a result of a comprehensive study of the mycobiota of diseases of the noble laurel plant, for the
first time, a large amount of factual material was collected on the species composition of diseases
and the spread of individual diseases. As a result of the conducted studies, 10 pathogens of laurel
plants were identified: southern root rot, brown leaf spot (anthracnose), macrophomosis, powdery
mildew, wilt, etc.

These pathogens are grouped into 12 genera. 10 species included in the general mycobiota are new
to the mycobiota of the noble laurel plant growing in the region.

Keywords: bay laurel, laurel leaves, harmfulness, phytopathogenic microorganisms, diseases,
degree of damage, biological characteristics, wilting

Introduction

Bay laurel (Laurus nobilis L.) is one of the oldest cultivated plants and belongs to the Laura-
ceae family, which consists of 45 genera comprising more than 1,000 species distributed in tropical
and subtropical countries [1]. Bay laurel — Laurus nobilis L. — is an evergreen woody, dioecious,
and rarely monoecious plant reaching a height of 12-15 m. It is one of the most ancient and widely
distributed plants, with roots extending deep into antiquity. Such interest in the study of bay laurel
can be explained by the fact that this plant has long been and remains one of the most widely used
well-known aromatic food seasonings by populations in different countries of the world.

The leaves of bay laurel are of medium size (mesophyllous), with an area of 17.53 + 0.45
cm?; they are simple, entire-margined, leathery, glossy dark green on the upper surface and light
green on the lower surface. They possess a rigid leathery structure, are broadly lanceolate, 4-10 cm
long and 2-5 cm wide, and are borne on short grooved, glabrous petioles. The leaf apex is pointed,
while the base is narrowly cuneate. The leaf margin is broadly undulate and cartilaginous. Venation
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Is pinnate-reticulate. On the lower surface of the leaf, depressions sometimes occur in the axils of
the secondary veins, covered with hairs. The lifespan of the leaves is 3—4 years.

Flowering occurs in April-May from the age of 46 years. The flowers are unisexual or bi-
sexual; the male flowers possess large yellow stamens, whereas the female flowers are inconspicu-
ous. The yellow-green flowers are arranged in clusters and, as they mature, gradually transform into
green berries, which later darken to black. The fruits are one-seeded drupes (seeds without endo-
sperm), elliptical or ovoid, 9-22 mm long and 9-12 mm in diameter, blue-black in color, with a
thin, easily crushed stone o6Goimouka, and ripen in September—October. The weight of one seed is
0.8-1.2 g [6].

The leaves and fruits of this plant contain essential and fatty oils that are widely used for
technical, medicinal, and food purposes. One of the distinctive features of this plant is that essential
oil is present in all its parts; it is precisely for this reason that bay laurel is distinguished by its high
vitality [2].

Bay laurel leaves are widely used in the traditional dishes of peoples not only of the Medi-
terranean countries but also of many other countries where the plant has long been and continues to
be successfully cultivated.

In addition, an analysis of the available scientific information has shown that the phenolic
compounds of bay laurel constitute one of the main groups of active compounds of this plant. The
use of these data is important for the development of new effective medicinal products based on bay
laurel raw materials [1].

In the traditional medicine of various peoples, bay laurel leaves are used in the treatment of
diabetes and diseases caused by fungal and bacterial infections. Extracts from bay laurel leaves pos-
sess anti-inflammatory, sedative, and antiepileptic properties [3, 4]. The infusion is used for various
gastrointestinal disorders, as well as for flatulence as a carminative agent.

The root system of bay laurel stabilizes the soil; therefore, it is used on slopes as a measure
against soil erosion. In addition to its industrial importance, bay laurel also has great ornamental
value. It is widely used in the landscaping of parks and household plots and is planted as borders,
solitary specimens, and hedges. Bay laurel tolerates formative pruning well, which makes it possi-
ble to give the plant artificial decorative shapes.

The natural habitats of this evergreen plant are the territories of Mediterranean countries
with high annual precipitation levels. It is grown as an ornamental species in Europe, Russia, the
United States, and other countries, and is cultivated in Tiirkiye, Algeria, Morocco, Portugal, Spain,
Italy, France, Russia, and Mexico. In the territory of Russia, bay laurel grows in the southwestern
districts of Krasnodar Krai and in Crimea.

In Georgia, the issues of bay laurel cultivation were studied by P. A. Kvartskhava, D. N.
Kalandadze, E. M. Zuzunova, L. A. Kanchaveli, I. S. Djashi, V. K. Danelia, V. G. Mkervali, L. A.
Kechakmadze, and A. A. Nikopaishvili.

For industrial purposes, bay laurel is cultivated in the Lankaran-Astara region. The leaves
are used, being collected mainly during the winter period.

Recently, the weakening of attention to bay laurel cultivation has contributed to the mass
spread of pests and diseases, which has led to a decrease in yield and a reduction in the commercial
value of bay leaves. With the expansion of the cultivated areas under bay laurel, we are currently
conducting scientific research aimed at identifying the species composition of the pathogens caus-
ing diseases of this crop.

The aim of our study was to identify the species composition of the pathogens causing the
major diseases of bay laurel in the Lankaran-Astara region.

Materials and methods

During the research work carried out throughout 2021-2024, mycofloristic investigations
were conducted to study the species composition of micromycetes developing on bay laurel grow-
ing in the territory and household farms of the Lankaran-Astara region. Sampling was carried out
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by the route method, and identification was performed in accordance with generally accepted meth-
ods (Bilai, 1982). The fungal species, as well as their synonyms, were verified against the interna-
tional mycological global database Index Fungorum http://www.indexfungorum.org.

The study was carried out using information retrieval databases (PubMed, Google Scholar)
and library databases (eLibrary, CyberLeninka), as well as the ResearchGate application for seman-
tic search. Laboratory studies and the identification of the pathogens causing diseases of bay laurel
were conducted in the Department of Plant Protection of the Azerbaijan Research Institute of Plant
Protection and Technical Crops. In studying the bioecology of fungi, the existing methods used in
phytopathological research were applied.

The prevalence of the disease (P) was determined based on the number of diseased plants for
each sample as a percentage of the total number according to the formula:

P=nx100/N,

where N is the total number of plants, and n is the number of diseased plants.

The intensity of disease development is a qualitative indicator that characterizes the degree
of plant damage. To determine it, rating scales were used indicating (in %) the affected part of the
plants. The calculation of the intensity of damage to bay laurel leaves was carried out according to
the following scale: 0 — no damage; 1 — isolated spots, up to 5% of the plant surface affected; 2 — up
to 25% of the surface affected; 3 — up to 50% affected, with the fruiting bodies of the pathogen
clearly visible; 4 — more than 50% of the plant surface affected (Gutner et al., 1937).

Disease development was determined according to the formula:

C=>Y(mxe6)100/Nd,

where X(n x b) is the sum of the products, that is, the number of plants (n) affected to the
same degree within one score category (b) multiplied by the corresponding disease severity score; d
is the highest score on the assessment scale.

The weighted average disease score (Bx) was calculated according to the formula:

Bx=Y(nxe6)N,

where X(n x b) is the sum of the products of the number of diseased plants (n) and the corre-
sponding disease severity score (b).

Results and discussion

As a result of the scientific research carried out by us in parks and household plots of the
Lankaran-Astara region, a whole range of microorganisms causing diseases in bay laurel were iden-
tified, which leads to a reduction in the aesthetic value and deterioration of the plant’s health. Time-
ly detection, symptoms and degree of infection, as well as the biological characteristics of the fun-
gus, are of vital importance for controlling them. Among the most harmful fungi, the following
were distinguished: Verticillium albo-atrum Reinke et Berth., Colletotrichum lauri, Macrophoma
georgia Ketch, Sclerotium rolfsii Sacc., Septoria sp., and others.

According to the study by Beradze L. and co-authors, the mycobiota of bay laurel includes
more than 24 fungal species, among which representatives of the genera Alternaria, Fusarium,
Cladosporium, Phyllosticta, and Colletotrichum dominate [7]. The authors emphasize that most of
the identified species are potentially pathogenic and capable of causing necrotic lesions on the
leaves. Phytosanitary monitoring of the territory of garden-park facilities and household farms of
the Lankaran-Astara region showed that each year the bay laurel plantations were affected by path-
ogens such as Verticillium albo-atrum Reinke et Berth., Colletotrichum lauri, Macrophoma georgia
Ketch, Sclerotium rolfsii Sacc., Septoria sp., and others.

According to our observations under the conditions of the Lankaran-Astara region, the most
widespread disease of bay laurel during the years of research was Colletotrichum lauri, with a prev-
alence of 32.7%. The disease caused by the pathogen Macrophoma georgia Ketch had a prevalence
of 25.3%, Phytophthora cinnamomi Rands — 17.2%, Verticillium albo-atrum Reinke & Berthold —
18.2%, Sclerotium rolfsii Sacc. — 19.2%, and Ascochyta laurina — 16.2% (Fig. 1).
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Fig. 1. Distribution of the main disease-causing pathogens on bay laurel (Laurus nobilis L.)

Verticillium albo-atrum Reinke et Berth., a fungus belonging to the phylum Ascomycota,
class Sordariomycetes, order Glomerellales, family Plectosphaerellaceae, genus Verticillium, is the
causal agent of verticillium wilt, which is one of the major diseases of bay laurel.

It causes damage to the root system and is manifested by wilting of the aboveground parts of
the plant. The pathogen penetrates the roots and spreads through the vascular system, blocking the
flow of water and nutrients. As a result, the plants gradually dry out.

The disease is highly dangerous and difficult to control. The strain Verticillium albo-atrum
can persist in the soil for many years in the form of microsclerotia.

The fungus has a septate mycelium; the microconidia are spindle-shaped, and the spores are
elliptical, hyaline, measuring 6-12 x 2.5-3 um.

Fig. 2. Fungus Verticillium albo-atrum

The disease begins with the weakening of the development of the apical leaves; they start to
turn yellow, lose their turgor, wilt, and fall off, which causes the drying of the branches. Sometimes
the disease progresses so rapidly that the plant wilts without any change in leaf color and dries out
completely (Fig. 1).

This disease can be identified by the brown discoloration in the central part of the leaf,
which often extends to the tip. It has been established that the infection mainly penetrates from the
soil.

The toxic substance released by the fungus spreads from the bottom upward and causes in-
toxication of the entire plant, disrupting metabolic processes and leading to plant desiccation.

The damage caused by this disease reaches 20-25%.
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Fig. 3. Verticillium wilt of leaves.
The damage caused by the pathogen of verticillium wilt reaches 25-30%.

While studying the fungal diseases of bay laurel under the conditions of the Lankaran-Astara
region, we were able to establish that brown leaf spot on bay laurel is caused by a fungus of the
genus Colletotrichum.

According to data from the literature, the Italian mycologist Pier Andrea Saccardo consid-
ered that brown leaf spot on bay laurel is caused by the fungus Gloeosporium nobile Sacc.

According to Saccardo, the fungus spreads on both sides of the leaf in the form of round
clay-yellow spots with dark margins along the edges, measuring 4-5 um in diameter. The fruiting
bodies are arranged in clusters and immersed in the leaf tissue.

The spores of the pathogen are spindle-shaped, slightly curved, measuring 20-25 x 67 um,
tapering downward, with many transparent droplets. The conidiophores are rod-shaped, simple, 45—
50 x 2-2.5 um, and sometimes septate.

Colletotrichum lauri is a fungus belonging to the phylum Ascomycota, class Sordariomy-
cetes, order Glomerellales, family Glomerellaceae, genus Colletotrichum, and is the causal agent of
brown leaf spot of bay laurel, or anthracnose. It affects leaves, shoots, seedlings, and seeds.

The first obvious sign of anthracnose is the appearance of brown or whitish spots on the sur-
face of the leaf blades. Initially, the disease manifests itself as a brown spot with a dark border,
which subsequently acquires a gray color. Sometimes the spots merge with one another, occupying
a significant part of the leaf and shoots and penetrating deeper into the internal tissues, forming ul-
cers that acquire a brown coloration (Fig. 2).

A similar pattern is observed when shoots and seedlings are affected; in the case of fruit in-
fection, fruit rot is first observed externally, followed by seed infection.

Our study established that the spores of the fungus causing brown leaf spot on bay laurel are
cylindrical with rounded ends, olive-colored with oil droplets, measuring 14.5-23.2 x 3.5-6.5 um.
Brown setae with 2—3 septa are formed on the acervuli, measuring 52—82 x 5-10 um.

When comparing the morphological characteristics of the fungus causing brown leaf spot on
bay laurel with Gloeosporium nobile Sacc., as described by Pier Andrea Saccardo, it is evident that
the latter fungus does not form setae on the acervuli, whereas their presence was observed in our
samples.

According to Saccardo, the fungal spores are spindle-shaped, slightly curved, and taper
downward, whereas the spores described by us are cylindrical.
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Fig. 4. Brown leaf spot or anthracnose

To study the harmfulness of brown leaf spot, the dynamics of disease development were in-
vestigated. For this purpose, 20 plants were selected diagonally within the designated observation
plot, from which 500 leaves were collected.

First, all diseased leaves were collected from each bush, and then healthy leaves were added
until the total reached 500 leaves. After that, all collected leaves — 10,000 in total — were mixed
and divided into 10 samples, each containing 1,000 leaves.

The analysis of these samples was carried out using a 5-point scale. The obtained data show
that the damage caused by anthracnose reaches 21.3%.

Phytophthora cinnamomi Rands is a pathogenic fungus-like organism belonging to the phy-
lum Oomycota, class Peronosporomycetes, order Peronosporales, family Peronosporaceae, genus
Phytophthora, and causes disease of the root system of bay laurel. It is manifested by wilting, yel-
lowing, and leaf fall. Induced damage to the root tissues develops. The sporangia are colorless,
oval, and slightly elongated, usually multispored, with dimensions of approximately 68-90 x 24-35
um [8].

Macrophoma georgia Ketch., a fungus belonging to the phylum Ascomycota, class
Dothideomycetes, order Botryosphaeriales, family Botryosphaeriaceae, genus Macrophoma, is the
causal agent of macrophomosis of bay laurel, which is considered a significant disease.

This disease is caused by the fungus Macrophoma georgia Ketch. In Georgia, it was first re-
ported in 1961 by L. A. Kechekmadze. It affects leaves, shoots, branches, and seedlings.

Under our conditions, observations and laboratory studies established that the fungus affects
leaves and shoots, causing various types of damage.

Fig. 5. Macrophomosis of bay laurel
On the leaves, the spots are initially dark brown and later become light brown, varying in
size, and are separated from the healthy tissue by a reddish-brown border. Fruiting bodies appear in
the form of black spots on both sides of the leaf (Fig. 3).
The fungus also causes disease of the leaf petiole, which becomes constricted and falls off
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together with the leaf. Young shoots initially wilt and then dry out, while on branches the fungus
causes the drying of the upper parts.

The conducted studies established that the infection of bay laurel leaves by macrophomosis
reaches 20-25%.

Pseudoidium lauracearum Braun, belonging to the order Erysiphales, is a specialized fungus
and the causal agent of powdery mildew of bay laurel.

The infection can be detected by the appearance of a white coating on the surface of the
leaves resembling flour. Grayish-white powdery spots appear on the leaves, most often located on
the petioles and young shoots. The leaf blade retains its green color; however, chlorotic areas are
observed on its upper surface.

The fungus Oidium lauracearum Graniti Braun is characterized by a superficial, well-
developed septate mycelium, and the conidia are formed singly — this feature is used for species
diagnosis.

The conidia are ellipsoidal, hyaline, measuring 28-40 x 14-22 pum. The conidiophores are
erect, two- or three-celled [8].

Ascochyta laurina E. Tasii is a pathogenic fungus belonging to the phylum Ascomycota,
class Dothideomycetes, order Pleosporales, family Didymellaceae, genus Ascochyta, affecting bay
laurel and causing leaf and shoot spot disease.

Microscopic examination showed that the fungus forms septate hyphae and unicellular,
elongated structures measuring 140-166 pm.

The conidia are cylindrical, hyaline, measuring 6.4-8.3 x 2.5-4.5 um (Fig. 4).

Fig. 6. Ascochyta leaf spot of bay laurel

Diplodia laurina Sacc. et Pass. is a fungus belonging to the phylum Ascomycota, class
Dothideomycetes, order Botryosphaeriales, family Botryosphaeriaceae, genus Diplodia, and causes
a fungal disease of the bay laurel tree.

The conidia are cylindrical in shape, light brown with a smooth surface, measuring 14.4—
19.1 X 9.2-10.3 pm.
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Llehity bl L Jokivichilon
Fig. 7. Southern sclerotial root rot

This is a polyphagous pathogen, widely distributed in various regions and posing a serious
threat to bay laurel seedlings. The symptoms of the disease are manifested in the form of dark,
elongated spots around the root collar, which rapidly spread along the stem (Fig. 5).

When the spot completely encircles the stem, the plant begins to dry out.

The disease causes significant damage, especially in nurseries, where losses may reach 30—
40%. Elevated temperature and humidity strongly promote the intensive development of the fungus

[9].

Phoma laurela Sacc. is a fungus belonging to the phylum Ascomycota, class Dothideomy-
cetes, order Pleosporales, family Phaeosphaeriaceae, genus Phoma. It is a leaf parasite causing leaf
spot disease and affects bay laurel leaves.

The fruiting bodies are black and small, measuring 80—165 um in diameter. The conidia are
oval, hyaline, and smooth, measuring 8-12 x 2.5-5.0 um.

In addition to the above-mentioned diseases, bay laurel is also affected by scab, cercosporo-
sis, alternariosis, and septoriosis, but only to a minor extent (Table 1).

Table 1. Phytopathogens of Bay Laurel (Laurus nobilis L.)

No. Pathogen Morphology Affected organs Notes
Verticillium l indl I -
1 albo-atrum Septate mycelium, spindle- Roots, vascular Cau_ses ver_t|CI -
Reinke et Berth. shaped microconidia system lium wilt
5 Colletotrichum | Septate mycelium, cylindrical Leaves, shoots, Anthracnose
lauri conidia fruits lesions
Macroohoma Septate mycelium, dark-brown
3 P pycnidia, unicellular oval co- Leaves, shoots | Macrophomosis
georgica Ket. nidia
Sclerotium White mycelium, spherical Southern root
4 . . Roots, stems
rolfsii Sacc. sclerotia 0.5-2 mm rot
Oidium laura- White powdery coating, soli- Powdery mil-
5 . ) 2" Leaves
cearum Graniti tary ellipsoidal conidia dew
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No. Pathogen Morphology Affected organs Notes
Braun
6 Phorgzclgurela Septate mycelium, pycnidia Leaves, shoots Necrotic spots
7 Phyllosticta Pycnidia with conidia Leaves Leaf spot
laurella Sacc.
8 As_cochyta Ia.l.J' Pycnidia with oval conidia Leaves, shoots | Necrotic lesions
rina E. Tasli
9 Diplodia lauri- | Pycnidia Wlth t\_/vo-celled co- Shoots, bark Shoot rot
na Sacc. et Pass. nidia
10 Alf[er_narla tenu- Chain-forming septate conidia Leaves Leaf spot
Issima Ness
Conclusion

The analysis of the literature sources and our own investigations showed that bay laurel is
susceptible to a wide range of diseases, predominantly of fungal and oomycete origin [10]. The
most dangerous among them are anthracnose, macrophomosis, southern root rot, and phytophthora
root rot, which may lead to significant product losses.

It has been established that the climatic conditions of the Lankaran region favor the devel-
opment of phytopathogens.

As a result of the comprehensive study of the mycobiota associated with diseases of bay lau-
rel, a large volume of factual material on the species composition of diseases and the distribution of
individual diseases has been collected for the first time.

The conducted research revealed more than 10 pathogens affecting bay laurel, including
southern root rot, brown leaf spot (anthracnose), macrophomosis, powdery mildew, verticillium
wilt, necrotic spots, shoot rot, root collar rot, and others.

The identified pathogens include: Verticillium albo-atrum Reinke et Berth.; Colletotrichum
nobile Sacc. = Glomerella cingulata (Ston.) Shr. et Sp.; Oidium passerinum Bertn.; Macrophoma
georgica Ket.; Sclerotium rolfsii Sacc.; Phytophthora cinnamomi Rands; Fusarium oxysporum
(Schlecht.) Snyd. et Hans.; Cercospora unicolor Sacc. et Pens.; Phyllosticta lauri Nest.; Phyl-
losticta nobilis Thiim.; Phyllosticta laurela Sacc.; Ascochyta laurina E. Tasii; Diplodia laurina
Sacc. et Pass.; Phoma laurela Sacc.; Cladosporium herbarum (Pers.) Link; and Alternaria tenuis-
sima Ness.

In the future, we plan to continue studying the species composition of the phytopathogenic
mycobiota of bay laurel.
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LONKORAN BOLGOSI SORAITINDO DOFNO (LAURUS NOBILIS L.)
XOSTOLIKLORINO SOBOB OLAN TORODICILORIN NOV TORKIBI

Molahat Agayeva
Lankaran Dovlat Universiteti

Xiilasa

Bu moagalads uzun illar arzinds nacib dofna (Laurus nobilis L.) bitkisina zarar vuran xastaliklor tizra
aparilmis todqigatlarin naticalori tohlil olunur. Talis aqroiglim zonasinda nacib dofna bitkisinin
mikobiotasinin  kifayot godor Oyronilmomosi vo onlara qarsi elmi osaslandirilmis miibarizo
todbirlorinin  olmamasi patogenlorin név torkibinin miiayyanlosdirilmasini  zoruri etmisdir.
Todqgiqatin osas magsadi nocib dofna bitkisinin mikobiotasin1 dyranmak, oan genis yayilmis vo
yiiksok zararvericilik xiisusiyyatine malik novlori agkar etmok, homg¢inin onlara qarsi todbirlor
sistemini igloyib hazirlamaqdan ibarat olmusdur.

Todgigatlar 2021-2024-cii illordo Lankaran-Astara region orazisindo yerlogon fordi bag
tosorriifatlarinda aparilmigdir. Lonkoran—Astara bdlgoesindo nocib dofno  bitkisinin  xastolik
toradicilorinin ndv torkibinin dyronilmasi mogsadilo marsrut miayinolori ilk dofs torsfimizdon
hayata kegirilmisdir. Todgigatlar K. M. Stepanov vo A. E. Cumakov (1972), A. E. Cumakov, I. I.
Minkevig, Y. 1. Vlasov vo E. A. Qavrilova (1974) torafindon toklif olunmus metodikalar osasinda
aparilmigdir. Xostolik toradicisi olan goboloklorin identifikasiyasi zamani miixtolif klassik vo
miiasir identifikasiya tisullarindan istifads edilmisdir (N. A. Naumov, 1937; S. V. Vasilyeva, 1974;
A. E. Cumakov, Y. 1. Vlasov, 1979; P. N. Qolovin va b., 2002).

Nocib dofno bitkisinin xastaliklorinin mikobiotasinin kompleks todqigi naticasinds ilk dofa
xastoliklorin nov torkibi vo ayri-ayri xastoliklorin yayilma soviyyasino dair genis faktiki material
toplanmisdir. Aparilmis todgigatlar naticasinds dofna bitkisinds 10-dan gox xastalik toradicisi agkar
edilmisdir. Bunlara conub kok ¢iirlimasi, gohvayi yarpaq lokaliliyi (antraknoz), makrofomoz, unlu
seh, soluxma, nekrotik lakalonmalar va digar xastaliklor daxildir.

Miioyyan edilmisdir ki, imumi mikobiotaya daxil olan 10 ndv bolgads yetison nacib dofna
bitkisinin mikobiotasi ii¢lin yeni névlar hesab olunur.

Acar sozlar: nacib dofna, Laurus nobilis, zororliliyi, fitopatogen mikroorganizmlor, xastaliklar,
zodalonma daracasi, bioloji xiisusiyyatlori, solma
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BHUJ1OBOM COCTAB BO3BYJIUTEJEN BOJE3HEM JIABPA BJIATOPOJHOT'O
(LAURUS NOBILIS L.) B YCJOBUSX JSHKAPAHCKOI'O PETHOHA

Mamnaxat Araesa
JIAHKsApaHCKUN rOCYJapCTBEHHBIM YHUBEPCUTET

Pe3rome

B nanHO# cTaThe aHATM3UPYIOTCS PE3YJIbTaThl MHOTOJICTHUX WCCIICOBAaHHN 3a00JIeBaHUM, HAHO-
camux Bpea Omaropoaromy jaspy (Laurus nobilis L.). Hegocrarounas n3y4eHHOCTh MHKOOHOTHI
OsaropoHOTO JaBpa B TabIIICKO#N arpOKIMMaTHUECKON 30HE, a TaKXKE OTCYTCTBHE HAy4HO 000C-
HOBAHHBIX Mep O0OpbOBI C HUMU O0YCIOBIIIM HEOOXOJUMOCTh OIpe/IeIeHHs] BUIOBOTO COCTaBa Ia-
ToreHoB. OCHOBHOH IEJIBIO UCCIICIOBAHMSI SBJISUIOCH M3YU4E€HHE MUKOOHMOTHI 0JaropoJaHOro JaBpa,
BBIsIBJICHHE HanboJiee MUPOKO pacCIpOCTPaHEHHBIX U HanboJiee BPEIOHOCHBIX BUJIOB, a TAKXKE pas-
paboTKa CUCTEMBbI MEPOIIPUATHI IO OOpbOE ¢ HUMHU.

Uccnenosanus npoBoguwiuck B 2021-2024 rr. B MUHAMBUIYATIbHBIX CaJ0BBIX X03siicTBax JIsHKspa-
HO-ACTapuHCKOH 30He. MapuipyTHbie 00CIe0OBaHus IO U3YyYEHUIO BHIOBOIO COCTaBa BO30yaUTe-
neit 3aboneBanuii 6maropoAHoro JaBpa B JITHKApaHO-ACTapUHCKON 30HE BIIEpBbIE ObUIH MPOBEE-
Hbl Hamu. MccnenoBanus Beimonusuck mo metoaukam K. M. CrenanoBa u A. E. Uymakosa (1972),
A. E. UymakoBa, 1. 1. Munkesuya, 0. 1. Bnacosa u E. A. I'aBpunosoii (1974). [Ipu unentudu-
Karuu rpudoB — Bo30yauTenel 001e3Held — KCIOIb30BATUCH PA3JIMYHBIC KIIACCUYECKUE U COBPE-
MeHHbIe MeToAbl onpenenenus (H. A. Haymos, 1937; C. B. Bacunbsesa, 1974; A. E. Uymakos, 1O.
. Brmacos, 1979; I1. H. I'onoBun u ap., 2002).

