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PREFACE

The accelerating convergence of agriculture, biotechnology, and engineering has
reshaped the way complex global challenges understood and addressed. This book,
Interdisciplinary Approaches in Agriculture, Biotechnology and Engineering, brings together
diverse perspectives to illuminate how integrative frameworks and -dissplinary
methodologiesandrive sustainablénnovationacros§ood systemsbiologicalproductionand
technological development.

Contemporary agricultural systems face unprecedented pressures arising from climate
change, resource scarcity, population growth, and evolving societal expectations.
Biotechnology offers powerful tools to enhance productivity, resilience, and quality, while
engineeringrovidesscalablesolutionsfor precision efficiency,andsystemoptimization.Yet,
meaningful progress increasingly depends on the synthesis of thesensloather than their
isolated advancement. This volume emphasizes the conceptual, methodological, and applied
intersections that enable such synthesis.

The contributionscollectedhereinpresentheoreticalinsights,experimentastudiesand
casebased aplications that reflect the state of the art in interdisciplinary research. By
integratingbiological principleswith engineeringlesignandagriculturalpractice the chapters
demonstrate how collaborative approaches can translate scientific knowleolgeactical
outcomes. Particular attention is given to sustainability, innovation pathways, and the transfer
of research into reatorld contexts.

This book is intended for researchers, graduate students, and professionals seeking a
comprehensive and fonnglooking perspective on interdisciplinary collaboration. It aims to
foster dialogue across disciplines and to serve as a reference that supports the development of

resilient, efficient, and sustainable agpiotechnological systems for the future.

Prof.Dr. GiilcanDEMKR O J LTOPCU
Prof.Dr. AbdullahEngin¥ Z ¢ EKL K
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1. INTRODUCTION

Comparedo liguidsandgasesdensityplaysa morecritical role inthe manufaturing of
solid materials especialfyowders due to itsmfluence orporosityand flowability. Inpowder
basedorocesses, density akey factor duringore preparation, materiagtoragebeneficiation,

mixing, and production stages. In the literaturewger density is defined and measured in

various ways, including apparent density, tapped density, Archimedes density, theoretical
density relativedensity,bulk density,andtrue density(typically measuredisinga pycnometer).

Each definition corresposdto a specific measurement method and application context

(Arslanhan et al., 2023; German, 2007).

Thedensityof powdermaterials isa critical parametem thefield of powdermetallurgy,
akeymanufacturingechnologyPowdemetallurgyinvolvesmixing metalpowdersn specific
ratios, compacting them at room temperature in precision molds under pressures that meet
technical requirements, and subsequently sintering them under controlled atmospheric
conditionsto producsdinishedparts.Thismethodconsiss of severaktagespowderproduction,

mixing, compaction, sintering, and optional ppsbcessing steps such as infiltration, oil

impregnation, and deburring. Compared to conventional manufacturing techniques, powder

metallurgy offers significant advaages in terms of production speed, energy efficiency,
material utilization, coséffectiveness, and ease of fabrication (Gokge et al., 2017; Oztiirk &

Kcin, 2015; Augustyn, 2024;
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Measuringhedensityof powdermaterialds morechallengng dueto theirregularshapes
of theparticles(Figurel). Theseshapevariationsaffect howparticlesinteract witheachother,
influencingtheoveralldensity flowability, andporosityof thematerial Arslanharetal.,2023).

Needle-like

ol Angular/Irregular
Flaky Dendritic

Cylindrical

Porous

Figure 1. Possibleshapesof powdermaterialf German 2007;Nouri, Sola,2018)
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Accordingto ASTM B329(2006),theapparentensityof powdermaterialsis definedas
their densityunder normatonditions withoutheinfluenceof pressure, temperaturar, liquid.
In powder medllurgy studies, determining the apparent density prior to any processing is of
critical I mportance (¥ztg¢grk & Kcin, 2015) .
compactiorstage, particularlyn how effectivelythe powdefills the mold. It is inflenced by
particleshapesize,anddistribution,anddirectly affectsboth flowability andpostcompaction
properties such as porosity.

Apparent density is determined through a standardized test in which powder material
flows freely through a device compamk of a funnel, deflector, and Scott voluméterach
dimensioned and shaped according to relevant standards. The test measures the loose,
uncompacted density of the powder. A specific amount of powder is gently poured into the
funnelat thetop of the devie. Under the influencef gravity, the powdestrikes the deflector
plates and fills the Scott volumeter located at the bottom.

Once filled, the 2%Em?3 Scott volumeter is weighed using a precision balance, and the
apparent density is calculated using therfula:

d=m/V, 1)

where d is the apparent density of the powder (g/cm3), m is the mass of the powder (g),
andV is thevolumeof the Scottvolumeter(fixed at25cm3) (ASTM B329,2006;Berek,2010).

2. MATERIALS AND METHODS

In accordance with ASTM B329he device used to determine the apparent density of
powdermaterialsvasdesignedanddimensionedisinga CAD program.Thisapproactenabled
the identification of the required part dimensions and quantities for-etffestive
manufacturing.

Deflector mmdgp \
« > box

Funnel —p Guide _}

plate

Density '
cup ]

—

Figure 2. Apparentdensitymeter(ASTM B329)



As specified in the standard, the apparent density measurement device consists of four
maincomponents: a funnelith a 16meshscreenat thetopto prevent powder dispersi@amd
guide flow; a deflector box in the middtontaining four glass guide plates; and a cylindrical
densitycup (Scott volumeter) at the bottom, with an intediameter of 28nm, a volume of
25cm3, and positioned 19 mm below the deflector box outlet (Figure 2).

Following thedesignand fabricatio of thetest apparatushe powdermaterials selected
for experimentationverebarite,calcite,phenolicresin,andcashewpowder,commonlyusedin
automotivebrakepad formulationsThe powder,regardles®f exact quantity, wapouredinto
the device thsugh a funnel. As it passed through the deflector, the particles were redirected
downward by guide plates, with some filling the densip and others dispersing around the
apparatus. Once the density cup was completely filled and overflowing, the expevas
terminated. Excess powden the rimwas gentlyyemoved using a spatula, and the net weight
of the filled cup previously tared on a precision balance was recorded. To minimize
experimental error, the procedure was repeated five times.

Priorto detemining the apparent densitiesthe powdematerials, a sieve analysias
conducted using a sieve shaker (Figure 3) to evaluate particle size distribution and calculate
averageparticlesizes.Thetechnicalspecification®f the sieveshaker ar@rovided in Tablel.

The experiment was carried out at Selcuk University Advanced Technology Research and
ApplicationCenterwhereasuitablesetof sievesvasselectedrom theavailableinventory.To
ensurearithmetic progression sieveswith meshopeningsof pan, 45um, 75um, 150um,

250um, and 50um were used. For ease adlculation, 100 grams @owder were placed on

the top sieve and shaken for 10 minutes. At the end of the process, the amount of material
retained on each sieve was measured using sjmredalance, completing the experiment.

Table 1. RetschAS200Feature®f sieveshakingdevice

Feature Value
Measuringange,(mm) 0.0225
Eliminationmovement Angularmomentunshaking
Max. feedingcapacity (kg) 3
Max. number ofractions,(unit) 9/17
Max. sievestackmass(kg) 4
Amplitude, (mm) 0-3 (Analogue)
Time indicator, (dk) 1-60 (Analogue)
Suitablefor dry/wetsieving Yes/ Yes
Suitablesievediameter{mm) 100/ 150/ 200/ 203
Protectioncode IP54/1P 20




Figure 3. Sieveshakingdeviceandsieveset

3. EXPERIMENTAL RESULTS

After the powder materials were procured, sieve analysis was conducted in accordance
with ASTM B214. Subsequently, apparent density measurements were performed using a
custombuilt device. The collected data werengaled using Microsoft Office tools, and
particlesizedistributionsalongwith averagegarticlesizeswerecalculatedTheaverageesults
from individual sieve analyses for each component are presented in Figures 4 and 5.

Fig.4 displays the collective esie analysis results of the powder materials. The pan
represents the section where the finest particles accumiitaterding to the graph, alumina
exhibitsthefinestparticlestructure while cashewpowdercontainsewerparticlessmallerthan
45um. Dueto its organicnature cashewpowderhasa coarsestructurecomparedo theothers,
with 70.78% of its particles larger than 1. In contrast, the other materials show more
uniform distributions, with the majority of their particles measuring belodubb.

Pan 45 7 150 250 500
= Cashew = Alumina = Phenolic resin = Barite = Calcite

Figure 4. Sieveanalysigesults

While bar charts indicate the amount of material retained on each sieve, cumulative
curves reveal theverall particlesize distribution. Thegraphs showhat aluminaand calcite
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have finer particles, as evidextt by their higher accumulation in sieves with smaller mesh
openings. In contrast, cashew powder displays a coarser structure, with more than 50% of its
mass retained beyond the [ sieve. Cumulative distribution graphs are commonly used to
estimate avege particle size. In literature, this is ofexpressed using-Malues, where D50
(median) refers to the sieve size at which 50% of the powder is retained. Alternatively, the
arithmetic mean of D10, D50, and D90 values may be used (AADNIAD25; AnonimE,
2025).In thisstudy,sinceD10valueswereunavailablgor alumina,phenolicresin,andcalcite,

the D50 values were estimated using interpolatiddiorosoft Excel. The calculated average
particlesizesfor alumina,calcite,phenolicresin,barite,andcashewwveredetermineds10,47,

49, 68, and 108 um, respectively.
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Figure 5. Cumulativeparticlesizedistributiongraphdrom sieveanalysis

Calciteandalumina,dueto theirfiner particlesizes exceede®0%r retentionatthe 75 um
sieve.Desptetheirfine structurepothmaterialsexhibitedlow apparentiensity.Phenolicresin
and bariteshoweda more balanceparticle sizedistribution, withsimilar accumulatioracross
mostsieverangesexcepiat500um. Cashewpowder beingtheonly organicmaterial displayed



a coarser structure, as indicated by its curve surpassing 50% beyond time 3Figve,
contributing to its lower apparent density due to agglomeration.

Apparent density is a critical parameter that influences product characteristics,
paticularly in pressing operations. The use of powders with high apparent density enables
savingsn bothmaterialandtime duringmold constructionwhile alsoextendingmold life and
reducing the risk of fracture (Berek, 2010). The apparent densitiekeosamples were
measured in accordance WABTM B329, and the results are presented in Figure 6.

It was observed that alumina, calcite, and barite materials with smaller average particle
sizes exhibited higher apparent density values. This indicatesutiatpowders can be more
tightly packed offering improvedpressabilityandenhancedinteringperformanceDespiteits
fine particle size, phenolic resin showed a low apparent density, suggesting poor flowability
andatendencyto agglomerateCashewpowder,derivedfrom plantshellmaterial hasrelatively
coarse particles and also demonstrated low apparent density due to agglomeration.

3.50

g

(5] !
8 3
p—

s

0.65
1 0.44

. . . Phenolic E
Calcite Barite Alumina resin Cashew

Apparent density (2/cm?)

e
o
o

Figure 6. Resultsof apparentiensitymeasurements

4. CONCLUSIONS AND RECOMMENDATIONS

A study was conducted using avie designed and manufactured in accordance with
ASTM B214 and B329 standards to measure the apparent density of calcite, barite, alumina,
phenolic resin, and cashew powder materiahoughthe metallic and organic powderset
theaveragearticlesizevaluesstatedontheir commercialabels,their apparent densityalues
were found to differ significantly. This variation in apparent density is a critical physical
property, especially in applications where powder flowability is essential. Therefisea it
parameter that must be considered in powresed applications.

Accordingto sieveanalysigesults aluminaandcalciteexhibitedfiner particlestructures,
approximately 45 um smaller on average and their apparent density values were measured as
202 and 2.66 g/cm3, respectively. The phenolic resin, which showed nearly equal mass
distributionacrossall sieves,andthe relatively coarsercashewpowderhad apparendensity



values of 0.65 and 0.44 g/cm3, respectively. Due to the organic naturenefwcpswder, its
particlestendto agglomerateresultingin lower apparent densityalues A similar observation
can be made for phenolic resin, whalko exhibits a tendendy retainair betweerparticles.

If pressing operatiorare to be applied to palermaterials, interpretatiorsanbe made
based on sieve analysis results. Powders with uniform particle size distribution (such as
phenolic resin and barite) tend to exhibit relatively low compressibility. In contrast, a varied
particlesizedistributioncanreducethe porosityof compositematerials Pressingpowderswith
uniform particle sizes may lead to increased voids in the final product, resulting in a porous
structure. To reduce porosity, powders with diverse particle sizes and higher compaction
pressuresanbeutilized. Evaluatingsieveanalysisresultsalongsideapparentiensitydatamay
offer a more comprehensive approach to material characterization and contribute to the
reliability of future studies.

Due to economic constraints, metallic amgjanic powder materials were used in this
study. In future research, the apparent density of metals, ceramics, plastics, organic powders,
andtheir mixturescanbetestedo evaluataheperformanceandversatilityof the manufactured
device. This would lal ow f or a broader assessment o f
applicability.

Duetotime limitationsin the project,powdermaterialshatwerereadilyavailableonthe
market wereselected. Byonducting experimenisith powderswhose particle sizesremore
preciselyjknown,theaccuracyanddeviationvaluesof thedevicecanbedeterminedThiswould
enable comparisons with existing literature data.

The device manufactured within the scope of the project can be calibrated by testing
powderswith standadizedparticlesizesandmoisturecontenttherebyimprovingmeasurement
precision.
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1. INTRODUCTION

Bread wheat (Triticum aestivum L.), according to data obtained from archaeological
excavationshegarto becultivatedin theNeolithic Period approximatel\8,000to 10,000years
ago, inthe Fertile Crescent region. \&t, aoneof the first agriculturaplants ofthat period,
was domesticated and gradually spread to Anatolia, then to Europe and Asia, forming local
landraces in various regions of the world. These local landraces adapted to the environmental
conditionsin which they were found and provided an important genetic resource for plant
breeders, especially in new breeding programs developed over the last two centuries. During
the hybridization studies on wheat following the Green Revolution, which began aiftl&t W
War I, thedevelopment ofarietiescarryingdwarfinggeneded to significant changem global
genetic diversity. Today, wheat, cultivated approximately220 million hectares annually, is
oneof themostwidely producecandconsumedood productsvorldwide, providingabout15%
of thecaloriesconsumedilaily. Breadwheat,repeatedlyshapedhroughselectiorto respondo
human needs and adapt to different environmental conditions, became a strategic product for
the development of civilizations aftehe transition from huntingathering to agriculture
(Balfourier et al., 2019; Broushaki et al., 2016). In addition to its strong adaptability, high
geneticdiversity,andeaseof storagewheatstandsout asoneof theimportantraw materialsof
the foa sector due to its rich and balanced nutritional content. The wide genome structure it
possesses also plays an important role in wheat's agricultural significance. With a genome
approximately five times the size of the human genome, wheat continuesote e the
indispensable plants of world agriculture with its species at different ploidy levels (Li et al.,
2004; Luo et al., 2009; Zimin et al., 2017).

Figure 1. K v IRockMonument,Late Hittite Period727 742BCE (T.C. Konya
Val i2025) i ,
Commercidly, the main cultivated wheats are divided into two primary groups: bread
wheat (TriticumaestivumL.) anddurumwheat (TriticumdurumL.). Wheat grainsarea staple
food containing many compounds important for nutrition and health, such as proteins,

carlohydrates, and carotenoids (Kimball et al., 2001). Globally, dwheat is grown oni8
10% of the wheatgrowing areaswhile the remainingareasare cultivatedwith breadwheat
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(Hansoret al., 1982). Om globalscale, wheat cultivatioarea increaseddm 215.12 million
hectares in 2000 to 219.15 million hectares in 2022. In terms of production, world wheat
production rose from 587.64 million tons in 2000 to 808.44 million tons in 2022. In Turkiye,
wheatwascultivatedon9.15million hectaresn 2000,whichdecreasetb 6.60million hectares

by 2022, and production fell from 21.00 million tons in 2000 to 19.75 million tons in 2022.
Alongside the growing population, changes in production levels have caused annual
fluctuations in import and export levels, parallelwith the qualityof the produced crop#s

of 2022, Turkiye's wheat exports reached 395.33 thousand tons, while imports were 8.90
million tons(FAO, 2022).As indicatedby theseresults,dueto thereductionin wheat cultivation

areas, increasg Yyield per unit area and improving product qualégnain equally important.

In this context, using the genetic heritage of our own soils in breeding studies, developing
varieties suitable for the ecological conditions of the country, and ensuringdecatic
resources are diverse and accessible are particularly significant factors. Although currently
registeredvarietiesoffer high yield potential, localvarieties posseamiquetraitsin adaptation

to low-input conditions, disease/drought tolerance] aertain quality parameters. This study
aims to systematically present the potential contributions that local durum and bread wheat
varieties can offer to breeding processes, based on literature and field samples.

2.COLLECTION AND PRESERVATION OF LOCAL WHEAT VARIETIES

Themostcomprehensivetudiesonthesystematicollectionandcharacterizatioof local
wheat varieties in our country were conducted by Mirza Gokgol. Starting from 1926,
approximatelyl8,000 localillage wheat varieties collected froafl regions ofTurkiye were
sown in quantities of 3,000 each year for examination; botanical varieties were determined
based on morphological traits, and economically important characteristics were identified
throughecomorphologicakvaluationsThe dataobtainedwerecompiledin the booksTurkish
Wheats | and I, and as a result of these studies, 236 new botanical varieties were defined
(Salantur, 2017).

Thanksto these comprehensive studies, it waagealed that while there a2€0 and 109
botanicalvaridiesof breadanddurumwheat worldwide, respectively, Tirkiye thesenumbers
are 223 and 102, respectivélyser, 2015). Mirza Gokg@nd his colleague K.A. Flaksberger
persuaded Vavilov, the founder thle Gene Resources Theory, to include Turkiye ayriba
primarycenterf wheat,therebyreshapingheVavilov Centersof Origin Theory(Gokgdland
T a K Hm8).In addition, Turkishvillage wheatvarietiesweresystematicallyollectedandthe
data published by Zhukovsky (1928027), Harlan (1948.949),Damania et al. (1984), and
Zanatta et al. (1993994) (Zhukovsky, 1951; Harlan, 1950; Damania et al., 1996; Zanatta et
al., 1996, 1998).
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2009 and 2014. Within the scopetbis project, 1,587 village wheat varieties were collected,
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the proportion of local wheat varietiestin the total wheat varieties is less than 1% (Mazid
et al., 2009). Nevertheless, Turkish village wheat varieties are preserved both in our country

and in globagene banks (egitu) and can be made available upon requeséfgarchersAs

reported by Ber (2015), a total of 4,493 local wheat varieties are stored in the National Gene
Bank of the Aegean Agricultural Research Institute, comprising 2,729 bread wheat, 1,577

durumwheat, andLl87 hulledwheat varieties, whiléhe CentralField CropsResearchnstitute

Turkiye Seed Gene Bank preserves a total of 21,966 local wheat varieties, including 19,292
bread wheat, 2,580 durum wheat, and 94 hulled wheat varieties.
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Figure 3. NationalGeneBankof the AegearAgricultural Researchnstitute(UlusalTohum
Gen Bankasé, 2025)

3. MAIN FACTORSCAUSINGYIELD AND QUALITY LOSSIN WHEAT PRODUCTION

Factorscausingyield lossin wheatproductionnot only affectthe quantityof production
butalsodirectlyimpactthe quality of the product.Reducinghe adverseeffectsof thesefactors
is critically important for ensuring continuity in production and maintaining food secAtity.
this point, breedingeffortswill allow thedevelopmenof varietieswith hightoleranceo stress
conditionsandsuperiorquality parametersBy utilizing localgeneticresourcesnddeveloping
new varieties adaptdd the ecologicatonditions ofour country, it is possible to both reduce
yield lossesand support sustainable productidihe main biotic and abiotic factotisat cause
yield and quhbty loss in wheat, but whose impact can be mitigated through breeding, can be
listed as follows:

3.1 Biotic Factors: These are living agents that affect the growth and yield of plants.
Theyinclude diseaseausing organismsuchasfungi, bacteria, and viruseaswell as

insects, mites, and other pests. These agents cause direct or indirect damage to plants,
resulting in losses in both yield and quality.

3.1.1Major Fungal DiseasegAdanaDirectorateof ProvincialAgriculture
and Forestry, 2014)

PowderyMildew (Erysiphegraminig

SeptoriaLeafBlotch (Septoriatritici )

Rust Disease@’ucciniagraminig

LooseSmut(Ustilago nudatritici)

CommonBunt (Tilletia carie9

TakeAll DiseasdGaeumannomycegaminig

Root andCrownRot (Fusariumspp.,Bipolaris sp.,Rhizoctmia spp.,
Pseudocercosporellaerpotrichoide¥

NoohswNpE
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Nameof DiseaseAgent CausedyYield Loss (%)
CommonBunt (Tilletia spp.) 1520

Dwarf Bunt (Tilletia controversa) 15
LooseSmut(Ustilago nudadritici) 5-15

Yellow Rust(Pucciniastriiformis) 10-75

Brown Rust(Pucciniarecondita) 20-60
StemRust(Pucciniagraministritici)  10-90

Tablel.Yield LossesCaused byajor CereaDisease$Akanetal., 2006)

3.1.2Major Bacterial Disease§CIMMYT, 1987)

Black ChaffandBacterialStripe(Clavibactermichiganensisubsp.sepedonicys
BasalGlumeRotandBacterialLeaf Blight (Pseudomonasyringaepv. syringag
BacterialSpikeBlight (Xanthomonagranslucengv. undulosa

Yellow ChaffRot (Pseudomonatsitici )

3.1.3Major Viral Disease¢CIMMYT, 1987)
BarleyYellow Dwarf (Luteovirushorde)
3.1.4Major PestgMinistry of Agriculture and Forestry, 2014)

SunnPest(Eurygastelintegriceps, Emaura,E. austriacg

PlantBug (Aeliaspp.)

EuropearChafer Beetl¢Anisopliaspp.)

DungBeetle(Zabrusspp.)

CerealMoth (Syringopaidenperatellg

CereaWeevil (Pachytychiusorde

RedleggedEarthMite (Penthaleusnajor)

CerealScalelnsect(Porphyrophoratritici )
StemSawflies(CephugpygmaeusTrachelugabidus,T. libanensi3

WheatFly (Phorbiasecurig

Cereal Aphids %itobion avenae Rhopalosiphum maidis, Rhopalosiphum padi,
Schizaphis graminum, Diuraphis noxia, Metopolophium dirhodum, Macrosiphum
euphorbiae, Myzus persicae, Sipha maydis, Sipha elggans

Thrips Haplothrips tritici, Haplothrips aculeatus, Limothrips cerealium, Aptingis
rugus

3.2Abiotic Factors (Environmental): These are factors that negatively affect the
physiological, biochemical, and metabolic functionplahts due to environmental
conditions, leadinglirectlyto lossesn growthandyield (Tanveer& Ahmed,2020).
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Figure 4. Symptomf Nitrogen,PhosphorusandPotassiunbeficiencyin Wheat,
Respectively (Agrimeta Tarém, 20:

4. GENETICPOTENTIALSOF LOCALWHEAT VARIETIES AS BREEDINGMATERIAL

Local varieties possess a rich genetic diversity. Having adapted to specific ecosystems
over many years, these varieties have naturally acquessstance to various environmental
stress factors. Genetic diversity forms the
environmentatonditions. Irnthis context,local varietiesoffer a muchbroaderangeof genetic
variationcompared to commercighrieties (Bellon, 1996; Franket al., 1995). For example,
local wheat varieties grown ithe Southeasterinatolia Regiorof Tlrkiye stand out fotheir
high adaptive capacity to temperature fluctuations and low rainfall conditions (Kaya, 2021).
Furthemore,local varietiesmostlyexhibit apolygenicadaptatiorstructure meaningthattheir
resilience to stress conditions arises from the combined effect of many genes with small
contributions. This trait enhances their survival and productivity undeablariclimatic
conditions (Mercer & Perales, 2010).

As an example, the AT¢rkiye Redo wheat is
wheatvarietyNorin-10,theancestooftheil Gr ® e v o | watrietiesthadincreasedodging
resistance by shortenimgant height, thereby allowing more efficient use of fertilizers and
irrigation. JapanesbreederslevelopedNorin-10 by incorporatingheil T ¢ r R ¢ qg@notype
into the Daruma x Fultz cross 1924, originally made in 1917.o0d a y , AT¢egr ki ye Re
present in the pedigree of many varieties registered in Turkiye, including Soyer 02, Nacibey,
Karaham9 9 , Kki A% endAltsypa00@an I n particul ar, ATe¢er ki
in different crossing combinations within the pedigredlbdy 2000. In short, Turkish local
wheatvarietieshavebeenuseddirectlyin productionbothdomesticallyandinternationallyand
have provided significant contributions to the genetic structure of modern wheat varieties as
indispensable genetic materials for wheat breeding programs (Salantur et al., 2017).
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Figure5.Ai T¢r Re ¢y @ \Wbhaleere2024)

4.1 Resiganceto ClimateChange

Climatechangeéhasmadeit apriority to enhanceesilienceandadaptivecapacityin agricultural
systems. Irthis context, locaVvarieties, shaped througiaturalselectionand farmer practices,

play an important role as geneticsogirces in sustainable agriculture. Thanks to both their
genetic diversity and the adaptive traits they have developed against environmental stresses,
local varietiesprovidean effectiveprotective mechanismgainsthe adverseeffectsof climate

change Ceccarelli et al., 2010; Dwivedi et al., 2016).

4.2 ColdTolerance

InD u ml reséasclonlocalandregisteredvheatvarietiesthecoldtoleranceof different
wheat genotypes was examined. As a result, it was reported ti& &€, most genotypes
showed ove50% viabilitye x cept f or the Neneh-A7uACandthKeéeKE
andNenehaturvarieties alongwith certainlines, maintainedviability above50%,while at-19
°C, onlya limited number ofenotypes could retain this threshold. Thesaltendicate that
thereis significantvariationin coldtolerancewithin theK & rpopklation.Thesamestudynoted
thatsomeK € rlimeg&exhibitedsuperiorperformanceomparedo modernbreedingvarietiesin
certainyield parameters;old toleranceates,andquality criteria,andsuggestethattheseines
could be used as parents in-preeding programs. Furthermore, it was emphasized that the
genesontrollingtheseraitscould beidentifiedusingmolecularmarkerslt wasalsoproposed
that thesegenotypes, which are morphologically distinctly different from modern varieties,
should be preserved through bothsitx and irsitu conservation methods (Dumlu, 2023).

4. 3Richnessin Certain Elements

In their research comparing the nutrient element comtiegtains in local bread wheat
lines with registered varieties, Akcura and colleagues examined nine different element
concentrationg¢Fe, Zn, B, K, Mn, Cu, Mg, Ca,andMo), comparing locabreadwheat linesof
Black Seaorigin (12 locallines)with 25 regsteredvarieties Accordingto theresultsthe Bolu-
origin TR 36948/5line amongthe localbreadwheatlineshadthe highest level®f Fe, Zn, and
Ca.Among the registered varietids,e r i k r a n lkarddCu domtenighile Kionya 2R02
andKenanbeyarietiesshowedhehighestlevelsof CuandCa,respectivelyNotably,the Bolu-
origin TR 36948/5line exhibited higheFe,Zn, andCacontentthanall 25 registered/arieties.

It wasconcluded thatocal wheatlines are superior to registered varietie$erms of certain
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elementsandcanserveasvaluablegeneticresourcesn breedingprogramsaimedat increasing
element content in bread wheat in Turkiye.

4. 4Yield Increase

In Turkiye, the first wheat varietgeveloped through hybridization breeding, Mel&;
wasobtained fronstudiesusingK & z &06dndAkdil 707 varieties aparentsThis multiline
variety,createdrom a mixtureof five linesselectedrom the Mentanax Akdil 707andMentana
I Kezeldil 706 crosses, was put into produc
yield stability but also a 280% increase in yield (Altay, 2016).

4 5DiseasdResistance

In addition to breeding studies conducted in Turkiye, local village wheat varieties have
also been used as valuable genetic materials in international breeding prograrmstiridne
durumwheatvarietyii H o r aselectedram materialscollectedfrom Turkiye by Zhukovsky,
outperformedmanyvarietiesin Russian 1951dueto its earlinesshigh yield, andresistanceo
fusarium disease (Qualset, 1996). Similarly, 51 linescsele d f r o m -dridindocak e md i n
varietyP1178.383whichis resistanto yellow rustandcollectedby Harlanfrom Ttrkiye, were
used as parents in the development of new varieties in the USA, making significant
contributions to the national economyaiania et al., 1996).

5. CONCLUSION

Thanks to centuries of nat ur al selection
varieties have developed wunique adaptive ¢ca
regions.Thesevarietiesoffer significantadvantagesover moderncultivarsnot only in termsof
yield and quality parameters but also in resistance to diseases, drought, and extreme climatic
conditions. As seen in the examga0, the gedetich T ¢ r k
contributions of outocal varieties have played a critical role even in international breeding
programs.

Today, increasing climate uncertainties, areas cultivated with low inputs, and the
growing demand for organic production further enhance the strategic importanceladfabur
varieties. Howeverthe intensive practicesf modernagriculture and the narrowing génetic
diversity make it more challenging to preserve these valuable resources. Therefore, the
conservation and effective use of local varieties as breeding iahatbould be supported
through both irsitu and exsitu approaches and reinforced with farmer participation, genetic
monitoring, and flexible seed policies.

Moreover,the nutrient element richness, cdlolerance, andiseaseesistancef local
varieties can serve as kegsources in future sustainable and climratglient wheat breeding
programsReintegratinghese varietiegito agroecologicatystemswill lay the foundatiorfor
a production model that ensures both yield stability and ecologicaldeala

In conclusionourlocalvarietiesarenot merelya geneticheritagetheyarea guarantee
of sustainable agriculture, fos@curity,andour culturalvalues.Preservingandutilizing them
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properly is the most r el irranb dne futweaagricultwal and r e n g
ecological resilience.
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1. INTRODUCTION

In studies conducted in many countries, various aspects of sugar beet cultivation have
been investigated over the years, including its global cultivation area, production volume,
economic importance, breeding and selection, varieties yoidl, as well as the impact of
different agrotechnical practices on soil fertility, plant growth and development, nutrient
accumulation and translocation within the plant, yield, and product quality. However, in the
Ganjd Dashkasaeconomiaegion,whereour researchvascarriedout,almostno studieshave
beenconducted imecent yearsnthe plantingschemesnd fertilizationof sugar beet hybrids.
Therefore, it is important to review the literature sources we have consulted regarding sugar
beet cultivéion.

Sugar beet is an important industrial crop used both for sugar production and as animal
feed.It is theonly sourceof sugarproductionin Azerbaijan More than50 countriesaroundthe
world producesugar fromsugar beet, while over 70 count@emainly located intropicaland
subtropical regiorgs obtain sugar from sugarcane, a perennial crop native to those climates.

The root crops of sugar beet contain, on average2@®6 sugar. During industrial
processingtsugarfactories valuableby-productssud asbeetpulp andmolassesreobtained.
Thedry matterof molassegontainsup to 60%sugar,15%nitrogenfree extractivesubstances,
and 8 9% ash. These bgroducts are used for the productmfralcohol, glycerin, food yeast,
lacticandcitric acids,and pectinglue.Afterpressingbeetpulp containsabout15%dry matter,
including 10%nitrogenfreeextractivesubstances3% cellulose 0.7%ash,0.1%fat, and1.2%
crude protein. Beet pulp is considered a valuable feed for ceditbpuintal (100 kg) ¢ pulp
is equivalento 80 85 feedunits. Whertheyield of sugarbeet reache30 tonsperhectarethe
amount of pulp obtained is approximately 24 tons per hectare. At the same time, sugar beet
processingesiduesrealsousedasfertilizersin agricultual production Thisfertilizer contains
approximatelyd0i 50%lime, 15%organicacids,0.2 1.7%nitrogen 0.2 0.8%phosphorusand
0.5/ 0.9%potassium. Duringparvesting, théeaves okugar beet, asell asthetopsandupper
partsof the root crops, aretilized as livestock feed in fresh, ensiled, or dried forms. In terms
of feed value, sugar beet surpasses fodder beet by approximately two times. The leaves are
particularly rich in nutrients, containing 2% protein, 0.4% fat, and various vitamins. One
quintal (100 kg) of sugar beet is equivalent to 26 feed units or about 1.2 kg of protein. One
quintalof sugar beet leaves egjuivalent to 2@eed units, while fodder beet correspotald 2
and 9 feed units, respectively. It should be noted, however, tiragks should not be fed
excessivelywith sugarbeet leavesBothin freshandensiledforms,theseleavescontaina high
amount of oxalic acid, which can disrupt calcium metabolism in animals (Mammadov and
Ismayilov, 2012).

Sugarbeethasalongvegetatio periodandabsorbsignificantamountf nutrientsfrom
the soil. Therefore, it has high nutritional requirements for optimal growth and development.
The crop grows best on humrtsh loamy and sandipam soils. Optimal agrochemical soil
characteristicencludenearneutralsoil reaction(pH 6.0i 6.8in KCI), humuscontentof at least
1.8%, mobile (available) phosphorus and potassium B8AL%ng/kg and 15800 mg/kg,
respectivelyandboronataminimumof 0.7 mg/kg.Sugabeetabsorbsutrientsthroughoutts
entire vegetation period. In the initial stagegawth, it takes up relatively small amounts of
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nitrogen, phosphorus, and potassium. At this time, the root system is still weakly developed,
but young plants are highly sensitive to the absenceutfents in the soil, particularly
phosphorud.ater,nutrientuptakesharplyincreases,eachingamaximumduringintensiveleaf
formation and the early stages of root growth. By the end of the vegetation period,
approximately13% ofnitrogen, 18%of phogphorus, and@8% of potassiumn sugar beetoots

are lost due to leafenescence, shedding, and nutrient leaching back into the soil.

Sugar beet is a potassitloving crop. Sugar beet with yield of60 t/ha camemove up
to 414 kg/ha of potassium from tiseil. It tolerates chlorideontaining fertilizers well and
responds positively to the effect of sodium, which helps in the translocation of carbohydrates
to the root crops.

