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From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to present
the 22th issue of the journal. "International Journal of Life Sciences and Biotechnology" is an international
double peer-reviewed open access academic journal published on the basis of research- development and
code ofpractice.

The aims of this journal are to contribute in theoretical and practical applications in relevant researchers
of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food Biotechnology
and Genetics institutions and organizations in Turkey, and to publish solution based papers depending
on the principle of impartiality and scientific ethics principles, focusing on innovative and added value
work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the second issue of 2025 "International
Journal of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 08. 2025
Editor in Chief
Prof. Dr. Ali Aslan



Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin yirminci ikinci sayisim yayin
hayatina sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and
Biotechnology” dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi
hakemli agik erisimli akademik bir elektronik dergidir.

“International Journal of Life Sciences and Biotechnology” dergisi Yasam Bilimleri, Biyoloji,
Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida Biyoteknolojisi ve Genetik alanlarindaki ilgili
aragtirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamayi, tarafsizlik ve
bilim etigi ilkelerine baglh kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢aligmalara odaklanan,
giinceli ve gelecegi tartigan ¢aligmalarin yaymlanmasini hedeflemektedir.

Bu diisiincelerle 2025 yili ikinci sayisim1 yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Gériis / Oneri / Katk1 ve
Elestirileri ile degerlendirme siireclerine katkilarindan dolayr hakem ve yaym kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek timidiyle. ..

15.08. 2025
Editor
Prof. Dr. Ali Aslan
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Extraction and Comparison of Limonene Contents of Wastes in Citrus Species for

Reuse

Tugba Pelin Toker' ' , Mustafa Hamza Mawlood Al Bayati'»?

Babacan! ' , Mehmet Fatih Cengiz'”

ABSTRACT

Identification and extraction of limonene in fruits of the genus Cifrus L. which has several
medicinal, cosmetic, and industrial properties, is crucial for reusing fruit wastes after they
have been processed into fruit juice. The aims of the current study are therefore (i) to compare
limonene contents in different fractions such as peels, pulps and juices of citrus species
including orange (C. cinensis L.), lemon [C. limon (L.) Osbeck], grapefruit [C. paradisi (L.)
Macfad.] and tangerine (C. tangerina Tanaka)), (ii) to extract limonene from the most
abundant fraction of selected citrus species and (iii) to optimize the extraction parameters of
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supercritical fluid carbon dioxide (SFC) extraction system. The limonene contents were
determined using high performance liquid chromatography (HPLC) and extraction
conditions of SFC were optimized by Response Surface Methodology (RSM). The highest

limonene content was determined in the peel fraction of the lemon. The limonene was found KEY WORDS

to be <LOQ in all tested fruit juices. In the subsequent step, limonene was extracted from Citr us,

lemon peels using the SFC extraction system, and the optimal parameters for the system were extraction,

determined to be 52°C and 147 Mpa. In conclusion, peels and pulp fractions of citrus fruits HPLC’

can be potential limonene extract due to the highest content of limonene after being processed hm.on.ene,.
optimization

into fruit juice. The results of the current study elucidated that by extracting limonene from
citrus peel and pulp waste, not only environmental pollution was prevented, but also the reuse
of the waste was transformed into a sustainable production model.

Introduction

The genus Citrus L., which belongs to the subfamily Aurantioideae and the family Rutaceae, consists of
important domesticated species such as orange (Citrus cinensis L.), lemon [C. limon (L.) Osbeck], grapefruit
[C. paradisi (L.) Macfad.] and tangerine (C. tangerina Tanaka). As one of the fruits with the highest
consumption rates worldwide, citrus fruits are popular for both their healthy components and health
supplements[1]. According to the Food and Agriculture Organization (FAO) statistical database in 2022, the
most produced citrus fruit was orange with 76.4 million tons followed by tangerine or mandarin, or clementine
with a total 44.1 million tons, and lemon or lime with 21.5 million tons, while the least produced citrus was
grapefruit or pomelo with 9.7 million tons in the world [2]. Despite the strong demand for citrus fruit, there is
still a significant proportion has been wasted, for instance, almost 50% of lemons are utilized to make fruit
juice and marmalade, and a considerable proportion of lemons, between 50% and 60% of the processed fruit,
is wasted [3]. Global annual production of 25 million tons is estimated just for orange peel wastes, it is therefore
omitted a significant peel waste and a chance to recover them [4]. In terms of worldwide production, citrus
waste equals to around 110-120 million tons per year. The focus must be centered on valuable components
made of organic acids derived from citrus wastes and biodegradable polymers in the food processing,
pharmaceutical, and chemical industries [5]. Commercially damaged fruit and peeled or pressed wastes for
fruit juice factories are the three primary forms of citrus waste. Since these materials are waste, they cannot be
linked to the food chain. For every 1000 tons of fruit processed, commercial citrus juicing produces 450550
tons of waste solids including peel and rag [6]. Citrus waste has a low pH (3—4), a high water content (80—
90%), and a high organic matter level (95% of total solids). According to European regulations, these traits
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make citrus waste inappropriate for landfill disposal (Council Directive 2008/98/EC of 10th November 2008
on waste) [7]. On the other hand, these waste products have biological active contents that are essential for
industrial properties, such as phenolics, flavonoids, and limonene. Citrus peels, which includes approximately
4% (w/w) of limonene, are appropriate product for the recovery of valuable molecules [8].

Limonene (CioHis) is a cyclic monoterpene [9] that a citrus-like odor and a colorless liquid at room
temperature. In addition, it can be soluble in water 7.57 mg/L at 25°C [10]. This compound can be used as a
scent in soaps and fragrances as well as a sweetener in some foods. Limonene is also extensively used in the
food industry to flavor foods such fruit juices, sweets, chewing gum, soft drinks, and ice creams, such as lemon
aroma in chemical industry [11]. The antibacterial activity of limonene against three bacteria and three yeasts,
constituting the spoilage microflora of fruit juices, was observed [12]. Furthermore, limonene has antifungal
properties were discovered as well [13]. Thus, limonene is considered as a safe food preservative. Moreover,
in agricultural area, limonene is a safe and natural pesticide by directly or in combination with other
compounds [14]. The anticancer effects of limonene have a positive impact on some animal cells. Regardless
of the precise mechanism of limonene is unknown, it may be a promising new inquiry for breast cancer [15].
Hence the mentioned reasons, limonene is commonly preferred ingredient in numerous industrial applications.
Extraction systems SFC appears to be a promising and different process because it operates at a low
temperature, has a good mass transfer rate, and leaves no solvent residue in the finished product [16]. By
employing SFC, it was possible to determine the separation of limonene from a certain plant fraction by
selecting the proper temperature-pressure ratio during the extraction.

In the current study, citrus fractions compared to produce limonene, which is used in the food and agricultural
industries in addition to the cosmetic business. Limonene content varies depending on environmental
conditions and is affected by species of citrus and genotypes in the species. According to available literature,
there is a gap on comparison of limonene content of citrus species. The current study is distinctive in that it
compares the amounts of limonene found in various citrus fruits and their various components. The objectives
of the current study are to (i) quantify the amount of limonene in a few Citrus species and (ii) identify the most
precise SFC parameters.

Material and Methods

Plant materials

Citrus fruits used in the current study, orange (Citrus cinensis L.), lemon [C. x [imon (L.) Osbeck], grapefruit
[C. x paradisi (L.) Macfad.] and tangerine (C. tangerina Tanaka) were purchased from markets located in
Antalya, Turkiye in December 2021. Collected materials were peeled and remaining parts were squeezed. In
this case, three different fractions as peel, juice and pulp (remining part after squeezing) were obtained. The
juice fractions were analyzed directly, whereas peel and pulp fractions were analyzed after a drying process at
the conditions of 40°C for 72 hours in an incubator. The dried materials were ground by a mechanical grinder
and sifted by sieves. All the materials in the current study were stored at -18°C prior to extraction to protect
the loss of active ingredients.

Chemicals

Limonene analytical standards were obtained from Sigma-Aldrich Co. (St. Louis, MO, USA). All chemicals
used in the current study except analytical standards were of liquid chromatographic grade. Methanol (MeOH),
ethanol (EtOH), and acetonitrile were obtained from Isolab (Wertheim, Germany), while acetic acid was
purchased from Merck (Darmstadt, Germany). The analytical standards at various concentrations were
prepared in MeOH for HPLC analysis. The water for preparing the HPLC mobile phase was produced by an
ultrapure water purification system of MP Mini pure (Ankara, Turkiye). CO, gas for SFC extraction was
supplied by HABAS (Antalya, Tiirkiye).

Extraction of limonene by SFC extraction system

According to the HPLC analysis results, the fraction with the highest level of limonene concentration were
extracted by a SFC extraction system (SuperEx F-500, Pard Engineering, Konya, Tiirkiye). For this aim, the
fraction was prepared in a larger amount and weighed 50 grams. The material was placed to the reactor part of
SFC extraction system. The system was held for 15 min in the static phase and the total extraction time was
set at 75 min, under selected temperature and pressure. The experimental conditions of SFC extraction system
for optimization of parameters are shown in Table 1.
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Table 1. Trial design to find optimum SFC conditions

1 33 120 50.2 0.53
2 47 120 50.0 0.48
3 47 180 50.8 0.56
4 33 180 50.7 0.46
5 30 150 50.2 0.69
6 40 108 50.4 0.33
7 40 200 50.5 0.32
8 40 150 50.6 0.27
9 40 150 50.9 0.28
10 40 150 50.2 0.29
11 40 150 50.5 0.56
12 40 150 50.6 0.47

Determination of limonene concentration

Prepared fractions of citrus fruits were analyzed according to following procedures using by a HPLC method.
Briefly, 0.5 g of prepared sample were transferred to a glass bottle and 10 ml of EtOH was added. The mixture
was applied to ultrasonic assisted extraction system (ISOLAB, Eschau, Germany) for 10 min. The system
configuration was a frequency of 23 kHz, power of 750 watts and temperature of 50°C. After the
homogenization the solution was filtered via paper filter and 0.22 uM PVDF membrane filter. Clarified
solution was diluted with MeOH and injected to the HPLC system (Agilent 1200 Technologies, Boblingen,
Germany) with Diode Array Detector (DAD). Chromatographic separation was performed via C18 column
(250 mm x 4.6 mm x 5 um). The mobile phase composition was applied to be acetonitrile (78%) and ultra-
pure water (22%). The injection volume and column temperature were 20 pL and 40°C, respectively. The total
chromatographic run was 30 min with a flow rate of 2 mL/min. All peaks in the chromatogram were detected
at a wavelength of 210 nm.

Statistical analyses

Response-surface method was used to optimisation of the extraction parameters. In the optimization process,
the specified parameters’ first and second-order effects on the concentrations of the extracted limonene and
their possible interactions with each other were statistically investigated. As a result of the analysis, 3-D
response surfaces graphics that show these parameters’ effects were created using the models in which the
process parameters were effective. Student’s t-test was used to evaluate the data. The data were evaluated at a
95% confidence interval and p<0.05 significance level. MINITAB 18 and Microsoft Excell software were
performed for descriptive images of the features.

Results

Method validation

According to the results of method validation study, the calibration curve was constructed by different
concentration of limonene. It was concluded that the method was linear (»’=1.000) in the specified
concentration ranges (1-64 ppm). In addition, the concentrations of the analytical limonene standard at the
same concentration with the LOQ level were injected six times, and the obtained peak area sizes and retention
time shifts were evaluated. The results showed that the shift in the retention time of the limonene was found
to be insignificant. The LOD (limit of detection) and LOQ (limit of quantification) values of the limonene
were determined to be 0.07 and 0.24 ppm, respectively. In the repeatability study, the %RSD (relative standard
deviation) value was determined to be 3.30%. An overview of the calibration chart is shown in Figure 1.
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Fig 1 Calibration chart

Fractions of the citrus

The percent mass distributions of citrus fractions as juice, pulp (after squeezing) and peel were presented in
Figure 2. According to the findings, the highest amount of juice fraction was determined in grapefruits (88%)
where the highest portion of peel and pulp fractions in the lemon was found to be 31% and 21%, respectively.

9
80 _
70 |

60 - .

Ratio (%)

ul I Nl .

Fractions Peel PulpJuice Peel PulpJuice Peel PulpJuice Peel PulpJuice
Orange Grapefruit Lemon Tangerine

Fig 2 The percent mass distributions of citrus fractions

Obtained peel and pulp fractions of the citrus were dried prior to the extraction process and percentage
reduction of weight was calculated. According to the results presented in Figure 3, the most weight reduction
after drying process was found in grapefruit pulp (88%), and the least reduction was determined in tangerine

peels (25%).
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Fig 3 Weight loss of peel and pulp fractions of the citrus fruits after drying

Limonene contents of the fractions

Dried fractions of the citrus were analyzed for limonene contents by HPLC, and the results were presented in
Figure 4. According to the findings the highest limonene was found in the peel fraction of lemon (58390.53
ppm), secondly in the orange peel (54768.17 ppm). Orange contains a significant amount of limonene in the
pulp fraction (981.60 ppm), whereas limonene is <LOQ in fruit juices. Since fruit juices were stored at -18°C,
this is thought to be due to the loss of limonene activity when citrus fruits are stored at low temperatures.

70000
60000

50000

40000
30000
20000
10000
0 -

Orange Lemon Tangerine Grapefruit
#Pecl mPulp © Juice

Fig 4 The fraction of limonene content of different dried citrus fruits
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The study investigated the effect of a single drying method and focusing exclusively on limonene as the oil
component. An overview of Limonene Content in Citrus spp. is illustrated in Figure 4.

Extraction of limonene from lemon peel by SFC

As shown in Figure 4. limonene was found in lemon peels at the highest level; thus, extraction was carried out
with lemon peels. Lemon peels were treated like the beginning of the current study, such as dried in an oven
at 40°C for 72 hours and sieved. After the experiment parameters were set up, the optimal limonene yield
under different temperature and pressure conditions SFC extraction system was estimated by RSM. Obtained
graph was presented in Figure 5. Optimum temperature and pressure values SFC extraction for the extraction
of limonene was demonstrated in Table 2.

Table 2. Optimum conditions of SFC extraction

450000 57 147

Limonene (ppm)

Temperature (°C)

Fig 5 Optimal limonene yield in SFC

Discussion

According to a previously presented study, that worked on low density-dispersive liquid-liquid
microextraction (LD-DLLME) of limonene the method demonstrated optimum value linearity with r > 0.9950
with low LOD also LOQ levels between 0.00081 and 0.00269 ppm, respectively [17]. A study revealed that
limonene is the most abundant compound in essential oils extracted from lemon peels, accounting for 44.74%
of the oil [18]. Also, earlier studies identified limonene as one of the major components in citrus peels [19,20].
The results showed that D-limonene was the primary component in all samples analyzed. The oven-dried peel
powder samples at 40°C produced a large proportion of the primary components of limonene [21]. Earlier
research showed that the chemical makeup of volatile oils in Chinese citrus peels was highly influenced by
drying conditions, leading to significant variability in their composition. These studies also highlighted that
the primary component in orange peel oil was limonene [22,23]. According to a study, D-limonene was
detected in the MeOH extract obtained from orange peels at a concentration of 4.642 mg/mL, and the yield of
D-limonene was 0.4% after the extraction process. The quality of the extract and yield can be affected by
various factors, including the type of solvent, production process, and equipment utilized [24]. A research
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study extracted limonene from orange peel waste using various solvents including cyclopentyl methyl ether,
methyl-tetrahydrofuran, and hexane. The study found that the extraction yields of limonene from orange peel
waste were 0.81%, 0.64%, and 0.53%, respectively [25].