B pesynbrare KOMILJIEKCHOTO U3Yy4eHHUsI MUKOOMOTHI OoJie3HEeH 0JIaropoJIHOTO JiaBpa BIIEPBBIE CO-
OpaH OOLIMPHBIN (QakTUUECKUl MaTepual O BHJIOBOM COCTaBe 3a00J€BaHUI M CTENEHU pacipo-
CTpaHEHUs OTAENbHBIX Oosie3Hel. B xone uccienoBanuii y pacTeHus JiaBpa ObLIO BBISIBICHO Ooliee
10 Bo3Oyauteneil 3aboneBanuii. K HUM OTHOCATCS 10XKHasi KOpHEBas THUJIb, Oypasi MSITHUCTOCTb
JUCThEB (AaHTPaKHO3), MakpodOMO3, MYUHHCTas POca, YBSAAHHE, HEKPOTUUECKHE MOPAXKECHHS U
Ipyrue 3a00JIeBaHHUs.

YcranosneHo, yto 10 BHIOB, BXOISIIMX B OOIIYI0 MUKOOHOTY, SIBISIOTCS HOBBIMU ISl MUKOOHOTHI
0J1aropoTHOTO JIaBpa, IPOU3PACTAIOIIETO B JAHHOM PETHOHE.

KawueBble cioBa: 0iaropoHblii taBp, Laurus nobilis, Bpe1oHOCHOCTh, (pUTOMATOTeHHBIE MUKPO-
OpTraHu3MBbI, 00JIE3HU, CTENIEHb TOPAXKEHUS, OMOJIOTHYECKHEe OCOOCHHOCTH, YBSaHHE

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Xiilasa

Tadgiqat isi Mil-Mugan diiziindo ( Imisli rayonu orazisinde) suvarilan vo xam torpaglarm morfoloji
vo fiziki-kimyavi xiisusiyyatlorinin miiqayisali sokildo Oyronilmasine hosr edilmisdir. Tadqiqat
mogsadilo suvarilan okin sahosindo (IR-14) vo tobii bitki ortilyii altinda yerloson (IR-16) torpaq
kosimlori iizra saha vo laboratoriya todqiqatlar: aparilmisdir.

Torpaq niimunslorinds torpagin bazi aqrokimyovi xarakteristikasi sociyyolondirilmisdir. Aparilmis
analizlorin noticolori gostormisdir ki, todqiq olunan torpaqglar qgolovi miihito malikdir vo pH
gostaricilori profil lizro 8.03—8.55 intervalinda doyisir. Humus miqdari har iki torpaq profilindo iist
qatlarda daha yiiksok olub darinliya dogru qanunauygun sokildo azalir. Xam torpaqda (IR16) humus
miqdarmin nisbaton yiiksok olmasi tobii bitki Ortiiyii altinda {izvi qaliglarin daha sabit gokildo
torpaga daxil olmasi ilo slagadardir. Karbonatlarin profil lizro paylanmasinin tohlili gostormisdir ki,
suvarilmayan torpaqlarda CaCOs miqdar1 daha yiiksokdir. Torpaqlarin qranulometrik torkibi osason
gillicali mexaniki torkib ilo xarakterizo olunur vo fiziki gil fraksiyas: tistiinliik toskil edir.
Miiqayisali tohlil naticesinde miiosyyon olunmusdur ki, becorilmo vo suvarmalar torpagin fiziki-
kimyovi gostariciloring tosir géstormis vo maddslorin paylanmasinda miioyyoan doyisikliklora sobab
olmusdur.

Acar sozlar: torpaq, suvarma, humus, karbonatlar, mexaniki torkib, qida maddolori, Mil-Mugan
diizi

Giris

Azarbaycan Respublikasinin Mil-Mugan diiziindo kond tosarriifat1 istehsalinin osas hissasi
suvarilan torpaqlarda hoyata kegirilir. Xiisusilo Kiir-Araz ovaligi respublikanin miihiim aqrar
regionlarindan biri olmaqla pambiqeiliq, taxil¢iliq vo yem bitkilorinin becorilmosi baximindan
strateji ohomiyyoto malikdir. Bu orazilordo torpaq ehtiyatlarindan somorali istifado edilmasi vo
onlarin miinbitliyinin qorunmasi ii¢lin suvarma miihiim aqrotexniki todbir hesab olunur. Lakin
uzunmiiddstli vo intensiv suvarma torpagin fiziki vo kimyovi xiisusiyyatlorino tosir gostorarok
torpaqda miioyyon dayisikliklorin bag vermasina sabob olur.

Suvarma soraitinds torpaqlarda riitubot rejiminin doyigsmosi, karbonatlarin vo duzlarin profil
lizro miqrasiyasi, homginin struktur voziyyatinin transformasiyasi kimi proseslor miisahids olunur.
Bu doyisikliklor torpaq profilinin morfoloji xiisusiyyatlorindo do 06z oksini tapir. Bir sira
tadqiqatgilar qeyd edirlor ki, suvarma noticasinde torpaqlarda karbonatlarin asagi qatlara
yerdoyismosi, kiplosmo proseslorinin giiclonmosi vo struktur xiisusiyyotlorinin doyigsmosi miisahido
edilir [1, 2].

Miiasir todqiqatlarda da gostorilir ki, diizgiin idara olunmayan suvarma torpaq strukturunun
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pozulmasina, sorlasma vo karbonatlasma proseslorinin giiclonmosino sabab ola bilor [13]. Eyni
zamanda torpaq iizvi maddosinin qorunmasi vo su rejiminin optimallasdirilmasi davamli kond
tosarriifatinin asas sartlorindon hesab olunur [13, 16].

Eyni zamanda torpaq ilizvi maddosinin qorunmasi vo su rejiminin optimallasdirilmasi
davamli kond tesarriifatinin asas sartlorindon hesab olunur [14, 15].

Mil-Mugan diizlindo boz vo ¢omon-boz torpaqlar genis orazilordo yayilmis vo regionun osas
torpaq fondunu togkil edir [6]. Bu torpaglar osason alliivial-deliivial ¢Okiintiilor {izorindo
formalagmis vo karbonatli miihit soraitindo inkisaf etmisdir [6, 1].

Bu torpaqglarin morfoloji qurulusu, mexaniki torkibi vo fiziki-kimyovi xiisusiyyatlori tobii-
iqlim soraiti ilo yanasi, uzunmiiddotli insan foaliyyati noticosindo antropogen tosirin, xiisusilo
suvarmanin tosiri altinda formalagsmisdir [12].

Arid iglim soraitindo torpaqomologolmo proseslori karbonatlarin torpaq profilinds
paylanmasina miihiim tosir gostorir.

Bu baximdan suvarilan vo tobii soraitds olan torpaqlarin miigayisoli sokildo Oyronilmasi
torpaqda bas veron doyisikliklorin miioyyan edilmasi tiglin mithiim shomiyyat kosb edir.

Bununla bels, Mil-Mugan diiziinds uzunmiiddostli suvarmanin torpaq profilinin morfoloji
qurulusuna, humus ehtiyatina, karbonatlarin profil ilizro paylanmasina vo mexaniki torkib
gostariciloring tosirinin suvarilan vo tobii soraitdo formalasmis torpaqlar iizro miiqayisoli sokilds
dyronilmosi kifayot qoder isiglandirilmanusdir. Xiisusilo Imisli rayonu orazisinde suvarilan okin
saholori ilo xam torpaglar arasinda profil soviyyasindo bas veron forglorin kompleks tohlili aktual
elmi mosalo olaraq qalir. Todgigatin mogsadi Mil-Mugan diiziinds yerloson suvarilan (IR-14) vo
xam (IR-16) torpaq kasimlorinin morfoloji xiisusiyyatlorini, aqrokimyovi gdstericilorini vo bozi
fiziki-kimyovi xassolorini miiqayisali sokilda tohlil etmoklo suvarmanin torpaq profilindo yaratdigi
doyisikliklori miioyyon etmaokdon ibaratdir.

Todgigatin elmi yeniliyi ondan ibaratdir ki, Imisli rayonu soraitindo suvarilan vo xam
¢omon-boz torpaqlar iizro profil osasli miiqayisali todqiqat aparilmig, humus, pH, limumi azot,
imumi karbon, karbonatlillq vo mexaniki torkib gostoricilorinin  dorinlik iizro dayismao
xiisusiyyetlori miloyyon edilmis, suvarmanin torpaq profilinin morfoloji qurulusuna vo miinbitlik
gostariciloring tosiri agkar edilmisdir.

Material vo metodlar

Tadqiqat i1 Azarbaycanin Kiir-Araz ovaliginin torkib hissasi olan Mil-Mugan diizanliyindo,
Imisli rayonu orazisindo aparilmisdir.

Tadgigat mogsadilo Imisli rayonu orazisinds torpaq kosimlori (IR-14; IR-16) qoyulmusdur.
Kosim (IR-14) uzun miiddot suvarilan va kond tosarriifatt mogsadilo istifado olunan okin sahasidir.
Kosim (IR-16) isa tobii bitki &rtiiyii altinda olan xam torpaqdir. Hor iki kesimdo profil iizro genetik
qatlar ayrilmigdir.

Torpaq kosimlori klassik torpagsilinasliq metodikasina uygun olaraq qazilmig vo saho
soraitindo onlarin morfoloji xiisusiyyatlori tasvir edilmisdir. Profil tesviri zamani torpagin rongi,
struktur xiisusiyyatlori, kiplosma doracasi, bitki koklorinin miqdari, karbonat lokalori, riitubatlilik vo
digor morfoloji slamstlor geyd olunmusdur. Torpaq kasimlorindan genetik qatlar lizra niimunalor
gotiirlilorok laboratoriya analizlori aparilmisdir.

CaCOs miqdarinin toyini tiglin klassik asidimetrik titrlomo iisulu istifado olunmusdur. CO2
gostaricisi iso qazometrik avadanligla ayrica miioyyon edilmigdir.

Torpaq niimunoslorindo miihit reaksiyas1 — pH (su suspenziyasinda) potensiometr aparatinda,
{imumi humus (I.B.Tyurin), imumi azot-(Keldal), gora toyin edilmisdir.

Mexaniki torkib pipet metodu ilo dyronilmis vo qum, toz vo gil fraksiyalarinin faiz nisbotlori
hesablanmisdir. Torpagin fiziki gillilik deracesi vo hiqroskopik nemlik gostoricilori karbonatlarin
profil boyu yerlogsmasino tosir edon amillorlo miigayise olunmusdur. Laborator analizlor hor nlimuna
lizra li¢ tokrarda aparilmigdir.

Noticolor orta gostoricilor asasinda timumilosdirilmisdir. Molumatlarin statistik islonmosi
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MS Excel, SPSS vo Statistica proqramlarinda aparilmis, gostaricilor miiqayisali sokildo tohlil
edilmisdir.

Naticalor

Torpaq miinbitliyinin qorunmasi ii¢lin suvarma ilo yanasi drenaj vo glibroloms sistemlorinin
kompleks totbiqi vacibdir.

Todgigat aparilmig Imisli rayonunda qoyulmus torpaq kosimlorinin morfoloji
xlisusiyyatlorinin tohlil edilmisdir.

Kosim Ne iR14

Toasnifatin adi: Suvarilan ¢oman-boz

Kosimin yeri: Imisli rayonu Sarixanli kondi. Soxsi fermer tosarriifati.

Doniz soviyyasindon yiiksokliyi - 16 m

GPS koordinatlari: 39°48°10.20”N 48°33°22.30” E

Tosarriifat sahosi: Pambiq sahasi

Miisllif: Qasimov R., Babayev M.

Kosim IR-14 uzun miiddot kond tesorriifati moqgsadilo becorilmis sahadir bu sobobdon
torpagin iist qatlarinda antropogen tosirin olamatlori daha aydin nazars ¢arpir. Bu kesimds torpagin
iist gatlar1 aciq boz rongli olub xirda topavari struktur ilo xarakterizo olunur. Torpaq miioyyan
doracods kiplosmisdir vo iist qatlarda bitki koklori ¢coxluq toskil edir. Bu xiisusiyyatlor torpagin
becarilmasi vo suvarma soraitinds formalagmis antropogen doyisikliklorle slagoedardir.

Profil iizro asag1 qatlara dogru torpagin struktur xiisusiyystlorinde miioyyon doyisikliklor
miisahido edilir. Asag1 qatlarda karbonat lokolori vo karbonat yi1gilmasi slamatlori daha aydin nozors
carpir. Bu hal karbonatlarin torpaq profilindo miqrasiyas1 ils izah edilir. Suvarma soraitinds torpaq
mohlulunun harakati karbonatlarin profil daxilinde miioyyon yerdoyismosina sobab olur.

Kosim Ne iR16

Tosnifatin adi: Suvarilan ¢omon-boz

Kosimin yeri: Imisli rayonu Qulubayli kondi

Doniz soviyyasindon yiiksokliyi - 16 m

GPS koordinatlari: 39°48°10.20”N 48°33°22.30” E

Tosorriifat sahosi: Oriis yeri

Miisllif: Qasimov R., Babayev M.

Tobii bitki ortilyii alinda xam sahodo qoyulmus kesimdo (IR-16) torpagin morfoloji
xlisusiyyatlori nisbaton forqli xarakter dasiyir. Bu kasimdas torpaq profilinin {ist qatlarinda tabii bitki
Ortilyliniin tosiri altinda struktur daha sabit vo yaxsi formalagsmisdir. Profil boyunca karbonat
lokolori miisahido edilir vo torpagin asagi gatlarinda karbonatlarin yigilmasi daha aydin nozoro
carpir.  Bu  xiisusiyyotlor  torpagin  tobii  goraitdo  formalagmasi  ilo  baghdir.
Cadval 1-do Imisli rayonu orazisindo ¢omon-boz torpaqglarda qoyulmus kosimlordon gotiiriilmiis
torpaq niimunalorinin bazi aqrokimyovi xarakteristikas1 verilmisdir.

Cadval 1.
Imisli rayonu arazisinds ¢coman-boz torpaqlarin asas aqrokimyovi gostoricilori

. Dorinlik, | pH | Humus, | Umumi C, | Umumi N,

Kosim sm o, o, o, C/N
IR-14 0-29 8.03 1.60 0.93 0.11 8.5
29-57 8.14 | 1.05 0.61 0.08 7.6

57-83 8.16 | 0.70 0.41 0.06 6.8

83-110 | 8.18 | 045 0.26 0.04 6.5

110-130 | 822 | 0.28 0.16 0.03 53

IR-16 0-26 8.18 | 1.70 0.99 0.10 9.9
26-53 828 | 1.05 0.61 0.07 8.7

53-75 8.10 | 0.60 0.35 0.05 7.0

115



Texnika va Agrar elmlori Technical and Agrarian sciences

2026-c1 il, Ne 1 (14), soh. 113-120 2026, Ne 1 (14), pp. 113-120
75-101 8.42 0.45 0.26 0.04 6.5
101-145 | 8.55 0.30 0.17 0.03 5.7
145-157 | 8.35 0.25 0.15 0.03 5.0

Cadval 1-das toqdim olunan moelumatlara asason IR-14 vo IR-16 torpaq kesimlorinda profil
tizra pH, humus, iimumi karbon, iimumi azot vo C/N nisbotinin doyisma qanunauygunluglar1 aydin
sokildo miisahids olunur.

Ik novbada, her iki kesimda torpaq miihitinin zaif qolovi oldugu miioyyan edilmisdir. IR-14
kosimindo pH gostoricisi soth gatinda 8.03-don baglayaraq profilin asagi gatlarina dogru todricon
artaraq 8.22-yo catir. Eyni tendensiya IR-16 kosiminds do miisahids olunur vo burada pH 8.18-8.55
intervalinda doyisir. Bu iso torpaqda karbonatlarin asagi qatlara dogru daha ¢ox toplanmasi ilo izah
oluna biler.

Humus miqdar1 har iki kasimdo soth qatinda maksimum olub, dorinliys dogru kaskin sokildo
azalir. IR-14 kosimindo humus miqdari 1.60%-don 0.28%-o, IR-16 kosimindo isa 1.70%-don
0.25%-0 qgodor enir. Bu azalma bitki qaliglarinin asason iist qatda toplanmasi vo mikrobioloji
aktivliyin sothdo daha yiiksok olmasi ils slagadardir.

Umumi karbon (C) vo iimumi azot (N) gostoricilori do humusla paralel doyisir. Hor iki
elementin miqdari soth qatinda daha yiiksok olub, profilin darin qatlarina dogru azalir. Masalen, IR
-14 kosiminds iimumi karbon 0.93%-don 0.16%-9, azot isa 0.11%-don 0.03%-0 gador azalir. Oxsar
dinamika IR -16 kesimindos do miisahido edilir. Bu, torpaq miinbitliyinin esason iist horizontlarda
comlogdiyini gostarir.

C/N nisbati torpagda lizvi maddslorin parcalanma soviyyasini xarakterizo edon miihiim
gostoricidir. Har iki kosimda bu nisbetin soth gatinda daha yiiksok (IR -14-do 8.5; IR -16-da 9.9),
dorinliys dogru iss tadricon azaldigi (5.0-6.5 intervalina gqoder) miisyyon edilmisdir. Bu natico onu
gostarir ki, soth qatinda lizvi maddolorin parcalanmasi nisbaton zoif, asag1 qatlarda iso daha intensiv
gedir vo humus daha stabillosmis formadadir.

IR -16 kosimi ilo miigayisodo IR-14 kosimindo humus vo gida elementlorinin miqdar
nisboton agagidir, lakin imumi doyismo tendensiyasi hor iki kesim iiciin eynidir. IR -16 kosimindo
soth qatinda daha yiiksok humus vo C/N gostoricilori onun daha yaxsi aqroekoloji voziyyatdo
oldugunu gosterir. Aparilmig tohlilin naticolorine osason miioyyon edilmisdir ki, hor iki torpaq
kosimi zoif golovi reaksiyaya malikdir vo pH dorinliyo dogru artir, bundan basqa humus, iimumi
karbon va azot asason soth qatinda toplanir vo dorinliys dogru azalir. C/N nisbatinin azalmasi iizvi
maddolorin dorin qatlarda daha ¢ox minerallasdigim gostorir vo IR-16 kosimi aqrokimyovi
gostaricilarine gora IR-14 kesimindon nisbaton daha miinbit hesab edilo bilor.

Beloliklo aldo olunan noticolori gdstorir ki, IR-14 va IR-16 torpaq kesimlorindo aqrokimyavi
gostaricilorin profil ilizro doyismesi miioyyan qanunauygunluglara tabedir vo bu doyisikliklor
torpagin formalagsma soraiti vo miinbitlik soviyyosini xarakterizo edir. Hor iki kosimdo torpaq
miihitinin zaif galovi olmasi vo pH gostaricisinin dorinliys dogru artmasi karbonatlarin profil tizro
yerdoyismosi ilo olagodardir.

Humus, iimumi karbon vo {imumi azotun asasan soth horizontunda toplanmasi, dorin qatlara
dogru iso azalmasi torpaqda iizvi maddoslorin yig8ilmast vo bioloji aktivliyin osason iist qatda
comlogdiyini gosterir. Eyni zamanda, C/N nisbatinin darinlik iizro azalmasi {izvi maddolorin agagi
qatlarda daha intensiv minerallasdigini vo humusun daha sabit formaya kecdiyini toasdiq edir.

Miiqayisali tohlil naticosinds miioyyan edilmisdir ki, IR-16 torpaq kosimi humus ehtiyat1 vo
gida elementlorinin miqdari baximindan IR-14 kosimindon nisboton iistiin olub, daha olverisli
aqroekoloji gostaricilorlo sociyyalonir. Bu iso homin sahods torpaq miinbitliyinin daha yiiksok
oldugunu gostorir.

Umumilikda, aldo olunan naticolor gdstarir ki, torpaq profilinde aqrokimyovi géstaricilorin
doyismo xiisusiyyatlorinin dyronilmosi torpaq miinbitliyinin giymotlondirilmosi vo onun somorali
idaro olunmasi {i¢iin miithiim elmi vo praktiki ohomiyyot kosb edir. Codvol -2-do Imisli rayon
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orazisinda qoyulmus torpaq kesimlorindon gotiiriilmiis torpaq niimunslorinin bozi fiziki-kimyovi
gostaricilori verilmisdir.
Cadval 2.
Imisli rayonu arazisindo ¢comon-boz torpaqlarin asas fiziki-kimyovi gostaricilori

. o CaCOs Fiziki gil | Fiziki qum
Kosim Doarinlik ,sm | CO2, % o, > 1 (<0.01 (>0.01
mm), % mm), %

IR-14 0-29 3.55 8.06 54.85 45.15
29-57 3.80 8.63 57.90 42.10

57-83 4.20 9.53 56.85 43.15

83-110 4.55 10.33 45.40 54.60

110-130 4.35 9.87 38.80 61.20

IR-16 0-26 4.80 10.90 55.70 44.30
26-53 5.20 11.80 59.75 40.25

53-75 4.10 9.31 41.20 58.80

75-101 5.80 13.17 62.80 37.20

101-145 6.20 14.07 66.85 33.15

145-157 5.00 11.35 40.60 59.40

Cadvalda toqdim olunan naticolor gostarir ki, IR-14 vo IR-16 torpaq kesimlorinda CO.,
CaCOs miqdar1 vo mexaniki torkib gostoricilorinin (fiziki gil vo fiziki qum) profil {izro doyismo
xlisusiyyatlori aydin sokilds izlonilir. Bu gostaricilor torpagin genezisini, formalasma soraitini vo
aqrofiziki xiisusiyyatlorini saciyyalondiron asas parametrlordir.

IIk névbada, hor iki kesimdo karbonathiligin yiiksok oldugu miioyyon edilmisdir. IR-14
kasimindo CO- miqdar sath qatinda 3.55%-don baslayaraq orta qatlarda 4.55%-o qador artir, daha
sonra isa bir qodor azalaraq 4.35% toskil edir. CaCOs miqdar1 da oxsar qanunauygunluq gostorarak
8.06%-don 10.33%-0 godar yiiksalir. Bu hal karbonatlarin profil iizro yuyulmas: vo asagi qatlarda
toplanmasi ilo izah olunur.

IR-16 kosiminda iso karbonatliliq daha yiiksok soviyyoadadir. Burada CO. miqdar1 4.80—
6.20% intervalinda doyisir vo maksimum gdstorici 101-145 sm qatinda miisahido olunur. CaCO:s
miqdar1 iso 10.90%-don baslayaraq 14.07%-2 qodor yiiksolir. Bu gostaricilor IR-16 kosimindo
karbonatlarin daha intensiv akkumulasiya olundugunu gostorir ki, bu da torpagin daha giiclii
karbonatli miihitds formalasdigini siibut edir.

Torpagin mexaniki torkibino goaldikds, har iki kosimds fiziki gil fraksiyasinin iistiinliik toskil
etdiyi miisahido olunur, lakin dorinlik iizro doyiskenlik mévcuddur. IR-14 kesiminds iist gatlarda
fiziki gil miqdar1 54.85-57.90% arasinda olub orta vo agir gillicali torkibi gostorir. Lakin 83 sm-don
asagl qatlarda bu gostorici azalaraq 38.80%-o diisiir, ovozinds fiziki qum miqdar artir (61.20%-9
gadar). Bu iso profilin asag1 hissesindo daha yiingiil mexaniki torkibin formalasdigini gosterir.

IR-16 kosiminda iso mexaniki torkib daha heterogendir. Ust qatlarda fiziki gil 55.70-59.75%
toskil edarak agir gillicali torkibi gosterir. 53—75 sm qatinda iso fiziki gil koskin azalaraq 41.20%-2
diisiir vo fiziki qum {stilinliik toskil edir. Daha asagi qatlarda (75-145 sm) yenidon fiziki gil
miqdarmin artmast (66.85%-0 qodor) miisahido olunur. Bu, torpagomologolma proseslorinin
miirokkabliyini vo miixtalif litoloji qatlarin istirakini gostorir.

Umumilikda, karbonatliligin vo mexaniki torkibin profil iizro doyismosi gostarir ki, hor iki
torpaq kosimi alliivial monsoli olub, miixtolif ¢okiintiilorin tosiri altinda formalasmisdir. IR-16
kosiminds ham karbonatliliq, ham ds fiziki gil migdarinin daha yiiksok olmasi bu torpagin daha agir
mexaniki torkiba vo daha giiclii karbonatliliga malik oldugunu gostorir.

Aparilan tohlil noticosindo miioyyon edilmisdir ki, hor iki torpaq kosimi yiiksok
karbonatliligla sociyyslonir vo karbonatlarin miqdar1 asason profilin orta vo asagi qatlarinda artir.
IR-16 kosimi IR-14 kosimi ilo miiqayisado daha yiiksok CO. vo CaCOs gdstaricilorine malik olub,
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daha giiclii karbonatli torpaq kimi qiymaetlondirilir.

Mexaniki torkib baximindan hor iki kosimdao iist gatlar osason agir gillicoli olsa da, dorinlik
{izro doyiskonlik miisahido olunur. IR-14 kosimindo asagi qatlara dogru yiingiillosmo, IR-16
kosimindo iso daha miirokkob va heterogen qurulus formalagmigdir.

Bu xiisusiyyotlor torpagin su-fiziki xassoloring, suvarma rejimino vo kond tosorriifatt
bitkilorinin inkisafina birbasa tosir gostorir. Xiisusilo yiiksok karbonatliliq vo agir mexaniki torkib
torpagin becarilmasinds xiisusi aqrotexniki todbirlorin totbigini zaoruri edir vo torpaq miinbitliyinin
somarali idars olunmasinda nazars alinmalidir.