Sugar beet also requires significant amounts of micronutrients. Among these,oro
particularlyessentialespeciallyon calcareousoils. Borondeficiencyin sugar beetanleadto
rootrot andareductionin bothsugarcontent andoot yield. The fertilizatiorsystemfor sugar
beet primarily involves the application of organic amdneral fertilizers, presowing
phosphorusr complexfertilizers(NPK), aswell assupplementarfoliar feedingwith nitrogen
and micronutrients.

Sugarbeet isacropthatis demandingn termsof soil conditions.The mostsuitablesoils
for its cultivation areloamyandsandyloamsoils. Theoptimalsoil reaction(pH) for sugarbeet
is between 6.5 and 7.5.

At the early stages of growth, sugar beet absorbs relatively small amounts of nitrogen,
phosphorusandpotassiumhoweverit is highly sensitiveto phosphorusleficiencyduringthis
period.Applying 10i 20kg/haof P @ therowsatsowingcreatesafavorablenutrientregime
during the first 1520 days after emergence. Durithg period ointensive leafyrowth, sugar
beet requires large amounts ofrogen and potassium. For root formation, the plants need
moderate nitrogen and strong phosphorus and potassium nutrition. The maximum nutrient
demandf sugaibeetis observedn Julyi August.Sugabeetrespondsvell to organicfertilizers.

Due to its logy vegetation period, it efficiently utilizes nutrients. Organic fertilizers, such as
well-composted manure or peaanure composts stored under pressure iférrdonths, are
most effective when applied in spring and summer. In the autumn, these fersilineitd be
applied at a rate of 480 t/ha under the plow.

Nitrogenfertilizersarethemosteffectivemineralfertilizersfor sugameet.Eachkilogram
of nitrogencontributego anincreasen rootyield by 50i 60kg. However to improvethequality
of roat crops, the maximum rate of nitrogen fertilizers should not exceetll®80kg/ha.
Excessive nitrogen fertilization leadsttee accumulatiof alphaamino nitrogen irthe roots
and a reduction in the purity of cell sap, which ultimately decreases sieddr ¥ is
recommendetb applynitrogenfertilizersat arateof 100’ 110kg/haasthe maindoseand35i
40 kg/ha as a tegressing.

Phosphorus and potassium fertilizers are recommended for application before sowing,
and onheavysoils, inthe autumn. Fathe mainapplication, alkypes ofnitrogen, phosphorus,
and potassium fertilizers available in the country can be used. At the same time, the use of
ammonium nitrate is characterized by the lowest economic efficiency. To prevent leaf burn
during topdressing, it is advisable to use solid forms of nitrogen fertilizers.

Moderntechnologies fosugar beet cultivatiomcludethe applicationof complexfertilizers
during soil preparationfor sowing. This practice significantly affects plant growth and
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develgpment, crop yield, and sugar content. It also reduces the costs of fertilizer application
and,comparedo the useof simple fertilizergnitrogen,phosphorusandpotassium)ensures
more uniform distribution of nutrients across the cultivated area.

Recently, the modern chemical industry has developed simple, balanced complex
fertilizers for sugar beet, taking into account soil fertility and the biological characteristics of
the crop. Currently, the most popular complex fertilizer isPNK 19, which contains all the
essential mineral nutrients for plants in balanced proportions and also includes B, S, and Na.
The use of complex fertilizers provides significant savings (up to 65%) in the application of
mineral fertilizers, and additionally eliminates theed to apply ammonium sulfate with
nitrogen fertilizer or 23 kg/ha of boric acid. Applying 1,000 kg/ha of this complex fertilizer
per hectare ensures optimal doses of nitrogen, phosphorus, and potassium. It has been
establishedhatincreasinghe phosplorusrateabovel20kg/haandpotassiunabovel90kg/ha
is noteconomicallyefficientwhenappliedonthebackgrounaf 60i 80t/haof organicfertilizer,
as their payback period sharglgcreases. According to agrochemiateria, increased rates
of phogphorus and potassium do not adversely affect the plants, and some potassium remains
in thesoil. Therefore, iraresourceefficient fertilizer applicatiorsystem, theptimalratesare
determined based on both agrochemical and economic considerations.

In theabsencef complexfertilizers,urea,ammophospr ammoniunmsuperphosphatnd
potassium chloride should be used for sugar beet. Complex fertilizers can be produced
accordingo establishedechnicalspecificationsincorporatinganysetof micronutriens, plant
growth regulators, or lorgcting components as needed.

Theapplicationratesof complexnitrogerrphosphorugpotassiuntertilizersfor sugarbeet
are determined based tre planned yield and the contefitmobile formsof phosphorusind
potassim in the soil. Nitrogen and phosphorus doses (within the complex fertilizer) are
calculated accordingly.

Fortheplannedyield, full -ratecomplexnitrogenphosphorugotassiun{NPK) fertilizers
are applied in early spring using a cultivator. With this roéththe fertilizers are mainly
incorporated into thei@2 cmsoil layer, with approximatel24% distributed within theiZ2
cm layer.For sugar beet, the singleplication rate of complex fertilizers within an organo
mineralfertilization system(with 60i 70 t/haof organicmanure) isetsothatnitrogendoesnot
exceed 140 kg/ha, and in a mineral fertilization system, the effective nutrient content should
notexceedl50kg/ha.Duringthe sugarbeetgrowingseasonfoliar applicationof micronutrient
fertilizers is performed at the 1102 leaf stage andi 1.5 months after the first fertilization.
Boronis appliedatarateof 200 300g/ha,andmanganesat50i 75 g/ha.Whenthesoil content
of micronutrients is low, additional fertilization is recommended §Asly and Huseynov,
2025).

In the GanjaDashkasan economic region, under the conditions of Samukh district,
research on the effect of planting schemes and mineral fertilizer rates on sugar beet yield and
guality was conducted by D.H. Aslanova under the sigien of Prof. S.Z. Mammadova in
graybrown soils. It was determined that, on average over three years, in the control
(unfertilized) variant with a 5015 cm planting scheme, sugar beet root yield was 358.4
c/ha.Within the same planting scheme, increpsttoses of nitrogen fertilizers on the
background oP120K g0 significantly influenced sugar beet productivity. The highest yield was
observedn theP12dKgo + Ngg varianti 602.3c/ha,whichis 243.9c/ha(68.1%)higherthanthe
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unfertilized control, andhe yield increase per 1 kaf NPK was81.3 kg.With further increase

in nitrogendose(P12dK 90 + N120), yield decreasedomparedo the P120Kgo + Noo variant:548.6

c/ha, with a yield increase of 190.2 c/ha (53.0%), and the yield per 1 kg of NPK wagj57.6 k
(Mammadova and Aslanova, 2021).

Additionally, basednresearcltonductedy D.H. Aslanova, it wasleterminedhat the
plantingschemeandtheapplicationof mineralfertilizersincreasehe contentof total nitrogen,
phosphorus, and potassium in sugaetbroots, which significantly affects the removal of
nutrients fromthe soil. The highest nutrient removal frahe soil was observed in the 50x15
cm planting scheme with mineral fertilizers applied at the rate ¢6P1p#Koo. Under these
conditions,nitrogen removalrangedfrom 90.20to 125.42kg/ha, phosphorugrom 36.00to
50.20kg/ha,andpotassiunfrom 65.50to 92.00kg/ha(Aslanova,2021).

The economic importance of sugar beet is extremely high, which is why this crop is
includedamongthemainindustial cropsin mostcountriesln ourrepublic,afterkeyindustrial
cropssuchascottonandtobaccoparticularattentionhasrecentlybeenpaidto thedevelopment
of sugar beet. Sugar bgaimarily servesasa raw materialfor sugaroneof the mostvaluable
food products. Worldwide, 40% of sugar production comes from sugar beet.Research has
shown that the application of mineral fertilizers together with manure under sugar beet
significantly affects the accumulation of total nitrogen in both leaves @otd at different
stages of development. As a result of fertilizer application, at the end of the growing season,
total nitrogen inthe leavesanged fron0.26 0.29%, and intherootsfrom 0.30'0.33%, which
representganincreasecomparedo the control(unfertilized) variant. The highesttotal nitrogen
content during each developmental stage was observed in the variant with manure at 10 t/ha
combined withNgoP120K 90 mineralfertilizers. It wasalso determined thatyith the application
of manure together ith mineral fertilizers under sugar beet, there is a significant correlation
between total nitrogen content (%) in leaves and roots and the yield of leaves and roots (s/ha)
across variants and developmental stag&byeva, 2015).

In the studies, theppicationof micronutrientsat thedi 6 leafstageunder sugar beet, in
combination with mineral fertilizers (NPK), increased nitrogen content in the leav@82y
0.05% during the early leaf stage, @3 0.07% during leathickening, and by 0.07% in the
roots.Nitrogenaccumulatiorwasmorepronouncedn activelydevelopingorganswhich plays
a significant role in nutrient uptake by the plant, sugar accumulation in the roots,
photosynthesis;old anddrought resistancepot developmentmaturation andoverallquality
improvementYield in thevariant withonly mineralfertilizerswas65.9t/ha, whereawith the
additional foliar application of micronutrients, it increased to 66403.0 s/ha (Buldikova,
2013).

The application of mineral fertilizers undeugar beet at a rate of 240 kg/ha (NPK)
increased nitrogen content in the roots from 0.64% to 1.03% in absolute dry matter. Sugar
content and sugar yield were most efficient when harvestingaraed out at plant densities
of 94/ 100 thousand plants pkectare and on September 25 (Gureev, and Agib2002).

The use of mineral fertilizers under sugar beetodNodKi20 and NaoP2a0K240)
significantly increased the total NPK content in the root crop. As a result of fertilization,
nitrogen content rangddom 1.69% to 1.80% (Gvozdov et al 2004).

Research conducted on irrigated gdnestnut soils has shown that the application of
|l ocally sourced organic fertilizers, both in
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sugar beet significantiyfluenced theaccumulatiorof total nitrogen inthe leavesnd rootsat
different growth stages. In the control (unfertilized) variant, total nitrogen at the harvesting
stage was 2.30% in the leaves and 0.45% in the roots, whereas in the variants with organic
fertilizers, total nitrogen ranged froBn32% to 2.52% in the leaves and frOmM6% to 0.64%

in theroots.Theuseof organicfertilizersundersugarbeetpositivelyaffectedplantheight,leaf
bladeareathenumberof leavesat differentgrowthstagesand bothrootandleafbiomassThe

best results were observed in the wvariant
NsoP2sKeo fertilizers (Ahmadova, 2018).

Research conducted in the Republic of Bashkortostan, Russian Federation, showed that
thehighestsugarmeetyield (32.7t/ha)wasobtainedwith theapplicationof a300kg/haorganic
mineral fertilizer mixture. In this variant, sugar content in the roots ranged from 16.0% to
16.8%, and nitrogen in the roots increased by O(R#adiyev, 2012).

Analyzing the chemical composition of plants allows for the determination of the
agrochemical properties of soi |l s, thereby
requirements (Tserliny and Zinkevich, 1975).

In the northern part of the Lesser Caucagus,gffect of fertilizers on sugar beet yield
and feed value was studied on leached mowftiaick soils. Compared to the unfertilized
control, an increase in sugar beet yield was observed depending on the type and ratio of
fertilizers applied. The highesteld was obtained in the P120K9o + Be variant. Over three
years, the average root yield in the unfertilized control was 231.5 c/ha, whereas in the
NooP120Kgo + Be variant it reached 383.2 c/ha, representing an increase of 151.7 c/ha, or
65.5%.Fertilizes not only increased root yield but also enhanced aboveground biomass. The
aboveground biomass in the control was 87.1 c/ha, while in §ifebKeo + Bs variant it
reached 142.3 c/ha, an increase of 55.2 c/ha or 63.3%.Depending on the fertilizerdrates an
ratios, the feed value of sugar beet also improved. The amount of feed units and digestible
protein per unit area increased. The highest feed units and digestible protein were recorded in
the NboP120K9o + Bg variant, with feed units of 92.2 c/ha and 2@/Ba, and digestible protein
of 410.8kg/haand303.6kg/hain rootsandleaves, respectivelyn theunfertilizedvariant,the
corresponding values were 41.3 c/ha and 52.4%, respectively (Baghirov, 2016).

The effect ofplant densityon sugar beet yieldna qualitywas studied on graghestnut

soils in the Barda district by H. k. H¢e mbbpt o\

70x20 cm (71,000 plants/ha), the root yield was 191.5 c/ha, with 26 feed units per centner,
equivalent to 49.79 c/ha éded units. At &0x25 cmplanting scheme (57,000 plants/ha), the
yield increased to 276.3 c/ha and 71.83 c/ha of feed units. In the variant with reduced plant
density, i.e., 70x30 cm (47,000 plants/ha), the yield was 267.9 c/ha and 69.65 c/ha of feed
units.Yields at plandensities of71,000 and 47,000 plants/ha were lower compared to 57,000
plants/ha. To obtain high and quality sugar beet yield, farmers are recommended to adopt a
70x25 cm planting scheme, corresponding to a density of 57,000 plants/ha (Humbatov and
Bakhsaliyeva, 2017).

Currently, sugar beet monsidered the most profitable crop among agriculpleaitsin
our republic. Despite being cultivated on onlyi 20% of arable land, sugar beet contributes
30i 50% of the total income from crop production. The @dPashkasan region occupies a
decisive position in the republic in terms of agricultural production. From the perspective of
foodsecurity,undertheconditionsof thewesterrregion,theincreasef sugameetproductivity

27



on nutrientpoor irrigated grgbrown (chestnut) soils is a highly relevant issue today.
Considering the importance of this problem, determining the optimal planting scheme and
efficient mineral fertilizer rates that affect the yield and quality of sugar beet in the region
remains a arcial task in the modern era.

2. OBJECT AND METHODOLOGY OF THE STUDY

Considering the significance of sugar beet, the study aimed to identify the main
cultivation factors, including the planting scheme and mirfertlizer ratesthat ensure high
and qualiy yields on irrigated graprown (chestnut) soils in the Garpmshkasan economic
region. The research was conducted at the Ganja Regional Agrarian Science and Innovation
Center of the Ministry of Agriculture of the Republic of Azerbaijan, in the Samudthiad
using the Caucasus variety of sugar beet under irrigateebgoayn soils.

Field experiments were conducted as a-taaiorial trial (2x5)following cotton as a
preceding crop, according to the following scheme:

Factor AT Planting scheme:

1. 50%x10cm (200,000plants/ha)

2. 50%x15cm (133,000plants/ha)

3. 50x20cm (100,000plants/ha)
Factor B i Fertilizer rates:

1. Control(withoutfertilizer)
P120K 90 (background)
Background+ Neo
Background+ Ngo
. Background+ N120

Each experimental plot had a total area oD5®2 (20x2.5 m) and was arranged in a
randomized row design with 4 replications. The experimental layout of the field trial is
presented in the table.

In the experimental plots, the following mineral fertilizers were used: nitragen
ammonium nitrate (34%), phosphoru$ simple superphosphate (18.7%), and potasgium
potassiunsulfate(46%). Seventyperceniof phosphorusindpotassiunwasappliedin thefall
underthe plow layer,while the remaining30% of phosphorusindpotassiumalongwith 50%
of nitrogen,wasappliedat sowing.Theremainings0%of nitrogenwasappliedastop-dressing
at the 78 true leaf stage.Sowing was conducted each year in the thidhyeperiod of
March. The assessment of sugar beet was carried out for all replications amdsvaria
Phenological observations included measuring the leaf and root biomass, root length and
diameter, number and length of leaves, and assimilation surface area according to
developmentastages Samplesveredried, ground,andanalyzedn the laboratory.Agronomic
practices were performed according to the accepted regional standards.

In the collected soil samples, the following analyses were performed: pH was
determined potentiometrically; total humus content was measured according to L.V. Tyurin;
ammoniun nitrogen was determined by the D.P. Konev method; nitrate nitrogen by the
GrandvalLyage method;total nitrogenand total phosphorusoy K.E. Ginzburgand Q.M.

aoA W
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Sheglov; mobile phosphorus by B.P. Machig; total potassium by Smith; and exchangeable
potassim by P.B. Protasounethodusinga flame photometer.lrplant samplesthe following

were determined: dry matter content at 105°C in a thermostat; total nitrogen, phosphorus, and
potassium according to K.E. Ginzburg, Q.M. Sheglov, and E.V. Vulfus.

3. DISCUSSION AND ANALYSIS OF RESEARCH RESULTS

The effect of planting schemes and mineral fertilizers on the accumulation of total
nitrogenin the leavesandroot cropsof sugarbeet duringts developmentadtageson irrigated
gray-brown (light brown) soilswas invetigated.The resultof the studyare presentedn the
table. Plant samples were collected at the stage$&fride leaves formation, row closure,
andtechnicalripenesdor analysis Dependingon the plantingschemeandfertilizer rates,the
maximum tot& nitrogen content was observed at thie8 Arue leaves stage, while the
minimum was recorded at the stage of technical ripeness.

As shownin the tableat a plantingdensity of 200,00@lantsper hectarewith a 50x10cm
planting scheme, during thé & true leaf formation stage, the total nitrogen content in the
leaves of the control (unfertilized) variant was 2.83% on a dry matter basis, and in the root
crops, itwas 1.12%During the rowclosurestage total nitrogen inthe leaves was 2.39%nd
in the roos 0.92%, while at the stage of technical ripeness, it was 2.08% in the leaves and
0.42% in the roots. In thei#dKoo (background) variant, these values increased significantly
comparedo thecontrol. During the 7i 8 true leaf stage total nitrogenwas2.93% in theleaves
and1.20%in theroots;duringrow closure,2.47%in the leavesand0.99%in theroots;andat
technical ripeness, 2.15% in the leaves and 0.49% in the roots.

With increasingatesof nitrogenfertilizer combinedwith thebackgroundP120K ), total
nitrogen content in the leaves and root crops of sugar beet was higher in all studied growth
stages compared to the control (unfertilized) and background variants. Specifically, in the
Nsotbackgroundrariant,duringthe 7i 8 true leaf formationstage,total nitrogenwas 3.05%in
theleavesandl1.34%in theroots;duringtherow closurestage2.57%in theleavesand1.16%
in theroots;andat the stageof technicalripeness2.19%in the leavesand0.54%in theroots.
Thehighesttotal nitrogencortentwasobservedn the Nogtbackgroundrariant:duringthe 7i 8
true leaf stage 3.18% inthe leavesand1.49%in the roots;duringrow closure 2.84% inthe
leavesand1.29% inthe rootsandattechnicalripeness?.33%in the leavesand0.68% inthe
roots. When nitrogen was applied at a rate of 120 kg/ha with the background, total nitrogen
content decreased compared to thetNackground variant.

Thus, theplanting schem¢€0x10 cm) and minerdértilizers hada significanteffecton
the accumulation ototal nitrogenin the leaves and roatrops of sugar beetcross different
growth stages. The highest values were observed in gheb&tkground variant at each
growth stage with total nitrogenat the end of vegetationduring the technicalripenessstage
increasingoy 0.25%in theleavesand0.26%in therootscomparedo the control (unfertilized)
variant. Therewasa strongpositive correlationbetweensugarbeetroot yield (t/ha) andtotal
nitrogencontent(%) in both roots and leavesunderthe influence of plantingschemeand
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mineralfertilizers. During the technicalripenessstage this relationshipoverthe yearsranged
from r = +0.980 + 0.020 to 0.974 + 0.023.

As shownin the tableat a plant density af33,000 plants per hectare (5015 cm), the
total nitrogen content was higher compared to the 50x10 cm planting scheme. This can be
explained bythe fact thafplants undethe 50x15 cm schemfgad better nutrient availability
and more efficient absorption of nutrients. Specifically, at th# tfue laf stage, on a dry
weight basis, total nitrogen in the leaves and roots of the control (unfertilized) variant was
2.88% and 1.14%, respectively; at the ifraw thickening stage, it was 2.43% in leaves and
0.94% inroots;andatthe technicatipenessstage,2.07% inleavesand0.43% inroots.In the
P1odKgo (background) variant, these values increased significantly compared to the control,
reaching 2.94% in leaves and 1.21% in roots at fl&etiie leaf stage, 2.49% in leaves and
1.02%in rootsattheinter-row thickeningstageand2.22%in leavesand0.53%in rootsatthe
technical ripeness stage.

Effect of Planting Scheme and Mineral Fertilizers on Total Nitrogen Accumulation in
Sugar Beet at Different Growth Stages (Average Over 3 Years, %)

Under incrasing rates of nitrogen fertilizer applied together with the backgroun b,
thetotal nitrogencontentin sugarbeetleavesandrootswashighercomparedo boththe control
(unfertilized) and backgroumranly variants across all growth stages studied.

Figure 1. Active vegetativegrowthphaseof sugarbeet(Photo by the outher, 2021)

The influenceof plantingdensityand minerafertilizersontotal nitrogenaccumulation
in sugar beet was evaluated at the following growth stages (average ovegetrre&o):
T 718 true leaf stage:Total nitrogen in leaves and roots showed a significant increase
with increasing nitrogen rate®mbined with 20K9o compared to contrand R20K 9o
alone.
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Inter-row thickening stage: Total nitrogen continued to rise withigher nitrogen

application, reflecting improved nutrient uptake.

Technical ripeness stageAlthough the total nitrogen content decreased compared to
earlier stages, fertilized variants maintained higher nitrogen levels than the control,
indicating a sustined effect of the applied fertilizers.
Thus, both planting scheme and mineral fertilizer application significantly influenced the
accumulatiorof total nitrogenin sugar beet leaves anabts, withthe highest valuesbserved
under the Not+P12dK oo treatnent across all growth stages.

Table 1. Effectof PlantingDensityandFertilizer Applicationon Total NitrogenContent in
Sugar Beet at Different Growth Stages (% average over three years)

s | Treatment 7-8 True Leaf Stage K n tRew Thickening| Technical
Is stage RipeneseStage
Leaves Roots Leaves ‘ Roots Leaves ‘ Roots
50x10sm
1 | Control (no | 2,88 1,12 2,39 0,92 2,08 0,42
fertilizer)
2 | Background | 2,93 1,20 2,47 0,99 2,15 0,49
(P120K 90)
3 | NeotFon 3,05 1,34 2,57 1,16 2,19 0,54
4 | Nogt+Fon 3,12 1,49 2,84 1,29 2,33 0,68
5 | NizgtFon 3,15 1,43 2,76 1,24 2,27 0,63
50x15sm
1 | Control (no| 2,88 1,14 2,43 0,94 2,07 0,43
fertilizer)
2 | Background | 2,94 1,21 2,49 1,02 2,22 0,53
(P120K 90)
3 | NeotFon 3,08 1,36 2,59 1,20 2,26 0,56
4 | Nogt+Fon 3,21 1,52 2,86 1,32 2,40 0,74
5 | NiogtFon 3,18 1,45 2,78 1,27 2,35 0,66
50x20sm
1 | Control (no| 2,93 1,19 2,49 0,99 2,12 0,45
fertilizer)
2 | Background | 2,98 1,24 2,54 1,09 2,24 0,56
(P120K 90)
3 | NeotFon 3,15 1,45 2,65 1,24 2,29 0,62
4 | Nogt+Fon 3,23 1,54 2,90 1,36 2.48 0.80
5 | NizotFon 3,21 1,49 2,84 1,33 2,39 0.70

The accumulation of total nitrogen in sugar beet leaves was highest across all growth
stages in the Bb+Fon treatment. Specifically, at thé&/true leaf stage, total nitrogen in the
leaves reached 3.08% and in the roots6%3 during the interow compactness stage,
nitrogencontentwas2.59%in theleavesand1.20%in theroots;andatthetechnicaimaturity
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stage, nitrogen content was 2.26% in the leaves and 0.56% in the roots.The highest total
nitrogen content was obsex in the NO+Fon treatment, with leaf nitrogen reaching 3.21%

and root nitrogen 1.52% at thé & true leaf stage, 2.86% and 1.32% at the -rder
compactness stage, and 2.40% and 0.74% at the technical maturity stage, respectively.

At an increased nitran rate of 120 kg/ha combined with the base fertilization (Fon),
the total nitrogencontentdecreased@¢omparedo the N9O+Fontreatment. Specificallyat the
71 8 true leaf stage total nitrogenreached 3.18% itheleaves and..45% intheroots;during
theinter-row compactnesstagejt was2.78%in theleavesand1.27%in theroots;andatthe
technical maturity stage, nitrogen content was 2.35% in the leaves and 0.66% in the roots.

Thus,the50x15cm plantingschemeandmineralfertilization hada significanteffecton
the accumulation of total nitrogen in the leaves and roots of sugar beet across the growth
stages, similar to the 5010 cm planting scheme. The highest total nitrogen content was
observed in the db+Fon treatment at all growth stages, withal nitrogen at the end of
vegetatiorreaching0.33%in the leavesand 0.31%in the rootscomparedo the unfertilized
control. The effect of the planting scheme and mineral fertilization showed a strong positive
correlationbetweenroot yield (t/ha) and the total nitrogencontentin both leavesandroots,
with the correlation coefficierduring the technicahaturitystageranging from r = +0.984
0.014to 0.992+ 0.007acrosgheyears.

As shown in the table, at a planting density of 100,000 plamteguare (5020 cm),
thetotal nitrogencontentin both leavesandrootswashighercomparedo the 50x10cm and
50x15 cmplantingschemesThis canbe attributed tathe greatemutrientavailability per plant
and improved nutrient absorption under thelavispacing. Specifically, at thé & true leaf
stage, the total nitrogen in the leaves and roots of the unfertilized control was 2.93% and
1.19%, respectively. During the intesw thickening stage, nitrogen content was 2.49% in
leavesand0.99%in roots,while atthetechnicalmaturitystagejt reached®.12%in leavesand
0.45% in roots. In the P0K90 (background fertilization) treatment, these values increased
significantly compared to the control, with total nitrogen in leaves and roots at 8hteug
leaf stage of 2.98% and 1.24%, respectively; during-aerthickening, 2.54% and 1.09%;
and at technical maturity, 2.24% and 0.56%.

Under increasing nitrogen fertilizer rates combined with the background fertilization
(P120K90), the total nitrogen cdant in sugar beet leaves and roots was higher at all studied
growth stages compared to the control (unfertilized) and background treatments. In the
N60+Background treatment, at thé8/true leaf stage, total nitrogen in leaves and roots was
3.15% and 1.4%, respectively; during the inteow thickening stage, it was 2.65% in leaves
and 1.24% in roots; and at the technical maturity stage, 2.29% in leaves and 0.62% in roots.
The highest total NPK content was observed in tbeHBackground treatment, with feand
root nitrogen reaching 3.23% and 1.54%, respectively, atit@drde leaf stage; 2.90% and
1.36% during interow thickening; and 2.45% and 0.78% at technical maturity. Increasing
nitrogento 120kg/hain combinationwith the backgroundertilization slightly decreasedtbtal
nitrogencomparedo the N90+Backgroundreatmentwith valuesof 3.21%in leavesand
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1.54% in roots at thei B true leaf stage, 2.84% and 1.33% during ey thickening, and
2.48% and 0.80% at technical maturity.

Thus, theplanting schemg50x20 cm) and minerdgrtilizers hada significanteffecton
the accumulatiorof total nitrogen,phosphorusand potassiumn sugarbeetleavesandroots
across developmental stages, similar to other planting schemes. The highest arhounts o
nitrogen, phosphorus, and potassium were observed ingpeRdckground treatment at all
growth stagesAt the end of the vegetation period, during the technical matwsipge total
nitrogen in leaves and roots increased by 0.36% and 0.35%, respedatvelpared to the
control (unfertilized) treatment. The influence of the planting scheme and mineral fertilizers
alsoresultedin a strongcorrelationbetweensugarbeetroot yield (t/ha) andthe total nitrogen
content(%) in leavesandroots.Overthe years,this relationshipduring the technicalmaturity
stage ranged from r = +0.997 + 0.003 to 0.998 £ 0.002.

Figure 2. Sugarbeetatfull maturitystagemaximumrootdevelopmenandsugaraccumulation

4. CONCLUSION
The planting scheme (50x15 cm) and mihdegtilizers significantly influenced the
accumulation of total nitrogen in sugar beet leaves and roots across developmental stages. The
highest total nitrogen content was observedin the N90+Backgroundtreatmentat all
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growth stages, and by the end c# tregetation period, it was significantly higher compared to
the control (unfertilized) treatment.
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1. INTRODUCTI ON

Thesowingof wheatusingthe bedplantingmethodandrow spacingandits inclusionin
crop rotation as a cultivated plant, is of great importance in this matter. Compared to other
crops, wheat occupies the largest sowing area across all regionsrbaifere and is given
special attention as the main bread crop.

Resultsobtained fronrscientificresearchndicatethat to achieve high yields frooereal
crops, it is essential to study the biological characteristics of the cultivated plants, their
requirements for acomplexof environmentafactorsin a justified manner, and optimize these
conditions. It has been established that bread contains 210 different substances that affect its
guality, taste, and aroma. Almost 20% of the total daily caloric intagaired by humans
comes from wheat.

Accordingto Jumshudoy2013), wheatasthefirst cultivatedplant inthe early stageof
agriculture and one of the most important crops for human nutrition, continues to increase in
importance todagnd will remain astrategic crop globally in the future. Today, hunger is the
mostsignificantproblemthreatenindiumanity.Therapidpopulationgrowthin underdeveloped
anddevelopingcountries makesolvingthis problemincreasinglydifficult eachyear. Thewo
main reaons for the worsening global hunger problem and increasing concerns are droughts
causedy globalclimatechangeandconflictsarising fromregionaldisputesThreequartersof
the countries most affected by hunger are nations devastated and plundesad.dy is no
coincidence that most ¢iiese countries are underdeveloped or developing. The rapid growth
of the world population prevents many human needs, especially nutritional needbeingm
fully met. The Executive Directoof the World FoodProgamme, Catherine Bertini, explains:
AAround 900 million people worl dwide suffer
hungry people increases by an average of fou

Scientists emphasize that to address this problem, it is necessangréase the
production of wheatTriticum aestivuni.), rice Oryza sativy, maize Zea mayp and other
cereals primarily wused for human consumpti o
production is sufficient, and if distributed fairly, the foptbduced would be enough for all
humans. When cereals produced worldwide are equally distributed, it amounts to over 300
kilograms per person per year, which is enough to meet the energy needs of all humans. The
problemarises because tteveloped countes, the higltonsumptiorof animatderived foods
leads to the consumption of over 600 kilograms of cereals per person annually.

The productivityand qualityof wheat grains are influenced bycombination ofenetic
factors, sowing methods, and environnargonditions. Key parameters such as thousand
kernelweight(TKW), grainvitreousnessandtestweight(hectoliterweight)serveasimportant
indicators of both yield and processing quality. Variations in these parameters can be caused
by sowing density,methods, and agrotechnical measures, which directly affect plant
development and grain filling (Seyidaliyev et al., 2014). Understanding the relationship
between sowing practices and these quality traits is essential for breeders and agronomists
aiming to optimize wheat yield and quality under different agroecological conditions. This
studyfocuseson evaluatingheinfluenceof bedsowingandvaryingsowingratesonthe TKW,
grain vitreousness, and test wei/dglhrt. 6of t he b
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2. MATERIALS AND METHODS

The field experiment was conduct ed/ u&d ,ng
whichis widely cultivatedin theregionfor its highyield potentialandbakingquality. Thestudy
aimedto evaluatehe effectsof sowingmethodandsowing rateonyield componentshousand
kernel weight (TKW), grain vitreousness, and test weight. The trial was carried out in a
randomized complete block design with four replications for each treatment.

Two sowingmethodsverecompared:

Ordinaryrow sowing (control),with a conventionakeedrateof 4.0 million seedgperhectare.
Bedplanting,with sowing rate®f 2.0,2.5,and3.0million seedperhectare.

Each plot had a size of (specify plot size, e.g.,, 10 m x 5 m), and standard agricultural
practiceswere applied throughout the growing season. Soil preparation included plowing,
harrowing, and leveling, ensuring uniform seedbed conditions across all treatments.
Fertilization was applied according to locatommendations, with (speciéynounts of N, P,

K, if known),andpestanddiseaseananagementvasconductedo maintainoptimalcrophealth.

Irrigation and weed control were applied uniformly across all plots.
Measurementanddatacollection:

Thousand kernel weight (TKW): Measured in grams feordried seeds collected froeach

plot. TKW reflects the size and density of grains and is influenced by environmental and

agronomic factors.

Grain Vitreousness (%): Determined visually by holding grains against light and assessing

transparency and glassiiea of the endosperm. Mealyrains were noted and expressed as a

percentage of total grains.

Test Weight (g/L): Measuregisthe mas®f adefined volumeof grain, reflecting bulldensity

and overall grain quality.

All measurements were taken following stamblprocedures, and each parameter was
averagedcrosdour replications. Statisticalnalysisvasperformedusing(specifybreadware,
e.g.,.SPSSR, or Excel)to assesthesignificanceof differencedetweertreatmentsVariations
in yield components anguality traits were interpreted in relation to sowing method, sowing
rate, and the interaction with plant growth conditions, including soil fertility, moisture
availability, and meteorological factors.

Additionally, environmental conditions, such as terap@e, precipitation, and relative
humidity, weremonitoredduringthe growingseasorto accountor their potentialinfluenceon
graindevelopment. The integratiarf these factors allows for a comprehensive assessment of
how agronomic practices affect edt yield and quality under field conditions.

The mainpurposeof thefield observationgnd laboratorgnalysesve conductedvasto
study the effect of plant density on the growth and productivity of the bread wheat variety
AQI YMEZI/LI7 0 u n d e method&o cosventionatow sowing (control) and bed
planting. The experiment was carried out in four variants, including one control (Sowing 1),
and with four replications.
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Table 1. Schemeof theexperimen{Jumshudov2013)

Replications
Sowingmethods Sowingrates
I Il 1] v
Con\./ent|onarow 4.0million seeds 1 5 9 13
sowing (control)
Bedplanting 2,0million seeds 2 6 10 14
Bedplanting 2,5million seeds 3 7 11 15
Bedplanting 3,0million seeds 4 8 12 16

Technologicalobservationsincluded sowing time, germination, tillering, heading,
flowering,andripeningperiods A few daysbeforeharvestthenumberof productivestemsper
1 m2 and plant height were also determinedbasedon thesamplestaken.Dependingon the
varieties andhe comgdex of applied agrotechnical measures, changdisdryield components
andphysicalcharacteristicsf the grainin ridge sowingof wheat werealsotakeninto account.