In a previous study reveals that the highest amounts of limonene were measured as 1027 ppm in fresh lemonade
in lemons and 402 ppm in limeade in limes [26]. Our results are not in agreement with the findings of this
mentioned study, since lemon juices was not including limonene according to our results [27] revealed that the
highest amount of limonene was detected in fresh lemon peels with 65000 ppm approximately. Dried and
grinded lemon peels have the second highest limonene amount, while no grinded lemon peels have the least
limonene 25000 ppm. It is suggested from mentioned study that grinding is essential for extraction of limonene.
Another study indicates that limonene contents in oils of grapefruit, orange, mandarin and limonene were
96.2%, 94.9%, 74.7% and 69.9%, respectively, also in each of the four citrus oils analyzed, limonene was the
most abundant constituent [28]. The chemical composition of four citrus oils, namely mandarin (C. reticulata
L.), lemon (C. limon L.), orange (C. sinensis L.), and grapefruit (C. paradisi L.), was studied, the percentage
of limonene in these essential oils was 74.7, 69.9, 94.9, and 96.2%, respectively [28]. However, the difference
in the reported value could be due to several factors such as the chemical and biotype of the plant, climatic
conditions, and the extraction process [29]. Additionally, the chemical composition of the starting material
may vary depending on various factors such as the plant's health, growth stage, habitat including climatic
factors, morphological factors, and harvest time [30].

Limonene extraction by using high pressure-temperature extraction (HPTE), an earlier study revealed that the
least yield was found in 105 minutes at 100 °C using an HPTE approach, whereas the best limonene conditions
were attained in 30 minutes at 0.6 Mpa pressure and 150 °C [27]. Telling the difference, the optimal limonene
extraction demands higher pressure and lower temperature in the SFC system, as demonstrated by our studies.
The research was centered on utilizing dehydrated and ground waste lemon peels to extract lemon essential oil
through SFE. Various experiments were conducted at different temperatures and pressures ranging from 35-
50°C and 12.5-20 MPa to determine the impact of operating conditions on total extract and D-limonene yield.
The ideal conditions for extracting limonene were found to be 15 MPa and 40°C [31]. Hydro-distillation gave
a higher yield in D-limonene from fresh peels than SFE from dehydrated peels, but this difference is not only
due to the extraction method. Both drying and grinding pre-treatments of matrix to be extracted can
significantly influence the yield on D-limonene [31], as also Asekun et al. (2007) suggested.

According to a study, limonene (61.8 %) was discovered to be the primary component of lemon peel essential
oils [32]. Similarly, it was determined that the main component of the chemical composition of the essential
oils of C. limon peel was limonene (61.68%.) [33].

So far, [34] dealt with the limonene extraction from SFC method and reported that 15 MPa is the optimum
pressure, also, by the pressure increases, yield decreases. According to our current study, low pressure levels
were not chosen for the experiment. At a pressure of 10 MPa, 30 °C offered the highest extract recovery (95%
w/w), while the highest DL concentrations could be achieved at 60 °C (99% w/w). This was attributed to
increased density at higher pressures or lower temperatures [35].

In a study, SFC extraction at 60 °C at two different pressures (30 and 20 MPa) and with two different
proportions (10% and 20%) of ethanol used as the extraction solvent was used to identify the compounds in
lemons and their limonene. The study showed that the use of 20 MPa and 20% ethanol gives the highest
percentage of limonene, which was 30.70%. In the same study, liquid CO; extraction was used on limonene
and showed that the use of 20% ethanol with liquid CO; extraction increased the percentage of limonene up to
43.84% [36]. From the current study, we conclude that the use of some solvents leads to an increase in the
limonene ratio, and that the high pressure may lead to a decrease in the limonene ratio extracted from lemon
peels. Raising the temperature and pressure to attain CO,'s supercritical state may cause a deterioration in the
quality of limonene [19].

Conclusion

The first step in the current study was carried out with HPLC system to analyze the most abundant limonene
in the fractions of some citrus fruits like orange (Citrus cinensis L.), lemon [C. limon (L.) Osbeck], grapefruit
[C. paradisi (L.) Macfad.] and tangerine (C. tangerina Tanaka). The HPLC results revealed that, with a
concentration of 58390.53 ppm, the lemon peel had the highest level of limonene. The following batch of
orange peels contained 54768.16 ppm limonene. Fruit juices, however, did not contain any limonene that could
be found; in another terms, <LOQ in fruit juices. Hence lemon peels have the highest concentration of
limonene, it was extracted from lemon peels using the SFC method in the following step with an optimization
chart was set up, and the most appropriate parameter was found in the SFC technique at a temperature of 52
°C and a pressure of 147 Mpa.
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Limonene is a by-product of the fruit juice industry that is useful for commercial use. Moreover, citrus waste
can be recovered for limonene compound. If it is handled properly, it can be utilized in numerous applications.
Since our resources in the world is limited, it is predicted that the findings of the current study can be used for
recovering of in citrus wastes.
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ABSTRACT

Marigolds are widely valued for their ornamental beauty and versatility in
landscaping, yet optimal horticultural practices for their cultivation under specific
local agro-climatic conditions still need to be determined. This study aimed to
elucidate the effects of cultivation time and spacing on growth, flower yield, and
flowering duration of Marigolds. A field experiment was conducted on the marigold
NKI1 orange variety based on a factorial randomized block design. The planting
times were February 4th (P1), February 21st (P2), and March 8th (P3), while the
spacings were 30 cm x 30 cm (S1), 30 cm x 45 cm (S2), 45 cm % 45 cm (S3), and 45
cm X 60 cm (S4). The P2 treatment significantly (p<0.05) increased plant height,
with no differences among the spacing treatments. The number of primary branches
per plant and stem diameter varied significantly with planting time and spacing.
Stem diameter positively correlated (r = 0.41) with plant spread under different

, Mohammad Ismail Sadat!

, Sajidullah Safi?

ARTICLE HISTORY
Received

24 March 2025
Accepted

28 May 2025

KEY WORDS
Marigold
Cultivation timing
Spacing

Flowering duration
Flower yield

timings. The P2-S2 treatment influenced the most significant flower size, and the
maximum length of the ray floret was also observed in the P2 treatment. Flower size
had a positive correlation (r = 0.48) with the length of the ray floret. Additionally, the
highest significant (p<0.05) flower fresh weight and flower yield per plant were
observed in the P2 treatment. Furthermore, the P2 and P3 treatments had a longer
flowering duration than the P1 treatment, with the highest duration of 76 days
observed in the P2 treatment. The planting time influences the vegetative growth and
flower attributes which is the best time to recommend cultivation for marigold
producers in the context of Afghanistan.

Introduction

Ornamental plants are cultivated for their decorative purposes in gardens and landscape designs, as
houseplants, cut flowers, and specimen displays. With the recent focus on agricultural diversification,
floriculture has been considered an enterprise that can give farmers higher income per unit area [1]. Among
the many ornamental plants grown worldwide, marigold (7agetes spp L.) stands out as a significant
commercial flower belonging to the Compositae/Asteraceac family [2]. Native to South and Central
America, especially Mexico [3]. It is highly popular in tropical and subtropical regions as a garden plant,
potted plant, and for creating herbaceous borders to enhance the beauty of gardens and landscapes [4]. The
plants of Tagetes erecta are tall, but their height varies depending on the species. The plant canopy is mostly
erect and features numerous branches, large flowers, and a variety of colors [5], [6]. The most common
colors of marigolds are yellow and orange, with multiple shades such as bright yellow, light yellow, golden
yellow, bright orange, and dark orange [3]. Moreover, the Tagetes varicties are adaptable to diverse
environmental conditions and can be grown in any soil with good drainage. Growers prefer marigolds due to
their accessible cultural practices, short juvenility, profuse flowering, considerable blooming period,
attractive color, shape, size, and good quality [7]. Marigold is also a potential source of pharmaceutical
components for natural color preparation, oil extraction, etc. [8].
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In marigold plants, the planting times and plant spacing are considered as important factors that affect plant
growth, yield, flowering duration, and oil production [9]. The cultivation of marigold in May caused a
substantial increment of plant height and plant spread [10]. According to [11], planting time, spacing, and
pinching at 60 DAT showed significant effect on the number of days to first flowering and the number of
flowers per plant.

The successful commercial production of marigolds depends upon many factors, such as variety, planting
time, fertilizer, spacing, irrigation, etc. Planting time and spacing are important factors that affect yield and
flower-related parameters. In the context of Afghanistan, no information is available on the time of planting,
i.e., seed sowing/transplanting of seedlings and spacing for transplanting to determine optimum plant density
in marigolds to raise a better crop. Also, the agroclimatic conditions are favorable, offering significant
potential for the commercial cultivation of marigolds for flowers, landscaping, and other ornamental uses.
However, horticultural practices under local conditions have yet to be standardized to ensure high-quality
flower production. Therefore, this study was conducted in 2021 at the Experimental Farm of the Faculty of
Agriculture, Nangarhar University, Nangarhar, Afghanistan, to determine this region's optimal cultivation
time and spacing.

Material and Methods

Cultivation condition

This experiment was conducted in 2021 at the Experimental Farm of Agriculture Faculty, Nangarhar
University (Nangarhar, Afghanistan). Geographically, Nangarhar province is located in the eastern region of
Afghanistan. Mainly, Nangarhar University is located at latitude 34° 28' 20" N and longitude 70° 22' 9" E,
with a 599 m elevation above sea level. Its climate is semi-arid with hot summers, and the hottest months are
June, July, and August, as shown in Fig 1. This experiment was laid out in a factorial randomized block
design (FRBD) with three replications. Seeds of marigold NK1 Orange variety were sown in the nursery at
three planting times and subsequently cultivated in a four-planting space. The planting times were February
4th (P1), February 21st (P2), and March 8th (P3), while the spacings were 30 cm x 30 cm (S1), 30 cm x 45
cm (S2), 45 cm x 45 cm (S3), and 45 cm X 60 cm (S4). One seedling per hill was transplanted in all plots.
The field was thoroughly ploughed and properly leveled, and all grasses, stubbles, and crop residues were
removed. During bed preparation, chemical fertilizers were applied at 50 kg per hectare of Urea (containing
46% N) and 100 kg per hectare of DAP (Diammonium phosphate). Additionally, 150 kg per hectare of Urea
was applied one week before the flowering stage. The first irrigation was provided immediately after
transplanting, followed by regular watering when the soil became sufficiently dry.
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Fig 1. The experimental location's temperature and precipitation (mm) during the marigold growing season (Meteoblue,
2023).

Pinching and weeding

Pinching was performed one month after transplanting in the P1 and P2 treatments, while it was done 40
days after transplanting in the P3 treatment. Weeding was carried out as needed across all treatments.
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Growth and flowering parameters

Growth parameters; plant height (cm), plant spread (cm), number of primary branches per plant, stem
diameter (mm), and length and width of leaf (cm). Parameters related to the flowers included flower size
(cm) (measured using Digital Vernier Calliper), length and width of the ray floret (cm), number of flowers
per plant, fresh weight of the single flower (g), flower yield per plant (g), flower yield per plot (kg), dry
weight of the single flower (g), and days to bud initiation and first flowering. The flower yield per plot was
measured using the following formula.

Flower yield per plot = flower yield per plant % total number of plants per plot

Statistical analysis

The data were analyzed using the two-way analysis of variance (ANOVA) and Pearson's correlation analysis
with language R 3.6.2 statistical software. The means were considered using Tukey's test at the 0.05 level.

Results

Growth attributes

Planting time significantly (p<0.01) affected plant height, whereas no significant differences were observed
among the spacings. The P2 treatment resulted in the tallest plants compared to the other treatments. In the P2
treatment, the highest plant height was 48.72 cm in S1, followed by 47.13 cm in S2 and 46.52 cm in S4 (Fig 2).
No significant differences (p>0.05) in plant height were found among the planting spacings in the P1 and P3
treatments. The planting time significantly affected the plant spread (p<0.01). P2 had a higher plant spread than
P1 and P3 treatments, as shown in Table 1. In P2 treatment, S4 had a higher plant spread (42.94 cm) compared
to other treatments, followed by S1, S2, and S3, sequentially. The highest value of plant spread was 42.38 cm
in S2 of P3 treatment. Furthermore, the results presented in Table 1. revealed that spacing had no significant
influence (p>0.05) on plant spread. However, the plant spread was comparatively affected by higher spacing.
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Fig 2. Effect of planting time and spacing on plant height of marigold (n = 10). According to Tukey’s test, different letters
are shown on bars at 0.05 level.

The number of primary branches per plant was significantly influenced (p<0.01) by planting time and
planting space. Among the different planting times, the highest value of the number of primary branches per
plant (7.66) was observed in the P1-S2 treatment. Also, the production of primary branches was suppressed
in P3 compared to P1 and P2. After S2 (7.66) and S1 (6.88) in the P1 treatment, S2 (6.77) and S1 (6.66) had
a higher value in the P2 treatment (Table 1). The results revealed that stem diameter was significantly
different (p<<0.01) in planting time and planting space (p<0.05) treatments. The data for stem diameter is in
accordance with plant spread between planting time treatments and had a positive correlation (r = 0.41)
between plant spread and stem diameter. The highest values of stem diameter were observed in P2 as
compared to P1 and P3 treatments. In the P2 treatment, stem diameter's highest value (18.17 mm) was in S4
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and followed by S3 (16.88 mm), S1 (15.23 mm), and S2 (14.12 mm), Sequentially (Table 1). The effect of
planting time revealed that during plants’ growth in P2 treatment, due to appropriate climatic conditions, the
growth of plant spread and stem diameter was enhanced, as shown in Table 1.

Marigold’s transplanting at the third week of P2 treatment is the proper time for transplanting for the better
physical appearance of the plant’s canopy. Statistically, there was no significant difference (p>0.05) in the
leaf length under different planting times and spacing. At the same time, there was a difference among
planting treatments, as shown in Table 2. The results revealed that the width of leaves showed a significant
difference (p<0.01) between planting times, while there was no significant difference between spacing. The
highest values were observed sequentially in the P1 treatment, followed by P3 and P2. In the P2 treatment,
planting space S3 (6.77 cm) showed the highest value, followed by S4 (6.50 cm), S1 (6.44 cm), and S4 (6.44
cm), as shown in Table 2.

Flower characteristics

The results of this experiment revealed that different planting times had a significant (p<0.05) effect on the
flower size of the marigold plant (Fig 3A). Comparing the mean values between treatments, P2-S2 (9.01 c¢cm)
had the highest flower size values, while the flower size was lower (6.21 cm) in the P3-S3 treatment. The
higher plant spread and stem girth observed in the P2 treatment resulted in larger flower size, as shown in Fig
3A.