Miizakirs

Mil-Mugan diizii Azorbaycanin on iri suvarilan okingilik zonalarindan biri olub, asason arid
igqlim goraitindo formalasmis torpaqlar: ilo xarakterizo olunur. Bu orazilords torpaq miinbitliyinin
formalagmasi vo doyismasi birbasa suvarma rejimi, hidrogeoloji sorait vo aqrotexniki todbirlorlo six
baglidir. Elmi odobiyyatin tohlili gostorir ki, uzunmiiddoatli suvarma hom torpagin fiziki, hom do
kimyovi xassolorino miihiim tesir gostorir. Todqiqatgilar geyd edirlor ki, Mil-Mugan diiziindo
yayllmis boz vo ¢omon-boz torpaglarin mexaniki torkibi osason orta vo agir gillicoli olub,
strukturlagma saviyyosi suvarma tosiri ilo doyisir [7].

Bir sira muslliflor torpagin su-fiziki xiisusiyyatlorinin, xiisusilo su tutumu, su kegiriciliyi vo
kapilyar qalxma gabiliyyatinin suvarma naticosindo doyisdiyini gostorirlor. Belo ki, intensiv
suvarma soraitindo torpagin iist qatinda dispersiya prosesi giiclonir, bu iso aqreqatlarin dagilmasina
va su kegiriciliyinin azalmasina sabob olur [8, 3].

Kimyovi xassalor baximindan aparilan todqiqatlar gostorir ki, Mil-Mugan diiziindo suvarma
torpaqda duzlagsma vo sorlagsma proseslorinin intensivlogmosino sobab ola bilor. Xiisusilo yeralti
sularin soviyyasinin galxmasi vo minerallasmis sularin kapilyar galxmasi noticosindo torpaq
profilindo asan hall olan duzlar toplanir [9].

Mil-Mugan diizlindo aparilan aqrokimyovi todqiqatlar gostorir ki, suvarilan torpaqlarda
humus miqdar1 asason iist qatlarda yiiksok olub, dorinliys dogru azalir [11]. Bununla yanasi, azot,
fosfor vo kalium kimi asas qida elementlorinin miqdart da suvarma va giibralomo rejimindan asili
olaraq dayisir [4, 10].

Hazirk: todgigat noaticalorinds do bu qanunauygunluq miisahido edilmisdir.

Aparilmis miigayisali tohlil noticosinde miioyyon edilmisdir ki, IR-16 torpaq kesimi humus
ehtiyat1 vo bozi miinbitlik gostariciloring gora IR-14 kosimindon nisbaton istiin olmusdur.

Belalikls, Mil-Mugan diiziindo torpaq miinbitliyi suvarma rejimindon birbasa asilidir.
Optimal suvarma torpagin fiziki vo kimyovi xassolorini yaxsilasdirdigi halda, normadan artiq vo
geyri-elmi suvarma torpaq deqradasiyasina sabob ola bilor [5].

Natica

1. IR-14 vo IR-16 torpaq kosimlorindo aqrokimyavi gostaricilorin profil iizro doyismasi
miioyyon ganunauygunluglara tabedir vo bu doyisikliklor torpagin formalagsma soraiti vo miinbitlik
soviyyasini xarakterizo edir.

Miiqayisali tohlil naticosinds miioyyon edilmisdir ki, IR-16 torpaq kosimi humus ehtiyat1 vo
gida elementlorinin miqdari baximindan IR-14 kosimindon nisboton iistiin olub, daha olverisli
aqroekoloji gostaricilorlo sociyyalonir. Bu iso homin sahodo torpaq miinbitliyinin daha yiiksok
oldugunu gostarir.

2. Aparilan tohlil naticesinde miioyyon edilmisdir ki, hor iki torpaq kesimi yliksok
karbonatliligla sociyyslonir vo karbonatlarin miqdar1 asason profilin orta vo asagi qatlarinda artir.
Mexaniki torkib baximindan har iki kosimdas iist qatlar asason agir gillicali olsa da, dorinlik iizro
doyiskonlik miisahids olunur.

Bu xiisusiyyotlor torpagin su-fiziki xassolorino, suvarma rejimino vo kond tosorriifati
bitkilorinin inkisafina birbasa tosir gostorir. Xiisusilo yiiksok karbonatliliq vo agir mexaniki torkib
torpagin becarilmasinds xiisusi aqrotexniki tadbirlorin totbiqini zaoruri edir vo torpaq miinbitliyinin
somarali idars olunmasinda nozoro alinmalidir.
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THE EFFECT OF IRRIGATION ON SOME PHYSICAL AND CHEMICAL PROPERTIES
OF SOILS IN THE MIL-MUGAN PLAIN

Maharram Babayev
Rashid Gasimov
Institute of Geography, Ministry of Science and Education of the Republic of Azerbaijan

Abstract

The research work is devoted to a comparative study of the morphological and physico-chemical
properties of irrigated and natural soils in the Mil-Mugan plain (within the territory of Imishli
district). For this purpose, field and laboratory investigations were carried out on soil profiles
located in an irrigated cultivated area (IR-14) and under natural vegetation cover (IR-16). Some
agrochemical characteristics of the soils were determined in the collected samples. The results of
the analyses showed that the studied soils have an alkaline reaction, and pH values vary within the
range of 8.03-8.55 throughout the profile. The humus content is higher in the upper layers of both
soil profiles and decreases regularly decreases with depth. The relatively higher humus content in
the natural soil (IR-16) is associated with the more stable input of organic residues into the soil
under natural vegetation cover. The analysis of carbonate distribution along the profile showed that
the CaCOs content is higher in non-irrigated soils. The granulometric composition of the soils is
mainly characterized by a clayey mechanical texture, the physical clay fraction is predominant.
As a result of the comparative analysis, it was determined that cultivation and irrigation have
influenced the physico-chemical properties of the soils and caused certain changes in the distribu-
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tion of soil constituents.
Keywords: soil, irrigation, humus, carbonates, mechanical composition, nutrients, Mil-Mugan plain

BJIUSITHUE OPOIIEHUSI HA HEKOTOPBIE ®PU3NYECKHUE U XUMUUYECKUE
CBOMCTBA IIOYB MIJIb-MYTAHCKOM PABHUHBI

Maxappam babaes
Pammin I'aceimMoB
Wuctutyt reorpaduu MUHUCTEPCTBA HAyKH 1 0Opa3oBaHus AszepOaiipkanckoit Pecryonuku

AHHOTaNus

Hacrosimmass paGota mocBsimieHa CPaBHUTEIFHOMY H3YyYEHHIO MOPQOJOTHYECKUX H  (U3UKO-
XMMHUYECKHX CBOMCTB OPOIIAEMbIX U LIEIMHHBIX 0YB MuIIb-Myranckoil paBHUHBI (Ha TEPPUTOPUN
WNmunumackoro paiioHa). C 1enpio uccieoBaHus ObUTH MPOBEACHBI IMOJIEBBIE M JTAOOpaTOPHBIE
paboThI 10 IMOYBEHHBIM Pa3pe3aM, PacIoI0KEHHBIM Ha OpoIIacMoi maxoTHoil Tepputopun (IR-14)
U T10J] €CTECTBEHHBIM pacTUTENbHBIM NOKpoBOM (IR-16). B mouBeHHbIX 00pa3uax OblIM ompenerne-
Hbl HEKOTOPbIE arpOXMMHUYECKHE ITOKa3aTeNIN MOUBbl. Pe3yabTaThl NpOBEIEHHBIX aHATM30B MOKa3a-
JM, YTO HMCCIIEIyeMbIe MOYBBI XapaKTEPU3YIOTCs MIEIIOYHONW peakiuei cpenbl, a 3HadeHus pH mo
npoduto usMensaoTes B npeaenax 8.03—-8.55. Coxepikanue rymyca B 000MX MOYBEHHBIX Mpodu-
JSIX BBILIE B BEPXHUX FOPU30HTAX U 3aKOHOMEPHO YMEHBIIAETCs ¢ IIyOnHoil. OTHOCUTENBHO OoJiee
BBICOKOE coj/iep)KaHue rymyca B nenuHHoi nouse (IR-16) cs3ano ¢ 6osee cTaOMIbHBIM MTOCTYILIE-
HUEM OPraHHYECKUX OCTATKOB IOJI €CTECTBEHHBIM PACTUTEIHHBIM MOKPOBOM. AHAIIN3 pacipeierne-
HUS KapOOHATOB 10 NMpoduiIro mokasai, yto cogepxkanue CaCOs Bbllle B HEOPOLIAEMbIX MOYBAX.
['panynomMeTpruecKuii cOCTaB TIOYB B OCHOBHOM XapaKTEPH3yeTCsl TIIMHUCTBIM MEXaHUYECKUM CO-
CTaBOM, IpU 3TOM Ipeodnanaet Gppakuus Gusnyeckolt MMHLL. B pesynbraTe cpaBHUTEIBHOTO aHa-
JM3a YCTAaHOBJIEHO, YTO 00pabOTKa M OPOIIECHHE OKA3aJIH BIUSHHUE Ha (PU3UKO-XUMHUYECKHE TTOKa3a-
TeJW TOYB W  BBI3BAIM  ONpENeiEHHbIE H3MEHEHHs B  pacHpeleleHUH  BElIECTB.
KioueBsblie ci0Ba: 104Ba, OpOIICHUE, TYMYC, KapOOHAThI, MEXaHWYECKHI COCTaB, MHUTATEIbHBIC
BelecTsa, Munp-Myranckas paBHUHA

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Xiilasa

Bugda (Triticum L.) biitiin diinyada asas gida mohsullarindan biri olub, an ¢ox becarilon taxil
bitkilorindondir. ©halinin saymnin artmasi ilo birlikdo bugdaya olan tolobat da artir. Orzaq
tolobatinin  6donilmasi ticlin bugda mohsuldarliginin artirilmasi bdyiikk ohomiyyat kosb edir.
Bugdanin 6zii doyison otraf miihit goraitino hossas olsa da, onun bir ¢ox qohum vo ocdadlari, o
climlodon egilops, ¢ovdar, arpa vo digor yabami taxil novlori bugdada movcud olmayan unikal
xiisusiyyotlora malik genlori dasiyirlar. Bu genlorin bugdaya 6tiirtilmosi, bugdanin yaxsilagdirilmasi
baximindan on miithiim addimdir va buna, uzaq hibridlosms yolu ila nail olmaq olar. Hazirki moaqals
yuxar1 nasil bugda-egilops hibridlorinin sitogenetik vo morfoloji todqiqine hosr olunmusdur. Bizim
isimizdo, institutumuzda yaradilmis bugda-egilops hibridlorinin yuxari nosil formalart (F7 — Fg)
istifado edilmisdir. Aparilan todqiqatin naticaloring osason, aparilan struktur analizlor naticasinda,
bitki boyuna gors hibridlor arasinda (Ae. juvenalis x 171ACS) x 171ACS (n1) va (Ae. vavilovii t/h
x N600) x 171ACS (n1) hibridlori oxsar, siinbiil uzunluguna goroa 171ACS x Ae. umbellulata (n2)
yiiksok, siinbiilds siinbiilciik sayina goros biitlin hibrid kombinasiyalar1 oxsar, stinbiildo don sayina
gora Ae. juvenalis x 171ACS yiiksok vo min donin kiitlasino gora (171ACS x Ae. biuncialis) x
N500 vo Ae. juvenalis x 171ACS kombinasiyalar1 oxsar yiikksok naticalor niimayis etdirmisdir.
Qeyd olunanlart nozers alaraq, seleksiya proqramlarinda bugdanin yaxsilagdirilmasi {igiin bugda-
egilops hibrid kombinasiyalarmin istifadasi magsadsuygun sayila bilar.

Acar sozlar: hibridlosmo, egilops, bugda, mohsuldar formalar, sitogenetik analiz

Giris

Artan ohalinin qidaya tolobatinin O6donilmesi movcud seleksiya xotlorinin genetik
miixtolifliyinin daha da artirilmasini vo seleksiya shomiyyatli alamatlorin, o ciimlodon mohsuldarliq
elementlorinin yeni monbalorinin tapilmasini labiid edir [20]. Bugda seleksiyasi proqramlarinda
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egilops cinsino aid miixtolif novler ugurla istifads edilmigdir. Bugdada genetik miixtslifliyin
artirilmasi seleksiya proqramlart vo yeni genotiplorin yaradilmasi tigiin vacibdir. Seleksiya
proqramlarinin miivoffoqiyyati bitkinin komiyyat slamatlorinin genetik dayiskonliyindon asilidir.
Bitki materiali no qgodor cox genetik variasiyaya malik olarsa, toxum mohsuldarli§i osasinda
aparilan seleksiya islori do bir o godor effektli notico veracokdir. Bugdanin genetik variasiyasini
artirmagin onsnovi iisulu név vo ya cinsarasi hibridlosmo yolu ilo yabani qohumlardan yeni gen
variantlarinin yadcinsli xromosom vasitasilo otiiriilmasidir [16, 17, 22, 23]. Bu baximdan, bugdada
genetik miixtolifliyin artirilmasi seleksiya programlari vo yeni genotiplorin yaradilmasi tigiin
vacibdir. Seleksiya proqramlarinin miiveffoqiyyati bitkinin komiyyat olamatlorinin genetik
doyiskonliyindon asilidir. Bu ciir xiisusiyyatlorin bugdanin mohsuldarhifina tosiri bir ¢ox
todqiqatgilar torafindon Oyronilmisdir [12, 13, 14, 19, 21]. Aegilops L. cinsi bugdaya qohum cins
olmag]la biotik (pas, unlu seh, hasoratlar) vo abiotik (quraqliq, soranliq, saxta) stres amillorino gars1
davamliliq genlorinin vacib manbalarindon biridir. Lakin mohsuldarliq vo davamliliq baximindan
bu genlorin Aegilops cinsindon bugda genomuna introgressiyasi zamani yaranan ilkin hibridlords
sterillik vo arzuolunmaz oalamatlorin olmas: osas maneadir. ilkin hibridlor iizorinda aparilan avvalki
todgiqatlardan forqli olaraq bugda-aegilops yuxari nasil hibridlorinin dyronilmasi bu maneslorin
aradan qaldirilmasinda holledici morhalo hesab olunur. Yuxari nosillorin sitogenetik analizi, yani
Xromosom geyri-stabilliyinin barpasi, yadcinsli xromosom seqmentlorinin stabillogsmasi vo meyoz
prosesinin normallagsmasinin analizi bitki seleksiyasinda hazir materialin aldo olunmasi1 baximindan
son doraco aktualdir. Bu istiqgamotds aparilan todqiqatlar hom fundamental genetika, hom do yeni
davamli sortlarin yaradilmasi ii¢lin praktiki baza rolunu oynayir [4, 11, 18, 25].

Qeyd edilonlori nozora alaraq, hazirki todqgigat isinin mogsadi bugda-Aegilops hibrid
populyasiyalarinin yuxari nosillorinde (F; — Fg) mohsuldarliq elementlori (bitki boyu, siinbiil
uzunlugu, siinbiilds siinbiilciik say1, siinbiildo don say1 vo min donin kiitlosi) vo meyoz prosesinin
sitogenetik gostaricilori asasinda perspektiv, yiiksok mohsuldar vo sitogenetik cohatdon stabil
formalarin miioyyon edilmosidir.

Material vo metodlar

Todgigat materiali gismindo Genetik Ehtiyatlar Institutunun Molekulyar sitogenetika
sObasindo yaradilan bugda-egilops hibridlorinin yuxari nasil formalar1 (F7 — Fg) istifado edilmisdir.
Valideyn qismindo hibridlosmalore calb olunan 171ACS, 172ACS, N500 vo N600 heksaploid
bugda xotlori Molekulyar sitogenetika sobasindo yaradilmisdir. Todqigatda istifado olunan yuxari
nosil hibrid kombinasiyalarin adlar1 asagida gostorilmisdir. Yuxari1 nasillordon seg¢ilmis eyni hibrid
kombinasiyasina malik forqli xatlor nl vo n2 ndmraleri ilo qeyd olunmusdur:

(171ACS x Ae. biuncialis) x N500
(Ae. juvenalis x 171ACS) x 171ACS (n1)
(Ae. juvenalis x 171ACS) x 171ACS (n2)
Ae. juvenalis x 171ACS
(Ae. vavilovii t/h x N600 ) x 171ACS (nl)
(Ae. vavilovii t/h x N600) x 171ACS (n2)
(172ACS x Ae. neglecta) x 172ACS
171ACS x Ae. umbellulata (n1)
. 171ACS x Ae. umbellulata (n2)

10. 171ACS x Ae. triuncialis

Sitogenetik todqgigatlarin aparilmasi moqgsadilo bitki materiallarinin fiksasi vo xromosom
preparatlarinin hazirlanmas1 {imumi gobulolunmus protokola uygun olaraq aparilmigdir. Meyoz
prosesinin Oyranilmasi magsadilo erkon yazda siinbiillorin boruyagixma morhalasindo onlar
kasilorok Karnua mohlulunda (3 hisso 96 %-li spirt : 1 hisso buzlu sirks tursusu) fikso olunmusdur.
Bir sutkadan sonra siinbiillor 80 %-Ii spirt mohluluna kegirilorok, soyuducuda +5 C? temperaturda
saxlanmigdir. Meyozun tadqiqi protokola uygun olaraq tozluglardan ozmao iisulu ilo hazirlanmis
miivoqqoti preparatlar iizorindo AXIO Imager A2 (ZEISS) mikroskopunda ZEN 2.6 program
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tominat1 vasitosilo hoyata kecirilmigdir [2, 3].

Niimunolorin morfoloji todqiqi GEI-nin Abseron ETB-da (elmi-tadqiqat bazasinda)
apartlmisdir. Donlor 2 tokrarda 2,0 % 5,0 m 6lgiilii loklords, corgoarast mosafo 7,5 sm (darcorgoli)
olmagla, 5-6 sm dorinlikdo sopilmisdir. Todqgigat materialinin tocriiboa sahasinds sapini noyabr
aymin birinci ongiinliiylindo ollo aparilmis, kiitlovi ¢ixis noyabr ayinin ikinci ongiinliiyiindo
miisahido edilmisdir. Niimunolor iizorindo daimi fenoloji miisahidolor, xostolik vo zararvericilora,
eloco do alaglara qars1 miibarizo todbirlori aparilmisdir. Niimunolor vegetasiya miiddoti orzindo
vaxtagirt suvarilmig, tocriibo sahosi {igclin nozordo tutulmus aqrotexniki qulluq islori hoyata
kecirilmigdir. Yigimdan sonra, hor bir genotip iizro hor tokrardan tosadiifi secilmis 10 bitki
gotiiriilmiis, struktur analizlori aparilmis, morfoloji slamatlor vo digor aqrobioloji gostaricilor geydo
alimmigdir. Fenoloji miisahidolor vo morfoloji alamotlorin analizi, donli-taxil bitkilorinin seleksiya
islorino dair tarla tocriibolorinin metodikasina uygun olaraq, iimumi gobulolunmus qaydada
aparilmigdir [1].

Molumatlarin statistik analizi {iciin IBM SPSS Statistics vo Microsoft Excel program
tominatlarindan istifado olunmus, slamatlorin minimum, maksimum vo orta qiymatlori, homginin
meyoz prosesinin sitogenetik gostoricilori hesablanmigdir.

Tadqiqatin naticalari vo miizakirasi

Bugda-egilops yuxari nasil hibridlarinde meyoz prosesi tadqiq edilmisdir (Sakil 1). Meyotik
hiiceyralor tizorindo aparilmis sitogenectik analizlors osason, hibrid niimunslorinin hamisinin
kariotipindo xromosom say1 42 olmusdur.

a. ‘ b. — é C.

Sokil 1. Meyotik analizin naticolori: a — Ae. juvenalis x 171ACS,
b — (4e. juvenalis x 171ACS) x 171ACS (nl),
c— (172ACS x Ae. neglecta) x 172ACS.

Ae. juvenalis x 171ACS hibridlorinin meyoz prosesinin todqiqi zamani metafaz 16vhalorda
har bir ATH (ana tozcuq hiiceyrasi) iiciin qapali vo agiq bivalentlorin saymin miivafiq olaraq orta
hesabla 18,04 vo 1,69, univalentlorin 2,54 vo XOT-in 37,78 adad toskil etdiyi miioyyon olunmusdur
(Sakil 1.a). (Ae. juvenalis x 171ACS) x 171ACS (nl) hibridlorinin meyoz prosesinin todqiqi
zamant metafaz 16vhalolordo hor bir ATH {ciin gapali bivalentlor orta hesabla 16,72, agiq
bivalentlorin say1 2,25, univalentlorin 2,59 vo X9T-in (xiazm omologolmo tezliyi) 31,19 oldugu
miisahido edilmisdir (Sakil 1.b). 172ACS x Ae. neglecta hibridlorinin sitogenetik todqiqi zamani
metafaz 16vhalslordo hor bir ATH ii¢lin qapali vo agiq bivalentlorin say1r miivafiq olaraq, orta
hesabla 16,59 vo 2,33, univalentlorin say1 2,94, XOT-si 36,73 olmus (Sakil 1.c) vo metafaza |
morholosinds az miqdarda kvadrivalentlor (0,31) miisahido olunmusdur.

Meyoz prosesinin todqiqi noticosindo, metazafa 1 morholosindo timumi vo qapali
bivalentlorin miqdar1 yiiksok, acgiq bivalentlorin miqdar1 iso asagi soviyyads olmusdur. Bu iso
onlarda Xxromosom konyugasiyasinin normal getdiyini va siinbiilds siinbiilciik vo don say1 da nozora
alinarsa fertillik qabiliyystlorinin yliksok oldugunu gosterir (Cadval 1.). Olds olunan naticalor bu
uygunlugun shomiyyatini bir daha siibut edir vo bugda-egilops hibridlorino dair aparilmis bir ¢ox
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todqiqgat islorinds geyd olunmusdur [8, 9, 15, 24].

Uzaq hibridlosmoadon aldo olunan cinsarasi hibrid bitkilorin seleksiya doyerini {izo ¢ixarmaq
mogsadila, onlar asas mohsuldarliq elementlorine goro miigayisali analiz edilmis vo Sakil 2-do
siinbiil morfotiplori gostorilmisdir. Bugda-egilops yuxar1t nosil hibridlorinin  mohsuldarliq
gostoricilori Cadval 1-do geyd olunmusdur.

Molumdur ki, bitki boyu (BB) yers yatmaya va son noticado keyfiyyat xilisusiyyotlorino vo
mohsuldarliga tosir gostordiyindoen, yumsaq bugdada (Triticum aesticum L.) miihiim aqronomik
olamot hesab olunur. Hiindiirboylu bitkilor yers yatmaya daha c¢ox hossas olduglar ii¢lin bitki
boyunun qisaldilmasi bir ne¢o onilliklor orzinds seleksiya proqramlarinin digget merkezinds
olmusdur [5].

Cadval 1-don goriindiiyii kimi, an qisa boy (Ae. juvenalis x 171ACS) x 171ACS (nl) vo
(Ae. vavilovii t/h x N600) x 171ACS (nl) hibridlorinds miisahido olunmusdur. Bitki boyu slamati
bugda-egilops yuxari nasil hibridlorinds orta hesabla 87.40-123.40 sm arasinda variasiya etmisdir.

Qeyd etmok lazimdir ki, siinbiil morfologiyasi mohsuldarligin asas komponentlorindon
sayilan siinbiil uzunlugu, siinbiil sixlig1 vo fertil ¢igok say1 kimi komiyyot olamatlori ilo miioyyon
olunur [6, 7].

Todqigat zamani hibridlor arasinda on uzun siinbiil 171ACS x Ae. umbellulata (n2)
niimunasinds miisahide olunmusdur (18.50 sm). Siinbiil uzunlugu (SU) olamati bugda-egilops
hibridlorindo orta hesabla 11.14-16.98 sm arasinda doyismisdir.

Sakil 2. Bugda-egilops yuxari nasil hibridlari: 1 — (171ACS x Ae. biuncialis) x N500;
2, 3— (Ae. juvenalis x 171ACS) x 171ACS (n1, n2); 4 — Ae. juvenalis x 171ACS; 5, 6 — (Ae.
vavilovii t/h x N600) x 171ACS (n1, n2); 7 — (172ACS x Ae. neglecta) x 172ACS; 8, 9 - 171ACS
x Ae. umbellulata (n1, n2); 10 — 171ACS x Ae. Triuncialis

Bugdanin mohsuldarhi§inin yaxsilasdirilmasinda siinbiildo siinbiilciik say1 (SSS) osas rol
oynay1r. Hor slinbiildoki don say1 har siinbiils diisen siinbiilciik sayi ilo yiiksok olagalidir. Noticads,
bu iki alamatdon har hansi birinin artmasi bugdanin mohsuldarligini birbasa yaxsilagdira bilar [10].

Tadqiq olunan yuxari nosil hibrid bitkilor arasinda siinbiildo siinbiilciik sayina goro (Ae.
vavilovii t/h x N600 ) x 171ACS (nl) niimunasi listiin olmusdur (orta hesabla 23.60). (172ACS x
Ae. neglecta) x 172ACS va 171ACS x Ae. umbellulata (n2) hibridlori do bu alamoto gora yiiksok
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natico nlimayis etdirmisdir (orta hesabla 22.80 vo 23.00).
Niimunolor iizorindo siinbiil morfologiyasinin vo mohsuldarligin osas komponentlorindon
sayilan bir siinbiildo don sayr (SDS) vo min donin kiitlosi (MDK) &yronilmis vo miioyyon
olunmusdur ki, Ae. juvenalis x 171ACS hibridi SDS slamotino gora digar bitkilorlo miigayisads
yiiksok giymot (orta hesabla 72.50) niimayis etdirmisdir. Min donin kiitlasine gors ise (171ACS x
Ae. biuncialis) x N500 hibridi an yiiksok natico gostormis (orta hesabla 45.24) vo Ae. juvenalis x
171ACS kombinasiyast bu hibrid ilo oxsar naticoys malik olmusdur (orta hesabla 44.30).

Cadval 1. Tadgigat materiallarinin morfoloji gostaricilari.