Soil and Climate Conditionsof the ExperimentalArea. Samukhdistrict is part of the
Garja-Gazaklregionandthe CentralKuraeconomiczone.Theclimateis dry-continental The
totalareaof thedistrict is1,455km?, of which 1,082km? arestateownedlands,82 km2 belong

to municipalities, and 133 km? are privately owned. The district B&kih? of agricultural
land and includes 23 administrative territorial units and 35 settlementbjaf 1 is a city, 5
are settlementsand 29 are villages. There are 23 municipalitiesoperatingin the district.
Samukhborderghecity of Ganja,andthedistrictsof Goygol, Shamkir,Tovuz,Qakh,Yevlakh,
Goranboyaswell asthe Republicof Georgia.
Accordingto AbbasovaG.F. (2021),therelief of the mountainoupartis of nival-glacial
anderosionaiglacialorigin, while in themiddle mountainzoneit is of gravitationaldenudation
and denudatioerosional origin, composed mainly of Juragsisthropogenic sediments.
The hydrographic network dahe district includes the rivers Zayamchay, Aghstafachay,
Hasansu, Shamkirchay, Tovuzchay, Goshgarchay, Injabe west, and Injachay ithe east.
The vegetation cover is mainly represented by desert,-desert, steppe, sparse forest,
floodplain meadows, shrubs, and bushlands. The parent rocks of the soils are composed of
proluvial, deluvial, loesdike, and duvial deposits.
Theterritory of Samukhdistrict is mostlyflat. Partof it falls within the Kuradepression,
the Jeyranchol physicgleographical area, and the Bozdagh massif, bordered by the Alazani
valley to the north. Major rivers crossing the digtiiclude the Kura, Qabirfilori), Alazani
(Ganikh), Ganja, and Goshgar rivers.
In the GanjaGazakh plain, drglark brown (chestnut) soils are widespread. These soils
are divided mainly into the following types: dark brown (chestnut), brown (chestmht, li
brown (chestnut), initial brown (chestnut), and anciently irrigated brown (chestnut) soils
(Abbasova, 2021).
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The experimental area (fields of the Plant Protection and Technical Crops Research
Institute) belongs to the light brown (chestnut) soil spbtyf the Western Zone of the
Republic. Accordingo Akimsevetal., (2015) light brownsoilshavea clayeyto heavyclayey
texture.Sincetheamountof physicalclayin brownsoilsis relativelylow, theyarewidely used
for agricultural crops.

Accordingto R.H. Mammadov(2017) the granulometriccompositionof brownsoilsis
as follows:

- Bulk densityin theplow layeri 1.18g/cms,
- Inthe subsoilayeri 1.43g/cm3,
- Specificgravityi 2.83 2.93.

The totalporosity averages 54.82.4%, the field moisture pacity is 28.432.8%, and
thewater permeabilityeachesipto 111mm per hour.Thedistributionof coarsesilt fractions
(0.250.01 mm) follows a regular pattern, accumulating mainly in the B horizon. These soils
are free from easily soluble salts, baththe past and now.

The soils of the Plant Protection and Technical Crops Research Institute belong to the
same type, witla wellcultivated plow layer (030 cm). The water permeability tifese soils
is moderate, and their chemical and physical propegresfavorable for obtaining high
sunflower yields.

According to Figurovsket al., (2014)the Ganja surroundings belong to the cendhig
subtropicakzone and have a mild continentdimate. Summers are hot and dry, while winters
are mild. Frosts usuglllast from late November to the second-tkay period of April. The
highest temperatures occur in Julygust (3%36°C), with average monthly temperatures
remaining higidueto drought during these months. The anmuetipitationranges fron49
to 416 nm.

In Ganja, the average annual temperature iK143C, with maximum temperatures
reaching 3637°C. The maximum precipitation occurs in Nldyne, while the minimum is
observed in JanuariFebruary. The number of rainy days reaches730 and the relative
humidity averages 7B0%. The climate is dry to serarid, of the moderately warm steppe
type. Theaverageannualtemperature i41.8 13.1°C, thesumof activetemperaturegs 4000
5000°C, the average air temperature in winteri B°C, the mean temperature July is 24
25°C, and in January it is 1.1°C. Annual precipitation ranges between 252 and 294 mm
(Abbasova, 2021).

Agrochemical analyses of irrigated brown (chestnut) soils in the Samukh district under
Ganjd Gazakh conditions show that, according te ttational classification, these soils are
poorlysuppliedwith nutrients. Therefordor the developmenof grapeplants,obtaininghigh-
quality, ecologicallycleanproductsand maintainingoil fertility, the combinedpplicationof
organic and minerdertilizers is of great importance (Abbasova, 2021).
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Figure 1. Samukhdistircit in Azerbaijan

3. RESULTS

One of the important issues considered in the research plan and methodology was the
study of the effect of sowing rate under row sowing on the yelthponents of wheat,
depending on the variety.

The yieldcomponent®f the wheat spike include: spike length, spikeght, number of
spikelets per spike, number of grains, and grain weight. The variation of yield components in
all plants depending on theariety, growing conditions, and the complex of agrotechnical
measures has been extensively studied in numerous research works.

It has been proven in most cases that the variation of the main yield components of the
wheat plant depends on the sowing raie he method of sowing.

The results regarding the changes in the productivity elements of the ear depending on
the sowing rate under bed planting conditions are presented in the relevant tables.

Thedatapresentedn thetable2 showthatdependingnthe sowingmethodandrate,the
wei ght of 1000 gRr&ailT7® odFebdewbhOanymetulriety s
varied between 46.1 and 48.3 grams.

Anotherparameteof interestin this study,dependingnthesowingmethodandsowing
rate, was thaatural mass of the ear. In the control variant, the natural ear mass was 790 g,
while in othervariantsit rangedbetweer791i 795g. Thehighest indicatowasobtainedunder
bedplanting witharateof 2.0 million seedger hectaré 795q. In this variant, the naturalear
mass was 5 g higher compared to the control.

Another yield component dhe wheat ear is grain vitreousnesst lh e 0 Q4 /yImed | i
bread wheat variety, this indicator was 85.0% in the control variant, and 85.4%, 85.7%, and
85.2% in theother variants, respectively. When comparing sowing rates under bed planting,
grain vitreousness was slightly higher at 86.6% with a sowing rate of 2.0 million seeds per
hectare.

Like many i mportant traits, ear uffcests i s r
provision with a complex of life factors during the vegetation period. Proper sopplgnts
with water, nutrients, air, heat, and finally light, depending on sowing time, rate, variety, and
sowing method, is considered highly important.
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Numerous literature sources indicate that the weight of 1000 grains ntkpinds on
the growing conditions and the variety. The weight of 1000 grains of the same variety also
depends on the sowing method, sowing rate, and cliailatic conditions. The reasons
mentionedabovehavealsobeenconfirmedin our findingsregardinghevariationin the 1000
grain weight.

The1000kernelweightis anindicatorexpresseth gramsreflectingthesizeanddensity
of air-dried seeds. It is influenced by meteorologieaitdrs, agricultural practices, and other
external conditions. During periods of drought and lack of soil moisture, seeds in plants are
small and light. They are also affected by root placement, plant diseases, and pest damage.
Agrotechnical measures apgdi to seed crops should help increase the-ké@gelweight. It
is crucialto provideplantswith sufficientmoistureandnutrients.This parametervariesamong
differentplantspeciesandvarietieswithin the samespecieslt is alsoanimportantdetermnant
for the propercalculationof sowingrates.Breedersaimto obtainhigherabsoluteveightsfrom
different crops.

The increase il000-kernelweight withlower sowingratescanbe attributedto reduced
competition among plants, allowing for better n@®e allocation per plant. Chauhdary et al.
(2016) also noted that bed planting improved kernel filling, leading to higherKieyael
weight. However, it is essentid balance sowing rates to avoid compromising plant density
and overall yield. Furthertsdies are needed to explore the khegn effects of sowing rates
on other yield components and kernel quality.

The 1006kernelweight is a significant indicataf kernelquality and yield potentiain
wheat cultivation. Previous studies have shown sbating methods and rates can influence
thistrait. Forinstance, Chauhdast al. (2016) observetiat bedplantingresulted ina higher
1000 kernelweight comparedto othersowing methodsSimilarly, Igbal et al.(2010) reported
that varying seed ratesfafted the 1008ernel weight in wheat. This study aims to further
explore the effect cdowing rates under bed planting conditiongtm 1006kernelweight of
t he ' QIl-YIMbredd KWheat variety.

Table 2. Effect of sowingratein bedplantingonthe1000kernelweightofthe6 QI YME T L K
2/ 176 bread wheat variety (g)

Sowing Plant Replication Average
Method Density,
ha-min | Il 1] v
seeds
Ordinary | 4.0min 46.2 46.1 46.0 46.1
row seeds 46.1
(control)
Bed 2.0min 47.7 47.3 47.4 476
. 47.5
planting seeds
2.5min 48.2 48.1 48.0 48.1
48.1
seeds
3.0min 48.5 48.1 48.4 48.2 48.3
seeds
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Vitreousness is an important characteristithef endosperm. When a vitreous kernel is
heldupto thelight, it appearsransparenandweaklyrefractslight rays.If suchakernelis cut,
the cut surfacehasa glassysheenThe oppositeof vitreousness is mealine$§henheldup to
the light, mealy kernels appear dark, and when cut, they look white. The vitreousness (or
mealiness) of a kernel is used to determireedtiucture and consistency of the endosperm,
whichin turndepend®nthebondingof proteinsubstancewith starchgranulesVitreousness
depends on the content and density of Apack
vitreousendosperm, aignificant portionof the proteinis tightly boundto starchgranulesand
forms thick protein layers that are not removed during intensive processing. If the protein
substances are located between starch granules and separate during milling, they are called
interstitial proteins. Mealkernels contain more interstitiptotein (Seyidaliyev et al., 2014).

It should be emphasized that even in the highaatity kernels, not all proteins are
bound. Vitreous wheat kernels contain more protein than starchy onesouéi kernels are
larger and heavier than starchy kernels and are characterized by greater mechanical strength.
Sometimes high degreeof vitreousnessancoincidewith a low proteincontent(but not vice
versad starchykernels always have a low protaiantent).This is because the vitreousness
index depends on a greater number of externe
analysisof vitreousness isimple, requires no complequipment, andanbe carriedout ina
short time; therefore,itreousness analysis is widely used to determine kernel quality.

Table 3. Effect ofsowingratein bedplantingongrainvitreousnesoft he A QI -YMET L |
2 | 1 bredl wheat variety (%).

Sowing | Plant Replication Average
Method | Density,
ha-min
seeds I 1] Il v
Ordinary
row 4.0 mc'ln 85.1 84.9 84.0 860| 850
(control) Seeds
Bed 2,0min 85.2 85.3 85.5 856 | 854
planting seeds
2,5min 855 85.6 85.9 858| 857
seeds
|
3,0min 84.9 85.4 85.3 852| 852
seeds

Thequality of kernelsasafood product ischaracterized bg combinationof their flour
yield and baking properties; therefore, it is necessary to take into account an indicator that
reflects the kernel s characteristics and th
weight (hectoliter wight) is influenced by various factors.
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The presence of impuritie8 mixed kernels are usually lighter, which leads to a
decreasan testweight.However jf thekernelcontaindoreignmatter thetestweightincreases,
while the overall quality of thkernel decreases.

High moisture contend moist kernels have a lower test weight because swelling
increaseshe volumeof the kernelsandreducegheir density.In addition,highly moist kernels
have lower flowability, resulting in looser filling, whichsal decreases test weight.
Thepresencef brokenanddamagedernelsd suchkernelsincreaseaheoveralldensityof the
bulk, thereby raising the test weight.

Kernelshapeanduniformity d roundkernelspackmoretightly, increasingestweight
accordingly Non-uniform kernels tend to have higher test weight because smaller kernels fill
the spaces between larger ones (Seyidaliyev et al., 2014).

In a number of scientific studies, it is emphasized that the formation ofylafgtng
and quality kernel in wheéas a key condition for meeting the demand for cereal crops.
(Dubovnik, 2013; Zezin et al., 2010; Krivova et al., 2008).

Table 4. Effect of sowingratein bedplanting ontestweightoftheit QI Y MEZT/LU 7 o

breadwheatvariety(qg).
Sowing Plant Replication
Method Density, Average
ha-min | I M [\
seeds
Ordinary
row 4,0min 791 789 788 792 790
(control) | Seeds
Bedplanting
2,0min 797 793 794 796 795
seeds
2,5min 796 794 790 792 793
seeds
3,0min 793 790 789 792 791
seeds

The data presged in the table 2 show that the thousand kernel weight (TKW) of the
studied wheat variety was highest in the variants with a sowing ratei@& @ .&illion seeds
per hectare. Under ordinargw sowing, the thousand kerneeight was 46.1 g, while under
the drill sowing method, depending on the sowing rate, it was 47.5 g, 48.1 g, and 48.3 g,
respectively. Compared to the contvakiant, the thousand kernel weight in these treatments
was 1.42.2 g higher. The highest TKWAlue was obtained in the varianithva sowing rate
of 3.0 million seeds per hectare.

In thisstudy,alongwith thethousandkernelweight,thevitreousnessf thewheatkernels
was also determined. It is well established that the vitreousness of wheat kernels varies
significantly dependig on the variety and species. The variation in vitreousness largely
depends on the growing conditions and the set of applied agrotechnical measures.
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Dataonthetestweightdepending otthe sowingmethod andatearepresentedn Table
4. Basedontheobtairedresults,it canbeconcludedhatthetestweightof the kernelgenerally
depends on its size and vitreousness. For the studied bread wheat variety, this important trait
reached its highest valde 795¢g/L & in the variant witi2.0 million seedger hetareunder
the drill sowing method.

Test weight is especially important for several food kernel crops, particularly for those
onwhich this trait iscompulsorymeasuredThe test weight ishe first measurable/weighable
gualitativetrait of cereakernelmentionedn history, fromthe 19thcentury.Sincethenagreat
attention has been paid to it. Although it was introduced into regulations during the 20th
century, it is hardly mentioned in the seed legislation. The test weight is a weight of one
hectolitreof wheat expressed in kilograms it is a volume measure, its value depends on a
large number of factors, whiadepend orstudied materiahnd methods, and have positive or
adverseeffects.However, inspiteof all this, thetestweighthasbeenacceptd in thetradeasa
measure of quality in wheat and other cereals, due to simple and expeditious measurements.
Hence, a variety characterized with a higher test weight, other traits being similar to oter
varieties, can be better utilized for flour prodaantiand therefore this trait can be used
orientativelyfor the evaluatiomf milling quality. The test weight varies froB0to 84 kghl*

. In wheatof hight qualityit is above76 kg hl* , while avalueof belowthis limit implieswheat

of low quality. Garic et al.(1996)mentionthat, accordingto the evaluatiorof processingjuality

of theTriticum aestivunvarietiesintendedor wholekernelprocessingtheminimumrequired
testweightis 800kg m= . Jevtic(1981,1992)definestheseedestweightusing its dependence

on the seed density, shape and size, with the emphasis on the fact that the test weight is an
important parameter of quality and that it can be used to estimate the amount of kernel in a
warehouse. Miric et al. (2006) state that botl, tdst weight and, 1,0e6ernel weight, have
increased in time as a contribution of plant breeding.

TheTKW of i QI Y MEZT/LIrahged fromd6.1g underordinaryrow sowingto 48.3
gin bedplantingat 3.0million seedgerhectareKernelvitreousnessvasslightly higherunder
bed planting, reaching 86.6% at 2.0 million seeds per hectare. Test weight was highest (795
g/L) in thebedplantingvariantwith asowingrateof 2.0million seedperhectareThesaesults
demonstrate that sowing method and ratgnificantly influence wheat kernel quality
parameters. The findings are consistent with previous studies indicating that TKW and test
weight depenan environmentatonditions, kerneliniformity, andvitreousness (Seyidaliyev
et al., 2014).

4. CONCLUSION

The studydemonstratethat sowing method and sowing rate are crudgérminant®f
bothyield componentaindkernelqualitytraitsin the breadvheatvarietyi Q1 Y MEZT/LU 7 . 0O
Bedplantingwith sowingratesof 2.0/ 3.0 million seedgerhectarevasshownto significantly
improve the thousand kernel weight (TKW), kernel vitreousness, and test weight (hectoliter
weight), compared to ordinary row sowing. The highest TKW (48.3 g) was recorded at 3.0
million seedger hectare, whilehe maximunvitreousnes$86.6%) andtest weight (79%/L)
were observed at 2.0 million seeds per hectare under bed planting conditions.
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These findings indicate that proper determination of sowing rate, tailored to the variety
and planting method, is essential for maximizing wheatlyctivity and improving kernel
qguality. The results also confirm that kernel characteristics such as size, density, and
vitreousness are strongly influenced by agrotechnical factors, including sowing method, seed
density, soil climatic conditions, and plamutrient and water supply during the vegetation
period.

The study highlights that adopting optimized sowing practices can lead to enhanced
kernel uniformity, higher flour yield, and better baking properties, which are critical for both
food industryapplcations and commercial seed production. Moreover, the positive effects of
bedplantingandoptimal sowingrateson kernelquality cancontributeto moreefficient useof
agriculturalinputs, higheeconomiaeturns forfarmers, and improvesustainabilityof wheat
production.

In conclusion, the findings provide valuable guidance for wheat growers, agronomists,
and breeders aiming to improve bread wheat yield and quality under varying agroecological
conditions.Futureresearctshould focuon long-termfield trials, interactiorwith soil fertility
management, and the impact of climatic variability on thesejkalty and yield traits.
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1. INTRODUCTION .

Soybearnis a valuablepredecessarrop. Compared ttherplants, legumedepletethe
soil less. In crop rotation, soybean can be grown after cereals, corn, and cotton. The best and
most common predecessor crop is winter wheat. It is not recommended to plant soy after
legumesandsunflowers.Thisis becausdéungaldiseasespecificto theseplantscanalso infect
soybean. In terms of cultivated area, soybean ranks first among-legreale crops. In
advanced farms under irrigation conditions, grain yield reache30 2%uintals, and green
biomass yield reaches 2800 quintals. One dhe main biologicalcharacteristics odoybean
is its ability to absorb atmospheric biological nitrogen through the participati@hinbbium
bacteria. Under normal conditions, a soybean plant develof® 25 more root nodules.
Soybeans ashortdayplant its vegetatiorperiodlengthensasyou movenorth. It hashigh soil
requirementsSoybeargrowsbetternn neutralsoilswith apH of 6.5-7.0.Exceptfor salinesoils,
other soilsare suitable fosoybeans. Dut its strong and deep root system, soyliekerates
shorttermsoil droughtbetterthanotherlegumesFor goodgrowthandyield, soybeanequires
up to 300 mm of rainfall during the summer months (June, July, August). Soybean is very
sensitive to soil fertility and the application of fertilizehen 40 kg per hectare of each
mineralfertilizer (NPK) is applied,it givesgoodresults At thesametime, applying10-20tons
of manurealongwith superphosphateerhectaramprovesthe growthanddevelopmenof the
soybean plant. Deep autumn plowi(28-30 cm) is beneficial for soybean cultivation, but
beforeplowing (if the predecessarropwasa cereal), looseninthesoilto adepthof 10-15cm
in the field is necessary (Mammadov et al., 2012)

Based on numerous studies, it has been determinedgihan, the soil and climatic
conditions of our Republic, it is possible to harvest two crops from a single area in one year.
Theaverageannualaluesof theusefultemperatureontentwhichis akeyfactorof theclimate
conditions in the regions, arefBaient for obtaining two crops per year from one area. It is
knownthat corn is planted for fodder, and sometimes for grain, espeaftdtybarley instead
of cereals. After harvesting barley, cotton has also been planted experimentally in certain
regns at di fferent times (Kazémov et al., 200

The studies conducted by Ahmedet al., (2016) that under the conditions of the
Absherorregioninvestigatedheeffectof irrigation methodsandfertilizer ratesonthe yieldof
soybeans cultivated astubbk land. There are extensive opportunities for cultivating soybean
in Azerbaijani conditions to obtain high grain and green biomass yields. Soybean is a heat
loving plant,andthetotaltemperatureequiredfor its developmenandmaturatiorrangesrom
1700to 3200°C. Theoptimaltemperaturéor seedgerminations 20-22 °C." Soybeans aheat
loving plant, and the total temperature required for its development and maturation4s 1700
3200°C. Theoptimaltemperaturéor seedgerminations 20-22°C. Soybearhasahighdemand
for heat during flowering and pod formation stages. In addition to spring sowing, cultivating
soybearon loosened sodfter barley harvest is also economically veeneficial. Sowing on
loosenedsoil in irrigatedlandsallowsfor additionalgrainandfodderyieldsfrom thesamearea
and enables efficient use of reclamation facilities. This enriches the soil with organic matter,
prevents soisalinization, and fullyaddresses issues relatedvind erosiorand weed control.
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Cultivating crops on loosened solil in large farming enterprises increases the efficient use of
labor, irrigation water, irrigation networks, agricultural machinery, and equipment

Soybean production is steadily increasing worldwide. The global cultivation area of
soybean is 90 million hectares, and the total production amounts to 200 million tons. The
Russiargovernment hadevelopedneasure$o stabilizesoybearproductionandincreasat to
2.7 million tons. Currently, eardgnaturing northern ecotype soybean Jie® have been
developed in the northern, southern, and central black soil zones of the Russian Federation
(Kobazayeva2007).

According tothe StateStatistics Committee, iB024, legumes were planted 17,203.3
hectaresn ourRepublic,producingl,6613 tonsof crops,with anaverageyield of 15.6centners
per hectare (Anonymous, 2024)

Dueto its biologicalcharacteristics, the soybeplant haggreat potential. Under normal
conditions, it produces motkan3.5tons ofgrain and 1.%ons ofproteinrich in amino acids.
Agricultural enterprises harvest far below this potential. The measons arthe lack ofseed
supply, machinery, fertilizers, and herbicides. Soybean is cultivated on 53 million hectares in
60 countriesvorldwide,with anaverageyield of approximatelyl.6tonsperhectare.'In Russia,
the cultivation area is 0.5 million hectares, and the average yield-&&1i7ha. Therefore,
developing new cultivation technologies to increase soybean grain yield is of great national
economidmportance Researcltonducten soybearin the North Caucasusiasshownthatit
is possible to obtain 2-5.0 t/ha grain yield in areas with natural moisture. Forrhaaturing
varieties, the optimal plant density is 270,000 plants/ha; for mediataring vareties,
320,000 plants/hand for earlymaturing varieties, 370,000 plants/ha to achieve high yields."
To obtain highquality soybean grain yield, the LaktAstra, and Lira varieties producet/Ba
in areaswithout consistent moistuupply.Therefore phasewise irrigationshouldbe carried
out byensuring the plant with optimal moisture. It is recommended to dpglynain portion
of phosphorugertilizer to the soil at arateof 90 kg/habeforesowing,treattheseedto besown
per hectare with 50 gmas of molybdenum before sowing, and apply 2 kg/ha of boron
micronutrient to the soil. These technological processes increase soybean grain yield by 20
25% and profitability by 1.2 times. Nitrogen enters soybean grain from soil and air by 65
68%, from kaves by 180%, from stems by 101%, and from root nodules by3®
(Kalmykov, 2009)

In Russia, the soybean cultivation area does not exceed 720,000 hectares annually, and
thetotal grainproductionis 690,000tons. In2017,it wasplannedto increaseyrain production
to 3.0 million tons and the cultivation area to 2.7 million hectares. The expansion of the
cultivationareais intendedn theEuropearpartof Russiajn thenorthern southernandcentral
non-black soil zones of the black soil regifMedvedev, 200%

Protein is the most valuable parttbe human diet. Soybean, being the most promising
crop in Russia, holds the first place in the biological intensification of agriculture. Its seeds
contain 3545% protein, 1726% oil, and up to 2% vitamindn global agriculture, soybean is
themainand leadingropfor solving foodandfeed proteimeedsin manycountries soybean
is used as foodnd feed, containing 320% protein, whereabese figuresire 312%in corn,
10-14% in wheat, 16-20% in sunflower, and 22-28% in peas.Accordingto FAO data,an
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increase in soybean yield has been observed in many countries. The highest yield is recorded
in Switzerland at 4 t/ha (Shchuchka, 2006).

Currently, in the cottoigrowing regions of our republic, cottondother agricultural
crops arelanted and cultivated dmectares of land after barley harvesting. The manpose
of theresearclis to studythecombinedeffectof soil cultivationpracticesandmineralfertilizers
onthe yield and quality afoybean |anted after barley harvest,aswels on t he- soi | 0
physical properties and fertility in the irrigated gtaypwn (chestnut) soils of the Ganja
Dashkesen region.

At the same time, based on the scientific research conducted by PhD in Agrarian
Sciences, Associate Professor Fariz Alakbarov at the Teaching Experimental Farm of the
Agrarian University titled 'The Effect of Modern and Traditional Sowing and Irrigation
Methods on the Productivity Elements and Grain Yield of Organic Soybean,’ a congarativ
studywascarried out orthe effectsof modern(ridge planting +drip irrigation) and traditional
sowingandirrigation methodsjncludingeffectivemicroorganismgbacterialpreparations)on
the growth and development of organic soybean, producthdtyents (number of grains per
pod, grain yield per pod, number of pods per plant, i§¥@ih weight, etc.) and grain yield.
Accordingto theexperimentaschemethefollowing workswereperformedandmeasurements
takenfor thevariants:On May 9, 2024 ,organicsoybearwasplantedbothunderridge planting
+ drip irrigation conditions and in the control variant (traditional planting). In both ridge
planting+ drip irrigation andcontrol(traditionalplanting)variants,soybearseedseretreated
with a biopeparation mixture (Esbiofut Esbioful mix + Esbioful oil). During the vegetation
period,theorganicsoybearfield wasfertilized twice foliar andoncevia fertigationto theroots
with the biopreparation mixture (Esbioful + Esbioful mix + Esbioful dilhus, both ridge
planting + drip irrigation and control (traditional planting) variants included treatments with
and without biopreparation (control). Since soybean plants are demanding regarding soll
microbiological activity, moisture, and organic matteompost was applied at a rate of 500
kg/ha to the sowing rows during planting. Irrigation, weed control, and other agrotechnical
measuresverecarriedouttimely. The growthanddevelopmenbf soybearplantswerestudied
under moderrfridge planting + dp irrigation) and traditional sowing and irrigation methods,
includingtheapplicationof effectivemicroorganismsgbacterialpreparations)The productivity
elementof soybeamplants(numberof grainsper 100pods,grainyield perpod,numberof pods
per plant, 1008grainweight, etc.)andgrainyield wereexamined in variant&ith modern and
traditional sowing and irrigation methods, as well as with the application of effective
microorganismsThe studyevealedhat inorganicsoybearfields grownunde ridgeplanting
+ drip irrigation, thegrainyield per100podswas201.0grainsweighing29.3gramsin thefirst
variant, 195grainsweighing 28.96 grams ithe second variant, and 168 gramsighing 26.1
grams in the third variant. The numberpofds @r plant and grain yield were 95.05 pods and
27.86 grams in the first variant, 27.26 pods and 7.89 grams in the second variant, and 43.45
podsandl1.35gramsin thethird variant.Looking atthefigures,it is clearthattreatingsoybean
seeds with biopgearations, including foliar and root feeding with the biopreparation mixture
(Esbioful + Esbioful mix + Esbiofubil), had a positive effect on the productivity elements of
soybean and increased grain yield. Among the variants studied under ridge ptadtipg
irrigation, the highest grain yield ofganic soybean was obtained in the fuatiant (single
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row ridgeplanting+ drip irrigation + seedreatmentith biopreparationsat 34.83c/ha,which
is 15.10c/haor 43.3%highercomparedo the secondsariant(doublerow ridgeplanting+ drip
irrigation + seed treatment with biopreparations) and 20.64 c/ha or 59.3% higher than the
control variant. (Alakbarovet al., 2025).

By Nasirov(2019)theeffectof sowingtime, plantingschemeandnutrition condtions on
the branching of soybean plants was investigated. When sown in the second déqade of
the number obrancheger plant inthe controlwithout fertilizer) variantdepending omplant
density, was determined to be 23! branches per plarit) the NsoPso + 15 tons of manure
variant,5.0-6.2 branchesandin the NooPsoK 40 variant,4.7-5.8 branchesln the controlvariant,
when sowing was done in the third decad@piil, there were 2.61.8 branches per plant; in
theNeoPso + 15tonsof manurevariant,6.5-8.3brancheperplant;andin the NooPsoK 40 variant,
6.3-7.6 branches per plant

The soitclimatic conditions of the studied region. The GaBgzakh physical
geographicatlistrict coverghe northeasterslopeof the LesserCaucasus. It iborderedo the
northby the GanjaGazakhplain, to the soutby the watershed dhe Shahdag and Murovdag
mountain ranges. The area is bordered to the weAtrbgnia and to the east lthye Incechay
valley. Thedistrict extendsrom anabsolutealtitudeof 200-500metersn thenortheasto 3700
meters over a distance of 60 km. The soils of the northwestern slope of the Lesser Caucasus
havebeenstudiedin variousyears(Mammadov,1991)andothers Accordingto soil formation
conditions, the soils of theorthwestern slope of the Lesser Caucasus are divided into the
following groups:mountainsteppepbrownmountainforest,borownmountainforest,mountain
black, mountain grayprown, graybrown, steppehestnut, alluviakteppe, gray soils, brown
semidesert and floodplain steppfrest soils. In the gently sloping plains belt where our
research was conducted, mainly the following solil types are widespread: Chestnut soils cover
an area of 2,200.6 thousand hectares (25.5%y@rbaijan. They are spread irfaarly wide
strip along the foothills and in the low mountain zone up to an altitude of 200 meters. The
vegetation of dry steppes is characteristic for this zdllgestnut soils, according to their
properties (humus content, quanttyd distribution otarbonates, etc.), are divided into light
chestnut, chestnut, and dark chestnut soils. Light chestnut soils are found in the zone of high
average annual temperatures (up to 13°C) and insufficient moisture, at the junction of dry
steppes and serdeserts. Thannual amount aditmospheric precipitation (250 mm) does not
cover water consumption and evaporation . These soils have low humus content (about 2%),
exhibit signs of deep salinization, and have an alkaline reaction. Chestnut and dark chestnut
soilsaredistributed inthe upperpartof thezone.Here,higher moisturés recorded (atmospheric
precipitationranges fron800 to 500mm), and the average anntenperature is 12.5°C. The
humus content ranges betweeb%, and the reaction is slightikaline. The soitecological
system (SES) of the chestnut soil zone is quite complex: it is characterized by extensive
development of microrelief and complexity, which is largely conditioned by the widespread
presence of saline, solonetz, and eroded soils. Dueeteltise proximity of saline rocks,
solonetzcomplexesre involved irthe SESof theseareas. Complexentainingerodedsoils
on slopes have developed. Chestnut soils of the republic are highly utilized and used for fruit
cultivation, cotton, grapes, @als, and winter pastures. Dark chestnut soils are used under
rainfedconditionswhile theothertwo typesareusedunderirrigation conditions(Mammadov,
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2007)

Babaye\etal., (2017)determinedhatlong-termirrigation of chestnu{brown)soilscauses
sharp changes in their genetic profile, leading to the formation of an anthropogenic agro
irrigationlayer(AUair) in theupper(0-30cm) soil horizon.Theauthorswverethefirst to identify
the genetic layers of these soils (AU&lYallve-BCAve-Cca) andprovided the modern soll
classification of the Republic of Azerbaijan.

Depending on the conditions sbil formation and deposition, as well as the natdithe
parent rocks and vegetation cover, bregvay soils are divided into the following four
subtypes: dark browsgray, ordinary browsgray, light browngray, and "pebble" browgray
soils.

Physicalchemical waterphysical,andagrochemicapropertiesof theexperimentafield
soilsThepatternof changesn the maincomponent®f thesoilsin theirrigatedchestnut (gray
brown) soils somewhat corresponds to the condition found in irrigateectastnut soils. A
decreasing trend ihumus content is observed bothtlwe arable layer and throughout the soil
profile. In the arable layer, this indicatdecreased from 2.80% to 2.50%, and in the lowest
layer, it decreased from 1.29% to 0.49%. Comparing different years, it is determined that the
humus content decreased by 0.30% and 0.80% in the respective layers. There were no
significant changes in the pentage content of total nitrogen and phosphorus over the years,
but theamountof CaCQ (calciumcarbonate) basexh CO; increasedy 6.13%. Over théast
40-50years themaincomponentghumus nitrogen totalagrochemicaindicators etc.)of soils
in the northern foothilsteppe subzone of the Lesser Caucasus have undergone significant
changesAll thesechangesanbeassociateavith anthropogenidactors.(Jafarov,)Y. A., at al.,

2014).

Agrochemicaktudiesconductedy A.O. Hasanoun the Samukhdistrict on gray-brown
(chestnut) soils show that these soils are poorly supplied with available forms of nitrogen,
phosphorus, and potassium. The pH in th800cm soil layer in water solution was 7.4,
gradually increasing with depth to 7.9 in the-BID cmlayer. The total humus, nitrogen,
phosphorus, and potassium contents in #89 @m layer were 2.11%, 0.13%, 0.12%, and
2.39% respectivelyHowever thesevaluessignificantlydecreasedith depth reaching).73%,
0.05%, 0.07%, and 1.55% in the-600 cmlayer, respectively. The absorbed ammonium
nitrogenvariedbetweerl8.3and6.5mg/kg,nitratenitrogenbetweerf.7and2.3mg/kg,mobile
phosphorudetweenl 6.3 and 4.9 mg/kg, and exchangeabl@otassiunrangedfrom 273.5to
95.3mg/kg(Hasanova2012).