The length of florets showed a significant difference (p<0.05) between planting times, while there was no
significant difference (p>0.05) between spacings and their interaction with planting time. The maximum length
of the ray floret (4.8 cm) was found in the P2 treatment, and the minimum (3.73 cm) was recorded in the P3
treatment. As shown in Fig 3B, the longest floret length was observed in the P2 treatment at the S2 spacing,
followed by the S3 and S1 spacings. The flower size was directly influenced by the length of the floret, with a
positive correlation (r = 0.48) between the length of the ray floret and flower size. Similarly, there was a
significant difference (p<<0.05) in the width of the ray floret among planting times but no significant difference
between spacings. However, spacing had a comparatively minor effect on the ray floret width in marigold
plants. There was a positive correlation between the width of the ray floret and flower size (r = 0.62) and
between the width and length of the ray floret (r = 0.65). The highest width of the ray floret was observed in the
P2-S2 treatment (1.70 cm), followed by S3 (1.61 cm) and S1 (1.52 c¢cm), as shown in Fig 3C.

The statistical analysis revealed that different planting times and spacings had a significant (p<0.05) effect on
the number of flowers per marigold plant. The highest number of flowers per plant was observed in P3,
followed by P2 and P1, respectively (Fig 3D). In the P3 treatment, S2 spacing resulted in the highest number of
flowers (53.00) compared to other treatments. In contrast, the second-highest number of flowers per plant was
recorded in S4 spacing (49.82) of the P2 treatment (Fig 3D). This study also demonstrated a positive correlation
between plant spread and the number of flowers (Fig 4). According to Fig 4D, the highest plant spread was
observed in the S2 and S4 spacings of the P3 and P2 treatments. Therefore, in marigold plants, a wider spread
leads to more flowers per plant. Compared to planting time, the influence of planting time on flower production
was greater. Additionally, the wider plant spread observed in the P2 treatment contributed to a higher number
of flowers per plant, aligning with the primary objective of the experiment.

The highest fresh weight of a single flower was recorded in the P2 treatment compared to other treatments.
Within the P2 treatment, the highest fresh weight of a single flower was observed in S2 (13.41 g), while the
lowest was in S4 (12.82 g). Additionally, even the lowest fresh weight of a single flower in the P2 treatment's
subgroup (planting space) was higher compared to the other spacings in the P1 and P3 treatments. Sowing and
transplanting times directly affect plant growth and flower parameters in marigold plants. The results of this
experiment indicate that early (P1) and late (P3) planting of marigold plants can decrease the fresh weight of
flowers (Table 3).

Flower yield per plant increased significantly (p<0.01) with the P2 treatment. The flower yield per plant
showed a positive relationship with flower size (r = 0.62), length of the ray floret (r = 0.44), width of the ray
floret (r = 0.47), number of flowers per plant (r = 0.35), and fresh weight of a single flower (r = 0.35). The
highest flower yield per plant was observed in the P2 treatment (639.91 g), while the lowest values were
recorded in the P3 treatment (328.21 g). Within the P2 treatment, the maximum flower yield per plant was
observed in S4 (639.91 g), followed by S2 (598.31 g), S3 (566.83 g), and S1 (566.61 g), respectively (Table
3). Planting time and planting space had a significant effect on flower yield per plot (p < 0.01). The number
of plants per plot is the most important factor for total flower yield in a specific area.
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Table 1. Effect of planting of planting time and spacing on plant spread, number of primary branches, and stem diameter.
Plant spread (cm) Number of primary branches per plant Stem diameter (mm)
Treatments i i Spacing
st s2 s3 sq | Spacing g g | g3 | s4 | SPaeine | g S2 s3 s4
Mean Mean Mean
P1 36.88 38.72 38.44 35.44 37.37 6.88 7.66 6.44 6.44 6.86 12.28 13.10 13.92 13.52 13.20
P2 41.50 41.33 40.55 42.94 41.58 6.66 6.77 6.22 6.00 6.41 15.23 14.12 16.88 18.17 16.10
P3 37.50 42.38 36.72 39.83 39.11 5.11 544 | 4.55 4.88 5.00 12.66 16.14 14.57 15.43 14.70
Planting time 6.62 5.74 5.77 13.39 14.45 15.12 15.71
mean 38.62 40.81 38.57 39.40 6.22
SD 2.50 1.88 1.91 3.76 0.96 1.11 1.03 0.80 1.60 1.54 1.55 2.34
P sk skeskeosk seskesk
S ns kK -
P xS ns ns ns

The data is represented as mean (n = 9). SD means standard deviation. Significant differences at the 0.05% level are shown above in the table. *** p<0.001, ** p<0.01, *p<0.05, and ns:
not significant. The P and S stand for planting time and spacing, respectively.

Table 2. Effect of planting time and spacing on the length and width of the leaf.

Length of leaf (cm) Width of leaf (cm)
Treatments s1 S2 S3 sS4 Spacing Mean s1 S2 s3 sS4 Spacing
Mean
Pl 11.00 1227 12.32 10.94 11.63 7.2 8.22 7.55 7.05 751
P2 11.22 11.88 11.00 12.11 11.55 6.44 6.44 6.77 6.50 6.54
P3 11.61 12.44 11.57 12.38 12.00 6.72 7.11 6.50 7.44 6.94
Planting time mean 11.27 1220 11.63 11.81 6.79 7.25 6.94 7.00
SD 0.30 0.28 0.66 0.76 0.39 0.89 0.54 0.47
P ns sk
S ns ns
PxS ns ns

The data is represented as mean (n = 9). SD means standard deviation. Significant differences at the 0.05% level are shown above in the table. ** p<0.01, and ns: not significant. The P
and S stand for planting time and spacing, respectively.
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Among the planting time treatments, the highest yield was observed in P2, followed by P1 and P3. The number
of plants per plot is determined by spacing, with S1 (36 plants per plot) having the highest value compared to
S2 (24 plants per plot), S3 (16 plants per plot), and S4 (12 plants per plot) (Table 3). Flower yield per plot
significantly increased with decreasing planting space between plants. Different spacings S1 (30 cm % 30 cm),
S2 (30 cm x 45 cm), S3 (45 cm X 45 cm), and S4 (45 cm x 60 cm)-resulted in decreasing flower yields per plot
as spacing increased. However, decreasing plant spaces negatively affected the number of flowers per plant,
flower size, length of the ray floret, and width of the ray floret (Table 3).

Table 3. Effect of planting time and spacing on fresh weight of the single flower, flower yield per plant, and flower yield

per marigold plot.
Fresh weight of the single flower (g) Flower yield per plant (g) Flower yield per plot (kg)
Treatment Spacin Spacin Spacin
s S1 S2 S3 S4 g S1 S2 S3 S4 g S1 S2 S3 | S4 g
Mean Mean Mean
119 | 122 | 125 | 124 4334 | 496.1 | 459.8 | 484.7 156 | 119 | 73 | 58
Pl s |2 | 4 | s | 12| 1 | 2 > 46853 | 6 | 0 | 5 | 1| 1017
129 | 134 | 13.1 12.8 566.6 | 5983 | 566.8 | 639.9 203 | 143 | 9.0 | 7.6
P2 0 1 6 2 13.07 1 1 3 1 592.92 9 6 7 7 12.87
7.81 359.0 | 380.6 | 3282 | 353.1 12.9 52 | 42
P3 8.55 | 7.60 1 7.78 7.93 1 2 1 0 355.21 2 9.13 5 3 7.88
Mean 11.1 11.0 | 11.1 11.0 453.0 | 491.7 | 451.6 | 492.6 163 | 11.8 | 72 | 59
Planting 0 0 2 1
105.1 | 1089 | 119.5 | 1435 1.9 | 1.7
SD 228 | 3.06 | 292 | 2.80 3.78 | 2.61 1 2
P kkok skokck skoksk
S ns ns ok
P xS ns ns ns

The data is represented as mean (n = 9). SD means standard deviation. Significant differences at 0.05% level are shown above in the
table. *** p<0.001 and ns: not significant.
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Fig 3. Effects of planting space and sowing time on flower size, length of ray floret, width of ray floret, and number of
flowers per plant of marigold shown in (A), (B), (C), and (D), respectively. The letters on the bars are shown differently
among treatments based on Tukey’s test at 0.05% level. S indicates sowing and P planting time.
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Fig 4. The relationship of plant spread with the number of flowers per plant under different planting times and spacing of
marigolds.

The maximum dry weight of marigold flowers was observed in the P2 treatment compared to other treatments.
Within the P2 treatment, the highest value was recorded in S2 (2.37 g), followed by S1 (2.33 g), S3 (2.16 g),
and S4 (2.14 g). The increase in the dry weight of a single flower varied significantly (p<0.001) between
planting times. However, there was no significant difference (p>0.05) due to planting spacing or the interaction
between planting time and spacing, as shown in Table 4.

Table 4. Effect of planting time and spacing on the dry weight of marigold flowers.

Flower dry weight (g)
Treatments
S1 S2 S3 S4 Spacing Mean
P1 2.06 2.07 2.13 2.25 2.13
P2 2.33 2.37 2.16 2.14 2.25
P3 1.72 1.53 1.44 1.58 1.57
Planting time mean 2.03 1.99 1.91 1.99
SD 0.30 0.42 0.40 0.35
P skeskesk
S ns
P xS ns

Effect of planting time and planting on flower attributes

The effect of different planting times on the days taken to reach various phenological stages of marigold is
presented in Table 5. The results revealed that marigolds differed in the days taken to bud initiation, flowering,
and the duration of the flowering period. P1 cultivation had the maximum days to bud initiation (56 days),
significantly higher than P2 and P3 treatments. The days taken to flowering corresponded with the days taken
to bud initiation.

The most important parameter of this experiment was the duration of flowering. The results showed that the P2
and P3 treatments had longer flowering durations than the P1 treatment. Among all treatments, P2, with 76
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days of flowering duration, was the most favorable for cultivating marigolds in the Nangarhar province of
Afghanistan (Table 5).

Table 5. Effect of planting time on days to bud initiation, days taken to flowering, and duration of flowering.

Treatments | Days to bud initiation | Days taken to flowering | Duration of flowering days
P1 56.2 63.4 69.2
P2 48.3 54.4 76.7
P3 40.1 472 70.1
Discussion

This study investigates the impact of different cultivation times and plant spacing on the growth, floral yield,
and phenology of marigold plants under the climatic conditions of Nangarhar province, Afghanistan. Plant
height is a crucial growth component representing a crop's growth behavior and influencing the marigold
plant's physical appearance. It results from genetic makeup and environmental conditions, particularly
temperature and plant-to-plant competition during growth. The results indicated significant variation among
treatments under different cultivation dates and plant spacing, as shown in Fig 2. Plant height was noticeably
affected by plant spacing across all three cultivation dates, with the highest plant height observed in P2
treatments. In the P2 treatment, plant heights increased sequentially with spacings of 30 x 30 cm, 30 x 45 cm,
and 45 x 60 cm. In contrast, P1 and P3 treatments showed no substantial difference between spacing
treatments, but different spacing relatively affected plant height due to adjacent crop competition. These
findings align closely with those of [13] who reported that closer spacing (30 x 30 cm) resulted in greater plant
height compared to other spacing treatments (30 x 45 cm, 45 % 45 cm, and 45 x 60 ¢cm) in marigolds. Similar
results were also observed in marigold plants by [14]. Various spacing treatments showed a significant
difference in plant spread, while planting dates did not significantly affect plant spread. However, there is still a
substantial difference between planting space treatments. The maximum plant spread (42.9 cm) was recorded in
the P2 treatment of the cultivation date and S4 (45 x 60 cm) of planting space, followed by S2 (30 % 45 cm) of
P3 and P2, as shown in Table 1. The increased plant spread can be attributed to a greater number of flowers per
plant and a higher number of branches per plant, which results in a wider plant canopy. These findings are
supported by [9], who reported that marigold cultivation after February decreased plant spread. Conversely,
wider spacing increases plant spread due to reduced competition for water, light, and available nutrients in the
growing area. Similar results have been reported by [10], [15], [16], [17] in marigold plants. The results of this
experiment revealed that the effect of planting date and plant spacing on the number of branches per plant of
Tagetes erecta was significantly different. Still, the interaction of the aforementioned treatment effect was not
significant. The number of branches per plant varied based on the planting dates. There were more branches in
the February cultivation than in the March cultivation, but it was relatively close to the late February
cultivation. The branching process of marigolds tended to be faster in P1, P2, and P3 sequentially (Table 1).
Increasing spacing did not affect the number of branches per plant, as there was more planting space. The plant
spread showed good results in providing a wider canopy and utilizing the nutrients to proliferate produced
branches. The maximum number of branches in Tagetes erecta was produced in 30 x 45 cm spacing in all
cultivation dates. These results are in accordance with the [10], [15], [18], [19], [20] in marigold plants. The
stem diameter differed significantly in all cultivation dates and spacing. The stem diameter positively correlated
with the plant spread in all cultivation dates. The highest value of stem diameter (18.1 mm) was in the P1
cultivation date with 45 x 60 cm, while the closer spaces (30 x 30 cm) showed less stem diameter in all three
cultivation dates. The variation of stem diameter of different genotypes was also revealed by [21]. The results
of this experiment for stem diameter of marigold plants under different spacing are supported by the same
result of [22].

The size of flowers was significantly different between cultivation dates, while not significant in between
spacing. Among cultivation dates, the P2 treatment showed a wider flower size diameter than the P1 and P3
treatments. The maximum flower size (9.0 cm) was recorded in P2 treatment, while a minimum (6.2 cm) was
observed in P3. This decrease is due to late cultivation in P3, as the days from cultivation to harvest were
shorter than other treatments. Moreover, in the interaction of cultivation dates and spacing, P2 showed the
maximum flower size (30 x 45 cm) in the S2 planting space and followed by S3 (45 x 45 cm), S1 (30 x 30 cm),
and S1 (45 x 60 cm). The diameter of flower size can always be affected by the length of the floret ray; herein,
the length of the floret ray showed a positive correlation with the flower size. Similar results were reported by
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[1], [11], [23] in African marigolds. The various cultivation dates and spacing significantly influenced the floral
parameters, particularly the length and width of the ray floret. The length of the ray floret was in line with the
flower size; this means if the size of the ray floret is affected by the cultivation date and spacing, many flowers
can be affected. The maximum length of ray floret was found in P2 and followed by P1 and P3 treatments (Fig
4.4). The planting space of S2 (30 x 45 cm) showed the longest floret length compared to other spacing
treatments. Reduced spacing might increase competition during vegetative growth, resulting in shorter floret
length and smaller flower size. Herein, the balanced planting space and best cultivation time for the maximum
length of the floret and flower size are found in the P2 cultivation date and S2 planting space. Similar results
were found by [24] in marigold and [25] in gladiolus. Likewise, regarding flower size and the length of the ray
floret, the cultivation date and spacing significantly affect the width of the ray floret. The maximum width of
the ray florets (1.7 cm) was observed in the P2 treatment, followed by P1 and P3 sequentially. The width of the
ray floret was significantly affected by the cultivation date in P3 treatment. At the same time, this is a good
confirmation of the late cultivation (after February) catastrophic effect on marigold plants. Based on the
spacing, this experiment revealed that the S2 treatment showed more width of the ray florets in the P2 and P3
treatments, while in the P1, S3 (45 x 45 cm) showed wider florets in the flowers. The P1 cultivation date
showed a wider ray of the florets due to the long plant growth period and relatively good weather compared to
the P3 treatment. These results conform with the findings which are described by [7], [14], [26], [27], [28], [29]
in marigold plant.