BB, sm SU, sm SSS, ad. SDS, ad. MDK, q Fertillik
Ne | Hibridlor (min+max) (min+max) (min+max) (min+max) (min+max) (%)
X X X X X B
(171ACS x
. Ae. (103.00133.00) | (14.40+16.20) | (20.00+23.00) | (36.00+51.00) | (36.10+55.10) | ;01 o
* | biuncialis) 116.00 15.24 21.60 43.80 45.24 '
x N500
(Ae. juve-
nalis %
(81.00+93.00) | (10.60+11.70) | (21.00+23.00) | (48.00+76.00) | (22.90+44.70)
2. 11%2?; 87.40 11.14 21.60 64.40 33.12 149.07
(n1)
(Ae. juve-
nalis x . o o o o
5. | 171A9) « | (87:00593.00) | (9.5041L60) | (20.00:22.00) | (44.0064.00) | (29.30+46.90) | 137 g
TTIAGS 90.40 10.64 20.60 56.60 38.38
(n2)
Ae.
. 1 (105.00+109.00) | (12.30+13.10) | (19.00+20.00) | (69.00+76.00) | (40.80+47.80)
4 1“1"761“2'(':5; 107.00 12.70 19.50 72.50 44.30 185.90
(Ae.
5 "f‘l’\'l'g(‘)’(')')tih (84.00+96.00) | (12.70+13.60) | (22.00+26.00) | (36.00+61.00) | (27.80-37.70) | ;- o0
| T r1Acs 88.60 13.28 23.60 50.60 34.62 '
(n1)
(Ae.
5 "f‘l’\'l'g(‘)’(')')tih (86.00-95.00) | (11.60+13.10) | (20.00-24.00) | (36.0076.00) | (25.00-40.80) | ;o o
| T 7iacs 90.60 12.38 22.40 56.00 33.68 '
(n2)
(172ACS %
. Ae. (89.00-95.00) | (11.00+12.60) | (22.00+23.00) | (35.00+55.00) | (48.00+40.00) | 10, g
* | neglecta) x 90.80 11.74 22.80 47.80 42.36 '
172ACS
171ACS x
g Ae. (62.00-73.00) | (11.50+12.80) | (18.00+24.00) | (52.00+73.00) | (19.20:31.50) | ;¢ g
" | umbellulata 67.00 12.06 20.60 63.80 24.64 '
(n1)
171ACS x
o Ae. (109.00+140.00) | (15.30+18.50) | (21.00+25.00) | (54.00+78.00) | (37.00+42.00) | 1, 1o
* | umbellulata 123.40 16.98 23.00 67.20 38.66 '
(n2)
171ACS % , _ . . ,
10 e (85.00-94.00) | (15.10+17.50) | (20.00-24.00) | (36.00+72.00) | (17.4030.60) | 1.0 4s
| iuncialis 90.60 16.18 22.00 53.00 23.58 '

Qeyd etmok lazimdir ki, sitogenetik todqiqatlar bu numunolorin genom stabilliyi ve
xromosom davranislar1 haqqinda molumatlar oldo etmoyo imkan verir ki, bunlar da 6z ndvbasindo,
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geyd edilon bitkilorin istifadssilo yaradilan hibrid materiallarinin  dyronilmasini vo hibrid
populyasiyalarinin parcalanma dinamikasina nozarsti tomin edorak, yuxari nasillorde segmonin daha
somarali olmasina sorait yaradir.

Naticd

Aparilan sitogenetik todqiqat Oyrenilon bugda-egilops yuxari nasil hibridlorinde meyoz
prosesinin  normal gedisatinin onlarin yiiksok fertillik qgabiliyyatine malik olmalar1 ilo
naticalondiyini gostorir. Struktur analizlor naticesinde bitki boyuna goro hibridlor arasinda (Ae.
juvenalis x 171ACS) x 171ACS (nl) va (Ae. vavilovii t/h x N600 ) x 171ACS (nl) hibridlori oxsar,
stinbiil uzunluguna goéra 171ACS x Ae. umbellulata (n2) yiiksak, siinbiilds siinbiilciik sayma gora
biitiin hibrid kombinasiyalar1 oxsar, siinbiildo don sayina gora Ae. juvenalis x 171ACS yiiksok, min
donin kiitlasina gora isa (171ACS x Ae. biuncialis) x N500 va Ae. juvenalis x 171ACS hibridlori
oxsar ylksok naticolor nlimayis etdirmisdir. Qeyd olunanlar1 nozors alaraq seleksiya proqramlarinda
bugdanin genetik cohotdon yaxsilasdirilmasi iiciin bugda-egilops hibrid kombinasiyalarinin
istifadasi magsadouygun sayila bilor.
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SELECTION OF HIGH-YIELDING FORMS FROM LATE GENERATIONS OF WHEAT-
AEGILOPS HYBRID POPULATIONS AND THEIR CYTOGENETIC INVESTIGATION

Samira Mustafayeva
Leman Namazova
Sakina Abbasova

Rahim Rahimov
Asli Alizada
Genetic Resources Institute
Khazar University

Summary
Wheat (Triticum L.) is one of the main food crops worldwide and is among the most widely culti-
vated cereal plants. With the growth of the global population, the demand for wheat is continuously

increasing. Enhancing wheat productivity is therefore of great importance to meet food security
requirements. Although wheat itself is sensitive to changing environmental conditions, many of its
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relatives and ancestors, including aegilops, rye, barley, and other wild cereal species, possess genes
with unique traits that are absent in cultivated wheat. The transfer of these genes into wheat repre-
sents one of the most important steps in wheat improvement and can be achieved through distant
hybridization. The present study is devoted to the cytogenetic and morphological investigation of
advanced-generation wheat—Aegilops hybrids. In this research, advanced-generation forms (F—Fo)
of wheat—aegilops hybrids developed at our institute were used. Based on the results of the con-
ducted studies, structural analyses showed that plant height in the hybrids (Ae. juvenalis x 171ACS)
x 171ACS (nl) and (Ae. vavilovii t/h x N600) x 171ACS (nl) was similar. In terms of spike length,
the hybrid 171ACS x Ae. umbellulata (n2) exhibited higher values. All hybrid combinations were
similar with respect to the number of spikelets per spike, while Ae. juvenalis x 171ACS demon-
strated superior performance in terms of the number of grains per spike. (171ACS x Ae. biuncialis)
x N500 and Ae. juvenalis x 171ACS showed a similar high result in terms of thousand-grain
weight. Thus, the use of wheat—aegilops hybrid combinations can be considered promising for the
genetic improvement of wheat in breeding programs.

Keywords: hybridization, aegilops, wheat, high-yielding forms, cytogenetic analysis

OTBOP HPOAYKTHUBHBIX ®OPM U3 1103 IHUX MOKOJIEHUHI NIIIEHUYHO-
IIr'NJIONCHBIX TMBPUHBIX NONIYJIAIUU N UX HUTOI'EHETUYECKOE UC-
CJEJOBAHUE

Camupa Mycradaena
JIsman HamazoBa
Cakuna A66acoBa
Paxum PaxumoB
Acmn Anmm3zane
NHCTUTYT reHeTHYECKUX PECYPCOB
YHUBEpPCUTET Xazap

AHHOTAHUA

[Murenura (Triticum L.) siBisieTCst OJHOM U3 OCHOBHBIX MPOJAOBOJLCTBEHHBIX KYJIBTYp B MHPE U OT-
HOCHUTCSI K UHCITy HanboJjiee IIMPOKO BO3/IENBIBAEMBIX 3€pHOBBIX pacTeHuil. C poCcTOM YHCIEHHOCTH
HaCEJICHUs TOTPEOHOCTh B TIIIEHHIIE MOCTOSHHO yBEIHMUYWBaeTcs. [lOBBIIICHWE MPOAYKTUBHOCTH
HIIEHUIBI UMeeT OOJIbIoe 3HAaueHHE JUIS YAOBJIETBOPEHUS IPOJIOBOJIBCTBEHHBIX MOTPEOHOCTEH.
HecmoTpst Ha TO YTO cama MIIEHUIA YYBCTBHTEIbHA K M3MEHSIONIMMCS YCIOBHSIM OKpYKaroIiei
cpenbl, MHOTHE €€ POJICTBEHHBIE M MPEAKOBBIC BHIIBI, BKJIIOYAs TUIIOINC, POXKb, SUYMEHb U JAPYTUE
JIMKHE 371aKOBbIC PACTCHUS, HECYT T€Hbl YHUKAIBHBIX MPU3HAKOB, KOTOPHIMU KYJIbTYpHAs MIICHUIIA
He oOsazmaer. [lepeaya STHX TEHOB MIICHHUIE SBISACTCS OJHUM M3 BOKHEHIIMX IyTell e€ ymydiie-
HUS ¥ MOXET OBITh JOCTUTHYTA MyTEM OTHANEHHON ruOpuan3anuy. HacTosmmas ctaThs OCBSIICHA
IIUTOI€HETHYECKOMY M MOP(OIOrHYeCKOMY HCCIIEOBAHUIO MIIEHUYHO-3THIIONCHBIX THOPUIOB
MO3JAHMX MOKOJeHud. B pabore ucnonb3oBanbl GopMbl MO3AHUX TMoKoneHud (F—Fs) rubpumos
NIIEHHIBI ¥ ATUIONCA, CO3/IaHHbIC B HalleM MHCTHUTYTe. [10 pe3ynapraTaM NMpoBENEHHBIX MUCCIETO0-
BaHHU U CTPYKTYPHOTO aHajK3a YCTaHOBJICHO, YTO IO BBICOTE pacTeHuid rudpust (Ae. juvenalis x
171ACS) x 171ACS (n1) u (Ae. vavilovii t/h x N600) x 171ACS (n1) 6sutr cxomubl. 1o mmHE
KoJioca 0oJiee BICOKHE MoKa3aTesu oTMedeHsl y rubpuaa 171 ACS x Ae. umbellulate (n2). TTo uuc-
Jy KOJIOCKOB B KOJIOCE BCE€ IMOpHIHbIE KOMOMHAIIMK OBUIM CXOAHBI, TOT/AA KaK 10 YUCIy 3EpeH B
KOJIOCE HaWydIllie pe3yabTarThl mokasanm rudpua Ae. juvenalis x 171ACS. (171ACS x Ae.
biuncialis) x N500 u Ae. juvenalis x 171ACS mnoka3ajau aHaJOTHYHO BBICOKHE PE3yJbTaThl IO
Macce TBHICSIUH 3epeH. TakuM 00pa3oM, HCIOIb30BaHHE THOPHIHBIX KOMOMHANMI MIICHUIBI U 3T U-
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JJo1rica MOXKET CUHUTAThCA L[GJIGCOO6pa?>HBIM AJId TCHCTUYCCKOTO YJIYy4YIICHHA MNIICHUIIBI B CCIICKI[U-
OHHBIX ITpOrpaMmMax.

KawueBble  ciaoBa:  ruOpuausanusi, OSTWIONC,  MIICHWIA, MPOAYKTUBHBIE  (OPMHI,
LUTOT€HETUYECKUN aHAIIN3

Daxil oldu: Cap edildi:
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Abstract

The aim of the study is to quantitatively assess the influence of climatic conditions on the intensity
of denudation processes in the Talysh Mountains and to establish a scientific basis for managing
these processes. The research is based on field observations conducted during 2023-2025 and on
official climatic data obtained from the Azerbaijan National Hydrometeorological Service. Obser-
vations were carried out at 24 stationary sites, where soil erosion, slope processes, and the condi-
tion of vegetation cover were regularly recorded. The relationships between climatic parameters
such as precipitation, temperature, humidity, and freeze-thaw cycles and denudation intensity
were evaluated using Pearson correlation and linear regression analyses. The results show that
there is a strong positive correlation between annual precipitation and denudation (r = 0.82; p <
0.001; n = 24). An increase of 100 mm in precipitation raises the denudation rate by an average of
8-12%. A strong positive correlation (r = 0.71; p < 0.001) was also identified between the number
of freeze-thaw cycles and denudation, indicating the high intensity of physical weathering in the
upper mountain belts. In contrast, a strong negative correlation (r = —0.78; p < 0.001; n = 24) was
found between forest cover density and denudation. While the erosion rate in forested areas ranges
from 5-12 t/halyear, in deforested slopes this indicator reaches 25-50 t/ha/year. The multiple re-
gression model (R? = 0.76; F = 15,05; p < 0.001) indicates that it can serve as a reliable tool for
predicting denudation processes. The novelty of the study lies in the first quantitative assessment
of denudation processes in the Talysh Mountains using modern statistical methods, the modeling
of climate—vegetation interactions, and the development of a regression equation for predicting
erosion risk. The results can serve as a scientific basis for planning soil conservation measures,
protecting forest ecosystems, and developing climate change adaptation strategies in the region.

Keywords: denudation, climatic factors, correlation analysis, regression model, Talysh mountains

Introduction

Mountainous areas are among the most dynamic parts of the Earth's surface in terms of
morphogenetic activity. The complexity of relief, climatic variability, and lithological composition
are the main factors determining the intensity and character of denudation processes [11]. Denuda-
tion—the weathering of rocks, transportation of material, and downslope movement—plays a key
role in landscape transformation and in the modification of landforms.

Modern geomorphological studies show that landscape development is controlled by the
combined influence of tectonic uplift, climate change, and rock properties [12]. The Talysh Moun-
tains, located in the southeastern part of Azerbaijan, represent a distinctive mountainous region
characterized by a humid subtropical climate and rich biological diversity. The climatic character-
istics of the region-high annual precipitation (up to 1400-1600 mm in coastal zones), high atmos-
pheric humidity, and pronounced seasonal temperature variations-directly influence the intensity
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of erosion processes [1].

Denudation processes in the Talysh Mountains were first quantitatively investigated by
Moumeni et al. [13]. Using cosmogenic '°Be isotope analysis, the authors determined that erosion
rates on the humid eastern slopes reach 100-400 meters per million years, whereas in the inner
arid parts of the region these values are significantly lower.

The role of vegetation cover is particularly important. Studies conducted by Hajiyev
and Musayev have shown that the reduction of forest cover in the Talysh Mountains signifi-
cantly accelerates erosion processes [8, 14]. Forest vegetation performs an important protective
function by mechanically stabilizing soils and reducing the erosive impact of rainfall.

The climatic characteristics of the Talysh Mountains distinguish them from other moun-
tainous regions. Shikhlinski and Huseynov note that precipitation decreases with altitude—at ele-
vations above 2000 m, annual precipitation drops to 250-300 mm [9, 16]. The region also records
the highest daily precipitation maximum in the country, with values reaching 334 mm in Bilesar.

The temperature regime also has a significant influence on denudation. Research conducted
by Safarov shows that in the upper mountain belt (1800-2400 m), the daily temperature amplitude
may reach 15-20°C, intensifying freeze—thaw cycles and accelerating physical weathering [15].

The hypothesis of the study is that the intensity of denudation processes in the Talysh
Mountains is controlled by the interaction between climatic parameters (precipitation and tempera-
ture) and vegetation cover density. The aim of the study is to quantitatively evaluate these relation-
ships and to develop erosion risk models for the region.

Materials and methods

The study was conducted in the southeastern sector of the Talysh Mountains within the terri-
tory of the Republic of Azerbaijan. The research area covers the Lankaran—Astara physical-
geographical region—from the Caspian Sea coastal zone to the watershed zones of the mountain
system reaching an elevation of 2493 m at Mount Komurgoy. The general geographical characteris-
tics of the study area are based on the descriptions provided by Budagov and Geography of the Re-
public of Azerbaijan [3, 7].

Climate data for 2023-2025 were obtained from eight meteorological stations of the Azer-
baijan National Hydrometeorological Service [2]. The stations were selected based on the follow-
ing criteria: representation of different elevation belts (0-2400 m), continuity of observation data
(minimum 30 years), location on different slope aspects, and coverage of major river basins (Lan-
karan River, Astara River, Tengeru River, and Vilesh River). The selected stations include Lanka-
ran (—12 m), Astara (—21 m), Bilesar (600 m), Lerik (1100 m), Yardimli (750 m), Masalli (20 m),
Goytepe (150 m), and Penser (1200 m).

Soil and erosion data were obtained from field investigations conducted by the author dur-
ing 2023-2025. The methodology of the field studies was based on the program "Monitoring of
Erosion Processes in Mountainous Areas" developed by Hajiyev [8].

In total, 24 observation sites were selected. At each site, three repeated measurements were
conducted. The sites cover areas with different slope gradients (5-30°), aspects, and vegetation
cover densities. A stratified random sampling method was used in selecting the sites . The distribu-
tion by slope gradient is as follows: 5-10° (6 sites, agricultural land and sparse forest), 10—15° (6
sites, forest and shrubland), 15-20° (6 sites, dense forest and subalpine zone), and 20-30° (6 sites,
subalpine and rocky areas).

Forest cover data were obtained from three sources: analysis of Landsat 8 satellite images
for 2023-2025, measurements from geobotanical profiles conducted during the author's field re-
search, and comparative data from previous studies by Musayev and Hajiyev , which were used to
assess long-term trends in forest cover change [17].

Satellite image processing was carried out using ArcGIS 10.8 software. The NDVI (Nor-

malized Difference Vegetation Index) was calculated using the formula:
__ (NIR-RED)

NDVI = (NIR+RED) 1)
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Forest cover density was determined using an equation calibrated with field measurements
based on NDVI values:

F =12 x NDVI x 100 (R? = 0.84; n = 24; p < 0.001) (2)
Measurement of denudation rates was carried out using three methods:

Erosion stakes method — At each observation site (50x50 m), 10 metal stakes (50 cm long,
8 mm diameter) were installed. Stakes were inserted 30 cm into the soil, leaving 20 cm above the
surface.

The height of the stakes relative to the soil surface was measured twice a year (April and
October) with a caliper, with an accuracy of 0.5 mm.

Cesium-137 (**’Cs) isotope method — Soil samples were collected at five sites (1-2 sites
from each slope gradient group) from depth intervals of 0-5, 5-10, 10-20, and 20-30 cm. Anal-
yses were conducted at the Institute of Radiation Problems of ANAS using a germanium detector
gamma spectrometer (Canberra, model BE5030). Soil loss was calculated using the formula:

__ (Aref — Asamp)
E= (Cx 1) (3)

Gully erosion measurement — At 10 gullies, width, depth, and length were measured once a
year (October) at 10 m intervals. Gully volume was calculated as:

X (W1 +Wy) X (D;+D

- =2 (4)

V=L

Denudation rate (t/ha/year) was calculated using:

D= (Ah x p X 10000) (5)

t

Where Ah is the change in soil level (m), p is the soil bulk density (1.2—1.4 t/m?), and t is the
observation period (years).

Precipitation measurement — Daily rainfall (mm) was recorded at meteorological stations us-
ing standard rain gauges, and rainfall intensity (mm/min) during heavy rain was measured with au-
tomatic pluviographs. Extreme rainfall events were considered when daily precipitation exceeded
50 mm/day [9].

Temperature measurement — Daily maximum and minimum temperatures were recorded us-
ing mercury thermometers and automatic sensors. Daily temperature amplitude was calculated as
AT = Tmax — Tmin. Freeze-thaw cycles were determined based on temperatures around 0°C: days
with daytime temperatures above +2°C and nighttime temperatures below —2°C were considered as
freeze—thaw days.

Slope gradient — Calculated from a 30 m resolution Digital Elevation Model (ALOS PAL-
SAR, 2023) in ArcGIS 10.8 using the "Slope" function. Field verification was done with a clinome-
ter (Suunto PM-5) at five directions per site, and the average value was taken.

Statistical analyses were performed using SPSS 26.0 [IBM Corp. 2019]:

Normality test — Data normality was checked using the Kolmogorov—Smirnov test (p >
0.05). Log-transformation was applied for non-normally distributed variables.

Correlation analysis — Pearson correlation coefficient (r) was used to assess the strength and
direction of linear relationships. Significance was considered at p < 0.05. The interpretation of cor-
relation coefficients followed Cheddock [5].

Regression analysis — A multiple linear regression model was constructed:

D =Bo + BiP + BT + BsF + PaS + € (6)

D — denudation rate, P — annual precipitation, T — mean annual temperature, F — forest cover

density, S — slope gradient. Model explanatory power was evaluated using R? and F-test; regression
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coefficients' significance was tested with the t-test (p < 0.05). Multicollinearity was checked using
VIF, with VIF < 5 accepted.

Spatial analysis — To evaluate the spatial distribution of erosion risk, an erosion risk map
was created in ArcGIS 10.8 using the Weighted Overlay method. Weight coefficients used: precipi-
tation — 40%, slope gradient — 30%, forest cover — 20%, lithology — 10% .

Results and discussion

Denudation processes in the Talysh Mountains primarily manifest as slope erosion, surface
wash, gully erosion, and landslides. Measurements conducted at 24 observation sites during 2023—
2025 showed that relative denudation rates varied between 15-22%. In absolute terms, soil loss
ranged from 5-50 t/ha/year.

Table 1. Dynamics of precipitation and erosion indicators by year

Number of ob- Mean annual . :
Year servation sites precipitation EI’OS(I(;I‘]) rate (t%);l/ Izzsr)
(n) (mm) ’ Y
2023 24 1100 £ 100 15-20 7-45
2024 24 1025 £ 75 18-22 10-50
2025 24 1065 + 85 17-21 9-48

Although precipitation was high in 2023 (1100 mm), erosion rates remained relatively low
(15-20%) due to a more even distribution of rainfall throughout the year and the absence of intense
heavy rain events. In 2024, despite lower total precipitation (1025 mm), erosion rates increased to
18-22%, which was linked to three intense summer storms (July—August) with rainfall intensity >2
mm/min. These observations indicate that denudation processes are influenced not only by the total

amount of precipitation but also by its intensity and temporal distribution.
Table 2. Dynamics of temperature indicators by year

Number of ob-

Daytime

Daily

Freeze—thaw

S Nighttime . Denudation
Year | servation sites temp. o amplitude | cycles (num-
temp. (°C) rate (%)
(n) (9] °O) ber/year)
2023 24 19-21 8-11 10-13 16-20 15-20
2024 24 18-20 7-10 10-13 22-26 18-22
2025 24 18-21 8-11 9-13 18-22 17-21

In 2024, relatively lower nighttime temperatures (7—10°C) increased the daily temperature
amplitude, resulting in 22-26 freeze—thaw cycles per year. This was accompanied by a rise in denu-
dation rates to 18-22%. In the upper mountain belt (1800-2400 m) during winter, daytime tempera-
tures range from +2 to +5°C, while nighttime temperatures drop to —8 to —12°C. Such conditions
intensify freeze—thaw cycles and accelerate physical weathering.
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Table 3. Dynamics of forest cover and its effect on erosion

Number of Erosion in Erosion in
. Forest cover Annual deforested
Year observation forested are-

sites (n) (%) decrease (%) as (t/halyear) areas

y (t/halyear)
2023 24 25.4 0.6 6-9 28-45
2024 24 24.2 1.2 8-12 35-50
2025 24 23.4 0.8 7-10 3048

Forest cover in the Talysh Mountains decreases at an average rate of 0.8% per year, primari-
ly due to deforestation, grazing, and agricultural expansion. Each 1% loss of forest cover is associ-
ated with an approximate 2—3% increase in erosion rates. In forested areas, the average erosion rate
ranges from 5-12 t/ha/year, while in deforested areas it reaches 25-50 t/ha/year. On steep slopes
(gradient >15°), complete removal of forest can increase erosion rates by 5—6 times, highlighting
the critical role of vegetation in slope stabilization and soil protection.

Table 4. Pearson correlation analysis results (n = 24 observation sites)

Parameter Pearson r p Significance
Annual precipitation 0.82 <0.001 Strong positive correlation
Daytime temperature 0.65 <0.01 Positive correlation

Nighttime 0.48 <0.05 Moderate correlation

temperature

Freeze—thaw cycles 0.71 <0.001 Strong positive correlation
Forest cover density -0.78 <0.001 Strong negative correlation
Slope gradient 0.69 <0.001 Positive correlation

The correlation analysis shows a strong positive correlation between precipitation and denu-
dation (r = 0.82; p < 0.001), indicating that rainfall is the primary driver of erosion in the region. A
strong positive correlation with freeze—thaw cycles (r = 0.71; p < 0.001) confirms the importance of
physical weathering processes. The strong negative correlation with forest cover (r = -0.78; p <
0.001) emphasizes the protective role of forests. Finally, the strong positive correlation with slope
gradient (r = 0.69; p < 0.001) indicates a higher erosion risk on steep slopes.

Multiple linear regression results

Based on the multiple linear regression model, denudation rate is expressed as:

D=5.2+0.12P + 0.75T — 0.08F + 1.3S (7)

D — denudation rate (t/ha/year)

« P —annual precipitation (per 100 mm increment)

* T — mean annual temperature (°C)

« F — forest cover density (%)

* S —slope gradient (degrees)

Interpretation of the coefficients:

* Precipitation (0.12): Each 100 mm increase in rainfall raises denudation by 0.12 t/ha/year.

» Temperature (0.75): Higher mean annual temperatures increase denudation, highlighting
the role of thermal processes and freeze—thaw cycles.

» Forest cover (-0.08): Denser forest reduces denudation, confirming the protective function
of vegetation.

* Slope gradient (1.3): Steeper slopes strongly increase denudation rates, emphasizing topog-
raphy as a key factor.

The model provides a quantitative tool to predict soil loss under different climate, vegeta-
tion, and topographic scenarios in the Talysh Mountains.
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Table 5. Statistical indicators of the regression model

Indicator Value
R? 0.76
F 15,05
p <0.001
Standard error 4.8 t/halyear

Substituting the values:

R?/k 0.76/4 0,19
F / _ / _

T A-RH/(n—k-1) _ (1-076)/(24—4-1) _ 0,01263

~ 15,05 (8)

* k — number of independent variables (4 in our model),

* n — number of observation sites (24)

The model explains 76% of the variability in denudation rates; the remaining 24% may be
associated with lithology, tectonic activity, soil physical-chemical properties, and anthropogenic
factors.

Comparison of results with regional studies

The results of this study are largely consistent with previous research conducted in the
Talysh Mountains. Moumeni et al. using cosmogenic °Be isotope analysis, reported that erosion
rates in the humid eastern slopes of the Talysh Mountains reach 100-400 m over a million-year
timescale [11]. Our observations similarly show that areas receiving high precipitation exhibit con-
temporary erosion rates of 30-50 t/ha/year, which are higher compared to other regions of the Cau-
casus.