In theresearcltonductedy Alakbarova, (2013)in the Shamkirdistrict within the Ganja
Gazakh region, it was determined that the total humus content in these soils is 2.92%,
decreasing to 2.00% in the lower layer. Totidlogen ranges fror.17% to 0.07%absorbed
ammonium nitrogen from 26.19 to 18.43 mg/kg, nitrate nitrogen from 13.24 to 9.69 mg/kg,
total phosphorus from 0.15% to 0.12%, mobile phosphorus from 19.05 to 12.3 mg/kg, total
potassiunfrom 2.41%to 2.05%,andexchangeablpotassiunfrom 297.6to 204.8mg/kg.The
pH levelis slightly alkaline.Accordingto thegradatioracceptedn therepublic,thesesoilsare
poorly supplied with nutrients (

Accordingto long-termresearcttonductedy ProfessoH.A. Aslanovin theregion,it has
beendetermired thatheamount ofeasilyassimilablenutrientsby plantsin the soilsdecreases

53



year byyear.The mainreason fothis isthe lack ofregular applicatiof organic and mineral
fertilizers to the soils.In irrigated grdyown (chestnut) soils, the &thumus, nitrogen,
phosphorus,and potassiumin the 0-20 cm layer are 2.2%, 0.18%, 0.17%, and 2.53%,
respectively, while in the 8000 cm layer, these values are 0.40%, 0.04%, 0.07%, and 1.4%.
ThepH in watersolutionrangedrom 7.5to 7.9. Theamountsof easilyhydrolyzablenitrogen,
absorbed ammonium, watsoluble ammonium, and nitrate nitrogen by soil layers are as
follows: 103.010.2;21.04.5;10.1-2.0;and12.92.02mg/kg, respectivelyMobile phosphorus

and exchangeable potassium range from 18.3.2 mg/kg and 230.0 to 110.2 mg/kg,
respectivelywhile watersolublephosphorusndpotassiunmare2.150.98mg/kgand38.0-9.02
mg/kg .( Aslanov, H.6., 2015).

The agrochemical analysis of studies conducted by T.6. Hasanov at the central
experimentabas of theAzerbaijanScientificResearclCottoninstituteon long-irrigatedgray
brown (chestnut) soils shows that these soils are poorly supplied with available forms of
nitrogen, phosphorus, and potassium. Theiphhe water solution of the-80 cm soillayer
was 7.8, increasing with depth to 8.4 in thel®® cm layer. The total humus, nitrogen,
phosphorus, and potassium contents in #8) @m layer were 2.13%, 0.13%, 0.12%, and
2.28% respectivelyHowever thesevaluessignificantlydecreasedith depth,reaching).81%,
0.05%, 0.06%, and 1.45% in the-600 cm layer, respectively. The absorbed ammonium
nitrogen ranged from 18.5 to 5.2 mg/kg, nitrate nitrogen from 9.4 to 2.5 mg/kg, mobile
phosphorus from 15.3 to 4.0 mg/kg, and exchangeable potassiom®2§3.0 to 102.4 mg/kg
(Hasanova, T.6., 2013).

In other studies conducted By6. Aliyeva, the amounts of total and available forms of
nutrients in graybrown (chestnut) soils were determin@ahalysis of soilsamples shows that
gray-brown (chestnut) salare poorlsupplied with available forms a@iitrogen, phosphorus,
andpotassiumThepH in thewatersolutionof the 0-30 cmsoil layerwas7.8,increasingo 8.4
in the 66100 cm layer. The totddumus, nitrogen, phosphorus, and potassium contents in th
0-30 cm layer were 2.15%,0.15%, 0.13%, and 2.39%, respectively.However,thesevalues
significantly decreased with depth, reaching 0.85%, 0.06%, 0.07%, and 1.51% int6e 60
cm layer, respectively. Absorbed ammonium nitrogen ranged from 18.0 to 6§, mirate
nitrogenfrom 9.7 to 2.6mg/kg, mobilephosphorus from6.8to 4.5mg/kg, andexchangeable
potassium fluctuated between 263.5 and 105.3 mg/kg (Aliyeva, A.A., 2017).

According to M.M. Alekberova, soils under grapevine in the G&gaakh regiorare
gray-brown, with the soil reaction being neutral (pH =I"B@) to slightly acidic. The humus
contentin thearable layerangesrom 1.3%to 2.5%.Thehydrolyzablenitrogencontentin the
0-20cmsoil layer is116.2 mg/kgand inthe20-40 cmlayer, it is 68.0 mg/kg.Total potassium
is 1.10%, and total phosphorus ranges from 0.2% to 0.3% (Alakbarova, M.M., 2014).

2. MATERIALS AND METHODS
Before the experiment was established, the main physheahical, watephysical, and
agrochemical properties of @hsoils were studied following the barley harvest. The main

physicatlchemicalpropertief thesoil arepresentedh Tablel. As shownin thetable,thetotal
absorbedasesn the0-30 cmlayeramountedo 28.6meq/100gdecreasingo 20.5meq/100g
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in the 66100 cmlayer. The contemaf physicalclay throughouthe profile is 53.452.8%, and
the silt content ranges froB#.6%to 22.5%. Based ogranulometric composition, these soils
are classified as light clay soils.

Table 1. The principal physico-chemical properties of the soilsin the experimental
field (Gulyakhmedov et al., 1980

Theamountof exchangeablbasesn Total Particlesizedistribution%
Depthcm 100gramsof soil, mg/ekv exchangeable
Ca Mg Na bases <0,001mm <0,01mm
mg/ekv
0-30 198 7.4 14 28,6 24,6 53,1
30-60 18,2 6.4 0,7 25,3 25,7 56,3
60-100 15,7 4,3 0,5 20,5 22,5 52,8

The mainwaterphysicalpropertiesof the experimentafield soilsarepresented iTable2. As
seerfromthetable,in the0-30 cm soil layer, moistureconentis 16.3%,specificgravityis 2.65
g/cms3, bulk density is 1.23 g/cm3, and total porosity is 53.58%. In tHOB&m layer, these
values are 22.5%, 2.73 g/cms3, 1.32 g/cm3, and 49.46%, respectively.

Table 2. Theprincipalphysicachemicalpropertiesof thesoilsin theexperimental field
(Gulyakhmedov et al.,1980)

Depthcm moift?J”re,% Bulk density(g/cm3) Specificgravity (g/cm3) Total(f))/co))rosny
0-30 16,3 2,65 1,23 53,58
30-60 18,3 2,67 1,27 52,43
60-100 225 2,73 1,32 51,66

Theagrochenical propertiesof the gray-brown(chestnut) soils wetudied argresented
in Table3.3.3.As seenfrom thetable,thepH in thewatersolutionwas7.6in the0-30 cmlayer
and8.2in the60-100cm layer. Thetotal humus nitrogen,phosphorusandpotasgum in the O-
30 cm layer were 2.15%, 0.15%, 0.14%, and 2.43%, respectively.However, thesevalues
significantly decreased with depth, reaching 0.80%, 0.05%, 0.06%, and 1.51% in10é 60
cmlayer,respectivelyTheabsorbecammoniummnitrogenranged fronil5.1to 5.7mg/kg, nitrate
nitrogenfrom 9.1to 2.5mg/kg, mobilephosphorus from6.5to 4.3mg/kg, andexchangeable
potassium varied between 261.6 and 105.2 mg/kg.
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Table.3.Agrochemicapropertieof subsoil(Gulyakhmedoetal.,1980)

Nitrogen Phosphorus Potassium
= S ° T s 5 2
§ 2T | & - |Ez _| &2 = | = |BE _
s |22] 2| € |22g| 8| & | £ | E 238
5 | £8| 5| T |Eg2| 85| E | 22| E |g8¢8
(@) - =
o | BT T | B |E8=| g2 | R | ==& |gg=
= = > w
c Zz Z
0-30 7,6 2,15 0,15 151 9,1 0,14 16,5 2,43 261,6
30-60 8,0 1,16 0,07 11,4 4,6 0,08 10,1 1,88 161,3
60-100 8,2 0,80 0,05 5,7 25 0,06 4,3 1,51 105,2

Thus, the agrochemical analyses conducted on-lgi@ayn (chestnut) soils show that,
accordingto the gradationacceptedn our republic (Giilyakhmedoet al., 1980 thesesoilsare
poorly supplied with nutrients. Therefore, to obtain a high grain yield froms oybeann planted
twice a year othe same area after barley harvest and to maintaifesility, the application
of mineral fertilizers in thessoils is extremely important.

The Effect of Soil Cultivation and Mineral Fertilizer Rates on the Changes in Soll
Water-Physical Properties Among the agrotechnical measures aimed at increasing the
effective fertility of the soil and improving the yield ofiltivated agricultural crops, properly
performed mechanical cultivation holds a special place. During soil cultivation, through
crushing, looseninggndcompactinghesoil, the necessarpalancebetweerthe solid phaseof
thesoil and itscapillaryandnon-capillaryporesis created Dependingon thetaskat hand, soill
cultivationcan becarried out botlin thearable layer and at amlesired depth. larid climatic
conditions, the primary goal of cultivation is to create and preserve moisture resettves in
soil. In soils with excessive moisture, cultivation removes the excess water from the soil and
establishea favorablewaterair regimein thearablelayer.In soilsthatareproperlycultivated,
the effectivenes®f otheragrotechnicameasuresuchasirrigation, fertilization,croprotation,
etc. is increased. Weeding and moisture retention in the soil in cultivated fields are mainly
achievedhroughmechanicatultivation. The effectivenes®f soil cultivationcanbe enhanced
by selecting the apppoiate methods and carrying them out in a timely manner.

Thefollowing tasksstandbeforesoil cultivation:

To changehe structureandstructuralconditionof thearable layer irorderto creatdfavorable
water,air, temperatureandnutrient regimes foplants;1.To usenutrients locatech relatively

deep soil layers consecutively, improve the nutrient regime by placing fertilizers at various
depths, and direct microbiological processes appropriately by enhancing the activity of
beneficialmicroorganisms2.Todestroypestspathogensandweedsof agriculturalcrops;3.To
incorporateplantresiduesndfertilizersinto thesoil; 4. To protectthesoil from waterandwind
erosion;5. To eliminate perenniateedswhencultivating raw and fallow soil$§.Tofacilitate

the optimaldepthplacemenof cultivatedplant seeds]. To creatdavorable microreliethrough

ridge opening, bed and furrow formation, etc. In some cases, solving one problem of soll
cultivation contradicts another. For example, intensiviévetion of the soil improves its
structuralconditionbutatthesameime acceleratehedecompositiorof humusandnegatively
affectsthe efficient useof soil fertility. Similarly, while retainingplant residueson the soil
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surfacepreventserosion,it also createfavorableconditions forthe spreadof weeds, diseases,

and pests. As a result of multiple passes of machines and tools used in mechanical soil
cultivation, the soil becomes more compacted, and its ypatgsical properties deteriorate.
Therefore, it is preferable to combine operations to minimize the number of soil cultivation
treatments. Sodultivation involveghe mechanical impact dieworking partsof the machines
andtoolsusedonthesoil. During this processyarioustechnologi@l operationsareperformed.

These operations include turning the soil, crushing, loosening, mixing, compacting, leveling
thesurface cuttingweeds formingridgesandbedsyetainingplantresiduesnthesoil surface,

and so on.

Field experimentsvereconductedn 20182020in theterritory of Samukhdistrict, atthe
Ganja Regionafgrarian Science and Innovation Center of the Ministnagificulture of the
Republic ofAzerbaijan, in irrigated gragrown (chestnut) soil as replanting after harvesting
soybeans with Umanskayh variety of barley.

The experiment is-#actorial and was conducted after the autumn barley harvest (after
the F'decade of June).

FactorA: Soil cultivation: 1. Cultivation at a depth of1® cm; 2. 1315 cm deep disc
harrow; 3. Plav to a depth of 2@2 cm.

Factor B: mineral fertilizer rates: 1. Control (without fertilizer); 2. NzoPsoK3o; 3.
NeoPaoK60; 4. NgoP120K 90.

Experimentsvereconductedvith inter-row cultivationmethod,in 3 repetitionswith the
area of 54.0 m(30x1.80 m) m the registration section for each option, 45x10 cm planting
scheme, 30 kg of seeds taken per hectare.

Thefollowing formsof mineralfertilizer wereused fottheexperimentaérea:potassium
potassium sulfate form (46%), nitrogammonium nitrate form3@4.7%), phosphorusimple
superphosphate form (18.7%). From mineral fertilizers, it was considered appropriate to give
N fertilizer once at the exit time, andaRd K fertilizers for the most part 70% before sowing,
andtheremaining30%duringthebranching periodatfeedingprocessAgrotechnicalmeasures
were carried outaccording to the rules established for the area. In total, phenological
observations were carried out on twefitye plants.

Key findings derived from the researBtnysicaichemical, watr-physical and
agrochemical properties of the experimental area soil ;

- The effect of soil cultivation and mineral fertilizer dosages on soybean development
phases on moisture content, volume mass andgotakitychange in 610; 1620; 2630 cm
soil layers.

-The effect ofsoil cultivation methods and mineral fertilizer doses on the field weeding
in connection with the soybean development phases, soybean height, branching, leaf surface
and structural indicators;

-The effect of soil cultivation and minertdrtilizers on soybean yield, quality, protein
and fat yield;

- Determinatiorof economicefficiency.

Scientific noveltyof the study.

In theresearclwork, for thefirst time, the effectivenormsof
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soil cultivation and mineral fertilizers under soy weetermined in the conditions of Ganja
Dashkesen region after barley harvest, soil fertility increased, quality and fertility indicators
escalated.

The theoretical and practical significance of the researdhwas ascertained that soll
cultivation and mieral fertilizers have an significant effect on the crop quality and soybeans
yield in repeated summer crops after the barley harvest. The highest indicators were 1479.6
AZN/ha and the level gbrofitability was 138.2% when plowing kyrning the soikt adepth
of 20-22 cm, in the MdbPaoKeso mineral fertilizer rate.

In the soil samples brought for analysis: pH using a potentiometer device, total humus
accordingo themethodof I.V. Tyurin andgranulometriccompositioraccordingo the method
of N.A. Kaczyngki, absorbed bases according to the method of K.K. Hedroys, absorbed
ammoniaaccordingo themethodof D.P.Konev,activatedohosphoruaccordingo themethod
of B.P. Machigi, Determination of nitrate nitrogen by Graneliajou, totalpotassium based
on Smith'smethod exchangeablpotassiunwasdeterminedaccordingo P.B.Protasov'slame
photometer method, total phosphorus and nitrogen were determined by the method of
K.E.Ginzburg, G.M.Sheglova, V.S.Zaytsev's simplified calculation and N.A. Kaczynski'
modification, and the soil moisture content was determined by drying in°& 16&rmostat.

The amount of protein, fat, cellulose and ash in soybean grain was determined by generally
accepted methods. The accuracy of the obtained results was confinmaghtmathematical
calculations.

Figure 1. Descriptionof ExperimentaPlots forStudyingthe Effectsof Tillage Practicesand
Mineral Fertilizer Rates on Soybean Branching
(GanjaRegionalCentera oAgricultural ScienceandinnovationAdvisoryServices2018
2020)

The effects oBoil cultivation methods and mineral fertilizers soybeartillering after
barley harvesting were studied on irrigated light brown (chestnut) soils. The results of the
study are presentdd the table.As seenfrom the table, basedon the 3-year averageduring
the grain
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maturationphasethe numberof tillers in the control(no fertilizer)variant was8.8tillers in the
plotscultivatedat 8-10 cmdepth,9.4tillers in the plotswith disk harrowingat 13-15cmdepth,

and 11 .4tillers in the plots plowed at 282 cm depth The application of mineral fertilizers
caused a relatively significant increase in these values compared to the unfertilized control.
Specifically, in the plots cultivated atX® cm depth, the dPs0K30 treatment resulted in 9.7
tillers; in thedisk-harrowedplotsat 13-15 cmdepth, 10.5illers; and inthe plowedplotsat 20-

22 cm depth, 13.4 tillers. The highest numbers of tillers were observed undesfbsK b
treatment, with 12.6, 13.0, and 16.4 tilleespectively.With further increases in mineral
fertilizer rates (NoPi20Kao), the number of tillers decreased in all three soil cultivation
treatments, resulting in 10.9 tillers forl® cm cultivation, 12.3 tillers for 185 cm disk
harrowing, and 14.7lkers for 2022 cm plowing.

Table 4. TheEffectof Tillage PracticeandMineral Fertilizerson Branchingin
SummerPlanted Soybean

Ss |Mineral Grain ripening (2018) Grain ripening (2019) Grain ripening (2020)
fertilizer 8-10 sm|13-15sm |20-22sm|8-10 sm(13-15 sm20-22sm|8-10 sm13-15 |[20-22
norms Cultivati |disc tillage |Cultivati |discharrow Tillage |Cultivatio|sm disc{sm

on harrow on n harrow |tillage

1 |Control
(without 8,5 9,3 10,7 9,2 10,1 12,4 8,8 8,8 11,0
fertilizer)

N30PsoK 30 9,3 10,4 12,5 10,2 11,4 14,5 9,7 9,7 13,2
NeaPadK 60 12,6 13,6 15,5 13,5 14,7 17,5 13,0 13,0 16,3
NogP120K 90 10,6 12,3 13,7 11,2 13,8 15,8 10,8 10,8 14,5

Table 5. Theeffectof soil tillage practicesandmineralfertilizer rateson soybean

branching
Grain ripening (ThreeYearAverage, 2018,2019,2020)
Mineralfertilizer
Ss norms
8-10smCultivation | 13-15smdischarrow 20-22 smtillage
1 Contro.l I(W|thout 8.8 9.4 114
fertilizer)

2 N30PsoK 30 9,7 10,5 13,4
3 NeoPaoK 60 12,6 13,0 16,4
4 NgoP120K 90 109 12,3 14,7

3. RESULT AND DISCUSSION

In the conditionsof the GanjaDashkesemegion,onirrigatedlight brown(chestnutksoils,
soil cultivationmethodsandmineralfertilizerssignificantlyaffectsoybeariillering afterbarley
harvesting. Among all theesoil cultivation methods, the number of tillers was highest under
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themineralfertilizer rateof NeoPooKeo. Comparedo the control(withoutfertilizer), theaverage
increase in tiller number over three years was43 tillers in the plots cultivateat 810 cm
depth, 4.95.6 tillers in the plots diskarrowed at 145 cm depth, and 4.@.1 tillers in the
plotsplowed at 2622 cm depth. This increase contributes to a greaterdesd and vegetative
biomasswhich in turnsubstantiallyenhanceproductvity. A correlationwasobserved between
soybeargrainyield (kg/ha) andhenumber oftillers, confirmingthe reliability of the obtained
results.

A comprehensive study was conducted in the GBiajghkasan region to investigate the
effectsof solil cultivationpractices and miner&trtilizers onthe branching process soybean
during summer planting. Soybean, possessing a taproot system, is highly sensitive to soil
conditions, and its productivity largely depends on graiperties and nutrient availaibjl

Theresearcldemonstratethatthe combinationof plowing at a depthof 20i 22 cmandthe
applicationof NeoPaoK 60 (60 kg/hanitrogen,90 kg/haphosphorus60 kg/hapotassium)nineral
fertilizer optimally enhanced the branching characteristics of smyl@ants. This soil
cultivation depth improved the physical properties of the soil, promoting better root
development, which in turn increased branching inteasityoverall vegetativgrowthof the
plants.

Balanced application of mineral fertilizers ansd adequate supply of nitrogen,
phosphorusandpotassiummeetingthenutritionalneedsof theplants.As aresult,thisfertilizer
rate created optimal conditions during the branching phase and contributed to maximizing
soybean yield.

The findings sugest that inthe agroecological conditions tife GanjaDashkasamegion,
the combined use of plowing at iIZ2 cm depth and d¥PeoKeo mineral fertilizer is
recommendetb effectivelystimulatebranchingandachievemaximumproductivityof summer
soybean cmps. This approach also represents an optimal agricultural technology contributing
to sustainable soil resource management and environmental protection.
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1. INTRODUCTION

The global population is increasingpidly. Climate change and the gradual depletion of
soil, water,andforestresource$iavedrivenpeopleto seeknewandsustainableesourceslt is
estimated that the demand for food and agricultural products will increase by approximately
50% betweer2013 and 2050 (Vos and Bellu, 2019). However, expanding arable land in most
regions of the world does not seem feasible due to water scarcity in these areas. Furthermore,
expanding agricultural land is inconsistent with sustainability principles, as reases
greenhouse gas emissions and reduces biodiversity (Alexandratos and Bruinsma, 2012).

Along with the growing population, the demand for animal protein sources is increasing
each day, in parallel to the demand for plant production. This situatiozages the global
livestock industry's need for sustainable feed sources every day. As a réBidtinéreasing
need, interest ialternativefeedsourcesasrisensignificantlyin recent yearsandimportance
has begun to be given to the use of agnical byproducts and feed alternatives (Kazemi,
2025).In this context,the useof algae in animal feed hasnerged aa promising solutiordue
to its nutritional properties, production efficiency, positive effects on animal health, and
contribution to emironmental sustainability (Gurau et al., 2025).

Algaearealargeanddiversegroupof organismsapableof photosynthesis, livingh both
freshwater and marine ecosystems, as well as terrestrial and extreme habitats. Algae can be
considered a plant gromown for centuries, dating back to ancient civilizations. The term
wasfirst introducedoy Linnaeusn 1753,andA. L. De Jussiey1789)distinguishedalgaefrom
therestof theplantkingdom.Theseorganismglaya critical role in aquaticandterrestral food
chains as primary producers in the ecosystéidgae are generally divided into different
taxonomic groups based on their pigment composition, cell structure, and physiological
characteristics. Basically, there are two different types of algaeingafigm singlecelled
microscopic species called microalgae to large multicellular organisms called macroalgae.
Marine macroalgaspeciesalso knowrasseaweedsredivided intothreemaingroupsbased
ontheir pigment composition: greegae (Chloropyta), red algae (Rhodophyta), and brown
algae(Ochrophyta/Phaeophyced®awejaandSahoo2015).Therearesignificantdifferences
between macroalgae and microalgae as represented in Figure 1.1.
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TYPES OF ALGAE

Macroalgae Microalgae
1 Largealgaethatcanbeseenwith thenakedeye 1 Verysmallin sizeandvisible only
f Live attachedo rockybottoms, somspeciesare with a microscope.
floating. 1 Float on the water surface where
1 Inthemarineecosystems, thegreprimaryproducers lightis sufficientfor photosynthesis.
1 Provideshelterfor animalcommunities ::hormph.ytoglalzjkt%rqndthebagsof
T Asadefencemechanisimproducecalcificationand € marine 1ood chain

various secondary metabolites.

Figure 1.1.Typesof algaeandtheirsignificant differencegPereira2021),macroalgae
(Anonim, 2021a) and microalgae (Rezaei et al., 2024).

TYPES OF MACROALGAE

GreenSeaweed Red Seaweeds Brown Seaweeds
(Chlorophyta) (Rhodophyta) (Ochrophyta/Phaeophyceae)

Figure 1.2.Differenttypesof macroalgaegreenseaweedVan GinnekerandVries, 2018),
red seaweeds (Kasanah et al., 2022), brown seaweeds (Anonim, 2021b)

In recent years, algae have been gaining increasing attention as a sustainable alternative
feed source for animal productiohmong the reasons for this are their high niatnial value
and mineral richness. Furthermore, their rapid growth rates and high biomass yield, which
containprotein,fiber, minerals,andbioactivecompoundsareknownto improveanimalhealth
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and productivity without requiring freshwater and arabledl resources. For example, some
microalgae, such as SpirulinArthrospira sp.), Chlorella sp., andSchizochytrim sp., can

reach up to 70% protein content, making them the most widely used microalgae in animal
production, capable of competing with tramital feed sources such as soybean, which is one

of the main protein sources in animal husbandry. Furthermore, these microalgae are rich in
omega3 fatty acids, which are crucial for animal health and productivity (Barta et al. 2021;
Martinset al., 2021)Microalgaecanbeusedasa feedsourceaswell asa feedsupplement. In

fact, asstatedby Saadaouet al.in their 2021review,whenmicroalgaeareusedin animalfeed
supplementgheyhavebeenshownto lower cholesteroln animals,improveimmunereponse,
increase milk yield in cows, improve meat and egg quality, exhibit antibacterial and antiviral
effectsagainsidiseasesmprovedigestivefunctions,andincreasgorobiotics.In addition,it has

been stated that they increase reproductive funcaodshelp animals control their weight.
Unlike microalgae, macroalgae are multicellular organisms that can be seen without a
microscope. Macroalgae, which are classified as green, red, and brown based on their
pigmentationhavedifferentnutritionalpropeties.Somespeciecanexceedb0meterdn length

and can be found in large masses, such as seaweed forests (Pereira, 2021). Also use of
macroalgae in animal diet positively affects health and product q(étediet al., 2021).

2. ALGAE PRODUCTION TECHNI QUES

Algae production techniques vadgpending otthe type ofalgae desired to be cultivated
(microalgae or macroalgae), the desired products, resource availability, and the intended
purpose. Microalgae production systems are commaabsified as opertlosed, and hybrid
systems (Kazemi, 2025). Macroalgae production systems are categorized as hatchery and at
sea cultivationAt-sea cultivation is also divided into three categories:Sbibre Cultivation,
On-Shore Cultivation, and Ne&hore Cultivatior{(Khan et al., 2024).

2.1 Microalgae Production Systems
a) Open Systems

They are used in largecale algae cultivation. Installation is relatively simple and-cost
effective compared to other systems. There are three typesd$: unstirred ponds, circular
or stirredponds,andracewayponds.Unstirredpondsareshallowpondswherewaterandalgae
naturally remain. These ponds are generally built under the sunlight, and nutrients are not
distributedhomogeneouslyesulting inlower productionefficiency. Circular or stirredponds,
onthe other hand, distribute nutrients and light evéalthe algae, ensuring uniforgnowth.
Raceway ponds, another type of pond, utilize continuous mechanical circulation of the water.
It is one ofthe most used ponds in microdlgaoduction. Inthese ponds, algae sedimentation
is prevented, anthedistributionof light andnutrients is homogeneou&/hile the useof pond
types in open systems offers many advantages, they also come with some disadvantages
(Kazemi, 2025; Sharma at., 2025).

Advantages:
1 Its mostimportantadvantagés its simplicity andlow installationcost.
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1 Maintenance igasier an@peratingcostsaremoreeconomicathanothersystems.

1 Becausef naturalsunlightusageijt doesnotrequireasupplementdighting system.

1 Algaecanbe fedwith wastewateor directlyaddednutrients.Thisreduceghe need
for additional nutrient sources.

1 Algaecanmeettheir carbordioxide needdrom the atmosphere.

1 Productioncan beachievedeconomicallywithout technicabbstales.

Disadvantages:

1 Oneofthebiggest disadvantagesthe highrisk of contaminationThere isarisk of
proliferation of undesirable microorganisms.

1 Yield islowercomparedo othersystems.

1 Because®flighting, nutrientlevels,andcarbondioxidelevelsarenotconsistentyield
may decrease due to climate or weather conditions.

1 It is highly dependent on environmental conditions. High temperature, pH, and
nutrient control may be problematic. Furthermore, high temperatures cause water
evaporation, redting in excessive water consumption.

1 Opensystemsequirelargeareaof land.Land costscanbe high.

Unstirred Pond Stirred Pond RacewayPond

Figure 2.1.Threeopenalgalcultivationsystemsanunstirredpond(Anonim, 2009),a stirred
pond (Alami efal., 2021), and a racewapnd (Bwapwa et al., 2019). The illustrations
adapted from Kumar et al., (2024).
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b) ClosedSystems

Closedsystemsallow for greatercontrolof microalgaecultivationconditionscomparedo
open systems, resulting in higher effiagn Various photobioreactors are used in closed
systems. These photobioreactors are enclosed structures made of glass or plastic. Sensitive
variables such as light intensity, pH, temperatarg] nutrient levels can be easiigntrolled.
Oneof themostsignificantadvantagesf closedsystemss preventingcontaminationensuring
thesmoothgrowthof valuablealgae Furthermorehigherbiomassiensitiescanbeachievedn
photobioreactorsihich arehighly efficient. Therearea varietyof systemsf photdioreactors
that maybe usedwith variouscombinationsf light sourcesandsunshine, increased nutrition,
and metabolic efficiency, su@s horizontal, vertical, stirred tank, and flat plate. However, all
of these systems, the installatioost, is consiérably more expensive th@pensystems. The
energy consumption costs for maintaining a controlled environment are also quite high.
Therefore, such systems are generally preferred for applications with high returns where the
risk of contamination can bepmoblem. However, their use in animal feed production can be
disadvantageous due to low returns (Kazemi, 2025). In short, closed systems offer many
advantages, but they also have some disadvantages.

Vertical Horizontal Stirred Flat Panel
Photobioreactor Photobioreactor Photobioreactor Photobioreactors

Figure 2.2.Different microalgae closed cultivati@ystems, verticgihotobioreactofHuo et
al.,2018),horizontalphotobioreactofAlgaePARCWageningetJR, 2013,ascitedin Young
Lorenz, 2013), stred photobioreactor (Benner et al., 2022), flat panel photobioreactors
(Ojamae, 2011).

Advantages:
Theyprovidea controlled and closed grow#nvironment.
Minimizestherisk of externalcontamination.
Increasephotosyntheti@fficiency.
Canproducemore densealgaebiomasghanopensystems

= =4 4 A
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1 Becausef lighting, nutrientlevels,andcarbondioxidelevelsarenotconsistentyield
may decrease due to climate or weather conditions.

1 Vertical systemsanbe usedtheydon'trequire adarge amarea a®pensystems.

Thequalityandmarketprice of thealgaeproducedarehigher

=

Disadvantages:
Expensivenstallationandoperatingcosts.
High energyconsumptiordueto lighting andtemperatureegulationrequirements.
Requiregechnicaknowledgeandlabor.
May not be suitablefor all algaespecies
Difficult to establisrandproducdargescaleproductionfacilities.

= =4 4 A A

c) Hybrid Systems

Hybrid systemffer anewandadvantageouapproacho algaeproductionby combining
low-costopensystemswith high-yield closed gstems. Irthese systems, algae first redgh
biomassdensityin closed system@hotobioreactors) and are growontaminatioAree. They
arethentransferred tmpenpondsfor continued growttand harvestingWhile hybrid systems
offer manyadvantagegheyalso have disadvantages (Jayaraman et al., 2024; Kazemi, 2025).

Advantages:

Theycombine the advantagesopenandclosedsystems.
Theyprovidea controlduringtheinitial growthphase
Theysupporthigh-quality andpureproduction.
Theyarenot ascostlyasclosedsystems
Environmentafactorsarenot aseffectiveasopensystems
Theycanbeapplied tolargerareaghanclosedsystems.

= =4 =4 4 8 A

Disadvantages

Energyconsumptiorand establishmemostsarehigher.

Thesystems moredifficult to operateandrequiresknowledgeandlabor.
Managemenof two differentsystemsanbe challenging.

While asmallareais requiredinitially, adaptingo largerscalesn laterstagesanbe
difficult.

= =4 =4

2.2.MacroalgaeProduction Systems

In the pastseaweed cultivationould not beconducted ira controlled manner due the
unknown reproductive cycle of algae. The discovery of this cycle paved the way for seaweed
production.Today,dependingnthevariety, somespeciexanbepropagatedh asinglestage,
while others equire multiple stages of production. Macroalgae cultivation consists of two
components: hatchegnd sea cultivation. Sea cultivation, tve other hand, consists diree
different types: offshore cultivation, onshore cultivation, and nearshore cutivéfihan,

2024)
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a) Hatchery Cultivation

Hatchery cultivation is the stage in which the growth phase of seaweed or aquatic plants
is initiated in a controlled and safe environment. Here, seaweed in its initial growth phase is
cultivated in special tanks, prioked with appropriate light, temperature, water quality, and
nutrients,andgrowninto youngseedlingsTheseseedlingsarethentransportedo theopensea
or field for cultivation. The culture facility is the first and critichép in ensuring the helajt
and productive growth of seaweed (Tealman et al., 2015; Khan, 2024).

b) At SeaCultivation

Seaweeds are cultivated in a natural marine environment using natural factors such as
sunlight,temperatureyaveaction,andnutrients.Initial seaweedgrownin hacheriesareused
here.Thesecanbecultivatedoffshore,in shallowcoastakreaspr onshoreSeaweedultivation
in offshoresystemsnvolvesattachingseaweed#o ropesor similar structuresuspended few
meters below the water surface. Mature sed&ege harvested from boats using mechanical
equipment. Nearshore cultivation, which utilizes areas near the shore as well as the open sea,
involvesplantingseaweedeedlingsn netlike growingenvironmentslongthe shallowshore.
Harvesting is also denusing boats and mechanieguipment. In coastalultivation, coastal
water pools are used to raise young seedlings. This provides a more controlled environment
compared to offshore or coastailtivation. Manuabr mechanical harvesting methods can be
used (Gutierrez et al., 2006; Khan, 2024).

TYPES OF MACROALGAE PRODUCTION SYSTEMS

Off-Shore Near-Shore On-Shore
Cultivation Cultivation Cultivation

Figure 2.3. Differentseaweedultivationsystemsopff-shore(Anonim, 2021c),nearshore
(Anonim, 2014) and oshore cultivation systems (Anonim, 2022).
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3. BIO-ACTIVE COMPONENTS AND BENEFITS OF ALGAE FOR ANIMAL
HEALTH

Algae contain a variety of bioactive components, including amino acids, proteins,
carbohydrates, fatty acids, minerals, vitamiastioxidants, sterols, pigments, and phenolic
compounds. These components provide significant advantages for the use of algae as animal
feed.