Different cultivation dates and planting significantly affected the number of flowers per plant. More flowers per
plant were sequentially observed in P3, P2, and P1. The maximum number of flowers in the S2 of P3 was
recorded and followed by S4 of P2 treatment. The wider planting space of 45 x 60 cm had a higher number of
flowers as compared to other treatments in P2; this seems to be mainly due to a greater number of branches per
plant and also less competition among the plants. The fewer flower plants were in P1 cultivation treatment in
S1 (30 x 30 cm) planting space treatment. This is proof of the effect of high competition between plants in a
closely-spacing environment in marigold plants. The plants in different cultivation dates varied between all
treatments, but the effect of the environmental conditions, such as temperature, was stable on all planting space
treatments. There was a strong correlation (r = 0.61*) between plant spread and the number of flowers per plant
as shown in Fig 4. These results were similar to the findings of [3], [10], [30], [31], [32], [33], [34], [35], [36]
in marigold plants. The flower yield per plant was greatly affected by flower size, length and width of the ray
floret, number of flowers per plant, and fresh weight. There was a significant difference between cultivation
dates, but no significant difference between spacing or the interaction of cultivation dates and spacing. The
maximum flower yield per plant was recorded in P2 and the minimum in P3 treatment. In P2 treatment, the
highest values of flower yield per plant (639.9 g) were observed in S4 (45 x 60 cm), followed by S2 (598.3 g),
S3 (566.8 g), and S1 (566.6 g) sequentially (Table 3). The S4 planting space of the P2 treatment showed higher
flower yield per plant due to the greater number of flowers per plant, while S2 (30 % 45 cm) showed higher
fresh flower weight and better performance in other floral parameters.. The number of flowers per plot differed
significantly between cultivation dates and spacing, but not in their interaction. The maximum value of flower
fresh weight per plot (20.4 kg) was recorded in P1 with (30 x 30 cm), and the minimum (4.2 kg) was in P3 with
(45 x 60 cm) (Table 3). In all P treatments, the treatment with the least spacing (30 x 30 cm) showed the
highest values of fresh flowers per plot, which was due to the high number of plants per area.

Data recorded on flowering attributes (Table 5) showed that the earliest bud initiation occurred in P3 (40.1
days), P2 (48.3 days), and P1 (56.2 days) sequentially. The early cultivation revealed that the temperature was
low and the days taken to initiate flowering were longer compared to other treatments. In contrast, later (after
February, as in the P3 treatment), the temperature was higher, which caused early bud initiation in marigold
plants. In this experiment, data presented in Table 5 revealed that the days taken to flowering were in line with
the days taken to bud initiation in different cultivation times. In contrast, the duration of the flowering was
varied among cultivation dates. The maximum number of days to keep flowers fresh in plants was recognized
as P2 cultivation, while the P1 treatment with the earlier cultivation had shorter flowering periods than other
treatments. From these results, we conclude that optimal timing for bud initiation and flowering can lead to a
longer flowering duration in marigold plants under different cultivation dates. These results are similar to the
results of [37], [38] in marigold plants. The planting time and spacing had a substantial impact on the
vegetative growth and flowering attributes of marigolds in this study. However, further research is needed to
examine additional marigold genotypes and gain a deeper understanding of this process and its sustainability.

Conclusion

In this experiment, we found that planting time and spacing have a significant impact on the growth and
flowering attributes of marigold plants under the climatic conditions of Nangarhar, Afghanistan. The data from
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the P2 cultivation and S2 (30 x 45 c¢m) spacing showed notable effects on plant spread and the number of
primary branches per plant. The largest flower size was observed in the P2-S2 treatment. Additionally, this
treatment resulted in the highest fresh flower weight and flower yield per plot. The findings revealed that
cultivation time had a strong influence on the timing of bud initiation, the number of days to flowering, and,
most importantly, the duration of the flowering period. For ornamental plants, the duration of the flowering
period is a priority for growers compared to other parameters. The most extended flowering duration (76.7
days) was recorded in the P2 (late February) treatment, indicating that this planting time is most favorable
for extending the flowering period in marigolds under the study conditions. Thus, it is advised that marigold
farming in Nangarhar, Afghanistan, implement a planting schedule of late February (P2) and a spacing of 30
x 45 cm (S2) to enhance growth, flower size, yield, and particularly the duration of flowering.
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Morphological Characterization and Diversity Analysis of Coffea Arabica
Germplasm from Yirgacheffe, Ethiopia
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ABSTRACT

This study aimed to assess the genetic diversity of twenty-six Coffea Arabica ﬁ?c:ll‘?&]z HISTORY
landrace germplasms collected from the Yirgacheffe district of the Gedeo zone 24 March 2025
depending on morphological characteristics at the seedling stage. Collected Coffea Accepted
Arabica landrace germplasms seeds and 2 standard checks were planted and raised at 28 May 2025
Wanago Tumata Chiracha nursery site in plastic bags arranged with randomized

complete design in the years 2022 to 2023. Seedling characteristics variables such as

seedling height, number of paired leaves, leaf length, leaf width, leaf area, petiole KEY WORDS
length, node number, inter-node length, and stem diameter were collected from one- Cluster,
year-old randomly selected three seedlings from each accession and each plot. The Coffee,

results revealed that there were significant variations (p<0.05) between and within Diversity,
collected Coffea Arabica landrace germplasms and standard checks for the above Germplasms,
quantitative parameters. Data of five qualitative traits (young leaf color, leaf shape, Morphology

leaf apex shape, leaf petiole color, and young shoot color) were recorded from three
representative seedlings for each Coffea Arabica landrace germplasm accession.
Frequency distribution estimation using Shannon and Weaver's diversity index
results for qualitative parameters revealed the presence of genetic variability between
the collected coffee germplasm accessions and standard checks. Accordingly, the
highest diversity index (H) was recorded for young leaf color (1.414), followed by
leaf shape (1.067) and leaf apex shape (0.908). This might be due to the oligogenic
nature of gene action and slight environmental interaction. Relatively low diversity
was observed in young shoot color (0.582) and leaf petiole color (0.429).
Additionally, cluster analysis of qualitative parameters grouped 26 coffee landrace
germplasm accessions and 2 standard checks into three clusters. Maximum numbers
of coffee germplasm accessions were grouped in cluster-II (15) followed by cluster-I
(9) and cluster-III (4). Consequently, Coffea Arabica landraces germplasm having
high seedling height, leaf length, number of paired leaves and leaf area should get
emphasis during selection for plantation. Moreover, every concerned body, such as
breeders, farmers, and genetic conservationists should take action to conserve and
keep the gene pool of these coffees since it paved the way for biotechnologists to
characterize coffee at the molecular level and breeders consider it to release superior
new coffee varieties.

Introduction

The gene pool or natural genetic diversity of coffee plants has three well-defined categories, specifically: 1)
the primitive cultivars or landraces of traditional agriculture, ii) the improved cultivars released by plant
breeders in the past 100 years, and iii) the wild species related to domesticated cultivars. All of the three
categories of Coffea Arabica gene pool listed above were found in Ethiopia [1]. In the garden cultivation
system, coffee is combined with other crops under a few shade trees or in open sunlight and accounts for 40
to 50% of national production. Usually, in the production system, coffee planting material can be referred to
as coffee landraces but most of the time comprises a limited number of 'improved coffee cultivars' selected
by the Jimma Agricultural Research Center (JARC) for their productivity and resistance to diseases [2].
According to Labouisse and Kotecha, (2008), constituents are contributing to the genetic erosion of
Ethiopian coffee landrace genetic diversity [2]. These constituents are partial reduction of production in
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some areas for agronomic, climatic change, or economic reasons, replacement of local landraces by few
improved varieties with a narrow genetic base, and deforestation due to population growth pressure in the
major coffee-producing areas.

So far, the efforts that have been made to collect, conserve, and utilize Ethiopian coffee germplasm have
been carried out by the national coffee collection program. During this collection program around 12,448
Arabica coffee germplasm accessions have been collected from different areas, from these collections 6,717
accessions were ex-situ conserved and maintained on research plots of the Jimma Research Center and its
sub-centers. On the other hand, the Institute of Biodiversity Conservation has conserved 5,731accessions in
field gene banks in Ethiopia [3, 4]. Yet, its productivity is limited due to the lack of improved varieties for
biotic and abiotic stresses. To utilize the available coffee genetic resources effectively and efficiently,
collection, characterization, and evaluation of germplasm is the crucial step in the improvement process
succeeding different methods. Those methods that are used to characterize and evaluate rich coffee
germplasm include morphological, biochemical characteristics, and molecular markers. Kebede and
Bellachew, (2008) and Abdi, (2009) used morphological traits to characterize Arabica coffee collections
from Hararge Ethiopia [5, 6]. Ermias, (2005) and Olika et al., (2011) also used morphological traits to
characterize Arabica coffee collections from Wellega and Limmu respectively [7, 8]. Additionally, Alemu
and Boke, (2017) morphologically characterized seven Coffea arabica landraces collected from seven
districts of the West Guji zone of the Oromia region, and the result revealed the presence of genetic diversity
among the collected coffee landraces [9]. Yirga, (2021) characterized sixty-two Coffea Arabica L.
germplasms collected from the Yayu district of Illubabor zone and two commercially grown standard check
varieties using phenotypic/morphological variations and revealed that the presence of enormous genetic
diversity among collected germplasms and standard checks [10]. All these researchers have been showing us
the presence of high genetic diversity in these coffee germplasm collections. Furthermore, Bekele, (2005),
Abeyot et al., (2011), Olika et al.,, (2011) conducted genetic diversity analyses of cup quality and
biochemical characteristics of Arabica coffee in Ethiopia and Kathurima et al., (2009) in Kenya have proved
the existence of rich genetic diversity in cup quality and biochemical characteristics [8, 11, 12, 13].

Enough coffee landrace characterization for agronomic and morphological traits is necessary to facilitate the
utilization of germplasm by breeders. But, except for very few observations not enough data has been
recorded to enable the systematic characterization of coffee germplasm collected from Yirgacheffe of Gedeo
zone [14, 15]. Though nowadays lots of coffee genetic resources are in decline due to erratic climatic and
edaphic factors, little attention has been given to the collection, characterization, and sustainable utilization
as our country in general and in the Gedeo zone and Yirgachaffe districts in particular [16,17]. Intensive data
collection on agro-morphological traits could give sufficient information for morphological characterization,
evaluation, and conservation of these coffee accessions. Such an extensive and deep study can also ensure
the economic benefits of the high cost of ex-situ conservation of large coffee accessions. Therefore; the
objectives of this study are to collect, morphologically characterize, evaluate, and conserve Coffea Arabica
landrace germplasm accessions from the Yirgacheffe district of Gedeo zone, Southern Ethiopia Regional
State.

Materials and Methods

Experimental site

A field experiment was conducted at Wanago Dilla University coffee research center nursery site. Wanago is
one of the districts in the Southern Region of Ethiopia. It is part of the Gedeo Zone and bordered on the
southwest by Yirgacheffe, on the northwest by the Oromia Region, on the northeast by Dila Zuria, and the
southeast by Bule.

Experimental design and planting of coffee seeds

Planting materials (coffee seeds) were taken from the coffee germplasm accessions collected from the
Yirgacheffe district of the Gedeo zone. Twenty-six collected Coffea Arabica germplasm accessions and two
improved variety seedlings were raised in polyethylene bags at Dilla University Coffee Research Center
Wanago Tumata Chiracha nursery site in April 2022- April 2023 G.C using a completely randomized design.
The experiment has twenty-eight treatments (26 collected accessions + 2 standard check variety) with three
replications and eighty-four total number of observations (n=28 x 3= 84). Uniform cultural practices were
applied to all accessions.

Parameters for morphological characterization

Coffee seedling's quantitative and qualitative parameters were collected randomly from three selected coffee
seedlings of the same accession/variety in the plot. The quantitative parameters used to determine the
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morphological variation of these coffees at the seedling stage were seedling height, number of paired leaves,
leaf height, leaf width, leaf area, petiole length, stem diameter, number of nodes, and internode length. The
qualitative parameters used to show the morphological variation of these coffee seedlings were leaf color,
leaf shape, leaf apex shape, leaf petiole color, and shoot color. The data for those mentioned above
parameters were collected in April 2023 before transplanting to the conservation site. After data collection,
those seedlings were transplanted to the Dilla University Botanic Garden and eco-tourism center site forming
a line of collected coffee germplasm accessions (one line comprises eight seedlings of single accessions) for
conservation and further evaluation purposes.

Data analysis

Quantitative parameters collected were subjected to analysis of variance (ANOVA) using the GLM
procedure within SAS version 9.0. A test of mean separation was done using the least significant difference
at a 5 % probability level using SAS.

Shannon Index (H') was used to analyze the morphological diversity of coffee seedlings depending on the 5
qualitative traits (leaf color, leaf shape, leaf apex shape, leaf petiole color, and young shoot color) of coffee
germplasm accessions. The type of diversity used here is a diversity which is the diversity of species within
a community or habitat. The diversity index was calculated by using the Shannon and Weaver formula [18].
H=% [(pi) xIn (pi)]

Where: Pi is the relative proportion of the total number of entries (N) in the ith class, which means Pi =S/
N, Where S= number of individuals of one species, N = total number of all individuals in the sample, In =
logarithm to base e. In biological communities, the Shannon-Weaver diversity index varies from 0 to 5.
According to this index, values less than 1 characterize low diversity; values in the range of 1 to 3 are
characteristics of moderate diversity, while above 3 indicates the highest diversity [10, 19].

Cluster analysis was used to group the accessions into homogeneous forms based on qualitative traits.
Hierarchical clustering was employed using the similarity coefficients among the collected coffee germplasm
accessions and standard checks. The analysis was performed using SAS software by employing the method
of the Ward clustering strategy of the observation [20].

Results

Quantitative parameters

The results of nine quantitative parameters (seedling height, number of paired leaves, leaf height, leaf width,
leaf area, petiole length, stem diameter, number of nodes, and internode length) are as follows. The ANOVA
results revealed that there were significant variations (P<0.05) in seedlings' quantitative parameters between
and within 26 Coffea Arabica landraces accessions collected from the Yirgacheffe district of Gedeo zone and
2 standard check varieties as shown in Table 1. Descriptive analysis of each seedling quantitative parameters
has been also assessed and the minimum, maximum, and mean values were presented as shown in Table 2.