Research by Hajiyev demonstrated that a reduction in forest cover accelerates erosion pro-
cesses in the Talysh Mountains [8]. Our results confirm a strong negative correlation between forest
cover and denudation (r = -0.78), providing a quantitative measure: each 1% decrease in forest cov-
er increases erosion rates by 2—-3%.

Safarov [15] indicated that freeze—thaw cycles in the upper mountain zones intensify physi-
cal weathering. Our observations support this finding, showing a strong positive correlation (r =
0.71) between the number of freeze—thaw cycles and denudation rates.

Comparison of results with international studies
Table 6. Comparison of Denudation Rates in the Talysh Mountains with International Studies

Region Source Denudation Rate Climate Type
(t/halyear)
Talysh Mountains This study 5-50 Humid subtropical
Chile Coastal Cordillera Moumeni et al., 2024 ~2.9 Mediterranean
Pyrenees Garcia-Ruiz et al., 2015 1-10 Temperate
West Africa (Sierra Leone) | Millington et al., 2017 10-40 Humid tropical
Himalayas Burbank [4] 20-60 Temperate-tropical

The denudation patterns observed in the Talysh Mountains are comparable to those in other
humid subtropical and tropical mountainous regions. Studies in the Chilean Coastal Cordillera indi-
cate that erosion rates in humid Mediterranean zones can reach 290 t/km?/year (approximately 2.9
t/ha/year) [12]. In the Talysh Mountains, this rate is higher (up to 50 t/halyear), likely due to
more intense precipitation in the region.

Research in the Pyrenees (Spain) highlighted the importance of freeze—thaw processes,
showing that the energy associated with freeze—thaw cycles is approximately twice that of rainfall
kinetic energy [6]. Similarly, in the upper zones of the Talysh Mountains, freeze—thaw processes are
a major driver of mechanical rock breakdown.
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In West Africa (Sierra Leone), studies in humid tropical areas demonstrate that mass move-
ment processes, such as landslides, are a significant component of overall denudation in regions
with steep relief [10]. In the Talysh Mountains, landslides are also widespread, particularly in the
valleys of the Tengervugay, Lonkorangay, and Astaragay rivers.

Interpretation of results and mechanisms

Precipitation—erosion relationship — The strong correlation (r = 0.82) indicates that precipita-
tion is the primary driver of erosion in the Talysh Mountains. However, in 2023, despite high rain-
fall, erosion rates were relatively low, highlighting the importance of rainfall intensity and seasonal
distribution. This observation aligns with Huseynov who noted the increasing frequency of extreme
precipitation events [9]. Temperature—erosion relationship — The strong correlation between freeze—
thaw cycles and denudation (r = 0.71) emphasizes the significance of physical weathering, especial-
ly in upper mountain zones. The mechanism operates as follows: daytime temperatures rise, melting
snow and ice, allowing water to infiltrate rock fractures; nighttime temperatures drop, freezing the
water; frozen water expands by 9%, cracking the rocks; repeated cycles lead to mechanical rock
breakdown.

Forest cover—erosion relationship — The strong negative correlation (r = -0.78) confirms the
protective role of forests. Forests reduce erosion through three main mechanisms: the canopy di-
minishes the Kinetic energy of raindrops, root systems mechanically reinforce the soil, and the litter
layer slows surface runoff and enhances infiltration.

Conclusion

The study confirmed that denudation intensity in the Talysh Mountains is controlled by the
interaction between climatic parameters and vegetation cover. Based on field measurements at 24
sites (2023-2025), denudation rates range from 5 to 50 t/ha/year, with the highest values (>40
t/ha/year) observed on steep slopes (>20°) with sparse forest cover.

Statistical analysis revealed strong correlations between denudation and its controlling
factors: precipitation (r = 0.82; p < 0.001), freeze—thaw cycles (r = 0.71; p < 0.001), forest cover (r
= -0.78; p < 0.001), and slope gradient (r = 0.69; p < 0.001). A 100 mm increase in precipitation
raises denudation by 8-12%, while each 1% loss of forest cover increases erosion by 2-3%. On
steep slopes (>15°), complete deforestation can amplify erosion rates 5—6 times.

The multiple regression model (R?=0.76; F = 15.05; p <0.001) explains 76% of denuda-
tion variability through precipitation, temperature, forest cover, and slope gradient. This model pro-
vides a quantitative tool for predicting erosion risk under different scenarios.

These results highlight that climate change (increasing extreme rainfall events) and anthro-
pogenic pressure (deforestation) will likely accelerate denudation processes in the region. Forest
restoration and regulation of agricultural activities on steep slopes are essential mitigation measures.
The findings provide a scientific basis for soil conservation, forest management, and landscape
planning in the Talysh Mountains.
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IQLIM AMILLORININ TALIS DAGLARINDA DENUDASIYA PROSESLORINO TOSIRI

Tural ©hadov
Azorbaycan Respublikasi EIm vo Tohsil Nazirliyi Cografiya Institutu

Xiilasa

Tadgigatin magsadi Talis daglarinda denudasiya proseslarinin intensivliyine iglim saraitinin tasirini
komiyyatco qiymotlondirmok vo bu proseslorin idaro olunmasi {igiin elmi osas yaratmaqdir.
Todgigat 2023-2025-ci  illordo  aparilmis ¢6l miisahidalorine  vo  Azorbaycan  Milli
Hidrometeorologiya Xidmatindon aldo olunmus rasmi iglim molumatlarina osaslanir. Miisahidolor
24 sabit montagods aparilmis vo torpaq eroziyasi, yamac proseslori vo bitki Ortiiyiiniin vaziyyati
miintozom olaraq geydo alinmisdir. Yaginti, temperatur, riitubat vo donma-arimo dovrlari kKimi
iglim parametrlori ilo denudasiya intensivliyi arasindaki olagalor Pearson korrelyasiya vo Xotti
regressiya analizlori ilo giymotlondirilmisdir. Noticolor gostorir ki, illik yaginti ilo denudasiya
arasinda giiclii miisbot korrelyasiya mévcuddur (r = 0.82; p < 0.001; n = 24). Yagintinin 100 mm
artmas1 denudasiya siirotini orta hesabla 8-12% artirir. Donma-orima dovrlorinin say1 ilo
denudasiya arasinda da giiclii miisbot korrelyasiya (r = 0.71; p < 0.001) askar edilmis, bu iso yuxari
dag qursaglarinda fiziki aginmanin yiliksok intensivliyini gostormisdir. ©ksino, meso Ortliyliniin

137



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 130-138 2026, Ne 1 (14), pp. 130-138

sixlig1 ilo denudasiya arasinda giiclii manfi korrelyasiya (r = —0.78; p < 0.001; n = 24) miisahido
edilmisdir. Mesali arazilords eroziya siirati 5-12 t/ha/il araliginda doyisirsa, mesosiz yamaclarda bu
gostarici 25-50 t/halil-o gatir. Coxsayli reqressiya modeli (R? = 0.76; F = 15,05; p < 0.001)
denudasiya proseslorini prognozlasdirmaq ti¢iin etibarli alat kimi Xidmoat eds bilor. Tadgigatin
yeniliyi Talis daglarinda denudasiya proseslorinin ilk dofo kamiyyatca giymatlondirilmasi, iglim—
bitki Ortiiyti qarsiligli tasirlorinin modellosdirilmasi vo eroziya riskini prognozlasdirmaq {igiin
regressiya tonliyinin iglonmosidir. Noticolor regionda torpagmm miihafizosi todbirlorinin
planlagdirilmasi, meso ekosistemlorinin  qorunmasi vo iglim doyismalorino  adaptasiya
strategiyalarinin hazirlanmasi {igiin elmi asas rolunu oynaya bilar.

Agar sozlar: denudasiya, iglim amillari, korrelyasiya analizi, reqressiya modeli, Talis daglari

BJIMAHUE KIIMMATHYECKUX ®PAKTOPOB HA IEHYJALIMOHHBIE
IMPOLECCHI B TAJIBIIICKUX I'OPAX

Typan Axanos
WuctutyT reorpadun, MUHACTEPCTBO HAyKu M 0Opa3oBaHus A3epOaiimkanckoil PecrryOnuku

Pe3rome

Llenp uccnenoBanus 3aKJIIOYAETCS B KOJIMUECTBEHHOM OIEHKE BIMSIHUS KIMMATHYECKUX YCIOBUN
HA UHTEHCUBHOCTH JICHYIAIIMOHHBIX MPOIecCOB B TalbIIICKUX rOpax U B CO3JaHUU HAYYHOH OCHO-
BBl JUII MX yhpaBieHus. VcciiemoBanre OCHOBAaHO HA TIOJEBBIX HAONIONCHUSAX, TMPOBEACHHBIX B
2023-2025 ronax, a Takxke Ha OQUIMATBHBIX KIMMATHYECKUX JaHHBIX, MOJIY4YeHHBIX OT ['ocynap-
CTBEHHOM CIIy’KOBI THIpOMeTeoposiorun A3epbaiimkana. HabmoneHus nmpoBoamMch Ha 24 cramu-
OHAPHBIX yYaCTKaX, i€ PEryysipHO (GUKCHPOBANIACh IPO3Hs MOUBHI, MPOIECCH] HA CKIOHAX U COCTO-
SIHHE PACTUTEIHLHOTO MOKpOBa. B3auMOCBI3b MEXy KIMMATHYECKUMHU MMapaMeTpaMu, TAKUMH Kak
0CaJIKH, TEMIIepaTypa, BIAKHOCTh U IUKJIBI 3aMepP3aHUs—O0TTauBaHUS, 1 UHTEHCUBHOCTBIO JICHY/1a-
MM OLIEHUBAJIACH C IOMOLIBIO aHaln3a Koppesiuuu [lupcona u mmHenHoN perpeccuu. Pe3ynbTaThl
MOKA3bIBAIOT, YTO CYIIECTBYET CHJIbHASI TOJOKUTENbHAS KOPPENIALUS MEXKIY TOJOBBIM KOJIHYE-
CTBOM ocajikoB u AeHynanuei (r = 0,82; p < 0,001; n = 24). YBenuuenne ocaakos Ha 100 MM mo-
BBIIIAET CKOPOCTh JeHyAauuu B cpeaHeMm Ha 8—12 %. Taxxke BbIABIIEHA CHUIIbHAs MOJOKUTEIbHAS
koppesnus (r = 0,71; p < 0,001) Mexay 9UCIOM ITUKIIOB 3aMeP3aHUSI—OTTauBaHUS U JICHYAAINEH,
YTO YKa3bIBa€T Ha BBICOKYI0 HHTEHCUBHOCTh (DM3UYECKOTO BHIBETPUBAHUS B BEPXHHUX TOPHBIX IMOSI-
cax. HanpoTus, Mex1y mIOTHOCTHIO JIECHOTO TTIOKPOBA U JIeHYyIalluei 0OHapyXeHa CUJIbHAsI OTPU-
narenbHas koppemauus (r = —0,78; p < 0,001; n = 24). B necHbIX paifoHaX CKOPOCTb 3PO3UHU CO-
craBnsieT 5—12 T/ra/ron, Torga Kak Ha BBIPYOJICHHBIX CKIIOHAX ATOT TMOKa3zarenb gocturaer 25-50
T/ra/ron. MHoxecTBeHHas: perpeccuoHHast mojens (R? = 0,76; F = 15,05; p < 0,001) moxer cuy-
KUTh HAASKHBIM WHCTPYMEHTOM IS TIPOTHO3WPOBAHUS JEHYIAIMOHHBIX MporeccoB. HoBu3Ha
WCCJICTOBAHMSI 3aKJIFOUAETCs B TIEPBOM KOJMYECTBEHHOW OIIEHKE JCHYAAlUU B TaNbIIICKUX ropax ¢
HCITOJIh30BAHUEM COBPEMEHHBIX CTATHCTHYECKUX METO/0B, MOJICTUPOBAHUN B3aUMOJICHCTBUSI KITH-
MaTa ¥ paCTUTEIBHOCTH, a TAaK)Ke B pa3paboTKe perpecCCHOHHOTO YpaBHEHHUS ISl TPOTHO3UPOBAHUS
pucka 3po3un. Pe3ynbTaTbl MOTYT CIIYKUTh Hay9HOW OCHOBOW MJIsl TIJIAHUPOBAHHUS MEp MO COXpa-
HEHUIO TIOYBBI, 3alIUTHI JIECHBIX DKOCHCTEM M Pa3pabOTKU CTpaTeruid aJanTalui K MU3MEHEHHSIM
KJINMAaTa B PETHOHE.

KiroueBble cioBa: JeHynanus, KIuMaTuueckue (akTopbl, aHAaTU3 KOPPENSIHHA, PerpecCuOHHAs
MOJ€eJIb, TanbIICKUE rOpsI

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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YENI YARADILMIS SELEKSiYA-DAMAZLIQ QRUPU AILOLORINDO ARILARIN
EKSTERYER OLAMOTLORININ GOSTORICILORI

doktorant, Viisalo Oliyeva
Heyvandarliq vo Baliq¢iliq Elmi Todgigat Institutu
aliyevavusale25@gmail.com
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Xiilasa

Tadgiqatin asas moaqgsadi Respublikanin Kicik Qafqaz bolgosindo tarixon moskunlasmis Bozdag
Qafqaz an cinsinin (Apis mellifera caucasica Gorb.) Qabaqtops ari populyasiyasinin (populatio
Wabagkendik) movcud genotipik  xiisusiyyatlorini  dyronmok, onlarin son dovrlords irsi
olamotlorinds bas veron doyisikliklorine monfi tosir gostoron ekoloji miihit amillorini
doqiglosdirmok vo mogsodyonlil seleksiya-damazliq isinin togkili naticosindo mohsuldar seleksiya-
damazliq ar1 qrupunun yaradilmasindan ibarstdir. Respublikanin qorb rayonlarinda olan
arixanalardan ilkin secilmis 30 ar1 ailosi arasindan on yiiksok keyfiyyat gostoricilorino malik olan 5
ar1 ailasi seleksiya-damazliq isinin aparilmast maqgsadilo sec¢ilmisdir. Hor bir ailodon 10 yeni qiz ana
yetisdirilmig, onlarin is¢i, ana vo erkok arilarinin eksteryer olamotlori F.Ruttnerin metodikasi
osasinda miioyyonlosdirilmigdir. Ar1 ailolorindo kiitlovi vo fordi se¢gmo aparmaqla 6z miisbot
olamatlorini galocak nasla kegira bilon yiiksok mohsuldar seleksiya-damazliq qrupu yaradilmisdir.
2016-ci ildo yekunlagan todqiqat isi noticosindo yeni yaradilmis seleksiya-damazliq reproduksiya
grupunun arilart ilo todqiqatdan ovvolki gotiirlilmiis ar1 niimunslorinin eksteryer olamatlori
miiqayiso edilmisdir. Yeni yaradilmis seleksiya-damazliq qrupunun is¢i, ana vo erkok arilarmin
gostaricilori Qabaqgtopo ar1 populyasiyasinin genotipik olamotlorino uygun istigamotdo miisbot
doyiskonliys moruz qalmisdir.

Acar sozlar: ari, seleksiya, damazliq, eksteryer olamatlor, kubital indeks

Giris

Azorbaycan Respublikasinda hazirda mdvcud potensialindan az istifado edilon, bununla
bels, oldugca calbedici vo perspektivli foaliyyot saholorindon biri do arigiligdir. Arigiliq iqtisadi
cohotdon yiiksok rentabelli foaliyyot sahosi, ohalinin saglamlifini qoruyan qida veo miialicovi
ohamiyyatli mohsullar manbayi, hom¢inin kond tasorriifatinin digor sahslorinds mohsuldarligin
yiiksaldilmasine ciddi téhva veran ekoloji amildir [12, 5.3185-3188]. Ari¢iliq elo bir kond tosorriifatt
sahosidir ki, onun inkisafi otraf miihitin he¢ bir resursunu azaltmir, oksino, biomiixtolifliyin
gorunmasina, kond tosarriifati bitkilorinin tozlandirilmasina vo bununla da onlarin keyfiyyatinin va
mohsuldarliginin yiiksslmasina sobab olur.

Azorbaycan Respublikasinin orazisi arigiligin inkisafi baximindan olverigli tobii-iglim
soraitind vo bal veron zongin bitki Ortliyline malikdir. Bal arilarinin yiiksok mohsuldarlig: arilarin
yasama qabiliyyotindon, isgiizarliginin yiiksoldilmosindon vo onlarn irsiyyet xiisusiyystlorinden
cox asilidir. Azorbaycanin ar1 genefondunu toskil edon Bozdag Qafqaz arisi bal arilarinin on godim
nliimayondosidir. Bozdag Qafqaz arisinin (A. mellifera caucasica Gorb.) votoni Azorbaycan,
Giirciistan vo Simali Qafqaz oraziloridir [6, s.1197-1202]. Ik dofs 1916-c1 ildo bu arilar
K.A.Qorbacgov torafindon tosvir edilmisdir [10, s.5-14]. Bu cinsin populyasiyalar1 arasinda on ¢ox
tanian Abxaz, Megrel, Kartli, Imereti, Kaxeti vo Qabaqtops cinsloridir ki, onlar bir-birindon bioloji
vo tosarriifat xiisusiyyatlorina gora forqlonirlor [4, s.152]. Kicik Qafqazin dagliq vo dagatoyi
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bolgasinds yayilan Qabaqtops ar1 populyasiyasi xiisusilo miisbot keyfiyyotlorino gors segilir. Nektar
bollugu olan rayonlarda belo digor ar1 cinslorindon ¢ox bal toplayir ki, bu xiisusiyystlor do onun
yiikksok mohsuldarligin1 sortlondiron osas cohatlordondir. Qabaqtope arilari miilayimlik, uzun
xortumluluqg, az begovermo vo soyuga doziimliiyli ilo biitiin diinya miqyasinda qisa miiddot orzindo
taninmaga baslanmisdir [1, s.11-12].

Arigiliq sahosindo totbiq olunan seleksiya-damazliq isinin xiisusiyyotlori vo hoyata
kegirilmasi basqa kond tosorriifatt heyvanlarinda oldugundan forqlidir. Hazirda insan torafindon
hoyata kegirilon siini segmo tobii segcmoni ovoz etmisdir. Arixanalarda ar1 cinslori, populyasiyalari
vo onlarin ayri-ayr1 ailolorindon ibarat qruplarin daxilde damazliq mogsedile istifade iiglin
saxlanilmasi vo doyarsiz fordlorin konar edilmosino se¢ma deyilir. Siini segmo yerli ar1 cinslorinin,
onlarin populyasiyalarini yaxsilasdirmaq vo ya yiiksok mohsuldar damazliq ar1 qruplarini yaratmaq
ticlin ildon ilo miintozom siiratdo hoyata kegirilon biitiin seleksiya isinin mocmusu demokdir. Diinya
miqyasinda ari¢iliq elminds seleksiya-damazliq isinds se¢gmonin miixtolif tiplorinden istifads edilir.
Ariciliq sahasinds an cox kiitlovi segmao, naslo goro giymotlondirms aparmagla kiitlovi segcma vo
fordi segmo tisullarindan genis istifads edilir [8, 5.593-609].

Yerli ar1 cinslorino malik olan 6lkslorin gen monbalarini qoruyub saxlamaglarinin ¢ox bdyiik
ohomiyyati vardir. Diinyada aparilan tocriibalor gosterir ki, arigiligda mohsuldarligin yiiksoldilmasi
arilarinin cinsinin vo onlarin populyasiyalarinin keyfiyyot gostoricilorinin yaxsilasdirilmasindan
asilidir. M.D. Kaskinova, L.R Gaifullina, vo E.S. Saltykova (2024) Bozdag Qafqaz arisinin genetik
xlisusiyyatlorini dyronmis, siini se¢gmonin arilarin irsi xiisusiyyastlorini sabitlogdirdiyini vo miisbot
istigamotdo doyisdirdiyi noticosino golmislor. Bu, damazliq islorinin genetik sabitlik ii¢lin
vacibliyini siibut edir [7, $.1134-1138]. Moritz vo Erlerin birga apardiqlari todqiqat isi naticosindo
aydin olmusdur ki, seleksiya-damazliq isinin diizgiin togkili arilarda genetik miixtolifliyinin
gorunmasina, mahsullarin istehsalinin yiiksalmasine vo naticads arigiligin inkisafina xidmat gostorir
[9, s.813-826]. Bal arilarinin damazliq keyfiyystinin yaxsilagdirilmasi vo art ailolorinin yiiksok
mohsuldarligin1 tomin edo bilocok tisullar miixtalifdir. Arinin keyfiyyot xlisusiyyotlori hom ailo
fordlorindon, hom do ailonin yasadigi miihitdon asilidir. Ar ailslori 6zlorinin on yiliksok keyfiyyot
gostoricilorini olverisli soraitdo biruzo verir. Canverdi, Ozbakir vo digor homkarlar1 (2023)
apardiglar togdigatda Qafqaz arilarinda yetisdirilmo dévriiniin ana arilarin morfoloji gdstariciloring
tosirini dyronmislor. Miiayyon etmislor ki, slini segmo vo damazliq texnologiyasi ilo yetigdirilon ana
arllar daha uzun ganadlara vo yiiksok kiitloyo malik olmusdur. Miihit faktorlarinin damazliq
naticalaring tasiri elmi asaslarla siibut edilmisdir [5, s.295-306].

Zoif glico malik ar1 ailolorinds keyfiyyotli ana arinin miisbat xiisusiyyatlorinin iizo
cixarilmasi qeyri miimkiindiir. Ar ailolorinin zsif qida miihitindo vo olverigsiz saxlama-qullug
soraitindo keyfiyyot vo tosorriifat xiisusiyyotlori asag1 diigiir. Belo sorait uzun illor orzindo davam
etdikdo arilarin genofonduna boyiik tasir gostarir [2, 5.58-61].

Professor R.L.Sultanovun (2013) malumatina asason Kigik Qafqaz bolgesinde yayilmis bal
artllariin genetik vo irsi xiisusiyyatlorino elmi cohotdon nozarot edilmomis vo burada damazliq isi
toskil olunmamisdir. Qabaqtops ar1 populyasiyasina moxsus ari ailalarinin keyfiyyot gostoricilorinin
gorunmasi ilo olagodar todqiqat islorinin aparilmamasi bu arilarin irsi xlisusiyyatlorino monfi tosir
gostormisdir. Bozdag Qafgqaz ar1 cinsinin Qabaqtope ar1 populyasiyasinin arilarinda son 20 il
arzinds Sar1 Qafqaz ar1 cinsinin Azarbaycan populyasiyasinin arilari ilo tomasda oldugu miiddatdo
genotipik vo bioloji tosarriifat xiisusiyystlorindo miioyyon monfi doyisikliklor bas vermisdir. Homin
miiddotdo Qabaqtops ar1 populyasiyasinin is¢i, ana vo erkok arilarinda xortumun uzunlugu miivafiq
olaraq 0,08% (t=0,03), 0,12% (t=0,02) va 0,45 % (t=0,02%) azalmisdir. Qabaqtops arilarinin 13
eksteryer Olciisiinds, onlarin kiitlasinin doyiskanliyinds vo 3 keyfiyyat gostaricisindo Azarbaycan
ar1 populyasiyasina xas olan olamotloro azda olsa meyillik yaranmisdir. Belo ki, Qabaqtopo
artlarmin xortumunun uzunlugu cilizi do olsa qisalmis, otraflarin Olglilori artmis vo keyfiyyot
gostaricilori iso azda olsa doyismisdir. Bu onu gostorir ki, Sar1 Qafqaz ar1 cinsinin Azarbaycan ar1
populyasiyasinin arilar1 birgo yasayis soraitindo Qabaqtops arilarinin damazliq keyfiyyotino monfi

140



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 139-146 2026, Ne 1 (14), pp. 139-146

tosir gostormisdir.

Odur ki, Qabaqgtopo ar1 populyasiyasinin genofondunun borpasi, yaxsilasdirilmasi vo ari
ailolorinin mohsuldarhiginin yiiksaldilmasi istiqgamotindo todqiqat isinin hoyata kegirilmasi ¢ox
vacib addimdir [3, s.197-209].

Materiallar vo metodlar

Kicik Qafqaz bolgesindo Bozdag Qafqaz ari1 cinsinin (Apis mellifera caucasica Gorb.)
Qabaqtopa populyasiyasinin (populatio Wabagkendik) mohsuldar seleksiya-damazliq qrupunun
yaradilmasi vo reproduksiyasi mogsadilo todqiqat isi aparilmisdir. Tadqiqgat indiki Heyvandarliq vo
Baliqgiliq Elmi-Todqiqat Institutunun Goranboy rayonunda yerloson “Arigiliq  Tocriibo
Stansiyasi”’nda hoyata kegirilmisdir.

Tadqiqat isindo asagidaki masololor dyronilmisdir:

- Seleksiya-damazliq moagsadilo formalagdirilmis ilkin mohsuldar ar1 ailslorinin 6ziins
moxsus genotipik vo mohsuldarliq qabiliyystini golocok noslo (qiz ana arilarna) Otiiriilmosini
miioyyon etmok. Bu zaman an ailslorindo keyfiyyst vo mohsuldarliq qabiliyyotno gora kiitlovi
secmo isulu totbiq etmoklo Qabaqtopos ar1 populyasiyasinin seleksiya-damazliq qrupunun
bilindvrasinin toskili;

- Arixanada seleksiya-damazliq islori ilo borabor yerli soraitin cografi movqgeyinin vo yem
bazarinin xiisusiyyatlorini nozors alaraq yiiksok keyfiyyoto malik damazliq ana vo erkok arilarin
yetisdisdilmosinin miiasir toloblors uygun texnoloji prosesi isloyib hazirlamaq;

- Qabaqtopa ar1 populyasiyasinin seleksiya-damazliq qrupunun biindvrasini togkil edon ar1
ailolori tiizorindo fordi segmo vo c¢ixdas iisulunu totbiq etmoklo genotipik vo mohsuldarliq
qabiliyyatini galocok naslo kegiro bilon daha mohsuldar ar1 ailolorindon ibarst damazliq qrupunun
yaradilmast;

- Yiiksok mohsuldarliq qabiliyyetini galocok naslo kegira bilon seleksiya-damazliq qrupunun
art ailolorindon reproduksiya moqgsadilo istifado etmoklo bdlgodo ar1 ailolorinin mohsuldarliq
qabiliyyatinin yiiksoldilmasi.