Being rich inproteinand amino acids, algae are foundigh concentrationsf essential
nutrients for animagrowth and development. This is because algae contain a high amount of
protein comparable to soybeans, one of the most important feed sources. Although there are
many algae species, Arthrospira and Chlorella are considered important protein sources for
animal consumption because they contain essential amino acids similar to traditional protein
sources such as soybeans, fish, and eggs. Microalgae su@piratina Dunaliella,
ChlamydomonagsandScenedesmuae also used in animal feed, and most of them hmlre
proteincontent (Dineshbabu et al., 2019).additionto microalgae, whiclare high inprotein
and used in animal nutrition, macroalgae for examPtphyra Ulva, Palmaria and
Gracilaria, canalsocontainquitehighproteincontentasmentionedn DasandG h o srévievs
in 2024. Among green, red, and brown algae, brown algae generally have the lowest protein
contentBesidesdheinga goodsourceof protein, alga@realso agoodsourceof carbohydrates,
providing an energy source for animals ande do their specialized polysaccharides, have
immunesupportingoropertiesThe carbohydrateontentandpolysaccharideompositiorvary
depending on the algae specikkyal fatty acids are notable for maintaining heart health and
reducing inflammation. fiey also play a significant role in increasing animals' tolerance to
stress. Sterols and pigments also contribute significantly to animal health by providing
antibacteriabndimmuneboostingpropertiesPhenoliccompoundsareknownto actasnatural
presevatives in feed and prevent spoilage. These information reveals that algae not only
contributeto animal nutritiorbut also contributéo animal health, support growth, and reduce
the risk of illness. Considering all the features, algae's versatilitgsstamt as a tool that
supports both ecological and sustainable animal husbandry practices.
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Figure 3.1. Key groups of bioactive components derived from algal biomass and their
potentialfunctionalroles inanimalnutrition. The visuals adaptedrom the originalfigure by
Das and Ghosh, 2024.

To summarizehe benefitsof algae foranimalhealth:

ATheaminoacidsandproteinsthatit containssupportanimalgrowthandtissueregeneration.
ASomeof the pigmentsit containsmprove meaandeggcolor.

AOmega3 fatty acidsstrengthertheimmunesystem.

Acarbohydratesupport intestinatealth.

Avitaminsandmineralsboostimmunity.
AAntioxidantsimproveanimalhealthandproductquality.

4. BENEFITS OF USING ALGEA IN ANIMAL HUSBANDRY
Review of the studies indates that seaweed has the potential to supplement the protein
and energy supply of faramimals such as ruminants, pigs, poustng supports prebiotics in
the digestive systems of both ruminants and monogastric animals (Makkar et al., 2016).
A comprehensie review of studies on ruminants indicates that the use of algae
supplementsn ruminantdietsimprovesmilk quality, enhancesneatcolor and quality, and
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offers numerous advantages such as supporting lower cholesterol levels and healthier liver
functionin animals.Forexample while somealgaespeciessuchasSchizochytriumhavebeen

found to increase the ome@acontent in milk, the effect of some species is limited. In other
words,the effectsof algaespecienanimalscanvarygreatly. It iscertainthatthe physiological
responses of ruminants are daspendent and that the appropriate doses may vary between
species, which is why extensive and comprehensive studies are needed. In addition to all this,
the useof algae inruminant diets stands bfor its potentiato reduce methane gas emissions,
oneof the sustainabilityproblems inanimalhusbandry. It has beetatedthat it contributeso
sustainabilitywithout affectinganimalhealthandproductivity(Kazemi,2025).Redalgae with

their diginct chemical properties, have been identified as the algae species with the highest
potentialfor reducingmethanegasproduction(Machadoetal., 2016).1t hasbeenreportedthat
theredalgaespeciedAsparagopsis a x i gwhenfed isappropriateamaunts,reducesnteric

CHas emissions in cattle by 80% (Roque et al., 2021).

The effect ofalgae mayary depending othe type ofalgae, whether it is macroalgae or
microalgae, the form in which it is administered, the ruminant being fed, and the sex and
physiologicalconditionof theanimal.Furthermoredifferenceshavebeenobservedn analyses
depending on the amount and duration of algae feeding to animals. For example, adding
microalgae and macroalgae to the diets of some sheep was found to incikageotein
content (Harahapt al., 2024)It has beerstatedthat algae have marpenefits inthe nutrition
of ruminantsHowever,changesn nutrientcompositionthe presencef non-nutritive harmful
substances, heawvyetalaccumulation, anédconomicconstraintsin productionprocessinggtill
exist. Continued research will help algae be used more efficiently in ruminant feed systems.

In poultry farming, where parameters such as egg production and meat quality are
important,the useof different algae haBeentargetedo improvetheseparameters. Thaeseof
an algae callec€Chlorella vulgarisin the diet of laying hens has been found to increase egg
production(Zhengetal.,2011).Undariap i n n a,tBabrawnatbaespecieshasbeenfoundto
increaseegglayingandeggweight,butnochangesvereobservedn eggshelkoloror hardness,
oryolk color(Heoetal. 2005).0Otherstudieselatedto eggquality havealsoreportedhatalgae
suchasEntermorphaspp.,Chlorellavulgaris andEnteromorphg r o | imareveeggquality
parameters such as weight, brighter yolk, and shell thickness (Coudert et al., 2020).

Since a large portion of fishing operation costs is allocated to feed expenses, alternative
sources have been researched in recent years. Howedvas, ieen found that feed produced
by traditional methods does not meet all the nutritional requirements of fish. With increasing
researclhin recentyears seaweedhasbeentargetedor useasanalternativemethodIn areview
reporting on numerous studiem seaweed species, feeding concentrations, and levels of
incorporation into fish feed, the types of algae used in fishing activities were reported. As a
resultof thesestudiesjt hasbeenstatedhatthistypeof seaweedhasdifferenteffectsdepending
on the dosage level and fish species. The contributions of algae to fish development can be
listed as increasing growth, improving lipid metabolism, improving physiological activities,
regulatingstressesponses, providinggsistanceo diseases, and imgving carcasgjuality. In
conclusion, the use of algae in animal feed provides nutritional, health, and environmental
advantagesncreasinganimalproductionefficiencyandreducingantibioticuse.However,it is
recommendedhat the variationsin the componentf algaespeciesthe risk of heavymetal

73



accumulation they may pose, and the challenges encountered in their production be carefully
addressed and further research be conducted (Morais et al., 2020).

5. USEOF ALGAE AS SILAGE

In recent years, therhas been increasing interest in algae as an alternative feed source.
When freshly harvested, algae have a high moisture content, leading H{wapastt decay,
enzymatic degradation, and losshoftritionalvalue. Therefore, different techniques are bein
employedo utilize algaeasfeed.Preservatioty dryingis oneof thefrequentlyusedmethods,
butit isimpracticaldueto seasonathallengesyaryingweatherconditions andthehighenergy
demand and space requirements. In addition to this stonegjgod, ensiling algae can be
considerech moreeffectiveandsustainablestrategy. Ensiling isised inmanyforagecropsby
using fermentation, and it is a strategy that allows nutrients to be preserved independently of
weatherconditionsfor lateruse.This methodallowsfor the preservatiorof algaeafterharvest,
independent o$easonal and weather conditions. Studies on two different brown Blgaes
vesiculosusandSaccharina latissimashowed differences in fermentation, but the pH lefel
silagemadewith Saccharindatissimawasreportedio beacceptableThis indicatedhatthere
arebottlenecksn ensilingof algaebecaussilageabilityis variety-specific.Althoughwith some
nutritionaldegradatiomuringensiling, it isa sustainablenethodfor a specificvarietyof algae
(Campbell et al., 2020).

Thehighiodine contentof sometypesof algaeis akeyconsiderationvhenmakingsilage.
Thepresencef iodineis asignificant limitingfactorin theuseof algaeasanimalfeed,ashigh
iodine lewels carbe toxic to animahealth. Thereforeghe useof various pretreatments plays a
critical role in silage to reduce the iodine content of the algae. Reducing iodine levels can be
achieved througboiling, soaking, freezing, and ovdrnying. Each metha has itsadvantages
anddisadvantage$Vhenmakingsilage theseshouldbeevaluatechndthe appropriatenethod
selected. These methods can be listed as follows:

1 Blaching

1 Soaking

1 OvenDrying
1 FreezeDrying

As shownin areviewwhichconsiderglifferentpre-silagetechniquegor decreasingpdine
content, the blanching method, algae are soaked in water&it 88grees Celsius for &D0
seconds, and a significant decrease in iodine levels is observed. In the soaking method, algae
areheldat approximatel\82 degree<elsiusfor aspecificperiodof timeto removeexcessalt,
minerals, and iodine. In drying methods, algae are dried at low temperatures in ovens or by
freezing (Dhakal et al., 2024). In summary, ensiling is considered a highly sustainable
presevation methodhat largelypreserves the nutritionabntent ofalgae and protects animal
health. However, as studies have shown, the presence of vapetdic ensiling differences
is still a significant limitation.
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6. COMMERCIAL ALGAE -BASED FEED PRODUCTS

It is clear that the need for sustainable feed sources is increasing daily with the growing
global population. At this point, algae has emerged as an alternative feed source, gaining
importance in the livestock sector because it is high in protein @esl ribt require water or
land for cultivation like traditional feed sources. Algae boasts high sustainability and a low
carbonfootprint. Today, productslerived fromvariousalgaespeciesareavailableworldwide,
and they are marketed in different formgls as flour, extracts, pellets, crisps, and mineral
supplements. There are some examples of products shown in Figure 6.1.

Figure 6.1.Commercially available algagased feed products (Anonim, 20244)gae
Disc® for aquaculturéAnonim, 2024b)and Algae Crisp®algaederivedsupplementaieed
tablets (Anonim, 2024c).

7. FUTURE STRATEGIES FOR IMPROVEMENT OF ALGAE -BASED ANIMAL
FEED

Algaecanbeconsidered promisingsourcefor thefutureof sustainabl@nimalhusbandry
as an alternative feed source ypding high protein, bioactive plants beneficial for animal
health,andrapidgrowthability. Mostof thetimetheyd o méetlanarablelandandfreshwater
sources unlike traditional animal feed sources.

Advances in technology and research on the genefidiving organisms have led to
significant developments over time, enabling humanity to directly manipulate target genes.
These innovative methods have created numerous opportunities for new discoveries. For
example, microalgae are organisms that cadywe pigments, lipids, proteins, and other
valuable components. However, their natural production levels are not always sufficient for
commercial applications. Therefore, many studies have been conducted with the aim of
increasingproductionlevelsby dewelopinggeneediting methodsAlthoughthesestudies have
the potential to deliver highuality and efficient products, there are still challenges to
overcomeCurrentalgalstrainsarelimited, andnewbreedingechniquesreneededo develop
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high-quality strains. Furthermore, the consistency of genetically modified algae in producing
the desired components still needs improvement. The integration of omics technologies,
machine learning, and artificiaitelligence tools into biologwill acceleratéhe development

of nextgeneratiormicroalgalfeedstocksPublicacceptancef geneticallymodified organisms

is another factor limiting research. To ensure consumer acceptance, it is important to select
appropriate regulatory techniques for genetic studied &m conduct developments
transparently (Qin et al., 2023; Raj et al., 2025).

8. CONCLUSION

Microalgae and macroalgae stand out as an alternative feed source with high nutritional
contentjncludingprotein, lipids,and vitaminsThese featuresakealgaesuitable forfeeding
animals across a wide rangeagplications, from ruminants to monogastric animals, poultry,
andaquacultureAlso, from anotheraspectalgaeproductionsystemsequireminimallandand
freshwater resources, making them a more susta&raid environmentally friendly solution
compared to traditional feed sources. It provides significant benefits such as increasing the
digestive efficiencyf ruminants, reducing methagasemissions, and improvingrowthand
eggqualityin poultry. Furthemore,the possibilityof ensilingalgae as wellasusingthemdry,
creates new opportunities in the storage process and makes their use more practical. Future
work on genetic engineering to modify, optimize, and increase the efficiency of algae's
nutritional profiles holds promise for the breeding of new algae suitable for commercial use.

The useof algae inanimal husbandrgs a feed source is an innovative approacarms
of environmentasustainabilityand economic efficiency. Researclthims fieldwill enable the
animalhusbandrgectorto developmoresustainabl@roductionmodelsfor futuregenerations.
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1. INRODICTION

Tribology is a mutidisciplinary science that examingise interconnected phenomena of
friction, wear, and lubrication within mechanical systems. It aims to improve the operational
efficiency and service life of machinery by minimizing frictional losses and preventing wear
between interacting surfaces. To achieve this, tribological principles are applied to maintain
friction atanoptimumlevelandensurehatthewearoccurring insliding machinecomponents
remainsnegligible.Thisis primarily achievedhroughthe applicaion of appropriatdubricants
(Shah & Shukl, 2021).

In internalcombustiorengines, amcrease irthe number oflynamic componentsheir
contact surface areas, and their surface roughness results in more complex tribological
challengesThemainobjective of anenginetribologistis to achieveefficient lubricationacross
all movingenginepartswhile simultaneouslyeducingenvironmentaimpacts frictional losses,
and wear. This task is particularly demanding because engines operate under diverse and
fluctuating conditions, including variations in load, speed, and tempefdtiransson et al.,
2011), (Burunsuzojlu & Cesur, 2023).

Enhancinghe tribological performanceof enginesyields severakey advantagessuch
as:
ALower fuel consumption,

Alncreasednginepoweroutput,

AReducedil consumption,

ADecrease@missionof hamful exhausigases,

Almproveddurability, reliability, andenginelifespan,and
AReducednaintenanceostswith extendederviceintervals(Tung& McMillan, 2004).

As shownin Figure 1, a linearmotion internalcombustionengineis a fundamental
mechanicalunit used not only in automobiles but also in various land and marine vehicles,
includingmotorcyclestrucks,agriculturalmachines, constructiaguipmentandships(Tung
& McMillan, 2004).

Rockers —

Valve springs —— _— Camshaft
Piston rings - — Valve
i _— Piston
Oil filter-.
— Cylinder block

— Conrod
Journal bearings

Oil pump ==

oil——

Figure 1. Tribologicalcomponentsf aninternalcombustiorenging(Tung& McMillan, 2004).
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The distributionof fuel energy is illustrated in Figure 2. Approximat&§% ofthe total
fuel energy in a passenger vehicle is converted into mechanical power to overcome
aerodynamidragandfrictional lossesOf this, about5%is utilized to counteractir resistance
caused byothexternaland internaflows, includingcoolingandelectricalsystems, whilehe
remaining 33% compensates for internal frictional losses within the vehiclenberg et al.,

2012)

Exhaust 33% => convection of heat and gases

FUEL —, Cooling 29% => conduction and dissipation of heat
Airdrag 5% => gas shear => heat
Friction 33% => heat & material degradation

- 11 % tires rolling friction
=5 % braking friction losses
) . - 17 % engine & transmission friction losses
Potential Transformation to:
energy - kinetic energy
(chemical) - thermal energy

- fuel potential
energy reduction

Figure 2. In passenger vehiclethefuel energydistributionfor a speed 060 km/his

approximately(Holmberg et al., 2012)

As presentedn Figure3, around35%of thetotal fuel energylostto friction corresponds

to the losses occurring in the engine sysitsedf.

EXHAUST
33%
Useless
energy
losses Total
energy
FUEL COOLING losses
ENERGY : 29%
100%
p—— - - - - - - - p—— - - - - - -
ENGINE
5%
MECHA- FRICTION — |
NICAL | o | LossEs = L
POWER 33% ROLLING ENERGY
38% RESIST. 11.5% : TO MOVE
______ BRAKES 5% THE CAR
AIR DRAG 5% AIR DRAG 5% 21.5%

Figure 3. Distributionof energyconsumptionn passengevehicles(Holmbergetal.,20132.

In mostvehiclesthee n g i imeznalsystemsaregroupednto threeprimarysubsystems:

the piston group, the valve system, and the bearings ansl gexording

to Figure 4,

approximately 45% of frictional losses originate from the piston group, 30% from
hydrodynamicomponentsuchasbearingsaandseals 15%from thevalvetrain,and10%from

viscous losses due to oil pumpirtdgomberg et al., 2012)
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When considering an average passenger vehicle utilizing 100 units of energy,
approximatelyl1.5 units are consumed due to frictional losses within the inteonabustion
engine. Of this, around 2.9 units are spent overcoming bearing friction aloheudtit this
mayseemsmallonamacroscale theenergydissipatedhroughbearingfriction in dynamically
loaded parts is considerably significant (Taylor, 1998).

Figure 4. Distribution of Friction Lossesn aninternalCombustion Enginélaylor,1998).

2. LITERATURE REVIEW

The relationship between surface roughness and lubrication within internal combustion
engines has been extensively investigated by various researchers, focusing on minimizing
frictional losses and enhancing wear resistance in slidingpaoeants.

Liu et. al., (2022)the frictionalbehavior betweethe pistorring and cylinder liner was
analyzedn depth.A dynamicfriction modelwasestablishedor thelineri ring interface taking
into account both the surface roughness and deformatidheskE components. Through
comparative analysis and the BBehnken response surface methodology, it was determined
thatincreasingheroughnessf the pistonring slightly increasessperityfriction but decreases
fluid friction, ultimately reducing theotal frictional loss. Conversely, an increase in the
cylinder |l inerds surface roughness results |
thereby raising total frictional lossds|f et. al., 2022).

Aoki et al., (2018). explored how machinggooves on the piston skirt influence
lubricationperformance. Using Elastohydrodynamic LubricafighliL) theory, theyanalyzed
the effects of groove geometry and orientation on oil film thickness and friction coefficient.
Their results demonstratéldat Hgher groove coverage leads toealuced frictiorcoefficient,
asthehorizontallyorientedgroovesgpromotesmoothetubricantflow betweertheflat surfaces.
This reduces both the solid contact | oad ( N:
they observed that groove width had a more substantial influence than depth, suggesting that
controlling groove geometry in the lateral direction is a practical way to minimize friction.
Overall,shallowandwide grooveswerefoundto bethemost effectivan loweringthefriction
coefficient @oki et al., 2018)

In another study, Cho et al. investigated how different surface roughness values of the
piston skirt and surface coatings affect lubrication. They compared skirts ground to three
distinct roughneskevels and coated themith either graphite or diamorike carbon (DLC)
films. Their findings indicated thatommercial piston skirts with coarse surfaces experience
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increased friction losses due to asperity contact between peaks. In contrast, snkatgher s
showed reduced friction and wear, demonstrating a direct link between lower friction and
enhanced wear resistan€hp et al., 2009).

Jocsaletal., (2006)simulatechow pistonsurfacetextureinfluencesenginefriction using
threedimensional honingpatterns. Their analysis revealed that reducing the -trate
angleéd thereby aligning the grooves more perpendicularly to the flow diréctiowers
friction in the ring pack system. However, these surface modifications may also introduce
drawbacksuchas increasedcuffingtendencyandhigheroil consumptior(Jocsaletal., 2006)

Meng et al., (201@areful optimization of both rum processes and surface roughness
duringpistonskirt designis essentiafor minimizingfriction andwear.Theirfindingssuggested
that while extremely smooth surfaces theoretically reduce friction, they are more prone to
seizure and sensitive to debris. Conversely, maintaining a moderate level of initial roughness
combined with a soft surface coating provides better tigoal performance and reliability
(Meng et al., 2019).

Garcial et al.,(2021purface texturing was proposed as a promising method to improve
engine tribological behavior. Texturing modifies the topography of the contact surface by
introducingdimplesandgrooveswhich enhancdubricant retentiomnddebristrapping.Their
experiments demonstrated that applying textured surfaces on the cylinder liner reduced
maximum asperity contact forces by 9.43% and total frictional forces by 5.29%, while
simultaneoudl increasing the oil film thickne8sthereby mitigating wear (Johansson et al.,
2011).

3. FRICTION AND LUBRICATION IN INTERNAL COMBUSTION ENGINES

3.1. Lubrication and Its Importance

Lubricationrefersto the procesof forming athin, slipperyfilm betweerntwo interacting
surfacego reducefriction and facilitatesmoothmotion. The primary purposef lubricationin
engines is to minimize wear caused by direct retahetal contact and to ensure efficient
energy transfer by decreasing frictional losses (HalisgRO0BEor any powetransmitting
mechanisnhatdepend®naliquid lubricant,thekeytribologicalfactoris theoil film thickness
that separates the mating surfaces (Tung & McMillan, 2004).

Figure 5 illustrates the correlation between the coefficientictidn and the oil film
thicknesgatiocommonlyexpressetty the Summerfielchumber(viscosityx speed load).The
diagrams above the curve depict various lubrication states between two sliding surfaces. The
far-left imagerepresentdirectsurfaceconiact,while theright sidedepictsfull film lubrication;
between these extremes lies mixed lubrication, where intermittent contact déeusirved
line below demonstrates how the friction coefficient changes with the Summerfield number
(Tung & McMillan, 2004).
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Figure 5. Lubricationregimedor enginecomponentsindtheir relationshipwith friction.

Different engine components rely on specific lubrication regimes to operate efficiently,
and these regimes often v arFgrinsténcepniam beanngs t h e
and thrust bearings typically function under hydrodynamic lubrication, in which a continuous
oil film separates the metal surfaces. Métaimetal contact occurs only under lspeed or
hight-load conditionsor whenusing lowviscosityoils. In contrast, pistomings, valvesystems,
andclutchinterfacesggenerallyexperiencanixedor boundarylubrication,wheresomeasperity

contact occurs and surface films or chemical layers play an essential protective role (Tung &
McMillan, 2004).

The Stribeck curve ifigure 6 schematicallghows how lubrication modésansitionas
afunctionof lubricantviscosity( dshearate( 3andsurfacepressurds) (Folleet.al.,2022)

1. Dry friction p=0.1...0.3
L
\ M

2. Boundary lubrication p=0.1...0.3

Friction coefficient
%

v/
TR Boundary layers

Lubrication

Layer thickness

4. Hydrodynamic lubrication p < 0.05

3y LIS — Lubrication
n-v/p

Figure 6. Stribeckdiagramfor differentlubricationcorditionswith dynamicviscosity,
shearate,and pressure/surface pressutelle et. al., 2022)
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The dominance of particular lubrication regimes for each engine part depends on the
surfaceroughnessywearcondition,anddegradatiorof the lubricant (Tung& McMillan, 2004).
During operation, oil continuously circulates through the engine system. The oil stored in the
crankcasdirst passeshroughtheoil filter, which removesharmfulcontaminantsA pumpthen
increases the pressure and directs the oil ibwatical components such as the crankshaft
bearings, connecting rods, and cylinder walls, providing lubrication between the piston and
liner. The oil also lubricates the camshaft bearings, gears, valve mechanism, and oil pump
beforereturningto thecrankcasdo completethecycle (Halis,2016).Themainelement®f this
system are depicted in Figure 7.

O Fik Port

Vahvo Rocker

Cam

Feed to
tha Main
Bearngs

Camshaft
Bearing

& : ® .
Crankshatt i) g 4 - . = Ceankshaft
Connecting ! j = | Drilings
Rod Bearing

Big-end

Beareg

QiP:
(Sump)

0l Pump Forces O Under
Pressure to Filter, Main
Bearings and Other Parts

01l Filter

Sump Strainer Main Cil Gallery

Figure 7. EngineLubricationSystem(Halis,2016).

3.2. Pistonassemblysystem
Thepistonassemblyshownschematicallyn Figure8, compriseghe piston,pistonrings,
piston pin, connecting rod, and bearings. The key frictional interfaces are:

(a) thepistonskirt sliding againsthecylinderliner,
(b) thepistonrings movingaxially within theliner, and
(c) the pistonpin andconnecting rodbearings.

Frictionin thepistongroupprimarily arisesrom interactiondetweerthepistonskirt and
liner, and between the piston rings and liner. Radial sliding within the ring grooves
alsocontributeso wear thoughit is minor intermsof totalenergyloss(Wongé& Tung, 2016.
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Piston assembly system and sub-systems

= (b) Ring-pack/liner interfaces

Liner 1
Crown land —7 "] - —
Top ring ——f—— i ~
Second land - _ |
Secondring .| ‘
: A \ (a) Piston-
Third land ) (c) Piston pin bearings| skirt/liner
Oil control ring —" (“Big end” bearings  \ interface
(COR) under crankshaft system)

Figure 8. Pistonassemblygystemja) pistonskirt/cylinderliner subsysten(b) ring assembly/cylinder
liner subsystem, and (c) piston pin/piston bearing surfaces are st\omg & Tung, 2016)

Factors determining rifiginer friction include surfag topography, surface roughness,
ring geometry, and lubricant properties. Since the piston ring behaves as a flexible body,
deformations caused lojl film pressure must also be consider@dofig & Tung, 2016) For
designslominatedy boundarytubrication,increasingil viscositygenerallyreducedoundary
friction butincreasesiydrodynamiaesistanceThus,anoptimalviscositymustbeachievedor
minimal total friction Moughon, 2006)

Minimizing friction betweerthepistonskirt andliner requiresmaintaininghydrodynamic
lubrication. When sufficient oil is supplied, surface profile and roughness become less
influential. Consequently, ensuring adequate lubrication is the most effective way to prevent
boundary contact and reduce frictional los$éar(sauri & Wong, 2005).

The Jlubrication regime changes dynamicall
lubricationdominatesieartop deadcenter(TDC) andbottomdeadcenter(BDC), wheresliding
speedapproachegeroandoil film thicknesss minimal. In contrast,hydrodynamidubrication
prevails midstroke.Typically, the oil controking operates under boundary lubrication due to
its high tension and narrow contact bands, while the top compression ring and second ring
experiencenixedregimesOverall,thetopandoil controlringscontributemostto totalfriction,
whereas the second ring contributes the least due to lower gas pressure andWémsip& (

Tung, 2016)

3.3. Enginebearings

In mostenginespearingsare lubricateakitherby directoil feed throughdrilled passages
or by oil spray. Whenubricationis sufficient, wearemains negligiblafterabrief run-in phase.
However,shaft misalignmendr contaminantsn the oil canacceleratevear.Anotherpotential
failure mode is corrosive attack (Tung & Milan, 2004).

Crankshaft bearing frictioar i ses primarily in the main b
rotation. Additional friction occurs at seal interfaces, where contact is constant. The bearing
eccentricity, defined as the offset between the slaaiti bearing centers, generates
hydrodynamicpressurethat sustainsthe oil film. Adequatelubrication ensuresthat the

88



minimum olil film thickness remains greater than the surface roughness amplitude, avoiding
mixed or boundary lubrication condition&/¢ng& Tung, 2016)

The frictional losseat bearing sealare typicallyconstantasthe contact remairsolid-
to-solid. The frictionapower loss depends dinerotationalspeed, bearing diameter, and total
contact areafong & Tung, 2016)

Figure 9 illustates the interfaces among the piston, piston pin, and connecting rod. The
piston pin bearings endure some of the highest dynamic loads in the énging, (2006)
Unlike crankshafbearingsthesedo notbenefitfromo i todlimgfunction,whichcomplicaes
lubrication. The interaction between surface roughness and bearing deformation has been
modeled using elastohydrodynamic lubricat{&hiL) theory. Considering these effects under
mixed lubrication has become essential for accurate simulation and (&sigg, 2006)

Piston

Piston pin

Pin boss

Connecting rod

Figure 9. Schematidrawingshowingthe bearinginterfacesurfacef the piston, pistorpin,
andconnectingod (Wang, 2006)

The bigend bearingsitthe connecting rdcrankshatt interface generaltyperateunder
hydrodynamic lubricationsupplied continuously with oil via channels within the crankshaft
(Wong & Tung, 2016)

3.4. Valvesystem

The valve train comprises several components that convert the rotational motion of the
camshatft intahereciprocatingnotionof thevalves.It includesthe camshaftfollowers,valve
springs, retainers, seals, and the valves themselves, as depicted in FigMeand02006)
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Figure 10. Diagramandnomenclaturef thevalve system(\Wang,2006)

Multiple contactpointswithin the valve systemexperiencealifferent lubricationregimes,
from hydrodynamic to boundatybrication. Onaverage, valve train frictioaccounts for 16
20%o0f thetotalmechanicalosseof anengine thoughin somecaseshis canreachupto 40%.
Friction in this subsystem becomes m@ominant at low speeds, indicating that mixed and
boundary lubrication play a significant role in its operatidfo(g & Tung, 2016)

4. WEAR MECHANISMS IN INTERNAL COMBUSTION ENGINES

4.1.Abrasive wear in internal combustionengines

Abrasive wear is a type afiear that occurs when relatively harder particles create a
cutting effect ora softer surface, removing surface material. Grinding, sanding, and polishing
processesanbecitedasexamplef controlledabrasivewear.In lubricatedsystems, abrasive
wearmostlyresultsfrom the contaminatiorof the oil with sandparticles.To preventsuchwear
problems, it isvecessarfirst to changeheoil andfilter, andthento identifyandeliminatethe
source of the abrasive particl&d-Sherbiny & Ali, 2010)

In internal combustion engines, the most common wear mechanism on piston rings and
cylinder bores is abrasion caused by hard particles in the oil film. These particles originate
eitherfrom thecombustiorchambeor from thewearitself. Abrasivewearusually concentrates
onthe pistorring surface and the cylinder bore at tbp dead center. there are hard phases
(carbide omphosphide) ircast iron, different weaatesareobserved at thop of the cylinder.
Abrasivewearis morepronouncediuringtheengine'dreakin periodandrarelyoccursduring
long-term operation, but it can be observed when there are significant changes in operating
conditions Eyre et al., 1990)

4.2. Adhesivewearin aninternal combustionengine

Adhesivewear,referredto asadheionwear,occurswhenthe asperitieon a surfacethat
have welded (or adhered) together break during the relative motmmeahetakurface over
another(D e mi r2013@)&/arious studiesindicatethat the typical type of wear observedn
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internal combustion engine valves is adhesive wear, which results from high contact stress,
insufficient lubrication, and the relative sliding of contact surfaCesdlie et al., 2016)

Whenusing lubricants, the durabilityf the oilfilm should be taken into accouiese
lubricantsshouldbeviscousenoughto form athick film in fluid or semifluid statesandshould
contain some loadarrying additives to prevent nato-metal contact under boundary
lubrication conditions. This type of wear occurs directly between metal surfaces when the oil
film, which providesdurability, fails to separat¢hetwo surfacesThe pistonring-cylinderliner
area is the region where minuous and effective lubrication is the hardest to achieve.
Therefore, it is logicalo assume that adhesive wear maodgurs athetop and bottondead
centers. In fact, wear sections on the cylinder liner are particularly noticeable at these points
(MUjdeci, 2003)

4.3.Corrosion wear in internal combustionengines

Corrosive wear is defined as the material loss that occurs on worn surfaces additionally
due to chemicaleactions. Chemical wear can occur alone or in combination with other types
of wear Dem r t2@1K), This type of wear results from chemical effects caused by some
productgpresentn theatmospheréair, humidity, CO) or dueto oxidation,phasechangesetc.,
in the lubricantEyre et al., 1990)

The operating conditions of engines at law high speeds, the formation of acidic
products as a result of sulfur in the fuel or oxidation of the lubricating oil, lead to corrosion
wear. In this context, critical components are parts that operate under high temperature
fluctuations Thesearethepistonrings,cylinders,andvalves.Surfacesarecoatedwith reactive
metals, which are frictioneducing alloys used in bearings. Generally, lubricants are used to
protect the surface against corrosion wear and to eliminate this Swaltifig, 1972)

4.4.Fatiguewear in internal combustionengines

Fatigue occurs over time in machine parts due to repeated loads or vibrations. In
particular, the continuous and variable loading of surfaces causes fatigue cracks to form just
beneath the surface. Fatigue weatws on surfaces such as rolling bearings, gears, and cam
mechanisms e mi RQAlA).K ,

Surfacecracks,themost basic fornof fatiguewear,occuratthe most sensitivgpointsof
the engine, such as the camd valves. This phenomenon also occurs in bearings. Preventing
these deteriorations lies not only in selecting thetraghbut also in the surface metallurgy.
Materialswith fatigue resistance and heat treatmemtthe surface characterize the durability
of contact points. Additionally, lubrication can be improved by enhancing EHD
(Elastohydrodynamic) lubrication conidins Cesur, 2008)

Thepistonring-cylinderpairis asignificantsourceof energylossdueto friction andwear
in internal combustion engines. Therefore, the friction and wear mechanisms between the
cylinder and pistoming pair need to be thoroughéxamined. The friction betwedhe piston
ring and cylinder directly affectsengineefficiency and fuel consumption Additionally, the
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friction between the piston ring and cylinder is a parameter that affects engine lifespan.
Therefore understandingndcontrolling the friction andwearmechanism$&etweerthe piston

ring and cylinder play criticalrole in preventing the increase in surface roughnessigihe

parts and in enhancing engine performance an

5. LUBRICATING OIL IN INTERNAL COMBUSTION ENGINES

Internal combustion engines are power units widely used in the automotive, maritime,
aviation, and industrial secgrThese engines require proper lubrication systems to provide
high efficiency, power,anddurability( B u r u n &Cesarp023).Engineoils areacritical
componenthatdirectly affectsthe performanceefficiency,andlifespanof internalcombustion
enginesThereforetheproperselectiorof lubricantsusedin enginesandthe evaluatiorof their
performance are of great importance (Johansson et al., 2011).

Motor oils are classified as minemls, synthetic oils, and sersinthetic oils based on
thar production method: mineral oils are obtained by blending base oils derived from the
distillation of crude oil with various additives, synthetic oils are produced through chemical
processes in a laboratoepvironment, and sersiynthetic oils are a mixta of both. Mineral
oils arecheaperandprovideaveraggerformancewhile syntheticoils areresistanto high/low
temperatures and high pressure, have a longer lifespan, and offer high performanee. Semi
syntheticoils, producedoy mixing 70i 80% mineraloil with 20i 30%syntheticoil, fall between
the two in terms of price and performance. The advantages of synthetic oils include higher
purity, lowerfriction, compatibilitywith enginerequirementsanddurabilityunderdemanding
operating conditions (Hisl, 2016).