Tablel. Analysis of variance between and within Coffea Arabica germplasm collected from the Yirgacheffe district of
Gedeo zone and standard checks

Parameters | Variation DF | Sum of squares | Mean square | F Significant
level

SH Between groups 27 1937.262381 71.750459 3.84 <.0001**
Within groups 54 1009.026905 18.685683
Total 83 2967.682381

LN Between groups 27 54.89285714 2.03306878 5.39 <.0001**
Within groups 54 20.35714286 0.37698413
Total 83 75.55952381

LL Between groups 27 95.09654762 3.52209436 2.52 0.0020**
Within groups 54 75.5773810 1.3995811
Total 83 171.0498810

Lw Between groups 27 32.64809524 1.20918871 4.78 <.0001%**
Within groups 54 13.65547619 0.25287919
Total 83 46.86809524

LA Between groups 27 13062.67348 483.80272 3.81 <.0001**
Within groups 54 6853.86236 126.92338
Total 83 20017.25828
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PL Between groups 27 0.70000000 0.02592593 1.78 0.0354*
Within groups 54 0.78500000 0.01453704
Total 83 1.58000000

SD Between groups 27 26.40212857 0.97785661 3.52 <.0001%**
Within groups 54 14.98308571 0.27746455
Total 83 44.20579524

NN Between groups 27 6.32142857 0.23412698 2.19 0.0073**
Within groups 54 5.78571429 0.10714286
Total 83 12.32142857

IN Between groups 27 72.31952381 2.67850088 2.16 0.0079%**
Within groups 54 06.8154762 1.2373236
Total 83 142.8395238

Where; SH= Seedling height, LN= Leaf number, LL= Leaf length, LW= Leaf width, LA= Leaf area, PL= Petiole length, SD= Stem
diameter, NN= Number of node and IN= Internode length
**indicates statistically highly significant difference implies that the value of significant level is <0.01 P value, *indicates only
significant difference at least between two of the group means being compared implies that the value of significant level is <0.05 but,
>0.01 P value and ns represent none significant difference.

Table 2. Summary of mean, maximum and minimum values of each seedling quantitative parameters of coffee

germplasm accessions and standard checks

Parameters Mean St/Deviation Variance Minimum Maximum
SH 29.25952 4.802 23.062 23.167 41.500

LN 7.702381 0.808 0.653 6.3333 10.3333
LL 11.75119 1.074 1.153 9.1667 13.8333
LW 5.288095 0.627 0.393 3.9333 6.5667
LA 62.94119 12,470 155.507 36.133 88.760

PL 0.500000 0.091 0.0083 0.33333 0.66667
SD 4.320238 0.561 0.314 3.5533 5.5633
NN 2.178571 0.274 0.075 2.0000 3.0000

IN 8.169048 0.928 0.861 6.3333 9.8333

Where; SH= Seedling height, LN= Leaf number, LL= Leaf length, LW= Leaf width, LA= Leaf area, PL= Petiole length, SD= Stem
diameter, NN= Number of node and IN= Internode length. According to the result shown in the above table the higher variance or
standard deviation value of any parameters indicates a greater dispersion/spread of data points from the mean, while a lower value
indicates that the data points are clustered closer to the mean of any given parameters analyzed.

Qualitative parameters
According to the International Plant Genetic Resources Institute [21] Coffee descriptor, data of 5 qualitative
traits were recorded from each accession as described in Tables 3 & 4.

Table 3. Description of collected Coffea Arabica L. germplasm accessions used in the study

Accessions District Name of farm Specific collection | Year of collection
owner site name

AEKN-001 Yirgacheffe Wolde Lemo Suke 2022
AEKN-002 Yirgacheffe Melkamu Tadesse Resitti /
AEKN-003 Yirgacheffe Jigso Kuse Kedida /
AEKN-004 Yirgacheffe Ayele Kutu Chiriku /
AEKN-005 Yirgacheffe Nuguse Utala Haru /
AEKN-006 Yirgacheffe Amanuel Kebede Warabi /
AEKN-007 Yirgacheffe Beyana Maldei Harange /
AEKN-008 Yirgacheffe Alemayaw Ararso Horu Betela /
AEKN-009 Yirgacheffe Tadesse Baraso Arecha /
AEKN-010 Yirgacheffe Regasa Bora Wogida /I
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AEKN-011 Yirgacheffe Markos Edema Ela Tanacha /
AEKN-012 Yirgacheffe Mitiku Bori Gerise /l
AEKN-013 Yirgacheffe Tsegaye Demise Adame /l
AEKN-014 Yirgacheffe Kifle Teqabo Buduksa /
AEKN-015 Yirgacheffe Tilahun Werera Gerbota 02 /l
AEKN-016 Yirgacheffe Nugese Dama Gerbota 01 /l
AEKN-017 Yirgacheffe Seid Dayaso Tulise /
AEKN-018 Yirgacheffe Ragaso Dama Wote /
AEKN-022 Yirgacheffe Bakele Badhaso Domorso /l
AEKN-023 Yirgacheffe Wako Legese Cito/Deraro /
AEKN-024 Yirgacheffe Tadesse Bareko Chelba /
AEKN-025 Yirgacheffe Samuel Wako Tutiti /l
AEKN-026 Yirgacheffe Dori Bedecho Udessa /l

Table 4. Qualitative parameters of Coffea Arabica L. germplasm and its Coding [22]

Sr/N | Qualitative traits

Phenotypic class with code

1.| Young leaf color

1 (Greenish), 2 (Green), 3 (Brownish), 4 (Reddish brown), 5
(Bronze) and 6 (other)

2.| Leaf shape

1 (Obovate), 2 (Ovate), 3 (Elliptic), 4 (Lanceolate) and 5 (Other)

3.| Leaf apex shape

1 (Round), 2 (Obtuse), 3 (Acute), 4 (Acuminate), 5 (Apiculate),6
(Spatulate) and 7 (Other)

4.| Leaf petiole color

1 (Green), 2 (Dark brown) and 3 (Other)

5.| Young shoot color

1 (Green), 2 (Dark brown) and 3 (Other)

The clustering result of 26 coffee germplasm accessions and standard checks distribution pattern revealed
that maximum numbers of coffee germplasm accessions were gathered together in cluster-II (15) followed
by cluster-I (9)and cluster-III (4) as shown in Table 5. Cluster-II comprised 15 (53.57%) of the accessions,
which are varied from other clusters by having brownish young leaf color, lanceolate leaf shape, acute leaf
apex shape, green leaf petiole, and young shoot color. Cluster-I which consisted of 9 (32.14%) varies from
others by having a greenish young leaf color, ovate leaf shape, acuminate leaf apex shape, dark brown leaf
petiole, and young shoot color. Cluster-11I comprised 4 (14.29) coffee accessions, varied from other clusters
by having its bronze young leaf color, elliptic leaf shape, and apiculate leaf apex shape as shown in Table 5.

Table 5. The distribution of 26 coffee accessions and 2 standard checks in to three clusters tested at Wanago nursery

site.
Cluster | No. acc. Percent (%) Accessions
No.
I 9 32.14 74110, 74112, AEKN-5, AEKN-6, AEKN-13, AEKN-14,
AEKN-19, AEKN-21 & AEKN-22
I 15 53.57 AEKN-2, AEKN-3, AEKN-4, AEKN-7, AEKN-8, AEKN-9,
AEKN-12, AEKN-15, AEKN-16, AEKN-18, AEKN-20,
AEKN-23, AEKN-24, AEKN-25 & AEKN-26
111 4 14.29 AEKN-1, AEKN-10, AEKN-11 & AEKN-17
Discussions

In this study, as visualized in Fig 1, there were great variations within Coffea Arabica germplasm collected
from the Yirgacheffe district in seedling height, number of paired leaves, and leaf length seedling
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characteristics. Coffea Arabica collected from Chiriku local had the highest seedling height (41.5) whereas
Wogida local had the lowest seedling height (23.2). 74110 standard checks showed the highest number of
paired leaves (10.3) and the least number of paired leaves (6.3) were recorded from local landrace collected
from Chelba local area. Coffea Arabica collected from Kedida local was highest in leaf length (13.8) and
74110 standard checks showed the least leaf length (9.2).

Fig 2 shows that there is a great variation within Coffea Arabica landraces collected from the Yirgacheffe
district in leaf width, leaf area, and petiole length seedling characteristics. The highest leaf width (6.6) and
leaf area (88.8) were recorded on Coffea Arabica landrace collected from Gerbota 01 local and the least leaf
width (3.9) and leaf area (36.1) was observed on 74110 standard checks. The highest petiole length (0.7) was
observed on the coffee landrace collected from Haru local and the least petiole length (0.3) was recorded on
the coffee landrace collected from Buduksa local area. Fig 3 also showed us great variations within Coffea
Arabica germplasm collected from the Yirgacheffe district in stem diameter, number of nodes, and internode
length of seedling characteristics. The highest stem diameter (5.6) was recorded on the Coffea Arabica
landrace collected from Kedida local and the least stem diameter (3.5) was observed on the coffee landrace
collected from Buduksa local area. The highest node number (3) was observed on Coffea Arabica landrace
collected from Resitti local and the least node number (2) was recorded on coffee landraces collected from
Suke, Haru, Horu Betela, Wogida, Ela Tenacha, Gerise,Adame, Gerbota 02, Gerbota 01, Tulise, Wote, Koke,
Konga, Sede, Chito, Chelba, Tutiti and Udesa locals. The highest internode length (9.8) was observed on
Coffea Arabica landrace collected from Koke local and the least internode length (6.3) was recorded on
74110 standard checks.

The development of effective conservation strategies and plans for coffee breeding is only possible after
understanding the extent and the distribution of genetic variation in plant species [9]. The amount of
variation can be very different between species and between different populations of a species. This variation
is one of the central issues in population genetic studies on the genetic structure of natural populations [23].
The difference in seedling characteristics in similar environments shows that the presence of diverse Coffea
Arabica genotypes in the study area parallel to the previous study that characterized 49 coffee germplasm
accessions collected from the Limu Kossa district for morphological characters and reported the presence of
wide genetic variability [8]. Additionally, our study also agrees with the result of previous work done on the
morphological characterization of coffee landraces at the seedling stage collected from Guji zones [9]. This
opportunity could be exploited further in order to increase the genetic base of specialty coffee varieties [24].
Vegetative growth of different Coffea Arabica accessions involves significant differences in response to
different environmental conditions and this variation could be attributed due to differences in climatic and
edaphic conditions at different testing environments. This type of variation is further explained by the
presence of the G x E interaction and these interactions are fundamental for understanding how to improve
coffee production and breeding programs [25].
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Fig 1. Graphical representation of seedling height, leaf number and leaf length for Coffee landrace
accessions collected from Yirgacheffe district and two coffee variety (standard checks)
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Fig 2. Graphical representation of leaf width, leaf area and petiole length for Coffee landrace accessions
collected from Yirgacheffe district and two coffee variety (standard checks)
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Fig 3. Graphical representation of stem diameter, node number and internode length for Coffee landrace
accessions collected from Yirgacheffe district and two coffee variety (standard checks)

The diversity index (H') values range was extended from 0.429 for leaf petiole color (lowest polymorphic) up
to 1.414 for young leaf color (highly polymorphic). Comparatively, the highest diversity was found for
young leaf color (1.414) followed by leaf shape (1.067) and leaf apex shape (0.908) which might be due to
the oligogenic essence of gene action and delicate environmental interaction. Proportionately low diversity
was observed in young shoot color (0.582) and leaf petiole color (0.429). This low diversity value implicit
that the majority of the population tends to fall within the same state, signifying the likelihood of a close
association between coffee genotypes for these two traits [10].

Additionally, cluster analysis using SAS software by employing ward method clustering strategy clustered
26 coffee germplasm accessions and 2 standard checks into three clusters and revealed that great genetic
variation between coffee germplasm accessions and standard checks as shown in Fig 4. In cluster analysis, if
the classification is successful, individuals within or intra-cluster (homogenous) shall be closer, and inter-
cluster (heterogeneous) shall be farther apart [10]. Hence, most of the collected germplasm accessions were
grouped both from outsource and source area of collection, which stipulated that qualitative traits were
highly heritable and less environmentally affected. This implies that geographic diversity is not always
associated with genetic diversity [26]. Consequently, there is a possibility to develop hybrid vigor through
crossing diverged parents found in different clusters. These are more highlighted by the study which
suggested that morphological variation is more considerable than geographical origin as an indicator of
genetic diversity in coffee [27].
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Fig 4. Dendrogram showing the clusters of 26 coffee germplasm accessions and 2 standard checks

Conclusion and Recommendations

In general terms, quantitative seedling parameters like seedling height, number of paired leaves, leaf height,
leaf width, leaf area, stem diameter, number of nodes, and internode length as well as qualitative seedling
parameters like young leaf color, leaf shape, leaf apex shape, leaf petiole color and young shoot color of
coffee landrace germplasm accessions were evaluated at the WangoTumata Chiracha nursery site. Statistical
analysis of variance at P<(.05 evaluated that there were differences between and within Coffea Arabica
landrace germplasm accessions collected from the Yirgacheffe district of the Gedeo zone. In Yirgacheffe
district Chiriku local coffee collections were higher than the others in all seedling parameters. These great
variations between and within coffee seedling parameters that were collected from the Yirgacheffe district of
the Gedeo zone show that there are genetic variations that can be assessed by their morphology at the
seedling stage. Additionally, the results of this study have long-established the existence of enormous genetic
variability among the 26 Coffea Arabica landrace germplasm accessions collected from Yirgacheffe district
for most of the qualitative parameters observed. Frequency distribution analysis and diversity Index using
qualitative parameters showed the existence of genetic variability between collected coffee germplasm
accessions and standard checks. Cluster analysis of 26 collected coffee landrace germplasm accessions and
two standard checks grouped fifteen accessions into cluster-II followed by nine into cluster-I and four into
cluster-IIl. Moreover, these are crucial steps toward rational coffee germplasm accession use and
conservation, consequently exhibiting the importance of structured data collection for individual germplasm
accessions' further characterization. So the current study proved the presence of plenty of genetic differences
within Yirgacheffe district Coffea Arabica landrace germplasm accessions for various morphological
characteristics. Therefore, there is a chance to utilize these characteristics with the intention of developing
genotypes that outstrip the existing varieties for the future coffee breeding program for this particular agro-
ecology. Furthermore, based on the present result we recommend that the current findings must be further
studied by breeders using coffee germplasm accessions physiological, biochemical, and quality
characterization with the help of advanced molecular techniques which deliver great potential to ensure
efficient and effective utilization, conservation and development of new improved varieties.
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ABSTRACT

. L. . . . . ARTICLE HISTORY
Sickle cell anemia is one of a group of inherited disorders known as sickle cell Received
disecase. The Ficus sycomorus is used in Burkina Faso folk medicine for the 24 March 2025
management of sickle disease. This study was aimed at investigating the antisickling Accepted
property of methanol and aqueous extract of Ficus sycomorus. Phytochemical 28 May 2025
screening was conducted using a standard method. For the antisickling test, 2%
sodium metabisulphite was used to induce sickling in HbSS blood. Ficus sycomorus
stem extractswere added after 60 minutes of incubation. Every 30 minutes for a KEY WORDS
period of 60 minutes (0 min, 30 min, and 60 min), a drop of the prepared solution Anemia
was observed at (40 x) mg and percentage of reversion was calculated. The phytochemicals
phytochemical analysis revealed the presence of alkaloid, tannins, polyphenols and sickle cell disease
flavonoids in the extracts. In methanol extract, at 0.lmg/ml, the percentage of Ficus sycomorus

sickled red blood cells (RBCs) is 80.00+0.414 % at 0 min, 79.00+0.414 % at 30 min
and 50.000+£0.414 % at 60 min. At 0.3 mg/ml, the percentage of sickled RBCs is
75.000+0.000 % at 0 min, 49.000+0.414 % at 30 min and 19.500+0.707 %. At 0.5
mg/ml the percentage of sickled RBCs is 60.000+0.243 % at 0 min, 58.500+0.121 %
at 30 min and 40.000+£0.707 % at 60 min. while in aqueous extract, at 0.1mg/ml, the
percentage of sickled RBCs is 89.00+0.414 % at 0 min, 70.00+0.414 % at 30 min
and 64.000+0.414 %at 60 min. At 0.3 mg/ml, the percentage of sickled RBCs is
66.000+0.536 % at 0 min, 51.000+0.828 % at 30 min and 18.000+0.414 %. At 0.5
mg/ml the percentage of sickled RBCs is 44.000+0.414 % at 0 min, 30.000+0.000 %
at 30 min and 10.000+0.121 % at 60 min. extract of Ficus sycomorus have shown to
be therapeutically effective in the management of sickle cell anemia.