Azorbaycan Respublikas soraitinds ilk dofs olaraq Kigik Qafqaz bolgesindo moskunlasmis
Bozdag Qafqaz ar1 cinsinin Qabaqtopo ar1 populyasiyasinin genotipik, bioloji vo tosarriifat
xUisusiyyatloring asason golocok noslo 6z miisbat olamatlorini kegira bilmasino gora ar1 ailolorindo
kiitlovi vo fordi se¢mo aparmaqla yliksok mohsuldar yeni seleksiya-damazliq qrupu yaradilmasi
liciin todgiqat isi hoyata kegirilmisdir. ilk dofs olaraq Qabaqtopa ar1 populyasiyasinin ar1 ailalorindo
yerli soraito uygunlasdirilmis yiiksok mohsuldar damazliq ana vo erkok arilarin yetisdirilmosinin
elmi osaslarla yeni texnoloji prosesi islonib hazirlanmisdir. Burada yerli soraito uygun olaraq
mohsuldar damazliq ana vo erkok arilarin erkon yetigdirilmo vaxti miioyyonlosdirilmis, olverisli
qulluq va saxlama prosesi islonib hazirlanmigdir.

Tadgiqatin garsisina qoyulmus mogsado uygun olaraq 2011-2012-ci illordo Kigik Qafqaz
bolgesinin  Qabaqtopa ar1 populyasiyasinin yayildigr orazilorde, Daskoson, Gonco, Goygol,
Goranboy rayonlarinda olan arixanalardan ar1 niimunolori gotiiriilmiis vo eksteryer olamotlori
Olciilmiisdiir. Bu magsadls har bir arixanadan normal inkisaf etmis ar1 ailolorinin har birindon 30-35
is¢i ar1 (comi 100 ar1 niimunasi), 10-15 erkak ar1 (comi 100 erkak ar1 niimunasi) vo 5 ana ar1 (comi
30 ana ar1 niimunasi) gotiiriilorak onlarin eksteryer alamotlori miioyyanlosdirilmisdir. Laboratoriya
soraitindo arilarin morfoloji olamotlori (arilarin xortumun uzunlugu, {igiincl tergitin uzunlugu,
sariliq indeksi, kubital indeks vo s.) Olciilmiisdiir. Xortumun uzunlugunu 6lgmok {iciin arilara
gaynar su totbiq edilmis vo niimunolor preparat hazirlanana kimi 70%-1i etil spirtindo saxlanilmisdir
[11, s5.293].

Seleksiya-damazliq qrup yaratmaq {iglin 2013-cii ilin mart aymin ikinci on gilinliiyiindo
respublikanin qorb bolgolorinds Qabaqtope ar1 populyasiyasinin ari ailolorinin moskunlagmasi
ehtimal olunan bolgalards, yiiksok damazliq keyfiyyatina malik ar1 ailolorinin axtarist vo secilmasi
moqgsadilo miitoxossislordon ibarot ekspedisiya toskil olunmusdur. Ekspedisiya zamani
todqgiqatcilarin  vo tocriibali arigilarin istiraki ilo Qabaqtopo ar1 populyasiyasinin arilarinin
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goriiniisling, arigilarin ar1  ailolorinin  mohsuldarliq qabiliyystinin yiiksok olmas1 haqqinda
molumatlar1 asasinda 30 niimunavi ar1 ailssi todgiqat obyekti kimi se¢ilmisdir. Seleksiya-damazliq
mogqsadils ilkin se¢ilmis ar1 qrupunun ar1 ailalori arilarin xarici goriiniisling, populyasiyaya moxsus
eksteryer olamotlors vo arilarin 6 keyfiyyot gostoricisine goro formalasdirilmisdir. Homin keyfiyyot
gostaricilorine osason ilkin segilmis 30 ar1 ailosi arasindan on yaxsi keyfiyyot gostoricilora malik
olan 5 ar1 ailosi golocokds seleksiya-damazliq isinin aparilmasi mogsadilo se¢ilmisdir. Se¢ilmis 5 ar1
ailosinin arilarinin xortumunun uzunlugu vo ganadda qarmaqlarin miqdari, bdyiik zohar vazisinin
uzunlugunun orta adadi komiyyat gostaricisi vo bal mohsuldarligi digoar 25 ar1 ailssi ilo miigayisado
yiiksok olmusdur. Bundan olave seleksiya-damazliq maqgsadi ilo secilmis 5 ar1 ailonin keyfiyyot
gostaricilorinin orta ododi komiyyatinin yanlishgr (m) daha az olmusdur. Buradan goriiniir ki,
secilmig ar1 ailolorinin orta ododi komiyyetin yanlishigi {izro gostericilori digor ari ailslorinin
gostaricilori ilo miigayisodo daha sabitdir. Bu onu gostorir ki, homin yiiksok keyfiyyot
gostaricilorino malik secilmis seleksiya-damazliq qrupunun ari ailslorinin arilarinda irsiyyot
olamatlort mohkomdir vo noticods bu ailolorin keyfiyyot gostoricilori vo yiiksok mohsuldarliq
gabiliyyatinin golocok noslo otiirlilmoasi  yiiksok olacaqdir. Ari ailolorindo olan arilarin miqdart
osason, axsam arilar yuvaya yigildiqda dolmus yuvalarin miqgdarina vo xiisusi yesiys tokiiliib torazi
vasitosilo kiitlosi vo ona uygun miqdart miioyyonlosdirilmisdir. Tocriibo prosesinds yiiksok
keyfiyyotli ana arilarin yetigdirilmosi iig¢iin prof. R.L.Sultanovun tdvsiys etdiyi texnologiyadan
istifado edilmisdir. Damazlig-seleksiya moagsadilo se¢ilmis basloyici ar1 ailslorinin yuvalarindan 3
¢or¢ivo ar1 ana ari ilo birlikdo gdtiiriilorok onlardan kdmokei ailo kimi istifado edilmisdir. Belo
voziyyatdo bosloyici ar1 ailolorino ana arilarin yetisdirilmosi tglin ar1 siirfolori calaq edilib
hazirlanmis ¢arcivalor verilmisdir. Basloyici ar1 ailslorine hor 3 giindon bir olmaqla 5 dofs an
stirfolori calaq edilmis gorgivalor verilmis vo hor 6 glindon bir méhiirlonmis ana ar1 gézciiklori ana
gofosino qoyulmus vo onlarin golocok inkisafini tomin etmok tiglin inqubator ar1 ailolorino
verilmisdir. Inqubator ar1 ailolori arixanada olan on giiclii ar1 ailolorindon istifado etmoklo
hazirlanmigdir. Hor bir ailodon 10 yeni qiz ana yetisdirilmis, onlarin is¢i, ana vo erkok arilarinin
eksteryer olamotlori F.Ruttnerin metodikasi asasinda miioyyonlosdirilmisdir.

Naticolorin miizakirasi

Qabaqtops ar1 populyasiyasinin is¢i arilarinin genetik vo irsiyyot xiisusiyyetlorindo olan
doyiskonliklorinin  miioyyanlosdirilmosi mogsadilo todqiqatdan ovvol 2011-2012-ci illordo Qorb
bolgosi orazilorindo olan arixanalardan gotiiriilon ar1 niimunolori ilo siini segmo  yolu ilo yeni
yaradilmis seleksiya-damazliq reproduksiya qrupunun is¢i, ana vo erkok arilarmin eksteryer
olamatlori miiqayise edilmisdir. Kig¢ik Qafqaz bolgasinde yayilmis Qabaqtopa ar1 populyasiyasinin
ar1 ailolorindon 2011-2012-ci illorde gotiiriilon is¢i ar1 niimunalori ilo 2016-ci ildo yeni yaradilmig
seleksiya-damazliq reproduksiya qrupunun is¢i arilarimin eksteryer slamotlorindoki doyigkonlik
gostaricilori miigayiso edilmisdir. Aparilmig tocriibolorin naticalori 1 Ne-1i codvalds verilir.
Cadval Ne 1. Kicik Qafqaz bolgasinds Qabaqtops ar1 populyasiyasinin is¢i arilarinin eksteryer

xiisusiyyatlorinin doyiskanliyi (n=100)

Ne Gostaricilor Qabaqtapa ar1 populyasiyasi
2011-2012 2016 Farq (+,-)
Badon o6l¢iilari (isci arilarda)

1 Xortumun uzunlugu, mm. 6,602+0,005 | 6.658 = 0.005 +0.056

2 II1 tergitin uzunlugu, mm. 2,160+0,004 2.165+0.009 +0.005

3 Mum giizgiilorinin uzunlugu, mm. 1,399+0,004 1.394+0.007 -0.005

4 Qanadin uzunlugu, mm. 4,470+0,005 4.493 +0.007 +0.023

5 Arxa qanadda qjcll*rgrzlaqlarm miqdari, 21,07+0,065 21.25+0.060 +0.18

6 Kubital indeks, % 49,94+0,291 49.93+0.281 -0,01
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7 Torzal indeks, %

54,14+0,174

54.16+0.160 +0.02

8 Sariliq indeksi, %

21,3+ 0,8

19.4+0.073 -1.9

I Ne-1i codvoaldon goriindiiyii kimi 2011-2012-ci ilin gostaricilori ilo miiqayisads 2016-c1

ildo is¢i arilarin xortumunun uzunlugu, qanadin uzunlugu, arxa qanadda garmaqlarin miqdar1 vo
kubital indeksi artmis, mum giizgiilorinin uzunlugu vo sariliq indeksinin faizi iso oksino azalmisdir.
Kicik Qafqaz bolgesinda yayilmis Qabaqtops ar1 populyasiyasinin art ailslorindon 2011-2012-ci
illordo gotiliriilon ana ar1 niimunolori ilo 2016-ci ildo yeni yaradilmis seleksiya-damazliq
reproduksiya qrupunun ana arilarinin eksteryer olamatlorindoki doayiskenlik gostaricilori miiqayise

edilmisdir. Aparilmis tocriibalorin naticalori 2 Ne-1i cadvaldo verilir.
Cadval Ne 2. Qabaqtapa ar1 populyasiyasinin ana arilarinin eksteryer xiisusiyyatlarinin
dayiskanliyi (n=30)

Ne Gostaricilor Qabaqtapa ar1 populyasiyasi
2011-2012 2016 Forq (+,-)

Bodoan olciilori (ana arilarda)

1 Xortumun uzunlugu, mm. 4.055+0.005 | 4.073%0.006 +0.018

2 III tergitin uzunlugu, mm. 3.10+0.01 3.20+0.01 +0.1

3 Qanadin uzunlugu, mm. 10.20+0.02 10.22+0.03 +0.02

4 Baldirin uzunlugu, mm. 3.57+0.03 3.65+0.02 +0.08

5 Birinci panconin uzunlugu, mm. 2.42+0.03 2.49+0.03 +0.07

6 Kubital indeks, % 51.2+0.02 51.3+£0.02 +0.1

7 Sariliq indeksi, % 22.6+0.8 20.6+0.6 -2

8 Mayalanmis ana arinin kiitlosi, mq. 220.6£3.5 225.7£2.1 +5.1

Codvoldon do goriindiiyli kimi seleksiya-damazliq islori noticosindo Qabaqtopo ari
populyasiyasinin ana arilarin eksteryer olamotlori miisbot yonde doyisikliys moruz qalmisdir. Ana
arilarin 2011-2012-ci ilin gostaricilori ilo miiqayisade 2016-c1 ildo xortumunun uzunlugu, ganadin
uzunlugu, birinci panconin uzunlugu, mayalanmis ana arinin kiitlosi vo kubital indeksi artmuis,
sartlig indeksi 1so oksino azalmisdir. Kicik Qafqaz bolgosinds yayilmis Qabaqgtopo ari
populyasiyasinin ar1 ailalorindon 2011-2012-ci illordo gétiiriilon erkok arilarin niimunslori ilo 2016-
ci ildo yeni yaradilmis seleksiya-damazliq reproduksiya qrupunun erkok arilarmin eksteryer
olamaotlorindaki doyiskonlik gostericilori miiqayise edilmisdir. Aparilmis tocriibalorin naticalori 3
Ne-li cadvaldas verilir.

Cadval Ne 3. Qabaqtaps ar1 populyasiyasinin ar1 ailalarinda erkak arilarmmin eksteryer
slamatlorinin dayiskanliyi (n=100)

Gostaricilor Qabaqtapa ar1 populyasiyasi
Ne 2011-2012 2016 Forq (+, -)
Badoan olciilari (erkak arilarda)

1 Xortumun uzunlugu, mm. 4,430+0,19 454+0.11 +0.056

2 11 tergitin uzunlugu, mm. 2,796£0,012 | 2.791+0.011 -0.005

3 Qanadinin uzunlugu, mm. 12,300+0,035 | 12.410+0.043 +0.11

4 Birinci panconin uzunlugu, mm. 2,678 0,011 2.684+0.011 +0.006

5 Baldirin uzunlugu, mm 4,060 £0,020 4,094+0.015 +0.034

6 Kubital indeksi, %-1a 79,2+0,41 80.5+0.35 +1.3
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Cadvoldon aydin olur ki, tadqgigat isi noticesindo Qabaqtops ar1 populyasiyasinin ari
ailolorindo erkok arilarin da eksteryer olamotlorindo doyisiklik miisahido olunmusdur. Erkok
arilarin 2011-2012-ci ilin gostaricilari ilo miiqayisade 2016-c1 ildo xortumunun uzunlugu, qanadin
uzunlugu, birinci panconin uzunlugu, baldirin uzunlugu vo kubital indeksi artmis, III tergitin
uzunlugu iso oksino azalmigdir. Belaliklo, 1, 2 vo 3 Ne-li cadvallorden do goriindiiyii kimi, Kigcik
Qafqgaz bolgosindo seleksiya damazliq islori naticosindo Qabaqtops ar1 populyasiyasinin is¢i, ana vo
erkok arilarinin eksteryer olamotlori dayisikliyo meruz qalmisdir. Aparilmis todqiqat isinin
miiqayisali tohlili gostorir ki, siini secmo vo seleksiya isi noticosindo Qabaqtopa populyasiyasinin
isci, ana vo erkok arilarinin badonin bugumlarinin, xortumunun, ganadin Olgiilori artmis, sariliq
indeksi iso azalmisdir. Todqiqat isindo ar1 ailolorindo kiitlovi vo fordi segmo aparmagla yliksok
mohsuldar yeni seleksiya-damazliq qrupunun biitlin arilarinin eksteryer ol¢iilori todgiqatdan avvalki
2011-2012-ci il gostaricilori ilo miigayisada yiiksok olmusdur. Arilarda morfometrik olamotlordon
olan xortumun siini segmo naticasinda Olgiilorinin nisboton artmasit  onlarin nektar toplama
qabiliyyatini artirir vo bu da mohsuldarliga birbasa tosir gosterir. Uzun xortum ariya daha dorin
cigoklordon nektar toplama imkani verir, naticads bal istehsal1 yliksalir.

Naticd

Respublikamizda Qabaqtops ar1 populyasiyasinin arilarinin genotipinin tarazliq vaziyyastinin
Oyronilmosi vo siini se¢mo aparmaqla daha yiikksok mohsuldar genotips malik arilarin
yetisdirilmosinin ohomiyyati ¢ox boylikdiir. Genotipik olamotlorin morfometrik gostaricilorlo
uygunlugu seleksiya islorindo etibarliliq meyar1t kimi istifado olunur. Bu, ar1 ailslorinin
mohsuldarligini artirmaq va sabit populyasiya yaratmaq tligiin asas gostoricidir. Etibarliliq meyari
hor hansi fordlorin gostoricilori arasinda vo ya irsi slamatlorin no doracods uygunlugu va nasilds
Oziinli gostormosinin olamatidir. Todqgigatda biitiin statistik tohlillor, o ciimlodon orta doyorlorin
hesablanmasi, standart konarlagmalar, variasiya amsallar1 vo qrup miiqayisolori IBM SPSS Statistics
Version 26.0 istifads edilorok hoayata kegirilmisdir.

Qabaqtope ar1  populyasiyasimin  arilariin  bazi  genotipik, bioloji vo tosarriifat
xlisusiyyatlorini yaxsilasdirmaq vo yaradilmis daha mohsuldar seleksiya-damazliq qrupunun ari
ailolorindon reproduksiya mohsulu kimi istifado etmoklo bdlgado ar1 ailslorinin mohsuldarliq
qabiliyyatini yiiksoltmok todqiqat isinin osas vozifalorindon biri olmusdur. ilk dofo olaraq
respublikanin Kigik Qafqaz bdlgosindo Qabaqtops ar1 populyasiyasinin arilarinda ardicil, sistemli,
elmi osaslarla aparilmis seleksiya-damazliq islori noticosindo yeni yaradilmis mohsuldar ari
grupunun ailolorindo yetisdirilmis damazliq ana arilar reproduksiya mogsadilo bdlgs orazisinda
moskunlagsmis digor arixanalara verilmisdir. Ik dofs olaraq damazliq mogsadilo yetisdirilmis ana
arilarin reproduksiyasini togkil etmoklo bolgade Qabaqtops ar1 populyasiyasinin ari ailolorinin
genotipik olamatlori yaxsilagdirilmis vo mohsuldarliq keyfiyyati yliksolmisdir.

Azorbaycan Respublikasi soraitinds ilk dofo olaraq Kigik Qafqaz bolgesindo moskunlagmis
Bozdag Qafqaz ar1 cinsinin Qabaqtops ar1 populyasiyasinin genotipik, bioloji vo tosorriifat
xUisusiyyotloring asason golocok noslo 6z miisbot olamatlorini kecira bilmasino goro ar1 ailolorindo
kiitlovi vo fordi segmo aparmagqla yiiksok mohsuldar yeni seleksiya-damazliq qrupu yaradilmisdir.
2016-ci ildo yekunlasan todqiqat isi naticoesindo yeni yaradilmis seleksiya-damazliq reproduksiya
grupunun arilar1 ilo todqgigatdan ovvolki gotiiriilmiis ar1 niimunslorinin eksteryer olamaotlori
miiqayiso edilmisdir. Aparilmis todqigat noticosindo miioyysn olunmusdur ki, Bozdag Qafqaz ar
cinsinin Qabaqtopa ar1 populyasiyasinin arilarinda min illor noticesindo tokamiil prosesindo
formalagmis irsi genetik olamaotlor doyismoadon golocok noslo Gtiiriiliir. Hibridlosmo, miihit amillori
vo saxlama-qulluq soraitinin pislogsmasi noticosindo arilarda formalagmis irsi genetik olamotlords
miioyyon godor doyisiklik bas verso do, alverisli miihit soraitindo bu keyfiyyatlori qisa miiddotdo
barpa etmok miimkiindiir.
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INDICATORS OF THE EXTERIOR CHARACTERISTICS OF BEES IN THE COLONIES
OF THE NEWLY ESTABLISHED SELECTION-BREEDING GROUP

Vusale Aliyeva
Scientific Research Institute of Animal Husbandry and Fisheries

Summary

The aim of the study is to investigate the existing genotypic characteristics of the Gray Mountain
Caucasian bee breed (Apis mellifera caucasica Gorb.), historically settled in the Small Caucasus
region of the Republic, specifically the Kabaktapa bee population (populatio Wabagkendik). The
research also seeks to identify ecological environmental factors that have negatively influenced
hereditary traits in recent years and, through purposeful selection and breeding work, to establish a
productive selection-breeding bee group. From apiaries located in the western regions of the
Republic, 30 bee colonies were initially selected. Among them, 5 colonies with the highest quality
indicators were chosen for selection-breeding work. From each colony, 10 new queen bees were
reared. The exterior characteristics of worker, queen, and drone bees were determined according to
F. Ruttner’s methodology. In bee colonies, through mass and individual selection, a highly produc-
tive breeding group has been created, capable of transmitting its positive traits to future generations.

145



Texnika va Agrar elmlori Technical and Agrarian sciences
2026-c1 il, Ne 1 (14), soh. 139-146 2026, Ne 1 (14), pp. 139-146

As a result of the research completed in 2016, the exterior characteristics of bees from the newly
established breeding-reproduction group were compared with samples taken before the study. The
indicators of worker, queen, and drone bees in the new breeding group underwent positive changes
in line with the genotypic traits of the Kabaktapa bee population.
Keywords: bee, selection, breeding, exterior traits, cubital index

IIOKA3ATEJIA SKCTEPBEPHBIX ITPU3HAKOB H‘IEJIUB CEMbJIX BHOBb
CO3JAHHOU CEJEKIUOHHO-IIVIEMEHHOMU I'PYIIIIbI

Bycans Anuesa
Hayuno-mccnenoBarenbCKiii HHCTUTYT )KMBOTHOBOJICTBA U PHIOHOTO X03sIiCTBA

AHHOTAUA

Llenpto WcclenoBaHUS SBISACTCS HW3YYEHHE CYHIECTBYIOIIMX T'€HOTHIIMYECKHX OCOOCHHOCTEH
nomymsinu muén Kabaxranuuckoit (populatio Wabagkendik) Cepoit 'oproit KaBkasckoil mopomabt
(Apis mellifera caucasica Gorb.), ucropmuecku obutaromeid B permone Mamoro Kaska3sa,
YTOYHEHHE 3KOJOTMUYECKUX (PAKTOPOB CpeIbl, OKAa3bIBAIOIIUX OTPUIATEIBHOE BIHMSHUAC Ha
W3MEHEHHS HACJIEJCTBEHHBIX NMPHU3HAKOB B IOCIIEAHUE TOJBI, a TAKKe CO3AaHUE TPOJYKTHBHON
CCNICKIIMOHHO-TUIEMEHHOW ~ TPYyNIbl  MYET  TOCPEJACTBOM  IICJICHANPABICHHONW  CEJIEKIIMOHHO-
ieMeHHOH paboTel. M3 30 mepBoHAYaIbHO OTOOPAHHBIX MYCIMHBIX CEMEH B TMAaceKax 3aragHbIX
paiioHOB pecnyOJIMKHu ObUTH BBIOpAaHBI 5 ceMell ¢ HauBBICHIMMHU MOKA3aTesIMH KayecTBa JUIs TIPO-
BEJICHUSI CEJIEKLIMOHHO-TUIEMEHHOM paboThl. B ka0l ceMbe ObL10 BbIpalieHo 1o 10 HOBBIX MaTOK,
a 9KCTEephEpHbIE MPU3HAKU padOYHX, MATOK M TPYTHEU omNpenessuiuch mo meroauke @. PyrrtHepa. B
MMYETMHBIX CEMbSIX ITyTEM MAacCOBOTO W MHAWBUAYAIILHOTO OTOOpa CO3/1aHa BBICOKOIPOXYKTHBHAS
CEJIEKLIMOHHO-TUIEMEHHasl TpyIIa, cnocoOHas MepeaaBaTh CBOU IMOJIOKUTENbHbIE IPU3HAKU OyIy-
niemMy mokosieHuto. B pesynprarte 3aBepinuBiieiics B 2016 roay ucciaenoBarenbckoi paboTel Obun
COIOCTABJIEHbI AKCTEPhEPHBIE MPU3HAKU MUYET HOBOH CEIEKIIMOHHO-TNIEMEHHOM penpoayKIIMOHHON
TPyl ¢ 00pa3maMu MU, B3SITBIME JI0 Hadana ucciepoBanus. [TokazaTenu pabounx, MaTOYHBIX U
TPYTHEBBIX IMYET HOBOM CENEKIIMOHHO-TUIEMEHHOM I'PYIIIBI TOIBEPIIIUCH MOJIOKUTENBHBIM H3MEHE-
HUSM B HalpaBJICHUH, COOTBETCTBYIOIIEM T€HOTHITMYECKUM MPH3HaKaM monymsnuy maén Kabdaxra-
MMUHCKOM.

KutoueBble cjioBa: muena, cenekuus, mieMeHHas paboTa, SKCTepbepHbIE PU3HAKH, KyOUTaIbHbII
UHJIEKC

Daxil oldu: Cap edildi:
19.01.2026 25.05.2026
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Texnika va Aqrar elmlori Beynalxalq Elmi-praktik jurnalinda
maqalalarin nasr edilmasing verilon taloblor (miislliflor ii¢iin tolimat):

Jurnal 6z profilina uygun olaraq texnika vo aqrar elm saholori {izro asason gida sonayesi va
tohliikasizliyi, yiingiil vo tekstil sonayesi vo materialsiinasligi, imumi sonaye texnologiyasi,
aqgrotexnologiya, tizvi maddoalorin texnologiyalar1 vo materialgiinasliq, sistemli analiz,
idaroetms va informasiyanin islonmasi va s. elmi istigamatlorina aid mogalalari dorc edir.
Jurnalin “Texnika elmlori” vo “Aqrar elmlori” lizra bolmalari va har bolma iizrs idars heyati vo
raygilori (ekspertlori) vardir.

“Texnika elmlori” bolmasinds asasan gida mohsullarinin texnologiyasi, biotexnologiya, sanaye
texnologiyasi, toxuculuq va yiingiil sonaye materiallarinin vo mohsullarinin texnologiyasi, otraf
miihitin texnologiyas1 vo miihandisliyi, Kimya texnologiyasi vo miihandisliyi, sistemli analiz,
idaroetms vo informasiyanin islonmasi, masinlar, avadanliglar vo proseslor, istehsalin togkil vo
saho igtisadiyyati, ekologiya va s. ixtisaslar tizro mogalalar dorc olunur.

“Agrar elmlori” bolmasina isa asasan torpaqgsiinasliq vo aqrokimya, aqromiihandislik, bioloji
ehtiyatlar, seleksiya vo toxumgulug, biokimya vo mikrobiologiya, meyvagilik vo liziimgiiliik,
bitkigilik, bitkilorin miihafizasi, subtropik bitkilor, mesocilik, baytarliq elmlori, xiisusi
zootexniya, heyvandarliq mohsullarinin istehsali texnologiyast va s. ixtisaslar iizra magalslor
geabul edilir.

Jurnal ildo 2 dofo nosr edilir.