Additives used to prevent wear become increasingly important as the power of engines
increases. Artivear additives in mixed or partial oil films aim to minimize wear. As
temperature rises, the tendency towards boundary lubrication increasestbaeviscosity
temperature relationship, and low contact speeds, high contact pressures, and rough surfaces
contribute to the formation of boundary lubrication. If these conditions are extreme and there
is little or no oil film, maximum surface contawill occur. This phenomenon is defined as
extreme pressure (EP) contact and is usually observed along with very high temperatures and
pressuresAdditives that prevent extreme pressure contact typically require higher activation
temperatures and pressupesnpared to antivear additivesAnti-wear and extreme pressure
additives function through thermal decomposition, producing compounds that react with the
metalsurface.Thesactivesurfacecompoundpreferablyform athin layerthatis shearedinder
boundary lubrication conditiongMujdeci, 2009)

6. CONCLUSION

In this study, friction, wear, and lubrication in the mechanical system of engines were
examined. As a result of the adhesive wear of engine parts, small wear particles can remain
fixed onthe oppositesurface. This situation increases the surface roughnesgjiofe parts in
areasvhereboundaryubricationconditionsoccur.Thesurfaceroughnesswhichis negatively
affectedby hardenedindoxidizedparticlesresultingfrom adhesivevear,causesbrasve wear
to worsen.Similarly, fatiguewearoccurringunderexcessivdoadsleadsto the formation of
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wear particles, causing abrasive wear and negatafidgting surface roughneghjs, inturn,
triggers adhesive wear.

In conclusion, all wear mechams that negatively affect surface roughness in engine
mechanisms trigger each other's development, and without effective development and use of
lubricationsystems, the efficient and loit@sting operatiomf the engine's mechanicgystem
cannot be conseated.

In conclusion, all wear mechanisms that adversely affect surface roughness in engine
components accelerate each other's progression, and without the effective development and
utilization of lubricationsystemsthe efficientanddurableoperatiorof theengine'smechanical
system cannot be ensured. It has been evaluated that by improving the lubrication systems in
internal combustion engines to reduce wear, it is possible to reduce the processes followed to
improve the surface metallurgy of enginetpamnd to lower the costs in this area.
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1. INTRODUCTION

Fodder beetReta vulgarisvar. rapaceaKoch.), also known as goosefoot, saltbush
spinach, is a forage plant belonging to the Chenopodiaceae family (Ayaz, 2015). Worldwide,
thisfamily includesl03generaandapproximatelyl,400specieg Y € | d Z003gImiNur&iye,
thisfamily is representetly 33 generaand120taxa.Foddemed is a biennialplant,completing
vegetative growth in the first year and generative growth in the second year. It includes both
halophytic(salttolerant)andxerophytic(droughttolerant)speciesFoddetbeetoriginatesrom
the Middle East and is knowo have been used as cattle feedintient Greece around 500
BC (Henry, 2010). It was recordéal have beegrownas a root crop iisermanyand Italy in
the 16th century. Today, this plant is widely cultivated in temperate climate zones worldwide
(Anonymaus, 2006).

Fodder beet has emerged as a valuable alternative forage crop in temperate regions due
to its high yield potential, excellent energy content, and adaptability to diverselmgatic
conditions While beetvarietieshavetraditionallybeengrown for sugamproduction specialized
varietieshavebeendevelopedor animalfeeding,providinga costeffectiveandnutrientdense
feed source for ruminants and other livestock species. The increasing demand for sustainable
and energyrich forage cropfias made fodder beet a strategic component in modern livestock
producti on syst ®aleyet@k21i6Weots etal., 2021).2 0 0 7 ;

This crop is particularly advantageous in regions where traditional forage crops, such as
corn or alfalfa, are linted due to soil or climate constraints. Fodder beet provides a high dry
matter yield per hectare and can be grazed locally or harvested and stored for later use. The
roots are rich in soluble carbohydrates; The upper parts provide additional fiber aid, prot
making it a balanced feed option when included in animal feed (Edwards et al., 2018).

1.1. Botanical Characteristics

Fodder beet belongs to the famfynaranthaceae, the genus Beta, and the spBetas
vulgaris It exhibits a biennial growth habit, forngra large storage root in the first year and
flowering in the second year under vernalization conditions. Root morphology varies from
cylindricalto sphericadependingnthecultivar, androot colorcanbewhite, yellow,or orange.

It hasadeeptaprootthatenhancedroughttoleranceTheplantproducedargegreenleaveghat
contribute significantly to total biomass.

1.2. EcologicalRequirements

Fodder beet thrives in temperate climates, in moderately rainy;dveatied soils.
Optimumgrowthoccursin deep fertile loamysoilswith apH of 6.5-7.5. Theplant issensitive
to waterlogging, but thanks to its deep root system, it is moderately drought tolerant. Forage
beet requires temperature requirements 1KI08C for germination, I®20°C during the
vegetatie stage, and 122°C for root development.

Themostsuitablesoil typefor fodderbeetcultivationis light to mediumsoils;it doesnot
perform well in excessively clayey, sandy, stony, or gravelly soils. The highest yields are
achieved irregionswith along growing seasofil20-150days).The optimalplantingtime for
fodderbeetis April-May in regionswheresugarbeetis grown and SeptembeiNovemberin

97



temperateegions.Theplanting ratds calculated ad kg per decarevhenplanting witha drill

and2-3 kg per decare when planting by hand. Because fodder beet seeds are very small, the
recommended planting depth is3Zm. Fertilization for fodder beet should be applied at the
time of planting: 23 tons of farm manure,-80 kg of phosphorus, and a totd 15-20 kg of
nitrogenper decare. Halbf thisamount should be applied at planting, and the remainder after
the first hoeing. Planting fodder beets in the same field for two consecutive years is not
recommended (Gulumser, 2024).

Thefirst hoeingandthinningoperationsarecarriedout whenthe plantsreachaheightof
3-4 cmabovethe soil surface. Fodder bestsould beplanted with40-45 cmspacing between
rows and 3685 cm spacing between rows. Irrigation is essential in regions with insufficient
rainfall. Especially in arid regions, the plant should be irrigatesl #hmes throughout the
growing season. High yields require adequate soil moisture and nutrient availability. Fodder
beet is a nutrieAteavy crop requiring significant inputs of nitroggphosphorus, and
potassium. Balanced fertilization ensures optimal root development and sugar accumulation

1.3. Harvesting and Storage

Fodder beet is usually harvested in late autumn;1B&80days after planting, when the
rootshavereachednaximumsizeandsuga contentRootsizeandweight: Mostvarietiesreach
8-12 kg per root under optimal conditions. Dry matter content: Gendraly8%. Yellowing
of the lower leaves indicates physiological maturity. Harvest should be done before severe
frosts, which can daage root tissues and reduce forage quality. Delayed harvesting can
increase root size but reducerage capacitgnd increasedisease risk (Dallegt al., 2016).

1.4. Harvesting Methods
Two basicmethodsareusedfor harvestingodderbeets.

a) Mechanical harvesting: Beet harvesters remove the roots, remove excess soil, and
usually trim the leaves from the top. This is suitable for lsagge operations but requires a
significant investment.

b) Manual harvesting: Common in smaidkcale or resourekmited systemsRoots are
loosened with a fork and lifted by hand, minimizing mechanical damage.

1.5. PostharvestHandling

Proper handling is essential to prevent physical damage and microbial contamination.
Rootsshould be cleaned sbil, and damaged aliseased rootshoull be removed. Excessive
washing is not recommended, as residual moisture during storage can cause rot.

1.6. StorageConditions

Dueto theirhigh moisturecontentfodderbeetrootsaresusceptibléo fungalrot andfrost
damage. Storage conditions for foddeetserequire a temperature af322C and a relative
humidity of 90 95%. Adequate airflow is necessary to reduce condensation and maintain
constantemperaturefRootsshouldbestoredin compactear silagedconditions coveredwith
straw and plastic sheegjrio protect against frost and rain.

98



GITIHLL

»

N2

Figure 1.1.Plantingof FodderBeet

T R A

s

e

- M
4 W

LR TEeL b DT \

-

Sy AU — == = -

B
- — > 3 . — ~
FEusercibe. b i e e

Figure 1.2. Appearancef Fodder BeeFlowersandSeedStructure

1.7. StorageTechniques
a) Compaction: The traditional methodnvolves insulatingopenair piles with soil or
straw. steffective but requires careful monitoring.

b) SilageProduction: Foddermeetscanbeensiledwith otherfeeds(e.g.,grassor corn)to
improve fermentation and reduce spoilage.

c) Frost Protection: Additional insulationor indoorstoragds requiredin cold climates.
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1.8.StorageDuration and Losses

Under optimal conditions, fodder beets can be stored if6r Months with minimal
nutrient loss. Inadequate storage can result in:

1 Weightloss:Dueto respiratiorand moisturevaporation.
1 SugardegradationDecrease@nergyvalue.
1 Microbial spoilage:Especiallyby BotrytisandRhizopusspecies.

Efficient harvesting and storage practices are essential to maintain forage quality and ensure
availability during the winter months.

1.9.Nutritional Value and Rolein Animal Nutrit ion

Fodder beet roots are characterized by high concentrations of soluble carbohydrates
(mostly sucrose), which constitute-30% of the dry matter. This provides an excellent and
easily fermentable energy source for ruminants.

Thecompositiorof fodderbeetincludes:Dry Matter(DM): 12-18%,CrudeProtein(CP):
6-9% of DM, NeutralDetergentiber(NDF): 10-15%o0f DM, MetabolizableEnergy(ME): 12-
13 MJ/kg DM.The compositiorof fodder beet (Betaulgarisvar. rapa L.)eavesand petioles
includes: Crude ®tein: 1218% of DM, Fiber: Higher thamoots, supportsumen health, and
Minerals: Rich in calcium, potassium, and magnesium.

1.10. Digestibility and Energy Value

Foddermbeetrootshavehighdigestibility (upto 90%)dueto their low fiber andhighsugar
content. This promotes rapid ruminal fermentation, which can significantly increase energy
intakein dairyandbeefcattle.However rapid fermentationwhennot balancedwvith sufficient
fiber, can predispose animals to rumiaeidosis (Dalley et al., 2016; Wds et al., 2021).

1.11. Rolein Animal Nutrition

Fodder beet improves milk yield and fat content by increasing energy intake during
lactation in dairy cattle. Its high energy density contributes to effective weight gain in beef
cattle. It is suitable for finishg diets in sheep and goats, but requires careful adaptation to
preventigestiveissuesin nonruminantsijts useshouldbelimited dueto thehighfiber content
in the upper parts and the risk of digestive upset. To maximize benefits and minimize risks
Animalsshouldbeacclimatedor 10-14 daysto preventacidosis Foddereetshouldbe mixed
with high-fiber feeds (e.g., hayr silage). Phosphorus and trace minerals atsy be needed.
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Figure 1.4. Harvestingof FodderBeet
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2. ADVANTAGES AND DISADVANTAGES OF FODDER BEET

Theadvantagesf fodderbeetinclude:High energydensity,high palatability,andfeedingfrom
grazing or stored tubers. Despite its numerous benefits, fodder beet also presents some
limitations that should be considered:

1 High risk of ruminal acidosis due to rapid sugar fermentation when not balanced with
fiber (Dalley et al., 2016).

1 Mineralimbalancestow phosphorug rootsandexcesgotassiunin leavesancause
hypophosphatemia @rass tetany (Edwards et al., 2018).

1 Susceptibilityto frost damage, whicheducedodderquality andstorability.

1 Storagdifficulties dueto high moisturecontentandsusceptibilityto fungalrot

1 High initial setupcosts,including precisionplanting, fertilization, and specialized
machinery.

1 Limited proteincontentrequiressupplementatiomwith proteinrich feeds.

1 Potentialnitrateaccumulatiorunderdroughtstressor excessivenitrogenfertilization.

3. CURRENTS| TUATINON RK KAND THE WORLD

Fodder leet remains a niche crop Trirkiye, where fodder production is dominated by
alfalfa, sainfoin, vetch, and silage corn. As of 2020, Turkiye's total fodder area reached
approximatel\2.31 million hectares, representing 6.d%total agricultural land and 12% of
cultivated area (Tan and Yolcu, 2021). Despite a significant increase of over 200% in fodder
cultivationsincethe early2000sthanksto government subsidiegiirkiye still facesa shortage
of high-quality forage for livestock (Geren et al., 20023gék, 2023).

Fodderbeetis primarily grownin regionswith suitablesoil andirrigation facilities, suchasthe
Central and Eastenatolia regions. Its adoption remains limited for the following reasons:

1 Low awarenesamongfarmersaboultits highenergywalueandyield potential,
1 Higherinstallationcostscomparedo traditionalforagecrops,

1 Requirementor specializednachinery,

1 Storagdifficulties in regionsexperiencindiarshwinters.

However, interest in fodder beet is increasing due to:

1 Governmentncentivessupportingalternativeforagecrops,
Demandor energyrich foragesn intensivedairy and fatteningystems,
Betterdroughttolerancecomparedo corn,

Utilization of fallow lands.

= =4 =
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Figure 3.1.The importancef FodderBeet inthe nutrition of livestock(Anonymous,
20255 a,b,c,d,e,f)

Accordingto T | K(Kurkish Statisticallnstitute),fodderbeetproductionhashistorically
been much lower than sugar beet. While sugar beet covers tens of thousands of hectares
annually,fodder beetplantingsare estimatedo be only a few thousandhectaresmostly in
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irrigated areas.Integratingfodder beetinto crop rotationscould significantly help close
Turkiye's fodder gap, especially when supported by extension services (Celik, 2020).

Fodder beet is widely cultivated in Europe (UK, Germany, France, PolandYewmd
Zealand. It is considered onetbk highestielding forage crops, producing up to-28tons
of dry matter per hectare under optimal conditions. In these regions, fodder beet plays an
important role in winter feeding systems for dairy and beef catteen replacing or
supplementing corn silage. The popularity of fodder beet is driven by its high energy density
andpalatability, flexibility in feedingsystemggrazingor storedroots),andeconomic benefits
in intensive livestock operations.In corgtaadoption in Tirkiye and other Mediterranean
countriess limited dueto agriculturalchallengesndfarmerslack of familiarity with the crop.
However, fodder beet is increasingly recognized as a strategic crop for sustainable livestock
production undr climate change scenarios requiring drougitstant, higtyielding forages.

4. CONCLUSION AND RECOMMENDATIONS

Fodder beet is a highly promising alternative forage crop for modern livestock systems
thanks to its exceptional energy density, high yield pg@knand adaptability to diverse
agroecological environments. Its ability to provide significant amounts of dry matter and
metabolizable energy makes it particularly valuable in intensive dairy and cattle production
systems.

However, its successful integion into feeding programs requires careful management
to reduceriskssuchasrumenacidosis, minerambalancesandstoragdossesGradualdietary
adaptation, appropriate fiber and mineral supplementation, and adherence to best practices
during harveing and storage are essential.

While fodder beet requires fertile soils, adequate irrigation, and meticulous crop
management (factotbat increase initighroduction costs), its superior yield and feed quality
canoffsetthesecostsin high-performancéivestockfarms.Despiteits potentialto addresgeed
shortagesindincreasdeedefficiency, foddeibeet isunderutilized inTurkiye. Broaderadoption
requiresfarmertrainingandextensiorservicesgovernmentncentivego reduceestablishment
costs, ad research and development focused on regionally improved varieties, disease
resistance, and cestfective storage solutions.

Globally, fodderbeetis acornerstonef winter feedingsystemsn countriessuchasNew
Zealand and the United Kingdom. Withcieasing pressure on feed resources and increasing
climate variability, its role as a component of sustainable livestock production strategies is
expected to expand.
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1. INTRODUCTION

The arable land resourcesair republic are very limited. According to statistical data,
thereis 0.18hectare®f arabldandpercapitain ourrepublic, whichis muchlessthantheworld
average. Providing the country's population with food, livestock with feed, and industry with
raw materialswith the productsobtainedirom suchareass considereaneof theurgent issues
of theday. Thisrequirestheintensificationof agriculture, increasinthe productivityof arable
land, its quality, and at the same time increasing soil fertility.

The importance of using intercropping and applying the correct fertilizer norms in
increasing soil fertility, impoving its physical and chemical properties, and increasing the
productivity and quality of plants is very great (Allahverdiyev et al., 2014; Rawnsley et al.,
2019).

Intercropping has many advantages, including increasing the efficiensynof natural
repurces such as nutrients, radiation, climatic conditions, and water, reducing the use of
fertilizers, preventing sogrosion, and increasing the durability and quadityhe product. At
the same time, intercropping significantly increases the organitem@intent of the soil
(Christie et al, 2020; Ibrahim et al, 2019).

In this regard, the Head of State has decided to increase the amount of the discount for
fuel and motor oils used in the production of agricultural products in the country and to
stimulake the implementation of repeated (intermediate) sowing in the country, and in
accordancevith theorderissuedby the Cabinetof Ministers,in accordancevith subparagraph
1.10.1.3of the Decreeof the President othe Republicof AzerbaijanNo. 413datedDecember
22, 2014 AOn the i mplementation of the Law
Budgetof the Republicof Azerbaijanf o r  2defshréa 25 percent increase in tlamount
of assistance provided to agricultural producers from the staigebéor fuel and motor oils
used in the cultivation of each hectare of arable land and in the implementation of perennial
crops (FAO).

Currently, one of the most important complex measures envisaged in the field of
agricultural development in our republithe expansion of the area of intermediate sowing
and its productivity increase. The effective application of intercropping ensures that a single
plot of landcanbeharvestedwo or threetimesa year.As aresult,grainproduction,.especially
fodder, increases, and land and other means of production are used more intensively and
efficiently.

Theresultsof scienceandadvancegracticeshowthatin orderto obtainhighandquality

products fromagriculturalcrops, it is necessary to use progressivegddtficient technology in
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the cultivation othese plants. Taking this into account, more efficient technological methods

havebeen developetiasedon theexperienceof domesticand foreign researcher&dmong

them, the development téchnologies and dewas for direct (ndill) sowing and application

of organic fertilizers to the sai of great practical importance (Rez&ghiyanehet al, 2021).

The totalactive temperature in the plain and foothgigions ofAzerbaipn exceeds 4000
45000w4. I n t he e-bagutpkainin thepNakh¢hivam Autondmeus Republic,
this indicator reaches 500004d4. Therefore,

conditionspurrepublicis considerecveryfavorabde countryfor thecultivationof field fodder
crops,especialljjegumesandgrainfoddercrops,andfor obtaininghigh yieldsfrom them.

In order to obtain high and quality products in different regions of our republic, the
components, proportions, sowimgethods, and plant density of plants to be cultivated in
mixtures have been studied through experiments. As a result of the experiments, it was
determined that it is more expedient to cultivate corn or sorghum in mixtures with legumes
rather than pure cps (Phelan et.al 2015).

P.B. Zamanov et al. conducted studies, it was determined that agricultural plants, on
averageannuallyremove500kg of humus,75-80 kg of nitrogen,25-30 kg of phosphorusand
60-70 kg of potassium from one hectare. In order store and restore nutrients and humus
taken from the soil by plants, it is important to apply the necessary amount of organic and
mineral fertilizers to the soil (Zamanov, 2011). The use of organic fertilizers alone or in
combinationwith chemicalfertilizershelpsto improvethe physicalandchemicalpropertiesof
the soil and improves the efficient use of applied fertilizers, as a result of which plant

productivity and quality increase.

2. MATERIAL AND METHODOLOGY

Takingthesento accountjn orderto createconditionsfor usingatmospheriaitrogenin
thebiologicalcycle inthe lower parbf the Karabakhregion, wherehe effectiveandpotential
fertility of the soilis verylow, to increase the productivibf intercropping and to studyays
to prote¢ soil fertility in order to provide livestock with green fodder, we conducted an
experiment at the Elvin farm in the Hindarkh settlement of the Agjabedi region. One of the
most important requirements for protecting and increasing soil fertility is tHecatpm of
cultivation methods that do not destroy the structure of the soil.

The experimental work used the Zagatala variety of corn4{ea mayd.) and the
Imeritin varietyof soybear{GlycinemaxL). Duringsowing,30kg of cornand30kg of soybean

seeds were sown per hectare.
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Soil samples were collected from five locations within the experimemnéa in a cross
sectional manner and were analyzed for their agrochemical propefties.following
parameters were analyzed in the soil samptetal hunus content using the 1.V. Tyurin
method, total nitrogen using the Kjeldahl method, total phosphorus using the Lorenz method,
total potassium using the Smith method, nitrate nitrogen using the Grdrajeak method,
easilyhydrolyzable nitrogemsingthe Tyurin and Kononovmethod, mobilgoghosphorusising
the Machigin method, exchangeable potassium using the P.V. Protasov method, adsorbed
ammoniumnitrogenusing the Konev method with Nessler's reagent via colorimetric analysis,
soil pH inanaqueous solutiomeasured potentiometricallyafarovet al., 2014Huseynowet
al., 2018).

The results of field experiments were calculated using the mathematical calculation
method of B.A. Dospekhov. Correlations between many indicators were implemented in the

Excel pogram.

3. DISCUSSIONS

During the experiment, we determined that after the harvestreicrops, those areas
remainemptyuntil newcerealcropsaresown, and favorablsolar energy, activeemperature,
irrigation water, and fertile soils allow for the ptang and cultivation of fodder plants with a
shortvegetatiorperiodin thoseareasTheconductedtudiesprovethatsoilswhereleguminous
plants are not cultivated dry out excessively due to the heat of the sun, and become cracked.
becomesits structue is destroyedIn addition, inrainy years weedsgerminateanddevelopin
such areas, and the fields are littered with weeds. Even some weeds spread their ripe seeds
aroundsincethevegetatiorperiodis short. Thisworsengheenvironmenfor theplans planted
later,causingweeddo spreadnorein thearea.Oneof the mainimportanceof intercroppings
the weed control measure. This has been reflected in studies conducted in various countries.

Theeffectof fertilizer normsandirrigation quantitiesontheyield of greenmassof mixed
crops of corn and soybean was studied. The conducted studies prove that the right choice of
cropsin mixed crops,theimplementatiorof complexagrotechnicameasures theright order
and the use of mineral and orgafectilizers greatly increase the quantity and quality of the
total crop (Liu et al 2020).

The use of organic fertilizers against the background of various amounts of irrigation
during the studyad a positive effect aime yield of mixed crops of corn asdy.

As a result othe studies, it was determined that against the backgrouhdeagjetation

irrigation (4200m°), if the yield of mixed cropsn the control varianwithout fertilizers was
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357 cen/hec, the yield increased under the influence of nhiswedaorganic fertilizers, varied
betweem55cen/heand616kg/hec.Thus,asaresultof thestudy, it becomeslearthatin the
economy during the shortage of water against the backgroundotd ¥egetation irrigation

(4200 n¥), the use obrganic andnineral fertilizers significantly increases the yield of mixed
cropsof corn and soy. So, if the yield of mixed cragghe control variant without fertilizers

was 357 kg/hec, then with the application of fertilizer standaidg®NoK 150 the yield of 65

kg/hec was achieved, which indicates an increase of 259 kg/hec or 73.2% compared with the
control variant.

When using mineral and organomineral fertilizers, a sharp increase in productivity was
noticed. So, in the application of 10 t/hec of manure;dPN=K g, a yield of 585 kg/hec was
obtained. And this means a yield increase of 228 kg/hec or 63,8% compared with the control
without fertilizers.

If the yield amounted to 378 kg/hec in the control variant without fertilizers against the
backgroundf 6-fold vegetationrrigation, while usingmineralandorganiemineralfertilizers,
the green mass, increasing, varied between 488 and 655 kg/hec.

Table 1. Influenceof irrigation and fertilizer normson the yield of greenmassof

plantsof mixed crops (corn ansby) stubble (2022024)

Options 4 timeswatering(4200m?) 6 timeswatering(6300n°)
Average increase Average increase
producttvity, centhe producttvity, centhec %
cent/hec . % cent/hec
Controloption 357 - - 378 - -
NaoPsoK 6o 455 98 27,4 488 110 29,1
NeoPaoK 90 522 165 46,7 537 159 42.0
NooP12K 120 608 251 70,3 637 259 68,5
N120P150K 150 616 259 73,2 655 277 73,2
manurel0t/hec+Pss 425 68 19,3 457 79 20,9
manurel0 t/hec+N1oPssK 30 506 149 | 41,73 525 147 38,9
manurel0 t/hec+NaoPssKeo 578 221 61,9 619 241 63,7
manurel0 t/hec+N7oP125K g0 585 228 63,8 628 250 66,1
P=2,2 P=0,65
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Againstthebackgroundf 6-fold vegetationirrigation (6300m3/ ha),a manifestatiorof
a similar effect is visible. So, when applying thedisdK1so fertilizer norms, a yield of 655
kg/hec was achieved, which, compared to the control version without fertilizers, indicates a
yield increase of 277 kg/hec and 73.2%.

Against the background of-feld vegetation irrigation (6300 1 ha) with the use of
mineraland organominerafertilizers,a multiple increasean yield alsobecameclear.So,in the
application of 10 t/hec of manure +dR125K90, a yield of 628 kg/hec was achieveédhd this
amounts to an increase of 250 kg/hec or 66.1% compared with the comiaoit weithout
fertilizers.

But it should be noted that irrigation water in our country is lacking mainly iAithe
zone. Therefore, with a®ld watering, the resulting crop is not vesgonomically sound.

Themathematicatalculationgarriedout atthe endof theexperimenprovetheaccuracy
of the experiment. The indicator E (kg/hec) obtained from fertilizer is mar@g high.

Basedontheresultsof thestudy,we cansaythatduringthe simultaneousowingof corn
and soybeans to obtain a high gief green mass, the optimal irrigation and fertilizer rates
were determined.

Cumshdo\etal., (2005)notethatsoil fertility is relatedto theamountof organicresidues
in it. Thus,therootandrottingresidue®f plants,underfavorableconditions,decomposeinder
the influence of microorganisms and turn into organic maie’ result, the soil is enriched
with organic matter

A simple and inexpensive way to restore soil fertility is to use legumes. According to
literaturedata,eachhectareof legumecropscollectsabout100-150kg of nitrogenfrom theair,
which inturn isequivalent to 1820tonsof high-quality manure. Legumesnrichthe soil with
biological nitrogenand root mass, which indicates that the sodf great importance iterms
of ewlogical and economic efficiency.

As aresultof our researchn recentyears, ithasbeenfoundthatduringthejoint planting
of cornand soybean, sorghuamd peas in intercropping, a significant amourpbot and root
residues accumulate, which, whemcdmposed and mixed with the soil, play a major role in
increasing nutrients and preserving soil fertility. This also shows that intercropping is a good
predecessor for the plants to be planted after it.

In the lowlying region of the Karabakh zone on gnaygadow soils, stubble residues
were taken from the mixed crops of corn and soy according to the monolithic method and,
drying, weighed in the open air. The stubble residudisarcontrolvariant without fertilizers,
if they amounted t® kg/hec, as a rak of the introduction of organic andineral fertilizers
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amountedto a significant increase.So, in the variant of fertilizer applicationin the norm
NooP120K 120, Stubbleresiduesin the amountof 8 kg/hecwere accumulatedwhen applying
N120P150K 150 9 kg/hec,andwith thecombineduseof organicandmineralfertilizersin thenorm
of 10 t/hec of manure +NP125K 90 - 8.7 kg/hec. Thus, it was found that witte introduction

of organic andnineral fertilizers againghe background of #rigation duringthe growing
seasomnmixedcropsof cornandsoybeanthemassof stubbleresiduesncreasedignificantly.

As a result of the analyzes, it was determined that the amount of nitrogen, phosphorus
and potassium in the composition of the stubble residwesughly varies depending on the
normsof fertilizers. Ifin the controlvariant the amount dbtal nitrogen, totaphosphorusind
total potassium in the normf Ni20P150K150 was 0.95%, 0.35%, and 0.96%, respectively, with
the combined use of organic amdneral fertilizers in the norm of 10 t/hec of manurezs P
amounted to 0.96%; 0.36% and 0.99%, in the case of organic fertilizers, the norm of 10 t/hec
of manure + NoPssK3o was1.07%;0.41%and 1.22%And this, inturn, fundamentallaffects
not only theamount of accumulated nutrients in the stubble, but also the improvement of the
waterphysical properties of the soil and its structure.

In thevariants,whenapplying6 wateringsduringthe growingseasona similar situation
was also created. If the sibie residues in the control version without fertilizers were 5.6
cen/hec, then when using mineral fertilizers in the normMkK 150 they were 9.4 cen/hec,
and when combined with organic and mineral fertilizers in the 10 t / ha version of manure +
N7oP125K 90 the stubble residue was accumulated in the amount of 9.3 cen/hec.

As a result of the analyzes, it was determined that in the composition of the stubble
residues, the amount of total nitrogen, total phosphorus and total potassium substantially
changeglepending on the norms of fertilizers. In the control variant without fertilizers, if the
amountf total nitrogen,total phosphorusndtotal potassiunwere0.96%,0,97%and0.36%,
respectivelywhenapplyingfertilizersin thenormN12dP150K 150 1.07%,0.46%and1,21% with
the combined use of organic and mineral fertilizers in the norm of 10 t/hec of manure +
N7oP125K 90, these indicators amounted to 1.08%, respectively; 0.42% and 1A2@2Pthis, in
turn, fundamentally affects not only the amount ofusmeclated nutrients in the stubble, but
also the watephysical properties of the soil and the improvement of its structure.

Studies have shown that the use of organic and mineral fertilizers in mixed crops
significantlyaffectsnotonly thestubblemass put alsotherootmasssothatit playsalargerole
in increasing soill fertility.

If the root mass in the control version at 4 waterings accumulates in an amount of 23

kg/ha,using organic andnineral fertilizersis a significantncrease So, when usingmineral
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fertilizers in the nornof N120P150K 150, the root mass if it was 30 kg/hec, then when combined
with organic and mineral fertilizers in the norm of 10 t/hec of manuredP:Koqo, the root
mass was accumulated in the amount of 29 kg/hec.

The amounbf total nitrogen, totaphosphorusndtotal potassiunin the compositiorof
the root mass varies significantly depending on the norms of fertilizers. So, in the control
versionwithout fertilizers, ifthe content ototal nitrogen,total phosphorusindtotal potassium
was0.84%,0.19%and0.72%,whenapplying fertilizers inthe normN120P150K 150 amountedo
1.00%,0.24%and0.96%,andwhenusing10 t/hecof manuret+ N7oP125K 90 was0.91%,0.23%
and 0.98%respectively.

During the growing season, 6 irrigaits were applied. If in the control version without
fertilizers the root mass is accumulated in an amount of 23.5 cen/hec, then with the use of
organic and mineral fertilizers this amounted to a significant increase. In particular, when
applyingthe normsof fertilizers,the N120P150K 150 was30.5cen/hecwhile thecombineduseof
organic and mineral fertilizers in the norm of 10 t/hec of manuredP1pdqo, the root mass
wasaccumulatedn theamountof 29.7cen/hecAnd this, in turn, asaresultof microbiological
processesjecomposingwill beof greatimportancen theaccumulatiorof biologicalnitrogen,
in maintaining soil fertility. So in the contrgkrsion without fertilizers, ithe amount ofotal
nitrogen, totaphosphorus and totabtassiunwas 0.84%, 0.18% and 0.73%, with a fertilizer
rateof N120P150K150these indicatorarere1.01%;0.24%;0.97%,andwith the combineduseof
organic and mineral fertilizers in the amountl@ft/hec ofmanure + MoP12sK90 amounted to
0.93%, 0.24% and 0.99%.

Theuseof organicandmineralfertilizersattheoptimumrate,alongwith a positiveeffect
ontheroot massandstubbleresidueof mixed cropssignificantlyincreaseshe soil fertility in
guantitative and qualitative terms. And this proves that cochsay are good precursors for
subsequent sowing crops.

Intercroppingalso has positiveeffectonimprovingthe waterphysicalpropertiesof the
soil by increasing the amount of organic matter in the soil. The great importance of
intercropping inmproving the waterphysicalpropertiesof the soil is evident inmanystudies.
According to literature, intercropping significantly increases the amount of -vesistant
aggregates in the soil and improves its structural condition. Studies have shown thasin a
whereleguminousropsarecultivated theamountof waterresistantaggregates the0-10cm
layer of soil increases by 17%, which leads to an increase in biological activity
(Allahverdiyev, 2019).
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Here, in order to improve the soil structure, organic fertilizer is applied to the
subsoil and the cultivated plants are used as phytomeliorants.With this method, the
potential and effective fertility of the soil is restored by biological methods. The -water
holding capacityof the soil is improved, and conditions are createdfor plant residuesto
rot and mix with the soil. On the other hand, this is more important in arid regions. Since

plants shadethe soil surface,evaporationfrom the field is reduced.

4. CONCLUSION

Thus, theapplicationof organic ertilizersand the cultivatioof green manurésiderate)
crops on degraded soils accelerates biological processes in the soil, increases the amount of
organic matter, and improves soil structure. Based on this, we recommend that farming
enterprises cult@te cover crops after harvesting grain crops in order to make efficient use of
soil andothernaturalresourcesThis notonly helpsmeetthefeeddemandof livestockfarming
but also preserves soil fertility.
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1. INTRODUCTION

Sheep and goat farming constitutes a <cor

contributing significantly to mal livelihoods, food security, and the national economy.
Accordingto FAO andTurkishStatisticalinstitute( T | Kl&tg,Turkeyhostsoneof thelargest
smallruminantpopulationsvorldwide,with morethan43 million sheepand10,5million goats

as of 202 (TUIK, 2024). These animals provide essential products including meat, milk,
cheeseandfiber, while alsosupportingculturaltraditionsandsustainableiseof marginallands
(Sevik, 2023).

Despite their economic and social importance, small ruminaauption faces major
constraintgrom infectiousdiseasethatreducefertility, milk yield, andsurvivalrates Diseases
such as peste des petits ruminants (PPR), brucellosis, enterotoxemia, and bluetongue have
historically caused significant economic aadimal welfare losses (OIE, 2021; Bayir and
Gurcan, 2023). Vaccination programs have emerged as the most effective strategy to control
these diseases, especially in resoliroéed rural settings where treatment and biosecurity
measures are less feasible

Turkey has implemented several national vaccination campaigns, including widespread
useof Brucella melitensifkew1 vaccinein sheepandgoatssince2009,andthelaunchof PPR
eradication programs in 2013 under FAO and OIE guidelines (FAO, 2022). ploegams
have markedly reduced disease incidence and improved productivity, as illustrated by the
parallelrisein smallruminantpopulationgseeFigure).However challengesuchascold-chain
maintenance, uneven regiomalverage, farmer awareness, #mgistical constraints continue
to limit vaccine effectiveness (Akkaya et al., 2021; FAO 2022).