Introduction

Sickle cell disease (SCD) is caused by a biallelic single nucleotide substitution in the beta-globin gene resulting
in an amino acid substitution HBB(Glu7Val, formally known as Glu6Val) [1]. It affects the shape of red blood
cells, which carry oxygen to all parts of the body. Red blood cells are usually round and flexible, so they move
easily through blood vessels. In sickle cell anemia, some red blood cells are shaped like sickles or crescent
moons. These sickle cells also become rigid and sticky, which can slow or block blood flow. There's no cure for
most people with sickle cell anemia. Treatments can relieve pain and help prevent complications associated with
the disease. Red blood cells are usually round and flexible. In sickle cell anemia, some red blood cells look like
sickles used to cut wheat. These unusually shaped cells give the disease its name which is characterized by vaso-
occlusive episodes causing acute pain, as well as chronic multi organ damage, such as cerebral infarction,
retinopathy, and nephropathy[21]. In recent years, there have been significant advancements in the treatment of
sickle cell anemia. In 2023, the FDA approved two gene therapy products to treat sickle cell disease (SCD) in
patients 12 years and older, lovotibeglogene autotemcel and exagamglogene autotemcel. Patients who receive
either SCD gene therapy product took part in a long-term study to evaluate the safety and effectiveness of these
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gene therapy products [5].However, the complexity of the treatment process and high costs hinder the universal
application of ex vivo gene therapy. Therefore, the development of in vivo HSC gene therapy, where gene
therapy tools are directly administered to patient, is desirable to provide a more desirable to provide a more
accessible, cost-effective solution that can cure SCD worldwide [10].

Sickle Cell Disease (SCD) is a major health problem worldwide.. Over 300, 000 children are usually born with
hemoglobin disorders of which 83% are affected by SCD [2]. Sub-Saharan Africa is the most affected (with
about 80% of the global total) [6]. In this region, 50-80% of the affected children die before the age of five years
[9]. Somatic gene therapy will be one of the most exciting practices of genetic medicine in Africa and is primed
to offer a “new life” for persons living with sickle cell disease (SCD). Recently, successful gene therapy trials
for SCD in the USA have sparked a ray of hope within the SCD community in Africa. However, the high cost,
estimated to exceed 1.5 million USD, continues to be a major concern for many stakeholders[13]. Natural
products obtained from medicinal plants and used in traditional medicines are of great importance for the
development of modern medicine, hence this research was conducted to evaluate the antisickling potential of
Ficus sycomorus in the management of sickle cell anemia to provide alternative and affordable treatment for
patient with sickle cell anemia.

Ficus sycomorus (FS), in Oman belongs to the Moraceae family. The plant contains different groups of
biologically active compounds which are responsible for the biological activity. Ficus sycomorus have been
reported to be used by traditional medical professionals in the management of sickle cell anemia. [20]

Methodology

Plant collection and identification

The fresh stem bark samples of F. sycomorus were collected from the Kasuwan Magani of Kawo, Kaduna,
Kaduna State, the plant was then taken to botanist in biological science Department of Kaduna State University
for authentication. The voucher specimens were packaged tightly in plastic bags after authentication and then
deposited in the investigation laboratory of the Kaduna State University.

Preparation of plant sample

The Ficus sycomorus plant samples were air dried for 14 days under the shade and then uniformly powdered
using a motor and pestle, the powder was sieved and stored in a covered sample bottle.

1. Cleaning
2. Washing

t:i}'.-

3. Drying

Crushed
Powdering il
Plant materials materials
Aqueous extract
—_
=
1. Stirring
2. Concentrating =_—— /
; 3 2 Powder plant materials
Organic extract %

Storage

Extraction

Fig 1. Schematic illustrating the extraction process (Methodological schematic)

Plant extraction
For methanol extraction, 50 g of dried powdered samples were dissolved in 500 mL of 70% methanol for 48
hours. Then, the mixture was filtered under pressure and dried in a rotary evaporator under reduced pressure at
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22 °C to obtain the crude extract. The above method was applied to aqueous extraction in the process called
exhaustic extraction. The extract of F. sycomorus was stored in a tightly stoppered container of brown glass in
the refrigerator at 4 °C until required. [6, 23].with slight modification.
Preparation of the blood sample
The ethical approval for this research work was obtained from the human research ethics committee (HREC) of
barau dikko teaching hospital, Kaduna, Kaduna state, with reference number BDTH/2023/126/VOL/1 And
registration number NHREC/30/11/21A dated 24™ August, 2023. The blood samples were collected from
HbSS adult patient attending Barau Dikko Teaching Hospital by a phlebotomist, the blood samples were
centrifuged at 5000 rpm for 5 minutes. The serum from each sample was removed while the red blood cell used
for the analysis was washed thrice in normal saline. The washed erythrocytes was then used for the experiment,
Preliminary phytochemical screening
Phytochemical analysis of the partially purified extract of Ficus sycomorus was carried out using the method
described by [18] with slight modifications.
Determination of Anti- sickling properties of the Ficus sycomorus
The ability of the plant extract to reverse the sodium metabisulphite induced sickling was estimated using
sodium metabisulphite test as described by [2] with slight modifications. In this test, 2 % sodium metabisulphite
was used to induce sickling in washed erythrocytes (0.5 ml). A drop of the induced erythrocyte was placed on a
microscopic slide and a thin blood film was made which was then stained with giemsa stain and examined under
the oil immersion light microscope (1000x). The 0.1 mg/ml, 0.2 mg/ml, and 0.3 mg/ml of the methanol and
aqueous extract and fraction were tested by adding 0.5 ml to the sickled erythrocytes, and the mixture was
incubated for 60 min at 37 degrees in a water bath (Grant JB series B and T Keison international Ltd,
Chelmsford, Essex CM1, England). Samples were then taken and then smeared on microscopic slide after 0 min,
30 min, and 60 min, as earlier described by Emmanuel et al., (2025). Each sample smear was fixed with 98%
methanol, dried and stained with giemsa stain for about 45 min and each sample was examined under the oil
immersion light microscope (Herius, Kendro laboratory, Newton, USA) by focusing at x1000 the slide and
counting at least 500 red blood cells in each sample from five different fields of view across the slide, while
recording the total number of sickled and unsickled red blood cells. Positive control contained p-hydroxy
benzoic acid (5 mg/ml). The percentage of unsickled cells was determined using the formula.
% of sickling = Mean number of sickled cells X 100

Total number of red cells counted

Each slide was prepared and examined thrice and the result were expressed as mean standard deviation (+ S.D).
Results

The table below contains the result of qualitative phytochemical analysis of methanol and aqueous extracts, all
the phytochemicals tested are present in methanol extract while in aqueous extract saponins, steroids and
glycosides are absent.
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Table 1. Qualitative analysis result of Ficus sycomrus

S/N.  Phytochemicals Methanolic extract Aqueous extract

1. Saponins present absent
2. Tannins present present
3. Flavonoids present present
4. Phenols present present
5. Alkaloids present present
6. Anthraquinones present present
7. Steroids/tarpenoids present absent
8. Cardiac glycosides present absent

The table below is a result of quantitative phytochemical analysis Methanol extract and aqueous extract of Stem
bark extract of Ficus sycomorus;. flavonoids, saponins and phenols are higher in methonol extract while
alkaloids and tannins are higher in aqueous extract.

Table 2. The Total Phytochemical Contents (TPC) In Each Extract

S/N PHYTOCHEMICALS M (mg/G of extract) A (mg/G of extract)
1 Phenols 2470 £0.73 14.17+0.87

2 Flavonoids 501.30 £ 0.01 245.80+0.77

3 Tannins 17.92 £0.67 19.18 £ 0.99

4. Saponins 108.72 £ 0.54 1.12+0.54

5. Alkaloids 153.30 = 0.65 390.95+0.74

M: Methanol extract of Ficus sycomorus, A: Aqueous extract of Ficus sycomorus

Table 3 shows the result for the antisickling study, normal saline is the negative control which shows increase in
percentage of sickling with increase in time, PABA is the positive control which shows reversal of sickling with
increase in time, the extract shown reversal activity compared to the positive control at different concentrations.

Table 3. Antisickling activity (%) of methanol extracts F. sycomorus on 2% sodium metabisulphite induced
sickled red blood cells

Sample Concentrations 0 mins (%) 30 mins (%) 60 min (%)

N 1 mg/ml 20.00 + 0.00? 45.00 = 0.00* 95.00 = 0.004
P 1 mg/ml 60.00 + 0.00° 47.00 = 0.00* 15.00 £0.11*
A 0.1 mg/ml 80.00 = 0.41¢ 79.00 + 0.44¢ 50.00 + 0.14°
B 0.3 mg/ml 75.00 = 0.00° 69.00 £0.41° 50.50 £ 0.71°
C 0.5 mg/ml 60.00 +0.24° 58.50 +0.12° 40.00 + 0.77¢

N= normal saline (negative) control, P= PABA (positive) control, A, B and C= Sample. Values are Mean = SEM for 3 determinations.
Values with different superscripts down the column are statistically different at p <0.05

Table 4 shows the antisickling study results, normal saline is the negative control and PABA is the positive

control, the extract at higher concentration (0.5 mg/ml) at 60 min shows activity higher than that of the PABA
with only 10% sickling.
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Table 4. Antisickling activity (%) of aqueous extract F. sycomorus on 2% sodium metabisulphite induced
sickled red blood cells

Sample Concentrations 0 mins (%) 30 mins (%) 60 min (%)

N 1 mg/ml 20.00 + 0.00? 45.000 + 0.00° 95.00 = 0.009
P 1 mg/ml 60.00 + 0.004 47.00 + 0.00° 15.50 +0.12°
A 0.1 mg/ml 89.00 + 0.41° 70.00 + 0.41¢ 64.00 + 0.41°
B 0.3 mg/ml 66.00 + 0.53¢ 51.00+ 0.82° 18.00 + 0.41°
C 0.5 mg/ml 44.00 £ 0.41° 30.00 £ 0.00° 10.00 + 0.12°

N= normal saline (negative) control, P= PABA (positive) control A, B and C= Sample. Values are Mean + SEM for 3
determinations. Values with different superscript down the coloum are statistically different at p < 0.05

Discussion

The result of phytochemical screening in studied stem extracts of Ficus sycomorus revealed the presence of
flavonoids, alkaloids, tannins, saponins and phenols (Table 1). The results revealed that the stem bark methanol
extract of Ficus sycomorus is packed with varying levels of polyphenols compounds such as flavonoids, tannins,
saponins, and phenols, Saponins and steroids were not detected in the aqueous extract of Ficus sycomorus,
However, the two extracts contained flavonoids and alkaloids in high concentration (Table 2) which indicate
solvent-based weakness. Several bodies of evidence have shown that these biofunctional ingredients decide
diverse pharmacological effects which may range from antioxidant (22). The presence of this secondary
metabolites contributes to the potential therapeutic effect of ficus sycomorus in antisickling activity by
promoting tissue regeneration, decreased the permeability of blood capillaries and strengthen their resistance to
hemolysis. Also their antioxidants activities have been demonstrated [3] and the anti-inflammatory property,
anti-inflammatory properties can help in reducing the severity of sickle cell disease by mitigating the harmful
effects of inflammation. Which is a major contributor to the disease’s complications. Inflammation can
exacerbate sickling, promote vaso-occlusion (blockage of blood vessels), and damage tissues, leading to pain
and organ damage. By reducing inflammation, anti-inflammatory agents can potentially improve blood flow,
reduce pain, and protect against long-term complications of sickle cell disease [17].
The medicinal plant value of plants have gained high relevance in the past decades and now medicinal plants are
greatly searched (22). This is a result of many reasons such as the several beneficial offers that is enjoyed which
includes minimal clinical risks, affordable nature of plant synthesized drugs, and the existence of limited and
poor modern health facilities as well as poverty (22). Plants produce a very diverse group of secondary
metabolites which have lifesaving and therapeutic properties. Nearly 70% of the world population most
especially in the developing countries relies mostly on traditional medicine therapies as their basic way of health
care. Even presently, rural population still considers herbal medicines as the most preferred therapeutic source.
In recent years, plants constituent previously with unknown pharmaceuticals activities have been extensively
studied as medicinal agents. This component differs from plant to plant and example includes Anthraquinones,
flavonoids, glycosides, tannins, Saponins, phenols, steroids, etc (12).
Oxidative stress is one of the triggers of various degenerative diseases and metabolic syndrome. Antioxidants are
compounds that exhibit the activities of neutralizing and scavenging radical molecules, which induce the process
of oxidative reaction in the body. An important role is being played by the radical molecule in governing the
various biological processes which are necessary for the body. This shows that free radicals are necessary but at
the same time harmful to the body. Polyphenols, carotenoids, and traditional antioxidant vitamins such as
vitamin C and E may all contribute to the total antioxidant activity of plant materials. Several studies
demonstrated that phenolic compound are the most beneficial bioactive phytochemicals for human health. In
fact, some studies have demonstrated a correlation between total phenolic content and antioxidant activity in a
variety of seeds, fruits, and vegetables (22).
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However, naturally occurring compounds having antisickling properties are rich in aromatic amino acids,
phenolic compounds, flavonoids and antioxidant nutrient and are known to display antisickling activities either
by inducing HbF (fetal hemoglobin) production, by increasing the delay time required for HbS (abnormal
hemoglobin) polymerization or by affecting RBCs membrane leading to low amounts of intracellular Hb
(hemoglobin) concentration and thereby inhibiting polymerization [7].