Moaqalslor azarbaycan, ingilis, tiirk va rus dillarinda gobul olunur.

Jurnalda baxilan elm va ya texnologiya sahasinds gabaqgil olan diinya 6lkalarindan daxil olan
mogalslorin ¢apina yer verilir.

Maoqalalorin motnlori Times New Roman-12 srifti ilo (masalon, Azoarbaycan dilinds latin
olifbas, tiirk dilinds tiirk olifbasi, rus dilinds Kiril slifbasi, ingilis dilinds ingilis olifbasi ilo) 1
intervalla ¢ap olunmalidir. Magalo A4 formatinda asagidaki kimi yerlagdirilmolidir: soldan- 25
mm, sagdan- 15 mm, yuxaridan- 20 mm, asagidan- 25 mm, abzas-1,25. Miolliflor moagalslori
hazirlamagq ti¢iin MS Word SABLON faylindan istifads eds bilorlor.

Jurnalda hor bir mogalo yeni sohifodo verilir vo sohifonin yuxarisinda jurnalin adini, ilini,
cildini, sayimni, magalonin baslangic va son sohifalorini bildiron basliq (zastavka) gostarilir.
Mogals asagidaki kimi tortib olunmalidir: sahifonin avvalinds UOT indekslari vo ya PACS tipli
kodlar gostarilmali, sonra mogalonin adi, daha sonara miollif(lor)in soyadi, adi, atasinin adi,
isladiyi miiassisa(lar) vo hamin miiassisonin (miiassisalorin) tinvan(lar)1, miollif(lar)in elektron
poct tinvan(lar)1 gostarilmalidir. Magalonin adi (basligi) qisa vo malumatlandirici olmalidir.
Moagalanin avvalinds onun yazildig: dildo 150-300 isarodon ibarat xiilaso vo 5-8 s6zdon ibarot
acar sOzlor verilmolidir. Agar sozlor ti¢ dildo (magalonin vo xiilasalorin yazildigi dillardo)
verilmoalidir. Mogalonin hocmi todgigat vo arasdirma mogalolori ii¢iin 6-12 sohifo, icmal
moqalslar ti¢iin 20 sohifoys godor olmalidir.

Mogalonin qurulusu osason asagidaki ardicilligi tomin etmolidir: giris, elmi-praktiki vo
nozarimetodoloji oasaslandirma, istifado olunan materiallar, avadanliq vo cihazlar, todgigat
obyektlari va iisullari (metodlari), tadgigatin aparilma qaydasi va Yeri, naticalorin iglonmasi
tisullari, alinmis naticalor vo onlarin miizakirasi, natica va tokliflor, odobiyyat siyahisi. Zaruri
hallarda magalonin mazmunundan asili olaraq miallif(lar) torafindon mogalonin qurulusunda
miioyyan doyisikliklor aparila bilor.

Mogaloda verilon sokillor ardicil olaraq nomralonmolidir. Sokilalti yazida 15-don artiq sz
olmamalidir. SaokKillor tigiin PNG vo JPEG formatlar1 uygun hesab edilir. Biitiin sokillor matnin
sonunda deyil, istinad olundugu miivafiq yerloarinds yerlosdirilmalidir. Moagaloda verilon
cadvallor do ardicil olaraq némralonmoalidir. Cadvalin adinda vo orada verilon abreviaturalarin
izahinda 15-dan artiq s6z olmamalidir. Biitiin cadvallor matnin sonunda deyil, istinad olundugu
miivafiq yerlords yerlosdirilmalidir. Magalonin matninds biitiin sokil vo codvallora istinadlar
olmalidir.
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Elmi magalanin sonunda elm sahasinin vo mogalonin xarakterino uygun olaraq miiallif(lar)in
goldiyi elmi natica, isin elmi yeniliyi, totbigi ohomiyyati, igtisadi somoarasi vo s. aydin vo
asaslandirilmis sakilda verilmalidir.

Mogalonin mévzusu ilo bagli elmi monbalars istinadlar olmalidir. Magalonin sonunda verilon
odobiyyat siyahisi ya istinad olunan adobiyyatlarin motnds rast golindiyi ardicilligla (masalan,
[1] vo ya [1, s.119] kimi isaro olunmali), ya da olifba ardicillig1 ilo némralonmoalidir. Eyni
adabiyyata matnds basqa bir yerda tokrar istinad olunarsa, onda istinad olunan hamin adabiyyat
avvalki nomrs ilo gostarilmalidir.

Odabiyyat siyahisinda verilon har bir istinad hagqinda malumat tam vo doqiq olmalidir. Istinad
olunan manbonin bibliografik tasviri onun néviindon (monografiya, darslik, elmi magals vo s.)
asilt olaraq verilmalidir. EImi moqalslors, simpozium, konfrans vo digor niifuzlu elmi
todbirlorin materiallarina vo ya tezislorina istinad edarkon magalonin, maruzanin vas ya tezisin
ad1 gostorilmalidir. Istinad olunan monbonin bibliografik tosviri verilorkon Azorbaycan
Respublikasinin Prezidenti yaninda Ali Attestasiya Komissiyasinin «Dissertasiyalarin tortibi
qaydalari» barodo qiivvade olan tolimatinin «istifade edilmis odobiyyaty bolmosinin 10.2-
10.4.6 tolablori asas gotiiriilmalidir.

Odobiyyat siyahisi Essentials APA Style lislubunda tortib edilmalidir.

Mogalanin sonundaki odabiyyat siyahisinda magalonin mévzusuna aid an yeni- son 5-10 ilin
elmi moqalalorine, monografiyalarima va diger etibarli monbalorina istiinliikk verilmolidir.
Motnda adabiyyat siyahisindaki biitiin monbalora istinad edilmalidir.

Darc olundugu dildon olave basqa iki dildo moagalonin xiilasasi (agor mogalo ingilis dilinda
deyildirso, xiilasanin biri ingilis dilinds olmalidir) verilmolidir. Magalalonin miixtalif dillords
olan xiilasalori bir-birinin eyni olmali vo magalonin mozmununa uygun olmalidir. Isin mogsadi,
istifado olunmus material vo metodlar, miollifin vo ya miialliflorin galdiyi elmi natico, isin elmi
yeniliyi, tothigi shamiyyati va s. xiilasado yigcam sokilds 6z oksini tapmalidir. Xiilasalor elmi
Vo gqramatik baximdan ciddi redakto olunmalidir. Hor bir xiilasade mogalonin adi, miiallifin vo
ya miialliflorin tam ad1 gostorilmolidir.

Moagalonin redaksiyaya daxil olma, tokrar iglonmoys gondarilms va ¢apa gabul olunma tarixlori
mogalonin sonunda gostarilir.

Mogalods plagiatliq fakti askar edildikdo vo miiallif (lor) torofindon elmi etika gaydalar
pozuldugda magalo dorc olunmur vo geri qaytarilir.

Jurnala togdim edilon mogalo basqa jurnalda ¢ap olunmamali vo ya digor jurnallara cap iigiin
gondarilmomoalidir. ©lyazmanin toqdim edilmasi o demokdir ki, magalo heg bir bagqa jurnala
gondorilmomis, eyni vo ya oxsar formada, ingilisco Vo ya har hansi bagqa dildo toqdim vo ya
nasr olunmayib. Ovvallor seminarda, simpoziumda va ya konfransda ¢ap olunmus alyazmalar
bir sortlo baxilmaq ti¢iin taqdim oluna bilar ki, olyazmalar osasli sokildo yenidon islonsin va
mialliflor bu barads redaksiyaya malumat versinlar.

Jurnalda dorc edilon magalslordo miislliflik hiiququ qorunur vo bu magalslorin biitiin nosr
hiiquqglart eksklyuziv olaraq “Texnika vo Agrar elmlari” jurnalina moxsusdur.

Mogalalor anonim raygilarin (ekspertlorin) gizli rayindon sonra sahs redaktoru (bas redaktorun
saho iizro miiavini) vo ya redaksiya heyotinin miitoxassis tizvlarindon biri torafindon ¢apa
tovsiya Vo ya toqdim olunmalidir. Magalanin sonunda onu ¢apa toqdim edoan saho redaktorunun
(bas redaktorun sahs iizro miiavini) vo ya redaksiya heyati tizviiniin adi, atasinin ad1 vo soyadi
(tam sokilda), onun elmi daracasi va elmi adi geyd olunmalidir. Togqdim olunan magalonin darc
olunmasindan imtina edildiyi halda jurnalin redaksiyasi1 yazili sokildo miiallifo asaslandirilmis
imtina cavab1 gondarmalidir.

Jurnalin redaksiyast mogalonin dorc olunmasi ilo slagodar olaraq miollif vo ya miolliflorin
raziligini, gondarilon mogalonin avvallor dorc olunmadigini (moagalonin tezis soklindo darc
olunmus varianti istisna olmagqla), magalonin har hansi bir dildoki variantinin eyni zamanda
digor dovri elmi nasrloro gondoarilmadiyini, magalo ilo bagli elmi-tadqigat isinin hansi
miiossisado yerino yetirildiyini vo digar zoruri molumatlar1 6ziindo oks etdiron anket
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hazirlamalidir. Bu anketi miiallif(lor) imzalayib redaksiyaya gondoarmoli vo ya dovri elmi nosrin
saytina daxil olub anketin elektron variantin1 doldurmali vo onu elektron tasdiglomalidir(lor).
Jurnalda «ovvali 6ton saylarimizday, «ardi ndvboti ndmrodo» adi altinda seriya mogalalorin
dorc olunmasina icaza verilmir.

Jurnalin oavvalki némralorinds dorc olunmus moagalalords rast goalinon ciddi sohvlor vo ya
texniki qiisurlara dair diizalis vo geydlar elmi nosrin ndvbati nomralarindan birinds miiallif(lor)
torafindon yenidon verila bilor. Bu halda avvalki mogals ilo «DUZOLIS» bdlmasinds verilon
mogalonin adi eyni olmalidir.

Jurnalin zoruri niisxoalori, texnika vo aqrar elmlori saholorinin ixtisaslarmma uygun olaraq,
Azorbaycan Respublikasinda dissertasiyalarin avtoreferatlarinin gondorildiyi toskilatlara, o
ciimlodon Azorbaycan Respublikasinin Prezidenti yaninda Ali Attestasiya Komissiyasina
gondorilir. Jurnalin har bir némrasinin nozards tutulmus kitabxanalardan har birina géndarilon
niisxalorinin say1 an azi1 iki niisxadir.

Jurnalin biitiin oxucular1 vo miolliflor ti¢iin jurnalin saytina agiq giris pulsuzdur. Magalalarin
nozardan kegirilmasi, ekspertizasi, onlayn hosting va arxivlegdirma, nasr va S. xarclor redaksiya
heyati torafindon miiayyan edilir vo moagalslaorin islonmasi {igiin 6donislorlo kompensasiya eilir.
Jurnal redaksiyasi torafindon doktorant vo dissertantlardan moaqalslorin dorc olunmasi iigiin
riisum alinmair.

Toqdim olunan mogqgalonin dorc olunmasindan imtina edildiyi halda jurnalin redaksiyasi
miisllifs yazili sokilds asaslandirilmis imtina cavabir gdndarir.

Magqaloanin gondarilacayi tinvan vo miisllif anketi: technoagrarian@Isu.edu.az
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In accordance with its profile, the journal mainly focuses on food industry and safety, light and
textile industry and material science, general industrial technology, agro-technology, organic
substance technologies and material science, systematic analysis, management and information
processing, and other topics in the field of technical and agricultural sciences.
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ecology, and other similar topics are mainly published in the "Technical Sciences" section.

The articles on specialties of soil science and agro-chemistry, agro-engineering, biological
resources, selection and seed breeding, biochemistry and microbiology, fruit growing and
viticulture, plant breeding, plant protection, subtropical plants, forestry, veterinary sciences,
special zoo-technics, production technology of livestock products are accepted in the "Agrarian
sciences" section.

The journal is published 2 times a year.

Articles are accepted in Azerbaijani, English, Turkish and Russian languages.

The articles from the leading countries of the world in the field of science or technology are
published in the journal.

The texts of the articles should be printed in Times New Roman - 12 pt (for example, Latin
alphabet in Azerbaijani, Turkish alphabet in Turkish, Cyrillic alphabet in Russian, English
alphabet in English) with 1 interval. The article should be placed in A4 format as follows: from
the left - 25 mm, from the right - 15 mm, from the top - 20 mm, from the bottom - 25 mm,
paragraph - 1.25. Authors can use the MS Word TEMPLATE file to prepare articles.

Each article in the journal is given on a new page, and at the top of the page is a header
indicating the name of the journal, year, volume, issue, and the beginning and last pages of the
article.

The article should be designed as follows: UOT indexes or PACS-type codes should be
indicated at the beginning of the page, then the title of the article, the surname, first name,
patronymic of the author(s), the institution(s) where he/she works and the address of that
institution(s) and the e-mail address(es) of the author(s) should be indicated. The title of the
article should be short and informative.

At the beginning of the article, a summary of 150-300 characters and 5-8 keywords should be
given in the language in which it is written. Key words should be given in three languages
(languages in which the article and abstracts are written). The volume of the article should be
6-12 pages for research and review articles and up to 20 pages for review articles.

The structure of the article should mainly ensure the following sequence: introduction,
scientific practical and theoretical-methodological justification, used materials, equipment and
devices, research objects and ways (methods), the order and place of conducting the research,
methods of processing the results, obtained results and their discussion, results and suggestions,
and a literature list. Depending on the content of the article, if necessary certain changes in the
structure of the article can be made by the author(s).

The pictures given in the article should be numbered consecutively. Captions should not be
more than 15 words. PNG and JPEG formats are considered suitable for images. All images not
should be placed at the end of the text, but where they are referenced. Tables given in the
article should also be numbered consecutively. The name of the table and the explanation of the
abbreviations given there should not exceed 15 words. All tables should be placed where they
are referenced, not at the end of the text. All figures and tables should be referenced in the text
of the article.

At the end of the scientific article, according to the nature of the scientific field and the nature
of the article, the scientific conclusion of the author(s), the scientific novelty of the work, the
importance of application, economic efficiency and other final thoughts should be given in a
clear and justified manner.

There should be references to scientific sources related to the topic of the article. The
bibliography at the end of the article should be numbered either in the order in which the cited
literature appears in the text (for example, [1] or [1, p.119]), or in alphabetical order. If the
same literature is cited again in another place in the text, then the cited literature should be
indicated by the previous number.

Information about each reference given in the bibliography must be complete and accurate. The
bibliographic description of the cited source should be given depending on its type
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20.

21.

22.

23.

24,

25.

26.

27.

28.

(monograph, textbook, scientific article, etc.). When referring to scientific articles, materials or
theses of symposiums, conferences and other prestigious scientific events, the name of the
article, report or thesis should be indicated. When providing a bibliographic description of the
cited source, the requirements 10.2-10.4.6 of the "Referenced literature™ section of the current
instruction of the High Attestation Commission under the President of the Republic of
Azerbaijan on "Rules for the preparation of dissertations” should be taken as a basis.

The reference list should be written in Essentials APA Style.

In the list of literature at the end of the article, priority should be given to the most recent
scientific articles, monographs and other reliable sources related to the topic of the article of the
last 5-10 years. All sources in the bibliography should be cited in the text.

In addition to the language in which it was published, the abstract of the article should be given
in two other languages (if the article is not in English, one of the abstracts should be in
English). Abstracts of the article in different languages should be identical to each other and
should correspond to the content of the article. The abstract should include the purpose of the
work, the materials and methods used, the scientific conclusion reached by the author(s), the
scientific novelty of the work and the application’s importance should be concisely reflected in
the summary. Abstracts should be strictly edited from a scientific and grammatical point of
view. Each abstract should include the title of the article and the full name of the author(s).

The dates of the articles entry into the editor's office, being sent for revision and acceptance
into print should be indicated at the end of the article.

When the fact of plagiarism is discovered in the article and in case of violation of rules of
scientific ethics by the author(s), the article is not published and returned.

The article submitted to the journal should not be published in another journal or published in
other journals should in English or in any other language. Manuscripts previously published at
a workshop, symposium, or conference may be submitted for review, provided the manuscripts
are substantially revised and the authors notify the editors.

Articles published in the journal are copyrighted and all publications of these articles rights
belong exclusively to "Technical and Agricultural Sciences" journal.

Articles are reviewed by anonymous reviewers (experts) by the field editor (deputy editor-in-
chief in the field) or by one of the specialist members of the editorial board who decides if it
should be recommended or submitted. At the end of the article, the field editor who submitted
it to print (deputy editor-in-chief in the field) or editorial board member's name, father's name
and surname (in full), his scientific degree and scientific name should be noted. In case of
refusal of publishing the submitted article, the editorial office of the journal should send a
justified rejection response to the author.

In connection with the publication of the article, the editors of the journal confirm the consent
of the author(s), that the submitted article has not been published before (except for the version
of the article published in the form of a thesis), that the version of the article in any language
has not been sent to other periodical scientific publications at the same time, that the scientific
information related to the article - should prepare a questionnaire containing the institution in
which the research work was performed and other necessary information. The author(s) must
sign this questionnaire and send it to the editorial office or visit the website of the periodical
scientific publication, fill out the electronic version of the questionnaire and confirm it
electronically.

Publishing serial articles in the journal under the title "in our previous issues” or "in the next
issue™ is not allowed.

Corrections and notes on serious errors or technical defects found in articles published in
previous issues of the journal can be reissued by the author(s) in one of the next issues of the
scientific publication. In this case, the name of the article given in the "CORRECTION" section
should be the same as the previous article.

Necessary copies of the journal are sent to the organizations in the Republic of Azerbaijan to
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29.

30.

31.

which abstracts of dissertations are sent, including to the Higher Attestation Commission under
the President of the Republic of Azerbaijan, in accordance with the specialties of technical and
agricultural sciences. The number of copies of each issue of the journal sent to each of the
designated libraries is at least two copies.

Open access to the website of the journal is free for all readers and authors of the journal.
Article review, peer review, online hosting and archiving, publishing, and other costs are
determined by the editorial board and compensated by article processing fees. The editors of
the journal do not charge a fee for publishing articles from doctoral students and dissertations.
In case of unauthorized publication of the submitted article, the editors of the journal should
send a reasoned response in writing to the author.

The address to which the article will be sent and the author questionnaire:
technoagrarian@Isu.edu.az

AUTHOR'S PROFILE

Surname, name and patronymic

Workplace

Position

Scientific degree, Scientific name

ORCID

Title of the article

Address

E-mail address

Contact nomber

Information about previous
publication of the article or
submission to other periodical
scientific publications

ISl

"Teknoloji ve Tarim Bilimleri" Uluslararas: bilimsel-pratik dergisinde
makale yayinlama konusunda yazarlar i¢in
TALIMAT
Dergi profiline uygun agirlikli olarak gida endiistrisi ve giivenligi, hafif ve tekstil endiistrisi ve
malzeme bilimi, genel endiistriyel teknoloji, agroteknoloji, organik madde teknolojileri ve
malzeme bilimi, sistematik analiz, yonetim ve bilgi isleme vb. teknik ve ziraat bilimleri
alanlar1. bilimsel yonlerle ilgili makaleler yayinlamaktadir.
Dergide "Teknik bilimler" ve "Tarim bilimleri" béliimleri ve her bdliim i¢in bir yonetim kurulu
ve hakemler (uzmanlar) bulunur.
"Teknik Bilimler" boliimiinde agirlikli olarak gida {irlinleri teknolojisi, biyoteknoloji,
endiistriyel teknoloji, tekstil ve hafif endiistriyel malzeme ve friinler teknolojisi, cevre
teknolojisi ve miihendisligi, kimya teknolojisi ve miihendisligi, sistematik analiz, yonetim ve
bilgi islem, makineler, ekipman ve siirecler, {iretim organizasyonu ve saha ekonomisi, ekoloji
vb. uzmanlik alanlarinda makaleler yayinlanmaktadir.
"Tarim bilimleri" boliimii, temel olarak toprak bilimi ve tarim kimyasi, tarim miihendisligi,
biyolojik kaynaklar, seleksiyon ve tohum islahi, biokimya ve mikrobiyoloji, meyvecilik ve
bagcilik, bitki 1slahi, bitki koruma, subtropikal bitkiler, ormancilik, veterinerlik bilimleri, 6zel
zootekni, hayvancilik iirlinleri iiretim teknolojisi konularini igerir. vb. uzmanlik makaleleri
kabul edilir.
Dergi yilda 2 say1 olarak yaymlanmaktadir.
Makaleler Azeri, ingiliz, Tiirk ve Rus dillerinde kabul edilmektedir.
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Dergide ele alinan bilim veya teknoloji alaninda diinyanin 6nde gelen iilkelerinden makaleler
yayinlanir.

Makalelerin metinleri Times New Roman-12 yaz tipinde (Ornegin Azerice Latin alfabesi,
Tiirkge Tiirk alfabesi, Rusca Kiril alfabesi, Ingilizce ingilizce alfabe) 1 aralikla basilmalidir.
Makale A4 formatinda su sekilde yerlestirilmelidir: soldan - 25 mm, sagdan - 15 mm, {stten -
20 mm, alttan - 25 mm, paragraf - 1.25. Yazarlar makale hazirlamak i¢cin MS Word SABLON
dosyasini kullanabilirler.

Dergideki her makale yeni bir sayfada verilir ve sayfanin list kisminda derginin adini, yilini,
cildini, sayisini, makalenin baslangi¢ ve bitis sayfalarini1 gésteren bir baglik bulunur.

Makale su sekilde tasarlanmalidir: UOT dizinleri veya PACS tipi kodlar sayfanin basinda,
ardindan makalenin basligi, ardindan yazar(lar)in soyadi, adi, baba adi, ¢alistigi kurum(lar) ve
bu kurum(lar)in adresi, yazar(lar)in e-posta adres(ler)i belirtilmelidir. Makale baghigi kisa ve
bilgilendirici olmalidir.

Makalenin basinda, yazildig: dilde 150-300 karakterlik 6zet ve 5-8 kelimelik anahtar kelimeler
verilmelidir. Anahtar kelimeler ii¢ dilde (makale ve Ozetlerin yazildig1 diller) verilmelidir.
Makale uzunlugu, arastirma ve derleme makaleleri i¢in 6-12 sayfa, derleme makaleleri i¢in 20
sayfaya kadar olmalidir.

Makalenin yapisi temel olarak asagidaki sirayr saglamalidir: giris, bilimsel-pratik ve teorik-
metodolojik gerekge, kullanilan malzemeler, ekipman ve cihazlar, arastirma nesneleri ve
yontemleri (yontemler), aragtirmanin yapilma sirasi ve yeri, yontemler sonuclarin islenmesi,
elde edilen sonuclar ve bunlarin tartisilmasi, sonu¢ ve Oneriler, literatiir listesi. Makalenin
icerigine baglh olarak, gerekirse yazar(lar) tarafindan makalenin yapisinda bazi degisiklikler
yapilabilir.

Makalede verilen resimler ardisik olarak numaralandirilmalidir. Altyazi 15 kelimeyi
gecmemelidir. PNG ve JPEG formatlar1 resimler i¢in uygun kabul edilir. Tiim gorseller metnin
sonuna degil, referans verildigi yere yerlestirilmelidir. Makalede verilen tablolar da ardisik
olarak numaralandirilmalidir. Tablo adi ve burada verilen kisaltmalarin agiklamalar1 15
kelimeyi ge¢gmemelidir. Tim tablolar metnin sonuna degil, referans verildigi yere
yerlestirilmelidir. Makale metninde tiim sekil ve tablolara atifta bulunulmalidir.

Bilimsel makale sonunda, bilimsel alanin ve makalenin niteligine gore yazar(lar)in bilimsel
vardig1 sonug, calismanin bilimsel yeniligi, uygulamanin 6nemi, ekonomik etkinligi, vesaire.
acik ve gerekgeli olarak verilmelidir.

Makalenin konusu ile ilgili bilimsel kaynaklara atif yapilmalidir. Makale sonundaki kaynakca,
alint1 yapilan literatiiriin metin i¢inde gectigi siraya gore (6rnegin, [1] veya [1, s.119]) veya
alfabetik siraya gore numaralandirilmalidir. Ayni literatiire metin icinde baska bir yerde tekrar
atifta bulunulmasi halinde, atifta bulunulan literatiir bir 6nceki numara ile belirtilmelidir.
Kaynakcada verilen her kaynakla ilgili bilgiler tam ve dogru olmalidir. Atif yapilan kaynagin
bibliyografik agiklamasi, tiiriine (monograf, ders kitabi, bilimsel makale vb.) gore verilmelidir.
Sempozyum, konferans ve diger prestijli bilimsel etkinliklerin bilimsel makalelerine,
materyallerine veya tezlerine atif yapilirken makalenin, raporun veya tezin adi belirtilmelidir.
Atif yapilan kaynagin bibliyografik tarifi verilirken, Azerbaycan Cumhuriyeti Cumhurbagkani
baskanligindaki Yiiksek Tasdik Komisyonu'nun "Atifta bulunulan literatiir" béliimiiniin "Atifta
bulunulan literatiir" boliimiiniin gereklilikleri tezler” esas alinmalidir.

Referans listesi Essentials APA Style ile yazilmalidir.

Makalenin sonundaki literatiir listesinde, makalenin konusuyla ilgili en son bilimsel
makalelere, monografilere ve diger giivenilir kaynaklara - son 5-10 yila - 6ncelik verilmelidir.
Kaynakgadaki tiim kaynaklara metin i¢inde atifta bulunulmalidir. 19.

Makalenin 6zeti, yaymlandigi dile ek olarak iki dilde daha verilmelidir (makale Ingilizce
degilse dzetlerden biri Ingilizce olmalidir). Makalenin farkli dillerdeki &zetleri birbiriyle ayni
olmali ve makalenin igerigi ile oOrtiismelidir. Calismanin amaci, kullanilan materyal ve
yontemler, yazar veya yazarlarin ulastigi bilimsel sonug, c¢alismanin bilimsel yeniligi,
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31.

uygulamanin 6nemi vb. Ozette kisaca yansitilmalidir. Ozetler kesinlikle bilimsel ve gramer
acisindan diizenlenmelidir. Her 6zet, makalenin basligin1 ve yazar veya yazarlarin tam adlarini
icermelidir.