This review provides an overview of current vaccination practices in sheep and goat
farming in Turkey, covering bacterial, viral, and parasitic diseases. igg¢asul agepecific
schedules are discussed, alongside challenges in implementation and opportunities for
improvement.

The paper emphasizes the need for thermostable and multivalent vaccines, enhanced
farmer education, and integration of serological silaree into herd health programs to

ensure sustainable small ruminant production and align with global eradication initiatives.
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2. MAJOR INFECTIOUS DISEASESOF CONCERN AND VACCINES USEDIN
TURKEY

2.1Viral diseases

PestedespetitsruminantyPPR)d PPRis a high-priority transboundaryiral diseasef
sheep and goats with high morbidity and variable mortality; live attenuated homologous
vaccines providelonf ast i ng i mmunity (commonly O3 year:
the backbone of control/eradicatistrategies promoted by FAO/OIE. National vaccination
campaigns across endemic regions are cetatr@ladication goals (glob&®PR eradication by
2030). Field performance depends on correct dose, storage and coverag. (Imanbayeva et al.,
2025)

Sheep/goat po and capripoxviruse® Live attenuated capripox vaccines (sheep
pox/goat pox strains) are used regionally when outbreaks or risk warrants; capripox vaccine

platformsare also being investigated\asctorsfor multivalent vaccineéBoshra et al., 2024).

Bluetongue virus (BTVY BTV seroprevalence studies in Turkey show circulation of
BTV in many regions, and BTV control is complicated by multiple serotypes and vector
(Culicoides) ecology; vaccination with serotypgecific inactivated vaccines is the commo
approactwhereavailableandindicatedby surveillanceRecenseroprevalenceork in Antalya
and other provinces confirms ongoing exposure of small ruminants (Sevik, 2023)

2.2 Bacterial diseases

Brucellosis Brucella melitensis 8 Brucellosis remains a sigicant zoonosis and
animalhealthproblemin partsof Turkey.Thelive attenuatedRew-1 vaccineis themostwidely
used and effective vaccine for sheep and goats; in Turkeyl Res been applied in mass
campaign&ndin somestudiesvaluatedsia conjunctivaladministratior(to reducenterference
with serologicaldiagnostics and reduce abortion risk). Conpraigrams combine vaccination
with testandslaughter, movement controls and surveillance. Evidence points to persistent
hotspots and the need fionproved, targeted strategies (Fernan@eorges et al., 2025)

Clostridial (enterotoxemia, tetanus, malignant oedema, &tdJulticomponent toxoid
vaccineqC, D, C+D, andbroaderlostridialpolyvalentvaccinesarestandardor routineflock
health toprevent sudden death syndromes; recent research continues on recombinant and
improved antigens. These vaccines are widely used in Turkish flocks as part of routine

prophylaxis (Akkaya et al., 2021).
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Pasteurellosis/Mannheimiosis Bacterins and toxoid baain combinations targeting
Pasteurella/Mannheim&peciesarecommonlyusedto reducerespiratorydiseaseindperacute
deathsd especially during stress periods (weaning, transport) (Abdolmohammadi Khiav and
Zahmatkesh, 2021).

2.3 Parasitic vaccines(researchstage/ limited use)

Commercial vaccines for some parasitic diseases (e.g., certain multivalent experimental
vaccines for Fasciola hepatica) have sh@nomise intrials, but routine parasitic vaccination
remaindimited; integratecparasitecontrolusualy combinesstrategianthelminticuse pasture
management and selective breeding. Research on multivalent and subunit vaccines continues
(Zafra et al., 2021).

3. NATIONAL AND REGIONAL VACCINATION PROGRAMS IN TURKEY &
CURRENT STATUS AND KMPACT

Turkey has implemented national vaccination campaigns for priority diseases (notably
PPR and brucellosis) and routine vaccination for clostridial and other endemic conditions.
Reports and peeeviewed studies indicate that these campaigns have led to measurable
improvements in disease control where coverage is adequate, but uneven regional uptake and
persistent hotspots remain. For brucellosis, national control efforts using Bed other
control measures have reduced incidence in many areas, but human brucellosis and animal
reservoirs persist in some regions, requiring sustained action. Similarly, PPR vaccination is
central to national control plans aligned with the FAO/OIE eradication strataggine
availability and campaign implementation have been effective where logistics and coverage

targets were met (Akkaya et al ., 2021; Bayér

4. IMPLEMENTATOON DETAILS: SCHEDULES, SEASONAL TIMING AND
PRACTICAL RECOMMENDATIONS

4.1 Typical vacdne scheduleconsiderations(generalized)

T1PPR: Single dose of live attenuated vaccine (minimum protective dose per OIE
recommendations) for lambs/kids at an age determined by maternal antibody waning
(commonly at 3 months) and for adults in mass campaigosster strategies depend on
campaign design and epidemiological situation (Kumar et al., 2017).

1 Brucellosis (Revl): Standard protocol is vaccination of young replacement animals

(e.g.,3i 6 months),with caveatdor pregnantanimals;conjunctivalvaccindion hasbeenused
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to reducesomeadverseeventsandinterferencevith milk/serology.Re1 in adultsis typically
under organized control programs (Saboor et al., 2024; Fern@wwges et al., 2025).

1 Clostridial polyvalent toxoids: Primageries for yung animals, then annual boosters
prior to risk periods (e.g., before lambing, turnout to pasture) (Fanelli et al., 2022).

T Mannheimia/Pasteurella bacterins: Given -giress periods (weaning, transport,
acaricide dips) and as part of herd health plansi¢&gll et al., 2021).

Note: Exact timing should be adapted to local epidemiology, maternal antibody
interference and manufacturer instructions (dose, route). OIE/FAO manuals and vaccine

producers provide detailed protocols and quality control requirer@tis 2021).

5. OPERATIONAL CHALLENGES IN TURKEY (EVIDENCE AND
PRACTICAL IMPLICATIONS)

5.1 Farmer awarenessand compliance

Multiple studies in low and middleincome settings show that farmer knowledge,
attitudes and practices strongly influence vaccine upfhkeey shares similar challenges in
ruralandremotedistrictswhereveterinaryaccess, literacgndperceivedvaccine benefit vary.
Community engagement and targeted education increase participation in campaigns (Yilmaz
and Wilson, 2012; Akkaya et al., 20).

5.2 Cold-chain and logistics

Preserving vaccine potenogquires arunbrokencold chain fronmanufacturer to field;
studiesandprogranreviewsgloballyemphasizeold-chainfailuresasamajorcausenf reduced
vaccine effectiveness. Rural delivery in Key faces logistical hurdles (distance, transport,
electricity reliability), calling for investment in colchain infrastructure, temperature
monitoring and contingency measures (solar refrigerators, cold boxes) in remote districts.
Thermostableaccineformulationswould easgheseconstraintgseenextsectionSharmaand
Agrawal, 2024).

5.3 Regionaldisparities in coverageand surveillancegaps

Surveillance data and seroprevalence studies reveal geographic heterogeneity for BTV,
brucellosis and other infaohs; passive surveillance underestimates true incidence and can
mask pockets of infection that sustain transmission. Integration of active serological
surveillance into routine programs is needed for-datgen targeting (Fernanddgzeorges et
al., 2025).
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5.4 Diagnosticinterference and vaccinechoices(example:Revw-1)

Live vaccines such as Rdvcan complicate serological surveillance because vaccine
induced antibodies may be indistinguishable from field infection in some tests. Alternative
strategies aresed to reduce this problem. Studies from Turkey have evaluated conjunctival

Rew1 administration as a fieldractical approach (Akkaya et al., 2021).

6. OPPORTUNITIES: TECHNOLOGY, PROGRAM DESIGN AND
SURVEILLANCE

6.1 Thermostable vaccines

Thermostable formulatian(or technologies that maintain potency outside strict cold
chains) are a major innovation for veterinary vaccination campaigns in areas with weak cold
chain infrastructure. Reviews and experimental data indicate that thermostable PPR
formulations and ¢ter heatstable approaches can simplify logistics, reduce wastage and
increase effective coverage. Turkey could benefit from piloting thermostable formulations in
remote provinces (Fanelli et al., 2022).

6.2 Multivalent and vectoredvaccines

Developments in mitivalent vaccine platforms including capripoxvirussectored
constructs and other recombinant vectbraim to protect against multiple pathogens with a
singleinoculation,reducinghandlingandimprovingcomplianceEarlytrials provideproof-of-
concep; regulatory approval and field effectiveness remain to be validated in different
epidemiologicatontexts. Suclplatforms could be strategically importantTinrkeyto reduce
the number of separate vaccinations needed per production cycle (Akkaya 2024l.,
Goncagll et al., 2021).

6.3 Integration of serologicalsurveillance (targeted, routine)

Routine incorporation aserological monitoring (targeted sampling, sentinel herds, pre
and posttampaign serosurveys) allows assessment of vaccine coverage araatygeff
identification of immunity gaps and early detection of outbreaks. Recent regional
seroprevalence studies for BTV and brucellosis illustrate the value of active surveillance in
Turkey. Building laboratory capacity and streamlining data flows betiekhservices and
central authorities will improve program targeting (Boshra et al., 2024).

6.4 Farmer training and participatory approaches

Community platforms, farmer organizations, and local extension networks improve

vaccineacceptanceand compliance Evidencefrom othercountriesdemonstratethat farmer
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engagement increasegtakeandcorrect usef vaccinesd atransferablestrategyfor Turkish

rural contexts (Goncagul et al., 2021).

7. RECOMMENDED PRIORITIES FOR TURKEY (PRACTICAL, EVIDENCE -

BASED)

1.

Strergthencold-chainanddeliverysystemsd invest intemperaturenonitoring,solar
poweredefrigerationin remoteclinics, andtrainingfor vaccinehandlersThermostable
products should be preferentially piloted where supply chain challenges are greatest
(Sevik, 2023).

Expand and integrate active serological surveillaécesentinel herds, prgpost
vaccination serosurveys and routine lab reporting to detect coverage gaps and early
outbreaks (Yilmaz and Wilson, 2012).

Optimizebrucellosiscontrolstrategyd continuetargetediseof Rew1 for youngstock,
evaluate conjunctival vs. subcutaneous administration where appropriate, use DIVA
capable diagnostiand couple vaccinationith movement controland humarhealth
surveillance (Saboor et al., 2024).

Adopt mixed delivery model$y mass campaigns for eradicationented diseases
(PPR) combined with routine flodkevel vaccination for clostridial and respiratory
pathogens; use mobile vaccination teams and community animal health workers to
increase reach (Straa and Agrawal, 2024).

Promoteresearch®& regulatorypathways for multivalent and thermostable vaccihes
support field trials and fagtack regulatory evaluation of promising platforms that
reduce dosing events and caldain dependence (Abdolmohammagiav and
Zahmatkesh, 2021).

8.LIMITATIONS AND RESEARCH GAPS
1 Countryspecific operational data: While many programmatic recommendations are

supportedy globalevidencemoreTurkey-specificoperationaktudiegon cold-chainfailures,

vaccine wastage ratesarmer KAP specifically in Turkish provinces) would allow finer
targeting (Sevik, 2023).

1 Field effectiveness data for new platforms: Multivalent and thermostable vaccine

candidates require Turkdyased field trials to validate performance under locatatic and

management conditions.
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1 DIVA tools and molecular surveillance: Increased investment in Dégmpatible
diagnostics and genomic surveillance would enhance ability to differentiate vaccine strains

from wild-type infections and to track viral evalut (Imanbayeva et al., 2025).

9. CONCLUSION

Vaccinationremainscentralto controlof majorsmallruminantdiseases Turkey.Where
adequatelymplementednationalcampaigngPPR brucellosis)androutineflock vaccinations
(clostridial, pasteurellosis)ave demonstrably reduced disease burden; however, operational
challenge® coldchain regionalcoveragaeyapsfarmerawarenesandsurveillancdimitations
0 curtail optimal impact. Priority actions should include strengthening-alwdih logistics,
piloting thermostable/multivalent vaccines, integrating serological surveillance, and
intensifying farmer education. Coordinated efforts by veterinary services, universities and
produceirganizationgantranslatescientificadvancesto sustainablémprovematsin small
ruminant health and profitability in Turkey (FAO, 2022).
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1. INTRODUCTION

Theshareof energyconsumptiorof informationtechnologiegIT) sectorin globalcarbon
emissiongs graduallyincreasingRecent studiemdicatethat informatiorandcommunication
technologies (ICT) are responsible for approximately 2% toofi%flobal carbon emissions,
and this rate may rise to 14% B@40 (Software Carbon Intensity (SCI) Specification, 2023).
These developments necessitate eeva@uation of the processes of software design,
development, and usage.

Software systems which arthe structures that manage hardware resources, are
components that directly affect energy consumption. Inefficient software can cause energy
waste due to unnecessary processing load, high resource utilization, and unoptimized
algorithms Within thisframework, theconcepbf Green Software hasemergedisanapproach
aimed at minimizing the environmental impact of software (Kumar, 2022).

Green Software is a collection of practices, strategies, and technologies designed to
reduce carbon emissions by ensuriegergy efficiency during the design, development,
deployment, and usage stages of software (Microsoft, 2023). This approach adds a
sustainabilitydimensiorto traditionalsoftwaredevelopmenprocessesgontributingbothto the
reduction of environmentatripacts and to the improvement of operational efficiency.

In this study, the literature in the field of Green Software has been comprehensively
reviewed, and fundamental principles and implementation strategies have been presented.
Within the scope of theesearch, technical documents from the Green Software Foundation
were analyzed in addition to databases such as Google Scholar, ACM Digital Library, IEEE
Xplore, and ScienceDirect.

The structure of the study is organized as follows: the second sectiomsdéfi@
conceptuatrameworkof GreenSoftwarethethird sectiondiscussegs fundamentaprinciples.
Thefourth sectionexaminesustainablsoftwaredevelopmenstrategieswhile thefifth section
focuseson measuremerdndevaluatiormethodologiesThe sixth andseventrsectiongdiscuss
industrial applications, challenges, and future directions. The eighth and ninth sections
respectively focus on examples of sustainable software architecture and the integration of
sustainabilityinto softwareprocessed-inally, the tenttsectionpresentsa case studpasedon
the SCI (Software Carbon Intensity) metric, demonstrating with a practical example how the
environmental impact of software systems can be measured quantitatively. The eleventh and
final sectionprovidesa generaévaluationof the studyand offersecommendations in light of
the findings obtained.

2. THE CONCEPT OF GREEN SOFTWARE

Green Software is an approach that aims to enhance the environmental sustainability of
software systems. Although theree ararious definitions in the literature, Green Software can
be most comprehensively defined as follows:

It refers to the practices, strategies, and technologies applied to minimize energy
consumptionand carbon emissionsthroughoutthe design, development,deployment,and
usage processes of softw@iRinto & Castor, 2020).
Thescopeof GreenSoftwareincludesthefollowing areas:

1 Energyefficiencyin softwarearchitectureanddesign
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Codeoptimizationandefficient algorithms

Optimizationof resourcaisaggprocessormemory,storage)

Energyawareprogrammingpractices

Softwaresustainabilityand easef maintenance

Environmentalimpact assessmerthroughoutall stagesof the softwarelifecycle

(Verdecchia et al., 2021)
Theinitial studiesonsoftwareenergyefficiencyparticularlyfocusedonextendingoattery
life in the context of mobile devices and embedded systems. However, as environmental
sustainability concerns have increased over time, more comprehensive approaches have been
developed to reduce therban footprint of software (Kocak, 2022).
In the early 2000s, academic interest in Green Software began to grow as a subfield of the
AGreen Computingo concept Greel/Bdftware tFduedatiensit a b | i
2021, industrystandard practices andeasurement methodologies started to be developed
(Green Software Foundation, 2021). Especially, standards such as the Software Carbon
Intensity (SCI) specification have provided a common framework for measuring and
comparing the environmental impactssoftware (Green Software Foundation, 2023).

=A =4 =4 -4 -4

3. GREEN SOFTWARE PRINCIPLES

Green software development is built upon certain fundamental principles. These
principlesprovidea sustainabilityframeworkthatcoversthe entirelifecycle of softwaré from
design tamplementation and maintenance. Figure 1 illustréitese sustainabilifgrinciples.

Efficiency - Carbon
calabili
Principle Scalaility Awareness

Figure 1. Greensoftwareprinciples
3.1. Efficiency Principle

Software should be designed to perform the same functionality with fewer resources
(CPU, memory, storage, netvky. This principle aims to produce maximum value with
minimal resourcausagg(Pereira, 2021). Softwadeveloped iraccordancevith the efficiency
principle consumes less energy and therefore leads to lower carbon emissions.

Accordingto theresearctof Pinto andCastor focusingon softwareefficiencycanreduce
energy consumption by an average of 80% (Pinto & Castor). This increase in efficiency
providessignificantenergysavingsespeciallyin large scalesystemsandcontinuouslyrunning
applicatiors.

3.2. Scalability
The scalability principle envisions designing software so that it uses only as many
resources as needed and releases them when demand decreases (Capra, 2012). Systems with
dynamic scaling capabilities can optimize resource usage accoodgyriload and prevent
energy waste.
This principle is particularly important in clodzhsed systems and is implemented
throughstrategiesuchas loadbalancingautescaling, andlemanedbasedesourceallocation.
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Researclby Microsoft showghat systemssingeffectivescalingstrategiexanreduceenergy
consumption by up to 20% (Microsoft, 2023).
3.3. Carbon Awareness
The carbon awareness principle aims to design software to operate during low carbon

intensityperiodsorin low carbonintensityregions Sincetheratio of renewablenergychanges
overtime, executing intensiveperationgluringtheseperiodscanreducethe carbonfootprint.

The SCI (Software CarbonIntensity) specificationdevelopedby the Green Software

Foundation provides a standard metblodyto measure and optimize the carbon intensity

software (Green Software Foundation,2023). This methodologyfacilitates carbonaware
designdecisiondor softwaredevelopers.

3.4 Hardware Efficiency

Software should be optimized in a way that extenddware lifespan and reduces the
need for frequent hardware replacement (Lago, 2019). Since the production of new hardware
contains a significant amount of Nfnembedded
lifespan of existing hardware contribute tdweing the overall environmental impact.

Verdecchia and others have noted that mandatory hardware upgrades due to software
requirements are a common issue that exacerbateswaste problem (Verdecchia et al.,
2017). Hardwarefficient software mitigateshis issue by enabling longer operation with
existing resources.

3.5.Measurement andTransparency
The measurability and traceability of a s
achievingsustainabilitygoals(Hindle,2018).Transparenteportingof energyconsumptiorand
carbon emissions enables developers and users to make informed decisions.
Kumar and otherbave developed variodsolsand methodologiet® measure software
energyconsumptior{Kumar,2022).Suchmeasuremertbolsallow softwareteamsto evaluate
the impact of their optimization efforts and develop continuous improvement strategies.

4. GREEN SOFTWARE DEVELOPMENT STRATEGIES AND TECHNIQUES
Variousstrategiesaindtechniquesave beenlevelopedo put GreerSoftwareprinciples
into practce.Thissectionexamineshemosteffectivegreensoftwaredevelopmenapproaches.

4.1.Energy-Efficient Algorithms

The selection and optimization of algorithms are critical factors that directly affect the
energy efficiency of software. Preferring algoriththat achieve the same results with fewer
computations can significantly reduce energy consumption (Manotas, 2016).

For example, comparative studies between sorting algorithms have shown that the
Quicksort algorithnprovidessignificant advantagdas termsof energyefficiencycomparedo
Bubble Sort when dealing with large data sets (Lima, 2016). Similarly, in machine learning
algorithms, there is a direct relationship between model complexity and energy consumption
(Table 1).
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Table 1: Comparison of Algdthm Selection and Energy Efficiency

Bubble Sort oM High energy consumption
Insertion Sort o) Moderatesnergyconsumption
Lowi moderatesnergy
MergeSort O(nlogn) .
consumption
Quick Sort O(nlogn) Low energyconsumption

In determiningenergyefficient algorithms, BigD notationalone maynot be a sufficient
criterion;in reatworld applicationsenergyconsumptiorcanvarydependingn severafactors
such as memory access patterns, suitability for parallel processing, and opportunities for
hardwarelevel optimization.

4.2 Demand-BasedProcessing

Avoiding unnecessarlyackgroundperation@ndexecutingorocessesnly whenneeded
is aneffective strategyor reducing software energpnsumption{Adams, 2019)Techniques
sucha s filloaazdyi ndye marmid ncomput a-trivemar oh ianhewidfelgvent ar
used in the implementation of this strategy.

Kocak et al. demonstrated that demdmasged processing strategies in mobile
applications can extend battery life byi25% (Kocgak, 2022). This appach provides
significant energy savings, especially in applications with continuously running background
services.

4.3.Data Optimization
Dataoptimizationstrategiegncompass variouschniquesimedat ensuring morefficient
use of system resources. Thegategies include:

4.3.1. Data compression: Reducesboth storagerequirementsand the amountof

data transmitted over the network.

4.3.2. Caching: Keepsfrequentlyuseddatain fasteraccesstoragepreventing

repetitive operations and unnecessary data transmission.

4.3.3. Data structures: Optimizing data structuresaccordingto application

accesspatterns and usage improves processing efficiency.

4.3.4. Data localization: Keepingdataclose towhereit is processededuces

network traffic and minimizes latency.
4.4 IntelligentUseof Cloud Resources

Cloud computing offers significant opportunities in terms of resource sharing and
efficient utilization. However, to fully realize this potential, it is necessary to allocate cloud
resourceslynamically,takinginto accounthe useof greenenergy,andto developappropriate
optimization strategies.
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Research by Microsoft indicates that managing cloud resources with caslaoe
planningstrategiesanreduceadatac e n tcarodfa®tprint by up to 30% (Microsoft,2023).
These strategiesdfude:

4.4.1. Directingworkloadsto regionswith low carbonintensity

4.4.2. Scheduling computatieimtensive tasks during
periods of high renewable energgneration

4.4.3. Prioritizingenergyefficienthardware

4.4.4. Consolidatingesourcesindreducing idlecapacity(Taina,2011)

4.5.Energy-Aware CI/CD
ContinuoudntegrationandContinuouDeploymen{CI/CD) processeareindispensable

components of modern software development. Optimizing these processes in terms of energy

efficiency not only reduces the carbon footprint during tlevelopment phase but also
improvesthe efficiencyof theresulting software (Calero Riattini, 2017) Figure 2 illustrates
the operational steps of CI/CD processes within an eresgye approach.

</> Code

Compilation @l

Packaging @

Figure 2: EnergyAwareCIl/CD

EnergyawareCIl/CD practicesnclude:

1 Optimizingtestautomatiorandeliminatingredundantests
Configuringbuild processesfficiently
Designingdeploymenstrategie$o minimize energyconsumption
Integratingenergyconsumptiormetricsinto the CI/CD pipeline

Incorporatinggreensoftwareprinciples into codeeviewprocessegCalero,
Moraga& Bertoa, 2013)

= =4 4 A
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5. GREEN SOFTWARE MEASUREMENT AND EVALUATION METHODOLOGIES
Measuringandevaluatingheenvironmentalmpactof softwareis oneof thefundamental
components of the Greermf8vare approach. The methodologies and tools used to assess the

energy consumption and carbon footprint of software are examined below.

5.1.Software Carbon Intensity Methodology
The Software Carbon Intensity (SCI) specification, developed by the Green ®oftwa
Foundation, isnindicatordesignedo measureandcomparehe carbonemissionof software
in a standardized manner. It is calculated using Equation (1) (Green Software Foundation,
2023).

§2 00 )
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Where:
E : EnergyconsumedkWh)

| : Locationbasedcarbonintensity( g Cea/kwh)
M : Embedde@missionghardwarananufacturingndlifecycle)
R : Scalingfactorperfunctionalunit

The SCl methodologyprovidessoftwaredevelopersvith the ability to setconcretegoals
for reducing the carbon footprint of their applications and to measure their progress (Green
Software Foundation, 2022).

5.2.Energy Consumption Measuremenilools

Various tools and frameworks have been developed to measure the emesggnption
of software Theseoolsprovidethecapabilityto analyzeenergyconsumptioratdifferentlevels
of granularity (code block, function, application, system) (Noureddine, 2015).
Commonly used energy consumption measurement tools include (Georgiou, 2019):

1 Intel RAPL (Running Average Power Limit): Used for measuringenergy
consumption at the processor level.

1 PowerAPI: A softwarebasedpower measuremenlibrary capableof
measuringat different granularity levels.

1 Jouleit:An energymonitoringtool for JavaScripapplications.

1 Android BatteryHistorian: Analyzesthe batteryusageof mobile applications.

1 CloudCarbonFootprint: Calculateghe carbonemissionf cloudresources.

These tools assist software developersin analyzing and optimizing the energy
consumption of their code.

5.3.PerformanceProfiling and Energy Analysis

Performancerofiling toolsareusedto identify bottlenecksand inefficient codsections
thataffecttheenergyconsumptiorof software.ThesetoolsanalyzefactorssuchasCPUusage,
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memory access, disk 1/0O, and network traffic to determine the problem areas that increase
energy consumption (Ournani, 2021).

Modern integrated development environments and profitimgls are increasingly
incorporating energgnalysis features. Fexample, environmentuchasVisual Studio and
Intellid IDEA canprovideenergyefficiencyrecommendationtroughcodeanalysigoolsand
plugins (Li, 2015).

6. INDUSTRIAL APPLICATIONS AND CASE STUDIES

Theprinciplesandstrategie®f GreenSoftwarehavestartedo beadoptedby bothlarge
scaleandsmallscaleorganizationscrossvariousindustries.This sectionexaminessuccessful
Green Software applications and the benefits they peovid

6.1.Green Software Applications in Major Technology Companies

Major technologycompaniesuchasMicrosoft, Google,andIBM haveintegratedGreen
Software principles i nto their corporate
Sustai nabi |helpsyodganipatioas rmomitormand reduce their carbon emissions
(Microsoft, 2023). Google optimizes the energy efficiency of its data centers through-carbon
aware computing techniques (Google, 2023).

The case studies of these companies demonstrate thett Godtware strategies can
providebothenvironmentandeconomidoenefits.For example the carborawarecomputing
strategiesmplementedn Mi c r o Azaréctoudglatformreducedenergycostsby 15%while
lowering carbon emissions by 25% (Althoff, 202

6.2.Energy Optimization in Mobile Applications

Applications running on mobile devices are an area where energy optimization is
critically important dueo limited battery life. The studgonducted byocak et al. examined
the impact okoftwarearchitectuesanddesignpatternsused inmobile applicationson energy
consumption (Kocak, 2022).

Theresearchesultsshowedhatoptimizingdatabaseperationsminimizing background
processes, and using local caching strategies can reduce the energy consoimptbiie
applications by up to 30%. These optimizations not only extend battery life but also increase
the lifespan of devices, thereby reducing the amounwdste (Pathak, 2012).

6.3.GreenDesignPrinciplesin Web Applications

Web applications serve hidins of users worldwide, and their energy efficiency has a
significantimpactontheglobalcarbonfootprint. InitiativessuchasTheGreenWebFoundation
and Sustainable Web Desidrave developed design principles and best practices to improve
the energ\efficiency of websites and web applications.

Thesepracticesnclude:
Optimizingpagesizeand loadingimes
Compressingnediacontent(imagesyideos)usingefficient formats
Reducing unnecessay TP requests
Strategicuseof CDNs(ContentDelivery Netwaks)
Implementingserversideandclient-sidecachingstrategies
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Applying these practices can significantly reduce the energy consumption and carbon
footprint of websites. For exampl e, -pageBCO0 s
carbon emissions B85% (Chole Fletcher, 2021).

7. CHALLENGES AND FUTURE DIRECTIONS

Thereareseverakhallengego thewidespreaddoptionof GreenSoftwareprinciples.At
the same time, research and industrial applications in this field are rapidly evolving, and new
opportunties are emerging. The main current challenges in Green Software development can
be discussed under four categories:

1 Measurement Challenges: Accurately and consistently measuring the energy
consumption and carbon footprint of software remains a completlgm. More
advancedoolsandmethodologiesreneededo standardizéhe measuremerdf energy
consumption for software operating in different environments.

1 Lackof KnowledgeandAwareness: Mangoftwaredeveloperslo not possessufficient
knowledge orawareness about energy efficiency and sustainability. Education and
capacitybuilding efforts are critical to overcoming this challenge.

1 Economic IncentivesThe economic benefits @reenSoftware development manot
always be visible in the short termtr@&ger economic incentives and regulatory
frameworks are required for organizations to adopt this approach.

1 Optimization in Complex Systems: Modern software systems typically consist of
numerousomponentsandservicesPerformingendto-endenergyoptimizationin such
complex systems can be technically challenging.

FutureResearciirectionsin GreenSoftware

Thefutureresearcldirectionsin thefield of GreenSoftwareincludethefollowing topics:

1 Al-Driven Energy Optimization: Developing systems tlaattomatically optimize
software energy consumption using machine learning and artificial intelligence techniques.
These systems can provide eneeffjiciency recommendations at both code and architectural
levels and create performance/energy profiles.

f Quarium Computing and Energy Efficiency: Exploring the potential of quantum
computingtechnologieso consume lesenergythanclassicablgorithmsfor certainproblems.

In particular,evaluatingquantumalgorithmsfor optimization,cryptographyandsimulatian in
terms of energy efficiency (Shenoy, 2019).

1 EdgeComputingandGreenSoftware:With theproliferationof l1oT (Internetof Things)
devices, investigating the potential of the edge computing paradigm in terms of energy
efficiency. Studying the impact shifting computational processes fralata centers to edge
nodes on energy consumption and carbon emissions (Liu, 2020).

1 Energy Efficiency of Programming Languages: Comparing different programming
languages and frameworks in terms of energy efficiency detdrmining optimal
language selection strategies for oarbon software development.

EmergingindustrialTrendsandOpportunitiesn GreenSoftware
Emergingindustrialtrendsandopportunitiesn the GreerSoftwarefield include:
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1 CarbonNeutralSoftwareCertification:Developingprogramghatassesandcertify the
carbon footprint of software. Such certification programs can prothetadoption of
sustainable software practices and enable consumers to make more informed choices.

1 Expansion of Regulatorlframeworks: Regulatory frameworks such as the European
Un i oBuropean Green Dedlave begun to focus on the environmental impacts of
digital technologies, including software systems. These regulations encourage
organizations to adopt Green Software pcas (European Commission, 2021).

1 Sustainable Software Development Education: Integrating Green Software principles
into computer science and software engineering curricula. Developing educational
programs to ensure that future generations of softwaresla®rs embrace
sustainabilityoriented approaches.

1 OpenSourceGreenSoftwarelnitiatives: The expansiorof opensourcenitiativessuch
astheGreenS o a t moandaionandsimilar organizationsThesenitiativescontribute
to the growth of the Green Bware ecosystem by providing tools, libraries, and best
practices for sustainable software development (Green Software Foundation, 2021).

8. SUSTAINABLE SOFTWARE ARCHITECTURE DESIGN EXAMPLES

The implementation of Green Software principles begins at theva@ftarchitecture
level. This sectionexaminesamplemodelsandapproachefor designingsustainableoftware
architecture.

8.1. Energy Optimization in MicroservicesArchitecture
The microservices architecture allows applications to be divided into small,
independently deployable, scalable, and manageable services. This architectural approach
enablesheexecutiorof only thenecessargervicesvhenrequired.ensuringmnoreefficientuse
of resources (Jagroep, 2017).
Recommendedtrategies foenergyoptimizationin microservicesrchitecturenclude:

1 Optimization of Service Granularity: It is important to establish an optimal balance
between the communication overhead of very-fir@ned services and the lack of
flexibility of very coarsegrained services.

1 Asynchronous Communication Models: Using asynchronous messaging in inter
service communication makes the system more flexible and resilient while reducing
unnecessary waiting times and resource waste.

1 API Gateway Optimization: Configuring API Gateways witmtelligent routing and
caching strategies can reduce unnecessary service calls and network traffic.

8.2. Sustainability Advantagesof ServerlessArchitecture
ServerlessarchitecturgFunctiorasa-Service- FaaS)llowsdeveloperso executecode
units (functons) without dealing with infrastructure management. This architeetppabach
ensures energy efficiency by consuming resources only when the functions are executed and
using no resources when they are idle (Eismann, 2021).
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Thesustainabilityadvantagesf serverlessrchitecturenclude:
1. On-Demand Resource Utilization: Since functionsrun only when invoked, they
consume less energy compared to continuously running servers.
2. Automatic Scaling: Functionsautomaticallyscaleaccordingto workload, ensuring
efficient use of resources.
3. Infrastructure Sharing: Cloud providers optimize resourceusage by sharing
infrastructure among multiple clients (Shahrad, 2020).

8.3. ReactiveArchitectures and Energy Efficiency
Reactive architecture is an approach focused orguiegi asynchronous, message
driven, and eventlriven systems. This architectural style provides significant advantages in
terms of resource efficiency and system resilience (Bonér, 2014).
The energyefficiencyadvantagesf reactivearchitecturesnclude:
T Asynchronous Processing: Using asynchronousatherthan blocking calls ensures
more efficient use of resources.
T MessageDriven Communication: Using message queues instead of direct
dependencies between components makes the system more flexible and robust.
T Stream Processing: Reattime processingof data streamsreducesthe resources
required for storing and processing large datasets later [53].

9.INTEGRATION OF SUSTAINABILITY INTO SOFTWARE PROCESSES

Integrating Green Software principles into all stages ef sbftware development
lifecycle is critical for developing sustainable software systems. This section examines how a
sustainability perspective can be integrated into software processes.

9.1. Sustainability in RequirementsAnalysis
Definingsustainabilityobjectivesduringthesoftwarerequirementanalysisstageensures
that energy efficiency is treated as a fundamental quality attribute. The following approaches
can be adopted at this stage (Becker, 2014):
T Sustainability Requirements: Measurable requirements related to energy
consumption, resource utilization, and carbon footprint should be defined.
T Quality Attributes Framework: Sustainability should be evaluatedalongside
traditional quality attributes such as performance, reliability, and maintainability.
1 Requirements Prioritization: Tradeoffs betweenfunctional and sustainability
requirements should be assessed, and conscious decisions should be made.