Several studies have reported antioxidant molecules as potent inhibitors of HbS polymerization and increase in
the oxidant status of sickled RBCs [19, 7, 15]. The higher the levels of the of the antioxidants in the plants
extracts, the higher is the possibility of them displaying antisickling properties that might be due to reduction in
oxidative stress, enhanced membrane stabilizing capabilities or by donation of the free electron to the iron
molecule of hemoglobin [4]. The flavonoid, alkaloid and other active compounds present in ficus sycomorus
can serve as antioxidant by scavenging free radical by transferring electron to ROS to neutralize their effect by
converting them into less harmful substances [7]. The use of ficus sycomorus by the traditional healers is
justified due to the evidence of high level of antioxidants substances like flavonoids and alkaloids presence in
both methanol and aqueous extract observed in our current study. Similar result were observed in a recent study,
where the Methanolic extract displayed significant antioxidant activities that correlated with high concentrations
of total flavonoids and phenolic contents [14]. The flavonoids are high in methanol extract of Ficus sycomorus
(501.30 mgQE/g of extract). Hence, the highest activity were observed in methanol extract of Ficus sycomorus
in this study.

During antisickling studies, methanol extract of Ficus sycomorus show the highest antisickling activity due to
the high flavonoids contents by reversing the sickled red blood cells into the biconcave shape (normal shape).
Flavonoid is having high antioxidants activity which contribute to its antisickling properties [7] and it is polar in
nature [8].

The aqueous extract also shows antisickling activity when compared to the positive control (para amino benzoic
acid). from (Table 3), the aqueous extract at different concentration shown antisickling potential, the activity of
aqueous stem bark extract of Ficus sycomorus when compared with the positive result is increasing with the
increase in concentration, which also indicate dosage-dependent as well as time-dependent.

The reversing rate in both extract is dosage-dependent, the highest activity was shown at the highest
concentration of the extract, and also time-dependent, the highest activity was observed at 60 min.

Conclusion

This study shows that both methanol and aqueous extract of Ficus sycomorus contains secondary metabolites
like flavonoids and alkaloids that makes the plant therapeutically effective in the management of sickle cell
anemia.

Recomendations

It is recommended that toxicity testing and in vivo study should also be made on this plant. The bioactive
compound in Ficus sycomorus responsible for the antisickling activity should be isolated for the possibility of
developing a drug.
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Farkh Renklerde LED Isiklarmin Turp Mikro Filizlerinde Vejetatif Biiyiime
Uzerine Etkisinin Incelenmesi

Ibrahim Ozkan!"“ , Seda Atasoy!"" , Fatih Ipek'"" , Melek Nur Ozdemir! "~ , Ahmet
Balkaya?

7D | . o MAKALE GECMisi
Son yillarda birgok farkli bitki tiirii ve c¢esitte mikro filiz ticari dretimi hizla Gelis

yayginlasmaktadir. Bu arastirmada, mikro filiz {iretiminde yaygin kullanilan turp 21 Nisan 2025

bitkisinde, farkl tiriin segmentlerinde (kirmizi, beyaz ve siyah) farkli renklerde LED Kabul

151k spektrumlarinin  vejetatif biiyiime {izerindeki etkisinin kantitatif analizlerle 20 Mayis 2025

incelenmesi amaglanmistir. Calismada, farkli LED 1sik renklerinin (beyaz, mavi,

kirmizi ve mor) turp mikro filizlerinin biyokiitlesi, hipokotil boyu, ¢ap1 ve renklenme ANAHTAR KELIMELER
gibi morfolojik o6zellikleri iizerindeki etkileri degerlendirilmistir. Aragtirma Raphanus sativus L.
sonuglarina gore kirmizi 11k, hipokotil boyu agisindan en fazla biiylimeyi saglamistir. turp

Kirmizi 1g1kta 6lgiilen hipokotil boyu, beyaz 1s18a gore %60, mavi 1518a gore %50 ve mikro filiz

mor 1518a gore %40 daha uzun olmustur. En yiiksek hipokotil boyu, 10.51 cm ile LED

kirmizi 1sikta Olgiilmiistiir. Hipokotil ¢apir yoniinden en yiliksek deger mor 1sikta
belirlenmistir. Biyokiitle analiz sonuglarma gore, beyaz 151k bitkilerin biyokiitlesini
artirmada en etkili 151k kaynagi olmustur. Beyaz 1sikta beyaz turplarin kuru agirlhigi
0.54 g olarak belirlenirken, bu deger sirasiyla kirmizi 1gikta 0.49 g, mavi 1s1ikta 0.42 g
ve mor 1sikta 0.37 g olarak olglilmiistiir. Sonug olarak, kirmizi 151 hipokotil boyu
ve biyokiitle artis1 agisindan en yiiksek etkiye sahip oldugu, mor 15181n ise hipokotil
capmi en ¢ok artiran 151k kaynagi oldugu belirlenmistir. Beyaz 151k ise biyokiitle
artisini en ¢ok tesvik eden spektrum olarak saptanmistir. Bu bulgular, LED 1siklarinin
turp mikro filiz iretiminde verimli kullanimina yonelik énemli bilgiler sunmaktadir.

kantitatif

Investigation of the Effect of Different Colors of LED Light on Vegetative Growth in Radish
Micro Sprouts
ABSTRACT

In recent years, the commercial production of various plant species and microgreen ARTICLE HISTORY

varieties has rapidly expanded. This study aimed to investigate the effects of glefétﬁdzozs
different LED light spectra on the vegetative growth of radish microgreens, a Accepted
commonly used species in microgreen production, across different color segments 20 May 2025

(red, white, and black). The influence of LED light colors (white, blue, red, and

purple) on morphological characteristics such as biomass, hypocotyl length, KEY WORDS
diameter, and coloration were quantitatively analyzed. Results showed that red Raphanus sativus L.
light promoted the greatest hypocotyl elongation, with measurements 60% longer radish

than under white light, 50% longer than under blue light, and 40% longer than microgreens

under purple light. The highest hypocotyl length was recorded under red light at LED

10.51 cm. Hypocotyl diameter was greatest under purple light. Biomass analysis quantitative

revealed that white light was the most effective spectrum in promoting plant
biomass. For example, the dry weight of white radishes under white light was 0.54
g, followed by 0.49 g under red light, 0.42 g under blue light, and 0.37 g under
purple light. In conclusion, red light had the strongest effect on hypocotyl
elongation, while purple light was most effective in increasing diameter. White
light, on the other hand, was most efficient in promoting overall biomass
accumulation. These findings offer valuable insights for optimizing LED light use
in the production of radish microgreens, contributing to more efficient and targeted
growing strategies in controlled environments.

! Ondokuz May1s Universitesi, Lisansiistii Egitim Enstitiisii, Bahge Bitkileri ABD, Samsun / Tiirkiye
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Giris

Giiniimiizde mikro filizler, siirdiiriilebilir gida sistemlerinin g¢esitlendirilmesi, insan sagliginin korunmasi ve
hizla artan kent niifusunun taze, kiigiik olgekli sebzelere erisiminin saglanmasi agisindan 6nemli bir
potansiyele sahip islevsel gida kaynaklar1 olarak degerlendirilmektedir [1]. Mikro filizler, yiiksek oranda
mineral maddeler, vitaminler, lif ve fenolik bilesikler igcermeleri nedeniyle fonksiyonel gidalar arasinda
siniflandirilmakta olup [2], bagisiklik sistemini giiclendirme, destekleme ve hastaliklara karsi koruma gibi
saglik acisindan Onemli faydalar sunmaktadir [3,4]. Mikro filizler, tohum embriyosundaki kotiledon
yapraklarmin gelisimini tamamlamasinin ardindan hasat edilen ve bazen bir adet ger¢ek yaprak
olusturduktan sonra tiiketilen bitkisel {irlinler olarak tanimlanmaktadir [5]. Mikro filizler, farkli Tiirkge
kaynaklarda “mikro yesillikler”, “bebek yesillikleri” veya “mikro sebzeler” olarak adlandirilmaktadir [6].
Mikro filizlerin biliylime dongiisii, yetistirme uygulamalarina gore 7 ila 28 giin arasinda degisebilmektedir.
Topraksiz yetistirme ortami ve 1sik gereksinimi bulunmaktadir. Kimyasal kullanimi gerektirmese de
yetistirme ortamina bagl olarak az miktarda besin ihtiyaci duyulabilmektedir. Hasat, yetistirme ortamu ile
hipokotil baslangici arasindan kesilerek yapilmaktadir [7]. Kiiresel mikro filiz pazarinda en ¢ok tiiketilen
sebze tiirleri arasinda brokoli, lahana, karnabahar, roka, bezelye, turp, feslegen ve havug bulunmakta; ayrica
pancar, i1spanak, sogan, pirasa, kereviz, maydanoz, marul ve salgam gibi sebzeler de mikro filiz olarak
degerlendirilmektedir [1].

Mikro filizlerin gida olarak kullanimi, Uzak Dogu orijinlidir. Asya iilkelerinde uzun yillardir terapotik ve
saglik amacl olarak kullanilan mikro filizler, Bat1 iilkelerinde ise daha yakin bir dénemde taninmaya
baglanmistir [8]. Amerika Birlesik Devletleri’nde 1980°1i yillardan itibaren mikro filizler iretilmeye
baglanmis; yogun aromatik tatlari, ¢itir dokular1 ve canli renkleri nedeniyle salatalar, sandvigler ve ¢orbalar
gibi gidalarda kullanimi yayginlagmistir [9]. Mikro filizlerin ticari tiretimi, ilk kez 1990’larin ikinci yarisinda
Kaliforniya'nin giiney kesiminde gerceklestirilmistir [7]. 2000’li yillardan itibaren, sagligi destekleyici
fonksiyonel gidalara olan ilginin artmasiyla birlikte mikro filizlerin iiretim ve tiiketiminde de belirgin bir
artis gézlemlenmistir [10].

Gilinlimiizde, ¢esitli bitki tiirlerine ait ¢imlendirilmis tohumlar ve mikro filizlerin ticari iiretimi giderek
yayginlagmaktadir. 2022 yilinda kiiresel mikro filiz pazarinin yaklagik 1.8 milyar dolarlik bir degere ulastigi
belirtilmektedir. Pazar analizlerine gore, bu rakamin 2031 yilina kadar 2.6 milyar dolara c¢ikmasi
beklenmektedir [11]. Organik sebze ve fonksiyonel gidalara olan ilginin artmasiyla birlikte, en hizli bitylime
gOsteren ticari pazar Asya-Pasifik bolgesi olmustur. Cin ve Japonya, bu pazarda tiretim ve tiiketim agisindan
en bliylik paya sahip iilkeler arasindadir. Tiirkiye’de ise ¢imlendirilmis tohum ve mikro filiz pazari heniiz
tam anlamiyla gelismemistir. Tiirkiye Istatistik Kurumu (TUIK) tarafindan bu iiriinlerin ticari iiretimi ve
tiketimine yonelik resmi bir veri bulunmamaktadir. Ancak, bazi iireticiler 6zellikle biiyilk market
zincirlerinde ve biyiikk schirlerde mikro filizleri satisa sunmakta, ayrica internet {izerinden de
pazarlamaktadir [1]. Ulkemizde ¢imlendirilmis tohumlar ve mikro filizlerle ilgili bilimsel calismalar ise
oldukga sinirli sayidadir [12,13].

Isik, fotosentezde karbon fiksasyonu i¢in gerekli enerjiyi saglayan ve bitki biiyliimesi, morfolojisi gibi birgok
fizyolojik siireci diizenleyen temel ¢evresel faktorlerden biridir. Isik yogunlugu ve kalitesi, fotosentez hizim
belirlemenin yani sira, bitkilerdeki organik bilesenlerin miktarini ve kalitesini de sekillendirmektedir. Ayrica,
sekonder bilesiklerin iiretimi iizerinde de 6nemli bir rol oynamaktadir [14,15]. Brassicaceae (Lahanagiller)
familyasina ait mikro filizlerde LED 1s181nin karotenoid igerigine etkisini inceleyen bir arastirmada, kirmiz
pak choi ve tatsoi tiirlerinin biiylime silirecinde LED 1s1gmin spektral dalga boyu ve 1simim seviyeleri
degerlendirilmistir [14]. Calismada, yesil 15181n karoten birikimini artirdigi, turuncu 1s18in ise olumsuz bir
etkiye sahip oldugu belirlenmistir. Baska bir arastirmada ise brokoli, Briiksel lahanasi, soya fasulyesi ve iran
ticgiilii tohumlari, mikro filiz olarak tiikketilmek iizere tamamen 1s1kli, 12 saat 151k + 12 saat karanlik ve
tamamen karanlik kosullarda, 20 + 1°C sicaklikta 5 giin boyunca ¢imlendirilmistir. Isiga maruz birakilan
filizlerin protein, seker ve C vitamini igeriginin, karanlikta yetistirilenlere kiyasla daha yiiksek oldugu tespit
edilmistir [12].

LED 151k uygulamalarimin mikro filizlerin besin degeri ve fitokimyasal bilesimi iizerinde 6nemli etkileri
oldugu bilinmektedir. Karaagag¢ ve ark. [16] tarafindan yiiriitilen “Baz1 Yerel Cesitlere Ait Tohumlarin
Mikro Filiz Olarak Uretim Potansiyellerinin Ortaya Konulmasi, Yetistirme Kosullarinin Optimizasyonu ve
Fonksiyonel Besin Iceriklerinin Belirlenmesi” baslikli projede, farkli 1s1k tiplerinin, uygulama siirelerinin ve
sicaklik kosullarinin yerel gesitlerde mikro filiz {iretimi ve besin kalitesi tizerindeki etkileri arastirilmistir.
Caligma sonucunda, mikro filizlerde optimal hipokotil uzunlugunun mavi ve mavi + kirmizi LED 1g1k
uygulamalariyla saglandig1 belirlenmistir. Demir ve ark. [17] ise LED 1siklarin brokoli, lahana ve turp mikro
filizlerinin biiylime siireci, besin icerigi ve glukozinolat bilesenleri iizerindeki etkisini incelemis; LED 151k
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kaynaklarinin ve dalga boylarinin bitki tiirli, ¢esidi, biiylime evresi ve gevresel faktorlere bagli olarak farkli
sonucglar ortaya koydugunu bildirmistir. LED 1s1k spektrumlarinin mikro filizlerin gelisimi ve besleyici
ozellikleri iizerindeki etkisinin tiir ve ¢esit bazinda degiskenlik gdsterdigi tespit edilmistir. Bu aragtirmada,
mikro filiz iiretiminde yaygin kullanilan turp bitkisinde, farkli iiriin segmentlerinde (kirmizi, beyaz ve siyah)
farkli renklerde LED 1sik spektrumlarmin vejetatif biiylime iizerindeki etkilerinin belirlenmesi
amagclanmustir.