Makalenin editorliige giris, revizyona gonderilme ve baskiya kabul edilme tarihleri makalenin
sonunda belirtilir.

Makalede ve yazar(lar) tarafindan intihal oldugu tespit edildiginde bilimsel etik kurallari
aykirilik halinde yaz1 yaymlanmaz ve iade edilir.

Dergiye gonderilen makale baska bir dergide yaymlanmamis veya baska dergilerde
gonderilmemis olmalidir. Makale gonderimi, makalenin baska bir dergiye gonderilmedigi, ayn
veya benzer bi¢imde, Ingilizce veya baska bir dilde sunulmadig1 veya yayinlanmadigi anlamina
gelir. Daha dnce bir ¢alistay, sempozyum veya konferansta yayinlanmis makaleler, makalelerin
onemli Olgiide revize edilmesi ve yazarlarin editorleri bilgilendirmesi kosuluyla incelemeye
gonderilebilir.

Dergide yayinlanan yazilarin telif haklari saklidir ve bu yazilarin tiim yayinlar1 haklar
miinhasiran "Teknik ve Zirai Bilimler" dergisine aittir.

Makaleler alan editorii (bas editor) tarafindan isimsiz hakemler (uzmanlar) tarafindan incelenir.
vekili) veya yayin kurulunun uzman {iyelerinden biri tarafindan tavsiye edilmeli veya
sunulmalidir. Makalenin sonunda, onu baskiya gonderen alan editorii (alaninda bas editor
yardimcisi) veya yayin kurulu iiyesinin adi, baba adi ve soyadi (tam olarak), bilimsel derecesi
ve bilimsel adi belirtilmelidir. Gonderilen makalenin yayimlanmasinin reddedilmesi
durumunda dergi editoriinlin yazara yazili olarak gerekgeli bir yanit gondermesi gerekmektedir.
Yazar veya yazarlarin makalelerinin yayinlanmasi ile baglantili olarak derginin editorleri
gonderilen makalenin daha ©nce yayinlanmadigina dair onay (makalenin tez seklinde
yayinlanmasi) terclime versiyonu haric), makalenin ayni anda herhangi bir dildeki versiyonu
makale ile ilgili bilimsel-arastirma c¢alismasi yapilan diger siireli bilimsel yayinlara
gonderilmemis olmasi kurum hakkinda bilgileri ve gerekli diger bilgileri iceren bir anket
hazirlamali. Bu anket yazar(lar) tarafindan imzalanmali ve editdr ofise veya siireli bilimsel
yayina gonderilmelidir. Web sitesine girerek anketin elektronik versiyonunu doldurmali ve
elektronik olarak onaylamalidir.

Dergide "Onceki sayillarimizda" ve "gelecek sayida" baghiklart altinda bir dizi yazi
yayinlanmasina izin verilmez.

Derginin 6nceki sayilarinda yayinlanan yazilarda tespit edilen ciddi hatalar veya bilimsel
yayinin sonraki sayilarindan birinde teknik kusurlarla ilgili diizeltmeler ve notlar, yazar (ler)
tarafindan yeniden yayinlanabilir. Bu durumda, bir onceki makale ile "DUZELTME"
boliimiinde verilen makalenin bagligi ayn1 olmalidir.

Derginin teknik ve zirai bilimlerin Ozelliklerine gore gerekli niishalari, Azerbaycan
Cumbhuriyeti'nde tez Ozetlerinin gonderildigi kuruluglara, Azerbaycan Cumbhuriyeti
Cumhurbagkanina bagl Yiiksek Tasdik Komisyonu dahil gonderildi. Derginin her belirlenen
kiitiiphanelerin her birine gonderilen niisha sayis1 en az iki niishadir.

Derginin internet sitesine erisim, derginin tim okuyucu ve yazarlari i¢in {icretsizdir. Nesne
inceleme, uzmanlik, ¢cevrimi¢i barindirma ve arsivleme, yayinlama vb. Masraflar yayin kurulu
tarafindan belirlenen ve makale isleme {icretleri ile tazminat yapilir. Dergi editorlerinin doktora
ogrencilerinden makaleleri ve tezleri Yayin iicreti yoktur.

Gonderilen makaleyi yaymlanmasinin reddedilmesi durumunda dergi editorii yazara yazili
olarak gerekgeli bir cevab gonderir.

Makalenin gonderilecegi adres: technoagrarian@Isu.edu.az
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YAZAR ANKETI

Soyadi, ad1 ve baba adi

Is yeri

Konumu (¢alistig1 yerdeki konum)

Bilimsel daracasi

Bilimsel ad1

ORCID (WoS, Scopus va s.) kodu

Makale basligi (ad1)

Kurulusun (isletme) adresi.

E-posta adresi

[letisim numarasi

Makalenin daha O©nce yayinlandigi
veya diger siireli bilimsel yayinlara
gonderildigi hakkinda bilgi

O No O

NHCTPYKIUA

AJIsA aBTOPOB Ha nyﬁ.m/maumo crareii B Me)KIlyHaPO}]HOM HAYYHO-NIPAKTUHIECCKOM KypHaJIe

«TexHosorusl M arpapHbie HAYKN»

B cootBercTBMM CcO cBOMM TmpoduiIeM JKypHal B OCHOBHOM IIOCBSIIEH IHINEBOM
OPOMBIIIJICHHOCTH W 0€30MacHOCTH, JIETKOM M  TEKCTHJIBHOW MPOMBIIIJIEHHOCTH |
MaTepUaIOBECHUIO, OOLIENPOMBIIUIEHHBIM TEXHOJOTUSAM, arpOTEXHOJIOTUSAM, TEXHOJIOTHUAM
OpPraHMYECKUX BEILIECTB M MATEPUAIOBENCHUIO, CUCTEMATUYECKOMY aHAJIN3Y, YIPABICHUIO U
o0paboTke wuHpOpMaIMKM, a Takke JApyrue TeMbl B O0JaCTH TEXHUYECKHX H
CEJIbCKOXO035CTBEHHBIX HAYK.

Kypnan nmeet paznensl «TexHHUECKHE HAYKN» U «ATpapHble HAyKH» U COBET TUPEKTOPOB U
PELIEH3EHTOB (IKCIEPTOB) MO KAXKAOMY pa3Jielny.

B paznene «TexHuueckue HayKu» B OCHOBHOM IYOJMKYIOTCSI CTaThU MO CHEIHAIBbHOCTSIM
NUIIEBOM TEXHOJOIMH, OHMOTEXHOJOIMH, TEXHOJOTUH MPOMBIIIJICHHOCTH, TEXHOJIOTUH
MaTepuaioB M U3JAEIUA TEKCTWJIBHOM M JIETKOM MPOMBIIIJIEHHOCTH, HPHUPOIOOXPAHHBIX
TEXHOJIOTUH M WH)XEHEPUH, XUMHMUYECKOW TEXHOJIOTMH U MALIMHOCTPOEHUS, CHUCTEMHOTO
aHayM3a, ympaBieHHs U o0paboTka MH(OpMalNMM, MalIUHBI, 00OPYAOBAHHWE M IPOLECCHI,
OpraHu3alys Mpou3BOACTBA U SKOHOMHUKA OTPACIIH, SKOJIOTHUS U APYTHe OJOOHBIE TEMBI.
Crarbu 1O CHENHAJBbHOCTSM ITOYBOBEICHHS WU arpoOXHMMHH, arpOTE€XHUKH, OHOJIOTHYECKHX
pecypcoB, CENeKIMH U CEMEHOBOJCTBA, OMOXHUMHS M MHKPOOMOJIOTHS, IUIOJOBOJCTBA M
BUHOTPAJapCTBa, CEJIEKIMH, 3allMThl pAacTeHUH, CYOTpPONUYECKUX pPACTEHUM, JECHOTO
XO0351ICTBa, BETEPUHAPUH, CHELUAIBHON 300TEXHUKH, TEXHOJOTUU MPOU3BOACTBA MPOAYKIIUU
’KMBOTHOBOJICTBAa IPUHUMAIOTCA B paszzieie «ArpapHble HAyKN.

KypHan BBIXOUT 2 pa3a B roJl.

CraTthy MPUHUMAIOTCS HA a3epOaiiPKaHCKOM, aHTJIUHCKOM, TYPEIIKOM B PYCCKOM SI3BbIKaX.

B xypHasne my0IMKyIOTCS CTaThU BEAYIIMX CTPaH MUpPA B 00JIACTH HAYKH WM TEXHUKH.
TekcThl crarelt nOKHBI ObITH HaneyaTanbl Wpu@ToM Times New Roman - 12 nT (Hanpumep,
JaTHHUIA Ha a3epOaiKaHCKOM s3bIKe, TypelKuil andaBUT Ha TYpeLKOM sI3bIKE, KHPHUIUIUIA
Ha PYCCKOM SI3bIKE, aHIJIMMCKHUI andaBUT Ha aHTIUIICKOM s3bike) ¢ 1 uHTepBaioM. CraThs
JOJbKHA OBITH pa3MelieHa Ha gopmare A4 cienyromuM obopa3zoM: ciieBa - 25 MM, crpasa - 15
MM, cBepxy - 20 MM, cHU3Y - 25 MM, aG3an - 1,25. ABTOpBI MOTYT UCHOJB30BaTh (aiin MS
Word TEMPLATE nuis moaroToBku cTatei.

Kaxnas craTest B *KypHaje JaeTcs HA HOBOW CTpaHMIE, a BBEPXY CTPAHMIbI PACHOJaraeTcs
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1Ianka ¢ ykazaHueM Ha3BaHUs )KypHaia, rojia, Toma, HoMepa, Hauyaljia ¥ KOHLlA CTaTbH.
Cratpst 1omKkHA OBITH OQopMIIEHA CIEIYIONIMM 00pa30oM: B Hadajle CTPAHMIIBI YKa3bIBAIOTCS
uaaekcel YOT wmm komel tuma PACS, 3arem Ha3BaHue craThbu, (paMuius, UMs, OTYECTBO
aBTopa (aBTOpPOB), ydpekaeHue (ydpexiacHHusi) TIae OH/OHa paboTaeT M aapec 3STOro
yupexaeHusi(i) u ampec(a) 2JIEKTPOHHON MOUYTHI aBTOpa(oB). Ha3BaHue cTaThul TOJDKHO OBITH
KpaTKUM U UHPOPMATHUBHBIM.

B nauane crarbu crienyet naTh anHoTanuio oobeMoM 150-300 3HaKOB U 5-8 KITFOUEBBIX CIIOB Ha
TOM $I3bIKE€, HA KOTOPOM OHa HamucaHa. KiroueBble ciioBa JOJKHBI OBITH JaHBI HA TPEX S3bIKaX
(A3BIKax, HA KOTOPBIX HANMCAHBI CTaThs U aHHOTaIus). OOBEM CTaTbU JOJDKEH COCTaBIATH 6-
12 cTpaHuIl 1711 HAy9HO-0030pHBIX cTatei u 10 20 cTpaHuIl 111 0030pHBIX CTaTeH.

CtpykTypa cTaTbM JOJDKHA B OCHOBHOM OOECIIEUMBATH CIIEAYIOUIYIO MOCJIEI0BATEIbHOCTD:
BBEJICHUE, HAyYHO-TIPAKTUUYECKOE U TEOPETUKO-METOJIMYecCKoe OOOCHOBAaHUE, MCIOJIb3yeMble
MaTepuaibl, 00OpYyJOBaHHE W TMPUOOPBI, OOBEKTHI M CHOCOOBI (METONbI) HCCIIEAOBAHUS,
MOPSAIOK U MECTO MPOBEACHUS UCCIEAOBaHUSA, METObI, 00OpPa0OTKH Pe3yabTaTOB, MOTYyYCHHbBIC
pe3yapTaThl UM UX OOCYXJeHue, pe3yiabTaThl M MPEIJIOKEHUsS, CIHUCOK JHUTeparypol. B
3aBHCHUMOCTH OT COJIEp>KaHUsl CTaTbhH, MPU HEOOXOAMMOCTH aBTOPOM (aBTOpaMHU) MOTYT OBITh
BHECEHBI OTIPE/ICJICHHBIC U3MEHEHHUSI B CTPYKTYPY CTaThH.

PucyHku, npuBeZieHHbIE B CTaThe, JOJKHBI ObITh MOCIIEI0BATENLHO MPOHYMepoBaHkl. [loamnucu
He JO/DKHBI ObITh JummHHEe 15 croB. @opmatel PNG u JPEG cuuTaroTcss moaxoIsmuMe Jist
HU300pakKCHU.

Bce n3o0paskeHust JOKHBI pacionaraTbCsi HE B KOHIE TEKCTA, a TaM, I'/leé Ha HUX €CTh CChUIKA.
Tabnuiel, NIPUBEACHHBIE B CTAaThe, TAKXKE MOJKHBI ObITh IPOHYMEPOBAHBI MOCIEIOBATEIBHO.
HasBanwue tabiuibl 1 pacmi@poBKa MPUBEICHHBIX B HEW COKpAIICHUH HE TOJKHBI TPEBHIIIATH
15 cnoB. Bce Tabnuiibl HOMKHBI pacnofiaratbCs TaM, IJieé Ha HUX €CTh CCHUIKH, a HE B KOHIIE
TekcTa. Ha Bce pucyHkH U TaOIHIIbI JOJKHBI OBITH CCBUTKH B TEKCTE CTaThH.

B xoHme Hay4yHOW CTaThu B COOTBETCTBHM C XapaKTEpPOM HAyudyHOH 00JacTu M XapakTepoMm
CTaThU yKa3bIBAE€TCS HAY4YHBIM BBHIBOJ aBTOpa (aBTOPOB), HAyYHAsi HOBU3HA PabOThI, BAXKHOCTh
MPUMEHEHHUs, dKOHOMHYECKas d(PQPEKTUBHOCTh U JIPYTHe 3aKIIOYUTENIbHBIE MBICTU JOJKHBI
OBITH MPEJICTABIEHBI B SICHOM 1 000CHOBaHHOMU (hopme.

JlomkHBl OBITH CCHUIKM HAa HayudHble HMCTOYHUKH, OTHOCAIIMECS K Teme cTaTbh. CHHCOK
JUTEPATYphl B KOHIIE CTaThU JODKEH OBITH MPOHYMEPOBaH JIMOO B TOPSAJIKE YIMOMUHAHUS
MUTUPYEMON JHUTepaTypsl B Tekcre (Hampumep, [1] wmm [1, ¢.119]), mubGo B andaButHOM
nopsiake. Eciu 3Ta ske nurepaTypa CHOBa IUTUPYETCS B APYTOM MECTE TEKCTa, TO IUTHpyeMast
JUTEpaTypa yKa3bIBaeTCs MPEKHUM HOMEPOM.

Nudopmanust o xaxIoil ccbUike, TpUBEIEHHON B OuOMMorpaduu, N0KHA OBITH MOJTHOM U
TouHO#. bubmmorpaduueckoe omnucaHue NUTUPYEMOTO HCTOYHHKA CIIEyeT JaBaTh B
3aBUCHUMOCTH OT €ro BuAa (MoHorpagus, yueOHUK, Hay4yHasl cTaThs U T.1.). Ilpu ccbuike Ha
HAay4yHbIE CTAaTbMU, MaTepHallbl WM TE3UChl CHUMIIO3UYMOB, KOH(MEpPEHIHHA U JIpYrux
MIPECTHKHBIX HAYYHBIX MEPOINPHUATHNA HEOOXOAMMO YKa3bIBaTh Ha3BaHHWE CTAThbH, JOKJIa/a WIH
muccepraiuu.  [Ipu  mpepoctaBieHun OUOTUOTpadUUECcKOro  OMHCAHUS — [TUTHPYEMOTO
ucTouYHMKa cobOmomaroTcs TpedoBanus 10.2-10.4.6 pazpena «CnpaBouyHasi JUTEpaTypay
JICUCTBYIOLIEW MHCTpYKUMU Bplcmield arrectaumoHHoM kKomuccun 1pu  IIpesunente
Azep0aiikanckoir Pecryonuku «lIpaBuna odopmieHus AuccepTanminy CleIyeT B3ATh 3a
OCHOBY.

Cnmcok mTepaTyphl T0DKeH ObITh HanucaH B ctuie Essentials APA.

B cnucke nuTepaTypsl B KOHIE CTaThU MPUOPUTET CIEAYET OTAABaTh CaMbIM IOCIEIHUM
HAy4HBIM CTaThsIM, MOHOTPA(UsIM U IPYTUM JOCTOBEPHBIM UCTOUYHUKAM, OTHOCSIIIUMCS K TEME
ctatby nocaennux 5-10 net. Bee ucrounnku B Oubmuorpaduu JOIKHBI OBITh TPOIUTHPOBAHBI
B TEKCTE.

[TomuMo s13bIKa, HA KOTOPOM OHA OMYyOJTMKOBaHA, AHHOTAIMS CTaTbU JOJDKHA OBITH JlaHA eIlle
Ha JIBYX sI3bIKaX (€CJM CTaThsl HE HAa aHTJIMICKOM SI3bIKE, TO OJIHA U3 aHHOTALUH OJIKHA ObITh
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Ha aHTJIMICKOM s3bIKe). Te3Mchl CTaThu Ha PasHBIX SA3bIKaX MOJDKHBI ObITh MAEHTHYHBI YT
Jpyry U COOTBETCTBOBATh COJEPXAHMUIO CTaTbU. B aHHOTAMU OJKHBI OBITH yKa3aHbl LIEJb
paboThl, UCIIOJIB30BAHHBIE MaTepUalbl U METO/bI, CACIAHHBIA aBTOPOM (aBTOpaMU) Hay4UHBIN
BBIBOJI, Hay4YHasi HOBU3HA paOOTh! U MPUKJIAHAs 3HAUUMOCTh JOJKHBI OBITh KPATKO OTPaXKEHBI
B aHHOTAIMH. Te3UCHI JOKHBI OBITh CTPOrO OTPENAKTUPOBAHBI C HAYYHOH M TPaMMaTHYECKOM
TOYKM 3peHHsA. Kakaplli Te3nuc AODKEH CONEp)KaTh Ha3BaHME CTAaTbU U IIOJHOE MM aBTOpa
(aBTOpOB).

B KoHIE cTaThu yKa3bIBalOTCS AAaThl IOCTYIUIEHUS CTaTed B PENAKLUIO, HAIPABJICHUSA Ha
nopabOTKY M MIPUHATHUS B I1€YATh.

[Ipu obHapyxeHuM B cTaThe (hakTa IJardara ¥ HapyIIEHUH aBTOPOM (aBTOpaMH) MpaBuUIl
HAYYHOH 3THUKHU CTaThsl HE MyOJIMKYETCsl M HE BO3BPALIAETCS.

CraTpsi, oJjaBaeMasi B XKypHaj, HE JOJDKHA ObITh ONYOJIMKOBaHAa B JIPYIOM JKypHajle WM
OIyOJIMKOBaHa B APYTUX JKypHajaX Ha aHIJIMICKOM WM JItoOOM Jpyrom si3blke. Pykomnmcu,
paHee OmnyOJMKOBaHHBIE Ha CEMHMHape, CHMIIO3UyME WM KOH(EepeHLUH, MOryT ObITh
IPEJICTaBICHbl [UIsl PELIEH3UPOBAaHUS IpPU YCIOBUHU, YTO PYKONHMCH OYAYT CYIIECTBEHHO
nepepadoTaHbl U aBTOPBI YBEJOMSAT 00 3TOM PEJaKIUIo.

Cratbu, OnmyOJIMKOBAaHHBIE B JKypHaye, 3allWIICHBI aBTOPCKMM NPaBOM, M BCE IpaBa Ha
nyOJIMKAlMI0 O3TUX CTaTedl NpUHAAIEeKaT HCKIIOUUTENbHO JKypHany «TexHudyeckue u
CEIbCKOXO351CTBCHHBIC HAYKI.

CraTby peleH3UPYIOTCS aHOHUMHBIMHM PELEH3eHTaMH (PKCHEepTaMM) BbIE3IHBIM PelaKTOPOM
(3amecTUTENEM IJIABHOTO pEIaKTopa 10 TEMAaTHUKE) WM OAHUM U3 CHELHAIUCTOB-UJIEHOB
PENAKIIMOHHOM KOJUIETMH, KOTOPBIA IPUHMMAET PEIIEHWE O €€ PEKOMEHJALUU WIH
IpeJICTaBlIeHUU. B KOHIIE cTaThU yKa3bIBalOTCSI MMS BBIE3JHOIO PENAKTOPA, MPEACTABUBILIETO
ee B Me4aTh (3aMeCTUTENsI IJIaBHOTO PEAaKTOpa 10 TEMATUKE) WM WIEHA PEeIKOJIJIETUH, UM U
¢amunust otua (MOJTHOCTBIO), €ro y4yeHas CTENeHb M YdyeHoe uMs. B ciydyae orkasa B
nyOJIMKalMy TIPEACTaBICHHOW CTaTbU pENaKUUs >KypHaJa JOJDKHA HAlpaBUTh aBTOPY
MOTHUBHPOBAHHBIN OTBET 00 OTKa3e.

B cBsi3u ¢ myOnukamuei ctaTby peJakiys )KypHaja MoATBEp)KIAaeT corjlacke aBTopa(oB) ¢ TeM,
YTO MpeJAcTaBisieMas CTaThsl paHee He MyOnMKoBajach (3a MCKIIOYEHHEM BapuaHTa CTaTbH,
ONnyOJIMKOBAaHHOTO B BHJIE TE3UCOB), YTO BEpPCHUS CTaTbU Ha KaKOM-IIMOO s3bIKE He
HalpaBJsjach B JIpyrue IMEpUOJUYECKHE HayyHble H3JaHMsl OJHOBPEMEHHO, YTO HayuyHas
uHpOpMalKs, OTHOCSIIAsICS K CTaThe, - JOJDKHA OBITh IMOJTOTOBJICHA aHKETa, cojepiKalias
yupexJieHHe, B KOTOPOM BBINIOJIHSIACh Hay4Has paboTa, U Ipyrue Heooxoanumas HHpopmanus.
ABTOpP(BI) JOJKHBI MOJMNMCATh JAHHYK aHKETYy M HalpaBUTh €€ B PENAKLUIO MU MOCETUThH
CaliT MepHOJUYECKOr0 HAyYHOIO U3JaHUS, 3alOoJHUTh AJIEKTPOHHYKO BEPCHUI0 AHKEThl U
HOJATBEPAUTD €€ FNEKTPOHHBIM CIIOCOOOM.

[TyOnukanusi cepuiHBIX cTaTell B JKypHaJe IOJ 3arojOBKOM «B HalIMX MPEAbLAYIINX
HOMEpax» WIN «B CIEAYIOIIEM HOMEPE» HE T0IyCKAEeTCs.

HcnpaBneHuss M 3aMeyaHUs O CEpPhE3HBIX OIIMOKaX WJIM TEXHUYECKHUX HEJ0CTaTKax,
OOHapy>KEHHBIX B CTAThSX, OMYOJIMKOBAaHHBIX B MPEABIIYIIUX HOMEPAX >KypHajia, MOTYT OBbITh
Nepen31aHbl aBTOPOM (aBTOpaMHU) B OJHOM U3 CIEAYIOIIMX HOMEPOB HayyHoro minanus. [Ipu
3TOM Ha3BaHME cTaThM, npuseneHHoe B pazaene «VMCIIPABJIEHUE», nomkHO coBnaaarh ¢
Ha3BaHMUEM IpeJbIIyIEH CTaTbU.

HeoOxoauMple »K3eMIUIApBl JKypHaJla HampaBlIAIOTCA B oOpraHuzanuu AsepOailkaHCKOM
Pecny0mrku, B KOTOpbIe HapaBisSOTCs aBTopedepaTsl quccepranuii, B TOM 4ucie B Bricuyio
aTTecTallMOHHYI0 Komuccuio Tnpu Ilpesunenre  AsepOaifkanckoit  PecryOnmku, 1o
CHEIHAIbHOCTSIM TEXHUYECKHX U CEIbCKOXO3WCTBEHHBIX HayK. KoHM4yecTBO 3K3eMIUISpOB
KaX/I0r0 HOMEpa KypHaJja, HalpaBJIieMOro B KXyl U3 YKa3aHHBIX OMOIMOTEK, COCTABIISET
HE MEHEE JBYX DK3EMILISAPOB.

OTKpBITBII AOCTYN K CalTy JKypHaJla sBIsieTCSl OECIUIaTHBIM Ul BCEX YUTATENed U aBTOPOB
KypHasa. PenieH3supoBaHuEe CTaTbH, PELEH3MPOBAHME, OHJIANH-XOCTHMHI M apXWBHPOBAaHUE,
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nyOJIMKaus U APYrue pacxobl ONPEAEISIIOTCS PelaKIIMOHHON KOJUIernel U KOMIIEHCUPYIOTCS
coopamu 3a 00pabOTKy cTaThu. Pemakius xypHaia He B3UMAET IUIaTy 3a MyOIMKAIUI0 cTaTel

JIOKTOPAHTOB M JUCCEPTALUN.

30. B cnyuae oTkaza B myOJMKaluu MPEACTAaBICHHONW CTaThU PEAAKTOp JKypHala o00s3aH

HaIpaBUTh aBTOPY MOTUBHUPOBAHHBIN OTBET B MUCHbMEHHOM (hopMme.

31. DnekTpoHHbIE azapeca, Ha
technoagrarian@Isu.edu.az

KOTOPBIC H€O6XOI[I/IMO

AHKET ABTOPA

OTIIPABUTDH

CTaThbIO.

(DaMI/IJ'II/Iﬂ, UMs 1 OTYECTBO

Pabouee mecto

Tlo3unus

Hayunas crenenp

Haquoe Ha3BaHHUC

Kox ORCID (WoS, Scopus u 11p.)

HazBaunue cratbu

Anpec opranu3zaiuu (yUpexIeHus)

AJIpec 3JIEKTPOHHOM MOYTHI

KonTakTHbI HOMEp

Nudopmanus 0 peaAbIyIeH
myOJIMKAuU CTaTbH WA
MIPEICTABICHUH B JIpyTHE
MIEPUOINYCCKHUE HAYYHBIC U3JaHHS
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