9.2. Sustainability in Designand Coding Stages
Applying sustainabilityprinciplesduringthedesignandcoding stageglirectly affectsthe
energy efficiency of the software. The following practices can be adopted at this stage [56]
T SustainableDesignPatterns: Utilizing designpatternghat enhancenergyefficiency
and documenting these patterns (e.g., Eldnten Architecture).

136



1 Code Reviews: Incorporatingthe energyefficiency perspectiveinto code review
processes helps identify inefficient code blocks at early stages.

T Automated Static Analysis Tools: Integratingstatic analysistools that detectcode
structues potentially problematic in terms of energy consumption.

9.3. Sustainability in Testingand Quality Assurance

Evaluating energgonsumptiorand resource utilization in testing and quality assurance
processess importantfor sustainablsoftwaredevelopmenh Thefollowing approaches care
adopted at this stage (Feitosa, 2018):

T EnergyProfile Testing:Developingeststhatmeasureoftwareenergyconsumption
under different usage scenarios.

1  LoadTesting and EnergyleasurementMonitoring and evaluating syshenergy
consumption during load testing.

1 SustainabilityBenchmarks Comparingthe s o f t weaergydifisiency with
industrystandard benchmarks.

9.4. DevOpsand SustainableOperations
Enriching DevOps practices with a sustainability perspective helps rethee
environmentaimpactsof softwareduringthe operationaphase. Irthis context,the concepiof
GreenOpshas emerged. GreenOps practices include:
1 Infrastructure Automation: Defining infrastructure asode (Infrastructure aode-
laC) and optimizingesource usage through automatic scaling strategies.
1 Energy Consumption Monitoring: Continuouslymonitoring and analyzingenergy
consumption during the operational phase of the software.
1 Carbon-Aware Deployment StrategiesPlanning software updates and kbgments
during periods of low carbon intensity.

10. ASAMPLE CASE STUDY

Oneof thefundamentameasuremennethodof the GreenSoftwareapproachs the SCI
indicator, which provides a quantitative
carbon enssions. Below is an SCI calculation based on a sample scenario.
SampleScenario:
A cloud-basedapplicationservesl,000,00Qusersper month. Therelateddatafor this
application are presented in Table 2.

Table 2: CarbonEmissionValuesof theSampleCaseStudy
Energy Consumption (E) 12.000 kwWh
Regional Carbon Intensity (1) 0,45k g C O/ k@&hy
Embedded&Emission(M) 1,500k g CO eq
Number ofOperationgR) 1,000,00Qusertransactions
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Green Software aims to reduce the environmental impact of software. In this example,
the SCI indicator is used to quantitatively analyze the carbossemi performance of a
softwaresystemThelowertheSClvalue,theii g r e ¢haseftware.Thisexampleprovidesa
transparent and comparable way to measure the environmental impact of software. The data
canbeeitherrealor estimatedandin thiscasethemeasuredaluescanbeusedwhenexploring
ways to improve energy efficiency.

Energy Consumption (E) represents the total amount of electricity consumed by the
servergunningthesoftware measuredh kilowatt-hours(kWh). In realsystemsthis valuecan
be directly measured using energy measurement tools (e.g., Intel RAPL, PowerAPI).
Alternatively, it can be derived from the monthly reports of total energy consumption in data
centers. In our exampl& = 12,000 kwWh/monthepresents the average mowtlelectricity
consumptionofalargecal e appl i cationbés server infrast:H

Carbon Intensity (I) indicates the environmental impact of the energy source used to
generateelectricity. Its unit iskilogramsof C O equivalent pekilowatt-hour( k g CO e q/ k Wh))
This value can be determined from regional [
electricityMap for Europe). The average value for Turkiye ranges from 0.4 to 0.6
kg CO e q/okrwhamplel n0. 45 k g C Qindeatingkhdtlelectricity is primarily
generated from fossil fuels.

Embedded Emissions (M) represent the total carbon emissions produced during the
manufacturing and | ifecycle of har dwar e. It
(kgCO eq) . This value can be obtained throug
hardware manufacturers. For instance, a typical server can generate approximately 18,000
kgCO eq annually. For monthly cal dM=l1l®d@0i on s,
kgCO eq.

Number of Operations (R) represents the total number of operations performed by the
software, suclasuser transactions, requesisprocessing cycles. It cdre measured through
application analytics tools, API logs, or transactioncognter I n t hi s case, ot
defined as a single user action (e.g., placing an order). In our exdpld:,000,000 user
transactions per month.

s QO X PHD) _ ((12.000% 049 +1500) oo s b om0
© Y 1.000.000 &% COMGE T Gwo Qe &

This value is considered quite low for an optimized software system running in-a low
carbonintensity region. If the same application were operated in a region with higher carbon
emissions, the SCI value would increase significantly.

11. CONCLUSION AND RECOMMENDATIONS

This studypresents a systematic approach aimed at reducing the environmental impacts
of software systems, discussing the concept of Green Software together with its conceptual
foundations and practical strategies. Findiogained from the literature indicate that the
implementation of efficient software architectures, enaggre algorithms, and carbon
transparent CI/CD processes can significantly reducewvéeall carbon footprint agoftware.
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TheSClcalculationexampledemonstrateBowthis theoreticaframeworkcanbeapplied
in practice, revealing that tlevironmentalmpact ofa softwaresystemcan bequantitatively
expressed based on energy consumption, carbon intensity, and processing volume. Such
measuremeastare critical for integrating sustainability criteria into the software development
process.

In the future, it is expected that-Aupported energy profiling systems will enable +eal
time carbon tracking and optimization processes. Moreover, the expaoisicegulatory
frameworks, the widespread adoption of sustainable software certification programs, and the
integration of sustainability topics into educational curricula will further promote the-large
scale adoption of Green Software practices.

Green St@iware should be regarded as a fundamental component in the sustainable
transformatiorof the digital erad servingasa bridgebetweerenvironmental responsibility
andtechnical excellence.
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1. INTRODUCTION

The rapid increase in the world population has significantly increased the demand for
agricultural production. This increase has led to significant lossesriofitagral land to meet
urbanization and industrialization needs, making it increasingly difficult to meet food needs. To
increase agricultural production, higteld crop varieties have been selecwd intensive
agriculture practices are increas@ule to this, he use of fertilizers and the fact that only a
small portion is used by plants causes the rest to accumulate in trstagtel] to pollute sqil
which threatens the lives of organisth&t areliving in. Similarly, the residue of chemical
pestcides in agricultural productposes a risk to human health and food safety. The
widespread use of pesticides also contributes to the decline in biodiversity. In addition,
environmental stress factdosecome more severey@ight, salinity, heavy metal pation, and
high temperatures negatively affect plant growth and yield, threatening food security (Lopes et
al., 2021; Hakim et al., 2021).

In recent years, with increasing land loss and environmental threats, the concept of
sustainability in agridiure has gained importance, and sustainability goals in dtgymal
production have emer ged .Sudtaimable agricdltural proolyctiom e t
encompasses many practices; in general, it aims to minimize negative impacts on the
environment by conserving natural resources and ensuring reliable foddcpon. The
efficient use of resources is a fundamental element of sustainable agriculture. In this context,
the protection of soil, water, and biodiversity is among the primary objectives. Chemical
fertilizers and pesticides should be used only in sarathunts, in the correct dosage, from the
right source, at the right time, and in thentiglace (Hakim et al., 2021).

One of the most important methods for promoting the more efficient use of resources that
support sustainable agriculture is the= wf beneficial microorganisnis support plant growth,
particularly endophytic bacteria that promote plant growth because they are highly abundant in
the soil when compared with other organisifisesebacteria live in plant tissues, mostly in
parts suclas roots, leaves, or stems, in a symbiotic relationship thé plant without harming
it. They support growth by providing nutrients such as nitrogen and phosphorus that the plant
needs and affect their growth positivelJhey also exhibit protective &ftts by increasing the
plants' resistance to abiotic and biotic stresses in agriculture (Glick, 2012; Mishra et al., 2017).

In short, today's agricultural sector faces bottlenecks in terms of sustainability due to
population growth and environmahtissues. The excessive use of chemical fertilizers and
pesticides causes environmental pollution, soil degradation, and disruption of the balance in the
ecosystem. In this period, where new ways for sustainable agriculture iage dmeight,
endophytic beteria offering environmentally friendly solutions. Bacterial endophytes, which
can increase nutrient uptake through control mechanisms that reduce dependence on chemical
inputs and induce plant development under abiotic and biotic stress conditionplayith
critical role in ensuring sustainability in agriculture in the future. This section will discuss how
endophytic bacteria affect plant health under abiotic and biotic stress conditions, and their
potential.
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Figure 1.1: Some of the environmental pressures that are threatening agricultural systems
2. ENDOPHYTIC BACTERIA: DEFINITION AND ECOLOGY

The term enddpyte was first used in 1866 by Barry to describe any organism found
within plant tisue, thereby terminologically distinguishing organisms living inside plants from
those livingon their surface Although there are many suggestions for the definition of
endophytes, the generally accepted denfai ni t i
wi de variety of plant tissues without causin
1997). Endophytic bacteria provide mutual benefit to plants, i.e., they establish symbiotic
relationships. These bacteria can be found in vegetatian®erguch as the roots, stems, and
leaves of plants. However, roots serve a very important purpose as the entry point for these
bacteria. This is because roots can selectively filter the bacteria that will be taken into the plant.
Although there are many daphytic bacterial communities in the soil, the number of bacteria
that can enter and colonize plants is lower due to plant selectivity. The general characteristics
of bacteria that can successfully enter plants can be said to be the ability to mobéityiie a
break down plant cell walls, and elimtian efficiency ofROSfeactive oxygen speciesTheir
colonization is classified into three types based on their dependence on plant tissue. The first
one is an obligate endophyte that cannot survive iin @od it is transferred via seeds. The
second one is that facultative endophytes are generally found in soil but can colonize plants
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when suitable conditions are provided. Lastly, passive endophytes can enter plants through
wounds or cracks in thgant(Khan et al., 20204;iu et al., 2017).

In conclusion, we can say that the ecology of bacterial endophytes depends on their
ability to colonize plant roots and develop symbiotic relationships with plants. Plant roots act as
a filter, allowing onlycertain endophytes to enter. Thus, endophytic bacteria that enter and
colonize the plant can facilitate nutrient uptake without causing any harm and contribute to the
plant's resistance to stress conditions.

Figure 2.1.Endophytic bateria in the rhizosfere and plant endgighselectivity.
3. ROLE OF ENDOPHYTIC BACTERIA IN ABIOTIC STRESS MITIGATION

Plants encounter numerous abiotic stresses throughout their life cycle, and these stress
conditions have negative effects omwgth, development, and yield. Furthermore, abiotic stress
factors pose a serious threat to agricultural productivity and global food security. The most
common abiotic stress conditions observed in plaress drought, salinity, low or high
temperatures, hgg metals, and nutrient deficiencies. These stress conditions generally disrupt
the cellular functioning of plants and inhibit metabolic processes. Additionally, it can increase
the production of stres®lated proteins by altering plant gene expressiamlé\éome of these
processes may force the plant to adapt to stress, the plant's biological processes may be
negatively affectedAs a result of these, significant declines can be seen in crop yields (Zhang
et al., 2023).

Today, many methods areed to combat abiotic stresses that significantly reduce crop
yields in plants. Endophytic bacteria appear to be a viable option due to the cost and time
advantages they offer in supporting plant growth under stress condiTioesebacteriacan
function as biofertilizers, increasing nutrient uptake in plants and promoting plant growth in
stressful environment3hey activate the host plant's response system to reduce stress load or
produce compounds that increase plant tolerance to stress. With theedisad this
phenomenon, many agricultural applications, such as biofertilizers and biostimulants, have

become possibleUnderstanding the communication betwdbase bacteria and plants has a
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great importance for sustainable agriculture.

PLANT ABIOTIC
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Figure 3.1.Some of the common abiotic stress factors in plants.

3.1. Drought Stress Mitigation Via Endophytic Bacteria

Drought stress is one of the major abiotic stress types that occurs when plants cannot
obtain sufficiet water and has negative effects on plant growth and yield. Plants attempt to
reduce the negative impacts of drought stress by developing various physiological and
molecular mechanisms. They activate stress signaling pathways and control stomatatalosure
minimize water loss (Chaffaietal., 20Z2e mi r oj l u Top-u et al ., 2024

Endophytic bacteria aim to increase plants' drought resistance by producing
phytohormones, exocelluloses, antioxidants, and osmolytes. These substances facilitate
morplological changes that support shoot and root growth. Endophytic bacteria work to help
plants adapt to drought by altering the plant at both the molecular and biochemical levels
(Kumar et al., 2025).

There are numerous drought studies investigativeg dffects of endophytic bacterial
inoculations. For example, a study testing the effect®sgfudomonasp. andPantoeasp.
bacteria orHordeum vulgaraunder dry conditions revealed the potential of these bacteria to
increase plant resistance. The stuoiyrfd that the seeds of plant, inoculated with these bacteria
showed improvements in chlorophyll content, net photosynthesis rate, and soil water retention
capacity. Both bacteria offer a promising solution for supporting barley production and
increasing yeld under dry conditions. The findings of the study emphasize the need for careful
selection of bacteria to be used to promote plant growth under drought stress conditions
(Abideen et al., 2022).
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In another study on the physiological charactesséind nutrient content of endophytic
bacteria in pepper seedlings, isolates of the badBatdlus thuringiensisand Ochrobactrum
sp. were used. While drought stress negatively affects enzyme activities and mineral uptake, it
was found that these bacterhad some beneficial effects on the seedlings which reverse
impacts of drought stress (Sadak et al., 2021).

In conclusion, it can be said that drought stress has negative effects on the physiological
characteristics and yield of plants. Endopbytiacterial inoculation can be performed both
from seeds and seedlings, and application strategies can vary from plant to plant. While the
performance of endophytic bacteria vary, more studies should be conducted for each variety
within each plant specide reach definite results.

3.2. Salinity Stress Mitigation Via Endophytic Bacteria

Salt stress is one of the major abiotic stress factors that directly affects plant growth and
yield by causing ion toxicity in plants. Water availability decrsasdth salt stress while
disrupting the metabolic processes of plants. This results in reductions in photosynthesis,
nutrient uptake, and protein synthesis ((Khalvati et al. 2001; Zhao et al., 2021).

The use of microorganisms in salt stress managéshows promise because they offer a
safe, inexpensive, and sustainable method for increasing plant productivity and growth under
stress conditions. Endophytic bacteria regulate plant growth hormones and help plants absorb
nutrients more efficiently byrpmoting the growth and yield of plants exposed to salt stress.
Many bacterial species have been reported to increase salt stress tolerance in plants (Kumar et
al., 2025).

In a study aimed at reducing the stress effects of soil salinity on tortaaits @nd
increasing fruit nutritional value, the tolerance of plants to salinity was tested using a newly
discoveredAgrobacteriunstrain. Tomato seedlings were inoculated with the bacteria, and their
tolerance to salt stress was investigated. Researdbserved that the application of the
halotolerant bacterial strain conferred salt stress tolerance. Improvements in plant health were
observed by increasing root growth, shoot biomass, and proline content (Potestio et al., 2024).

In another study>@amining the effects of halotolerant bacteria isolated from saline habitats
on alleviating salt stress in wheat seedlings, it was found that the s$fieiobacillussp. SL3,
Bacillus halodenitrificansPU62, andBacillus sp. (J8W) increased the growth afheat
seedlings at high salt concentrations. Specifically, strains belongikigltobacillus sp. and
Bacillus halodenitrificansvere found to increase root elongation by more than 90% and plant
dry weight by 17.4%. This study clarified the potential obtwerant bacteria isolated from
saline environments to directly or indirectly increase the growth of plants under salt stress
(Ramadoss et al., 2013).

One other study on endophytic bacteria that obtained from halotolerant plants were
screened andpplied to rice seedlings under salt stress. Bacteria helped develop salt tolerance
in rice plants and caused a significant increase in growth. They also find endophytic bacteria
mitigate the adverse effects of stress conditions and enhance rice gr@asdiotehistics by
producingphytohormones (Khan et al., 2020b).

As a result, it is known that salt stress negatively affects plant growth and development.
Studies have consistently shown that endophytic bacteria can significantly reduce the harmful
effects of salinity, making them a sustainable method for supporting plant growth. It can be
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concluded that these bacteria strengthen the survival ability of plants by producing various
phytohormones.

3.3. Heavy Metal Stress Mitigation Through Endophytic Bcteria

Increased industrialization activities and extensive agricultural technologies have made
heavy metal contamination one of the major problems in today's world. The growth and
development of plants depend on the availability of micronutriemd macronutrients.
Macronutrients are elements that plants need in large quantities, while micronutrients are
elements that plants need only in small quantities. However, certain heavy metals such as
cadmium(Cd), arsenic(As), zinc(Zn), aluminum(Al), retNi), chromium(Cr), and lead(Pb)
are elements that cause high toxicity even when present in very small amounts in the soil or
within the plant, as they are not essential for plant growth (Kumar et al., 2025).

Oxidative stress is the most prommbedamage caused by heavy metals in plants. The
presence of heavy metals in plants increases the production of reactive oxygen species, causing
damage to cells. In addition, heavy metals negatively affect the photosynthesis process. As a
result of these &cts, the plant's energy production mechanism is disrupted, and its growth is
inhibited. They also prevent plants from absorbing essential nutrients, leading to nutritional
imbalances (Emamverdian et al., 2015).

One of the sustainable solutions feeavy metal stress in plants is the use of endophytic
bacteria. They can reduce heavy metal toxicity by converting harmful heavy metals into non
toxic forms. They can increase metal uptake and mobility by stimulating specific mechanisms
in plants. In ths respect, endophytic bacteria can be highlighted as an environmentally friendly
approach that reduces stress factors affecting phytoremediation and agricultural yield (Kumar
et al., 2025).

In a heavy metal stress study conducte®oyra sativgplants, metatesistant endophytic
bacteria strains2 behaviour were examirtedt¢robacter ludwigiSAKS andExiguobacterium
indicum SA22), and it was found that these bacteria support plant growth and mitigate heavy
metal stress. In the study, which intigated heavy metals such as cadmium and nickel, heavy
metals accumulated more in the roots, with nickel accumulation being higher. In plants
inoculated with bacteria, the expression of stretsted genes associated with heavy metals
was reduced. Thereas also no increase in plant phytohormones comparable to that seen at
stress levels. The study indicates that bacterial inoculation reduces heavy metal stress in plants
(Jan et al., 2019).

In another study on heavy metal pollution, endophytic baateria were used to increase
the cadmium tolerance of tlanicum virgatuni. . Their effects on cadmium tolerance and
accumulation were investigated. In plants treated with endophytic bacteria, increases in root,
biomass, and shoot length were obserdedpite stress conditions. Furthermore, inoculation
with these bacteria not only improved growth but also reduced Cd concentration in the plant
body (Afzal et al., 2017)

In short, heavy metals have a toxic effect on plants. They cause growthatietard
reduction in biomass, and cellular damage in plants. Endophytic bacteria that promote plant
growth can protect plants against heavy metal stress. These bacteria can accumulate heavy
metals within themselves or convert them into a-toxic form.
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Figure 3.2.Deterioration of plant health under heavy metal contamination and improvement of
plant growth through the applicati@f endophytic bacteria.

3.4. Mitigation of Temperature Stress via Plant Endophytic Bacteria

Temperature is one of the factors that is quite important for plant development. Plant
growth, development, and metabolic activities develop depending on temperature. When
temperature stress occurs, plant growth slows down, or stops. Temperature stigss, wh
directly affects crop yield, is one of the main problems faced by producers due to the effects of
global climate change.

Temperature stress can be seen as high or low temperature stress. These stress factors
cause structural changes in plassties and organelles. They can interfere with the functioning
of the dark and light reactions of photosynthesis, thereby inhibiting photosynthesis. Although
plants have learned to adapt to changing temperatures and environmental conditions over time,
temperature stress remains one of the most important stress factors in agriculture. Furthermore,
we need to consider that plants encounter multiple abiotic stress factors during their normal life
cycle, temperatureelated stress can significantly reduce yidddses, leading to a greater
perception of the eff eceSokelnikd02lpt her stress f a

Endophytic bacteria play important roles in increasing plant tolerance to heat stress.
They are known to support plant growth by developingtptlefense mechanisms, producing
heat shock proteins, secreting osmoprotectants, activating important genes in heat stress
tolerance, and producing various phytohormones (Kumar et al., 2025).

In a study investigating the use of endophytic baatand fertilizer to reduce the
adverse effects of increasing temperature levelsOoyza satival., it was found that
endophytic bacteria supported plant growth at high temperatures and significantly increased the
grain weight and biomass of inoculatedrpfa In particular, plants inoculated with tBacillus
paralicheniformisstrain showed an increase in yield of nearly 50%. The study indicated that
thermotolerant bacterial strains increase tolerance to heat stress by regulating plant metabolism
(Dlamini et al., 2025).

In another study where eight effective strainshoinetobacter rhizosphaerahich live
as phosphorus solubilizers in the cold deserts of the Himalayas, were tested to alleviate cold
stress in wheat. In order to test effects, imovdnd in vivo experiments were conducted. The
bacteria increased plant growth and positively affected nutrient uptake and vyield, thereby
helping to alleviate temperatus&gess (Kour and Yadav, 2023).
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As stated in the studies conducted, endophydicteria play a critical role in increasing
plant tolerance to temperature stress. The use of these beneficial organisms in changing climate
conditions is important both in ensuring sustainability and in increasing food security.

4. ENDOPHYTIC BACTERIA TMEDIA TED BIOTIC STRESS MITIGATION IN
PLANTS

Biotic stress is the type of stress caused by living organisms that harm plants. These
harmful organisms are bacteria, viruses, insect pests, weeds, and nematodes. These living
organisms generally inhibit plamgrowth and development and reduce photosynthesis rates,
leading to yield losses. Plants develop various defense mechanisms against biotic stresses, but
biotic stresses still cause serious production problems in agriculture.

Bacterial endophytesalve considerable potential for use in biological control. This is
because these organisms protect plants from environmental stresses by triggering immune
responses against pathogens. They provide resistance against harmful organisms by affecting
plant geneexpression, physiological, and metabolic responses against phytopathogens in the
plant. Endophytes recognize pathogens and produce various compounds to combat them.
Furthermore, endophytic bacteria enhance stress tolerance by producing various
phytohormoes that strengthen plant immunity (Chaudhary et al., 2022).

In a study investigating the effects of endophytic bacteria on the development of tomato
and pepper plants and the bacterial spot disease caus¢anthyomonas euvesicatoyifour
differert endophytic bacteria were used, and their effects against the disease were examined on
both hosts Ochrobactrumsp. CB36/1 endophyte was found to reduce disease severity in
tomatoes by 37%. However, the same effect was not observed in peppers. Althaagh it
determined that endophytic bacteria activate the defense mechanism of plants against biotic
stress, this situation also showed that different results may be observed on different plants
(Akkopru et al., 2018).

Another study investigated the hkagical control, insecticidal activity, and potential of
Bacillus species bacteria againSpodoptera frugiperdaa pest that significantly affects corn
yield. In the study, which used three different inoculation methods (seed, leaf, soil) and
combinationsof these application methods, laboratory experiments showed that endophytic
bacteria exhibited antibacterial and insecticidal effects, killing nearig5680 of the pests.
However, it was reported that the presence of these bacteria did not significkettypéint
growth (Fathy et al., 2024).

In conclusion, bacterial endophytes are emerging as an environmentally friendly
alternative to chemical pesticides. The widespread adoption of biological control strategies
based on bacterial endophyteseo$f a promising approach that could support environmental
sustainability by reducing chemical pesticide use and enhancing agricultural productivity.
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Figure 4.1.Biotic stress factors and the interactions of endophytic bactetiarthance
defense against these stresses in plants.

5. BACTERIAL INOCULATION METHODS

The method of applying plant growgromoting bacteria to plants is crucial for their
attachment to the plant root zone and loeign survival. Since microorganisninave limited
mobility, the inoculation process should be performed as close as possible to the rhizosphere.
The plant's response to microorganisms that support plant growth depends on the inoculation
density and method, as well as root structure, intierse between microorganisms, pH,
temperature, plant species, root exudates of these plants, and the physiological state of the
plant. Inoculation can be carried out with a single isolate, but multiple microorganisms can also
be used because synergistitenactions between microorganisms can increase the effectiveness
of inoculation and positively affect plant growth. There are three different seed inoculation
methods: seed inoculation, root inoculation, and soil inoculation. Seed inoculation can be
consicered as an alternative method to chemical seed treatments. In this method, seeds are
immersed in a solution with a known concentration of microorganisms. Chemicals released
during seed germination serve as a nutrient source for these microorganisms abithg en
colonization. Secondly, root inoculation involves dipping plant roots into a microorganism
solution. Direct contact of the inoculum with the roots increases colonization success. Thirdly,
the soil inoculation method involves applying microorganisulisectly to the soil.
Microorganisms are placed as close to the roots as possible (Lopes et al., 2021).

6. CONCLUSION

In conclusion, it is clear that plant endophytic bacteria play an important role in increasing
the resistance of plants to badbiotic and biotic stress conditions. They also support plant
growth and health, creating significant potential for use in sustainable agricultural practices.
This chapter, which reviews current research at some points, shows that successful endophytic
bacterial inoculations increase plant growth and stress tolerance, and this increase can vary
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between different bacteria and plants. It is important to tailor different inoculation strategies to
specific plants and to make application methods more effdatiovader to increase the benefits

of these natural biostimulants. In this regard, future studies focusing on different inoculation
techniques and endophytic bacterial diversity will further increase the contribution of these
microorganisms to agriculturpfoductivity and sustainability.
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1. INTRODUCTION

In recent yearsalgaehavebecomeamongthe naturalresourceshat humansave begun
to utilize for theirownbenefit( Y o |ethla 2003).Algaeareimportantsource®f biologically
active molecules used in human and animal nutrition. Many marine macroalgae possess both
primary and secondary metabolites containing novel structures and are biologically active.

Macroalgae contain particularly reae antioxidant molecules and secondary
metabolites, including carotenoids (fucoxanthin, astaxanthin, carotene (alpha, beta), catechins
(e.g., epigallocatechin, catechin), mycospotike amino acids (mycosporirglycine),
gallate, tocopherols, and eckphlorotannins (e.g., phloroglycine) (Kolsi et al., 2017).
Macroalgaeareknownto producemanymacronutrientglipids, proteins,carbohydratedijbers,
etc.), micronutrients (minerals and vitamins), and other important biologically active
compoundge.g.,polyphenols, enzymes, and antibiotics) wititentialpharmacologicalises.

Brown macroalgae (Ochrophyta) are recognized as important sources of natural
antioxidants, antimicrobials, and other biologically valuable compounds due to their rich
content of seondary metabolitegAmong the members of this groUp¢ytosiphon lomentaria
is particularly notable for its abundance of phenolic compounds, flavonoids, and various
polyphenolsTheseconstituenthielpreduceheharmfuleffectsof freeradicals preventcellular
damage, and thereby contribute to the maintenance of human health. Furthermore, the
biological activities observed in extracts obtained with different solvents highlight the
phytochemical diversity of this species. In recent years, the growingrderfor natural
antioxidantsourcesn thefood, pharmaceuticarndcosmetiandustrieshasfurtheremphasized
thepotentialof S. lomentarig Dukeetal. 2002).In this case, algaareextremelyimportant in
thattheycontainhighly usefulpharmaceutidaaw materials containessentiatomponentsare
more effective and less toxic, and are models for drugs with originalli#sughysiological
activity. Furthermorethevarying biologicalactivitiesof this species irextractsobtained from
differentsdventsrevealits phytochemicatliversity. In recent yeargheincreasingdlemandor
naturalantioxidant sources in the food, pharmaceutical, and cosmetic industries has made the
potential ofS. lomentari;aven more important.

Additionally, brownalgaesuch asS.lomentariaplay essentiaécologicakolesasprimary
producers, significantly contributing to nutrient cycling and coastasystem stability. Their
ability to tolerate environmental stressors such as UV radiation, salinity fluctuations, and
desccation is closely associated with the production of stiebsced metabolites with
antioxidantantrinflammatory,antiviral, andanticancepropertiefRagan& Glombitza,1986;
Heoetal.,2010).As aresult,S.lomentariaandrelatedspeciedavegainedincreasingattention
for applications in functional foods, nutraceuticals, and materered pharmaceuticals.

Theglobaltrendtowardsustainablerenewabléiologicalresourcesasfurtherincreased
theimportanceof macroalgaeComparedvith terrestral plants,algaegrow rapidly, require no
arableland,andcanbecultivatedthroughecofriendly aquaculturesystemsmakingthemideal
for largescale biotechnological applications (Wells et al., 2017). Recent advances in omics
technologies and higreslution chromatographic methods have enabled the identification of
novel marine natural products,positioning S. lomentariaas a promising candidatefor the
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discovery of new therapeutic agents. Nevertheless, the full phytochemical spectrum of this
speciess still not completely understood, highlighting the need for comprehensive isolation,
structural elucidation, and bioavailability studies.

The increasing prevalence dfironic diseases associated with oxidative shresgh as
cancercardiovasculadisoders,neurodegeneratioandmetabolicsyndromed hasamplified
scientificinterestn naturalantioxidantsourcegLiguori etal.,2018).Marinealgae particularly
brownspecies, arknownto produceuniqueclasse®f phenolicssuchasphlorotannins, whic
exhibit potent radicascavenging, metathelating, antinflammatory, and anticancer
properties (Li et al., 2011; Shibata et al., 2008). These bioactivities often surpass those of
terrestrialplant phenolics due to their distinct structyratterns deved frommarinespecific
metabolic pathways.

Studies have also demonstrated that the phytochemical composition of S. lomentaria
varies significantly depending on environmental factors, such as salinity, temperature, light
intensity,andnutrientavailabiity (Kim etal.,2014).Suchvariability contributego fluctuations
in its biochemical profile and may give rise to novel metabolite formations in response to
ecological stressor§.hi s adapti ve c ap a patentigl azanhtarabwraes t h e
of bioactivecompounddor functionalfoods,nutraceuticalsandpharmaceuticdbrmulations.

As consumer demanshiftstowardcleaner and safer natuiagredientsthe exploration
of marine macroalg@eas alternatives to synthetic antioxidants like BHId 88HAd has
gained considerable momentum (Caleja et al., 2017). In this context, investigating the
antioxidant potential and phytochemical richness of S. lomentaria becomes essential for
expandinghecatalogof marinederivedfunctionalingredientsHoweve, despitats ecological
abundanceand traditionatonsumption in someoastakegions, scientifidataon its chemical
composition, antioxidant potential, and solvspecific extraction behaviors remain limited.
This knowledge gap emphasizes the needdftailed studies that systematically compare
different extraction solvents and link phytochemical content with biological activity.

In this study, the ifvitro antioxidant capacities, total phenolic content (TPC), and total
flavonoidcontent(TFC) of differentsolventextractf S.lomentariacollectedirom theCennet
Bayregionof Antalya, Turkey(36°31'51.99"N 30°33'40.08"E) were investigat&dtioxidant
activities were assessed using DPPHA, ABTSA+
while BHT, BHA, and ascorbic acid were employed as standard reference compounds.

2. MATERIAL and METHODS

2.1.SampleCollection

Collectedsamplesvereplacedin sterileglassbottlesandbroughtto thelaboratoryunderacold
chain. In the laboratory, algal samples were wdslhith distilled water to remove epiphytic
organisms and necrotic particles, or they were removed from foreign parts with scissors.
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Figure 1. Naturalmorphologyof thebrownalgaScytosiphofomentaria.

This figure shows the natural morphology of t@wn algaScytosiphon lomentaria its
intertidal habitat. The thallus is composed of long, cylindrical, unbranched filaments with a
smoothsurfaceanda darkbrowncoloration,typical of the speciesThespecimeris attachedo

rocky substrates and age alongside other macroalgal communities. Its elongated and
flexible structure allows it to withstand wave action and environmental fluctuations in the
coastal zone (Kraan & Guiry, 2000; Sanchez et al., 2011).

Table 1. TaxonomicClassificationof Scybsiphonlomentaria(Algaebase)

Kingdom: Chromista

Phylum: Heterokontophyta

Class:Phaeophyceae

Subclass:Fucophycidae

Order: Ectocarpales

Family: Scytosiphonaceae

Genus: Scytosiphon
SpeciesScytosiphotomentaria(Lyngbye)Link, nom.Cons.1833

SPECIES NAME DIVISIO CITY LOCALITY | COORDINATE DEPTH

Scytosiphon lom

: s OCHROPHYTA Antalva Cennet koyu 36°31'51.99"K
(Lyngbye) Link, nom. - 30°33°40.08"D
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Figure 2. SamplingStationGeographidnformation

2.2. Algal Extraction

After S. lomentariassamples were dried under appropriate conditions, they were ground into
powderusing a mechanicgrinder under aseptic conditions. 1@fgsample was weighed and
extracted by stirring with 100 ml of solvent for 24 hours.
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Figure 3. Sequentiaprocessingtepsappliedto Scytosiphofomentaria collection,grinding, extraction,and
incubation.

The obtained extracts were filtered through Whatman No: 1 filter paperheamd t
evaporatedh arotavaporunderreducedoressureat 40 °C (until 1-2 mlthick) (Kaufmanetal.,
1995). Afterwards, a small amount32ml) of each algae extract remaining in the bottle was
dissolvedwith its own solvent usingultrasoundandtransferrednto vials.After this process, it
was stored at20 °C until analysis. To ensure the stability of keatsitive and volatile
compounds, all concentrated extracts were handled under minimal light exposure, and amber
vials were used to prevent phetxidaion. Ultrasonication facilitated complete dissolutmin
the concentrated residue and improved the homogeneity of thefinact. Prior to analysis,
theextractswereequilibratedo roomtemperatur@andvortexedto guaranteeniformity. These
preparabn stepswere carefully optimizedto protectphenoliccompoundsflavonoids,and
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