Materyal ve Metot

Arastirmada turp mikro filiz yetistirme c¢alismalari, Samsun Tohum Sertifikasyon ve Test Miidiirliigii
¢imlendirme laboratuvarinda; vejetatif biiyiime analizleri ise Ondokuz Mayis Universitesi Ziraat Fakiiltesi
Bahge Bitkileri Boliimii Fizyoloji Laboratuvari’nda gerceklestirilmistir. Genetik materyal olarak denemede,
farkli tohum firmalarindan temin edilen kirmizi (Ovit-Tarmen Tohumculuk), beyaz (BT Burbeyaz - Bursa
Tohum) ve siyah turp (BT Bursiyah - Bursa Tohum) {iriin segmentlerine ait ¢esitler kullanilmistir.

Deneme kurulumundan once, kullanilacak yetistirme kaplarina (21x15x8 cm) ekilecek turp tohum miktarim
tespit etmek amaciyla her bir cesit icin ISTA kurallarina uygun olarak kagit aras1 yontemiyle (20°C’de 10
giin siireyle) 400 tohumda (100 tohum x 4 tekerriir) ¢imlendirme testi yapilmistir [18]. Deneme dncesinde,
tohumlarin baslangi¢ canliligini belirlemek amaciyla yapilan 6n denemede, ii¢ turp ¢esidinin tohum
cimlenme oranlarinin %90’nin {izerinde oldugu tespit edilmistir. Buna gore, 21x15x8 cm oOlgiilerindeki
yetistirme kaplarina 5 g tohumun yeterli oldugu belirlenmistir [16].

Mikro filiz iiretimi i¢in en yaygin kullanilan yetistirme ortamlari, ticari liretimde torf, perlit ve vermikiilit
gibi materyallerdir [7]. Denemede, bitki yetistirme ortami olarak 2 birim torf ve 1 birim perlit karigim
hazirlanmis ve her kap icin 1 litre yetistirme ortami kullanilmistir. Her bir yetistirme ortamina tohumlar,
hassas terazide tartilarak esit bir sekilde dagitilmis ve tohum ekimleri gerceklestirilmistir. Her bir yetistirme
kabr1 ayni esit oranda sulanmistir.

Arastirmada mikro filiz yetistiriciliginde, yapay 1siklandirma i¢in 4 farkli renk (beyaz, mavi, kirmiz1 ve mor)
LED lambalarin kullanildigi i1siklandirma sistemi kullanilmistir (Sekil 1). Isik siddetini stabil hale
getirebilmek igin yetistirme ortam1 paravanlarla izole edilmistir. Deneme, faktoriyel deneme desenine gore 3
tekerriirlii olarak tekerriirde cm?’de 3 bitki olacak sekilde kurulmustur. Yetistirme ortamina ekilen turp mikro
filizleri, 20°C sabit sicaklik ve 4 farkli LED 1sikta 10 giin siireyle bilyiitiilmiistiir. Yetistirme ortaminin
yiizeyindeki 1s1k siddeti, 1s1kdlger (Apogee MQ-620) kullanilarak 120 pmol m2s™! olarak ayarlanmistir
(Sekil 1).

Beyaz isik

Sekil 1 Denemenin yiiriitiildiigii turp mikro filiz yetistirme ortaminin goriiniimii
Fig 1 The cultivation environment of radish microgreens where the experiment was conducted

Mikro filizler, ilk gercek yapragin ortaya ¢ikmasi asamasinda, ortam ylizeyinin 1-2 cm yukarisindan makas
yardimiyla hasat edilmis [1] ve agagida belirtilen 6zellikler incelenmistir.

Hipokotil boyu (cm): Hasat Oncesi, milimetrik hassasiyetle bir cetvel yardimiyla hipokotil uzunluklar
Olglilmiistiir.
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Hipokotil ¢capr (mm): Yetistirme ortammin 1 cm {izerinden dijital kumpas yardimiyla o6l¢iim
gergeklestirilmistir.

Yaprak Rengi: Yapraklarin renk ozellikleri, dijital renk analiz cihazi (kromametre) kullanilarak L, a, b, hue
ve kroma degerleri {izerinden belirlenmistir. Renklerin saptanmasi ve farklilik diizeylerinin 6l¢iim cihazlar
araciligiyla ifade edilmesi amaciyla, Uluslararasi Aydinlatma Komisyonu (CIE — International Commission
on Illumination) tarafindan gelistirilen ve “1976 CIE L*, a*, b*” ya da “CIE L a b ii¢ eksenli dl¢iim
yontemi” olarak adlandirilan teknik yaygin olarak tercih edilmektedir. Bu yontemde, kromametre adi verilen
dijital renk o6l¢iim cihazlari ile numuneler iizerinden yapilan analizler sonucunda sayisal veriler elde
edilmektedir. L* 151k yansitma oranini, a* degeri kirmizi tonlarini, -a* yesil tonlarini, b* sar1 tonlarmni, -b*
ise mavi tonlarin1 géstermektedir [19]. CIE L a b renk sisteminde, a* ve b* eksenleri birbirine dik konumda
yer almaktadir. L* ekseni ise agiklik-karanlik derecesini belirler ve a*-b* eksenlerinin olusturdugu diizleme
dik bir dogrultuda ilerler. Renk tonunun degisimini belirleyen a¢1 “h” (hue) olarak adlandirilir ve h = 0°
kirmizi, h = 90° sar1, h = 270° ise mavi renk tonunu ifade etmektedir. Belirli bir parlaklik seviyesinde (L*
degeri) rengin doygunlugu, C* degeri (kroma) ile gosterilir. Bu yontemde renkler, L*, a*, b* koordinatlariyla
veya L*, C* ve h degerleri kullanilarak tanimlanmaktadir. L* degeri, siyah ile beyaz arasindaki parlaklik
seviyesini belirleyerek 0°dan 100’e kadar degisen sayisal degerlerle ifade edilmektedir [20,21].

Toplam bitki yas agirligt (g)/yetistirme kapi: Yetistirme kaplarindan (21x15x8 cm) hasat edilen mikro
filizler, hassas terazi ile tartilmis ve yas agirliklar1 0.1 g hassasiyetiyle belirlenmistir [22].

Toplam Bitki Kuru Agiwrlhigi (g): Bitkinin ist aksam kisimlari, ayri ayri kese kagitlarina yerlestirilerek
60°C’deki etiivde 72 saat boyunca kurutulmustur. Kurutma isleminin ardindan, hassas terazi (0.001 g)
kullanilarak kuru agirliklar belirlenmistir [23].

Denemeden elde edilen veriler SPSS istatistik programinda analiz edilmistir. Faktorler arasindaki farkliliklari
belirlemek igin iki yonlii varyans analizi (ANOVA) uygulanmis ve gruplar arasindaki farklar Duncan’in
coklu karsilagtirma testi ile %5 6nem seviyesinde (p<0.05) degerlendirilmistir.

Bulgular ve Tartisma

Hipokotil boyu iizerine 151k spektrumunun etkisi

Turp mikro filizlerinde dlgiilen hipokotil boylarinda, farkli LED 151k renklerinin istatistiksel olarak dnemli
diizeyde etkili oldugu tespit edilmistir (Tablo 1). Mor (6.08 cm), beyaz (6.26 cm) ve mavi (6.91 cm) LED
151k altinda tiim ¢esitlerde hipokotil boylar istatistiksel olarak ayni grupta yer almistir. Buna karsilik, kirmizi
151k altinda yetistirilen turp gesitlerinde ortalama hipokotil boyu 10,51 cm’ye ulagmistir. Kirmizi 1g181n, diger
151k spektrumlarina kiyasla hipokotil boyunu yaklasik %60 oraninda artirdigi bulunmustur. Turp mikro
filizlerinde hipokotil boyunun uzun olmasi, hem verimi artirmasi hem de gorsel olarak albenisinin yiliksek
olmasi nedeniyle arzu edilen bir &zelliktir [1]. Ancak, mikro filiz iiretiminde yetistirme sikliginin ve 1s1k-
sicaklik kosullarinin optimum degerlere ayarlanamamasi durumunda, hipokotilin asir1 uzamasi ve yere dogru
kivrilmasi ve yatmasi gibi olumsuz sonuglar ortaya ¢ikabilmektedir.

Arastirmada farkli 151k kosullari altinda turp cesitleri arasindaki etkilesim incelendiginde, gesitlere gore
hipokotil boylarinin 151k tiirlerine bagli olarak onemli diizeyde belirgin bir farklilik gostermedigi
belirlenmistir (Tablo 1). Bu bulgular, Brazaityte ve ark. [14] tarafindan yapilan bir ¢alisma ile uyumludur.
S6z konusu ¢aligmada, kirmizi 15181n hipokotil uzamasini 6nemli 6l¢iide artirdigi, mavi 15181n ise daha kisa
ve kompakt bitki yapisi olusturdugu belirtilmistir. Ayrica, Samuoliene ve ark. [24] tarafindan yapilan diger
bir aragtirmada, kirmizi 15181n fotomorfogenezi (1s1k etkisiyle bitkilerin morfolojik gelisim siirecleri)
uyararak hipokotil uzamasini tesvik ettigi, mavi 1518in ise bu etkiyi baskiladigi bildirilmistir. Bu sonuglar,
kirmizi 1s181n mikro filizlerde hipokotil boyunu artirmada etkili oldugunu desteklemektedir. Benzer sekilde,
Zhang ve ark. [25] tarafindan yapilan diger bir calismada, farkli 151k spektrumlarimin (kirmizi, mavi, beyaz)
farkli bitki tiirlerinde mikro filizlerin biiyiime parametreleri tizerindeki etkileri incelenmis ve kirmizi 15181n
hipokotil uzamasini 6nemli 6l¢iide artirdigi, mavi 1518in ise daha kisa ve yogun bitki yapisi olusturdugu
belirtilmistir. Bu bulgular, kirmizi 1518 hipokotil boyu iizerindeki etkisini dogrulamaktadir.

Tablo 1 Farkl: turp segmentlerinde hipokotil boyu (cm) iizerine 151k spektrumunun etkisi
Table 1 Effect of light spectrum on the hypocotyl length (cm) of different radish segments

Segment Cesitler Mor Isik Kirmizi Isik Mavi Isik Beyaz Isik Ortalama
Siyah BT Bursiyah 6.08 10.89 6.38 6.26 7.40
Beyaz BT Burbeyaz 5.80 9.41 7.54 7.19 7.49
Kirmizi Ovit 6.37 11.22 6.79 7.01 7.85
Ortalama 6.08 b 10.51 a 691D 6.82b

* Ayni satir ve siitunda farklr harf tagiyan ortalamalar, %5 dnem diizeyinde istatistiksel olarak farklidir (p<0.05).
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Hipokotil cap1 iizerine 151k spektrumunun etkisi

Arastirmada {i¢ farkli turp {iriin grubunda (siyah, beyaz ve kirmuzi) cesitler arasinda hipokotil ¢api
bakimindan yapilan degerlendirmede, en iyi sonuglarin mor 1sik altinda yetistirilen siyah turp cesitinde
oldugu tespit edilmistir (Tablo 2). Mor 15181n, diger 151k kaynaklarina kiyasla siyah turpta daha giiclii bir
hipokotil capt olusumunu tesvik ettigi belirlenmistir. Aragtirma sonucunda elde edilen bu bulgu, mor 15181n
bitkilerde hiicre duvar1 genislemesini tesvik ederek biiyiimeyi ve kiitle iiretimini artirdigini gosteren sonuclar
ortaya koymaktadir [26]. Ayrica, mor 1518 etkisinin 6zellikle yiiksek pigmentasyona sahip turp iiriin
segmentlerinde (Ornegin siyah turpta) daha belirgin oldugu ve bu durumun hipokotil ¢apinin artmasinda
etkili olabilecegi bildirilmektedir [24,27].

Aragtirmada {i¢ farkli segmente ait turp cesitleri iizerinde gercgeklestirilen iki yonlii varyans analizi, 151k
kaynagi ile hipokotil ¢apr arasindaki etkilesimi incelemistir. Analiz sonuglari, 151k kaynagi ile turp gesitleri
arasinda hipokotil cap1 bakimindan istatistiksel olarak anlamli bir etkilesim olmadigini ortaya koymustur. Bu
sonug, hipokotil ¢apinin 151k tiirline bagli olarak belirgin bir degisim gostermedigini ortaya koymustur (Tablo
2). Elde edilen bulgular, mikro filizlerin biiylimesi {izerinde 151k spektrumunun etkisinin gesitlere gore
degiskenlik gosterebilecegini ortaya koyan calismalarla benzerlik gostermistir [28,29]. Yine benzer sekilde
Garegnani ve ark. [30], 151k kaynaginin bitkilerin biiyiime parametreleri iizerinde belirgin bir degisiklik
olusturmadigini, ancak genetik ¢esitliligin dnemli bir belirleyici etkisinin oldugunu vurgulamistir.

Tablo 2 Farkli turp segmentlerinde 151k spektrumunun hipokotil ¢ap1 (mm) {izerine etkisi
Table 2 Effect of light spectrum on hypocotyl diameter (mm) in different radish segments

Segment Cesitler Mor Isik Kirmizi Isik Mavi Isik Beyaz Isik Ortalama
Siyah BT Bursiyah 1.27 a 1.15 ab 1.14 ab 0.96 ¢ 1.13
Beyaz BT Burbeyaz 1.10b 1.13b 1.05 be 1.09b 1.09

Kirmizi Ovit 1.07 be 1.08 bc 1.15 ab 1.10b 1.10

Ortalama 1.15 1.12 1.11 1.052

Turp mikro filizlerinde dijital renk 6l¢iim degerleri iizerine 151k spektrumunun etkisi

Aragtirma sonuglar1, farkli 151k kaynaklarmin turp segmentlerinde mikro filizlerde dijital renk degerleri
iizerinde belirgin degisikliklere neden oldugunu ortaya koymustur. Isik spektrumunun bitkilerin renk
gelisimi tizerindeki etkisi, L (aydinlik/aciklik), a (kirmizi-yesil ekseni), b (sari-mavi ekseni), Hue (renk tonu)
ve Chroma (renk doygunlugu) degerleri ile ayrintili olarak asagida incelenmistir (Tablo 3).

L degeri (aydinlik/aciklik)

Caligmada genel olarak, 151k kaynaklar1 arasinda en yiiksek L degerinin mor 151k (46.07) altinda ortaya ¢iktig1
gbzlemlenmistir. Bu sonug, mor 1s181n mikro filizlerde daha agik renk tonlarinin gelismesine neden oldugunu
gostermistir (Tablo 3). Kirmizi 151k altinda, en diisiik L degeri (42.07) kaydedilmistir, bu sonug bitkilerde
daha koyu renklerin olustugunu ortaya koymustur.

Aragtirmada turp tirlin gruplarina ait ¢esitler birlikte karsilastirma yapildiginda, beyaz turp cesiti (46.75) ve
kirmiz1 turp gesiti  (45.03) benzer L degerlerine sahipken, siyah turp gesiti (41.03) ise en diisiik degeri
gostermistir (Tablo 3). Bu bulgular, Zha ve Liu [31] tarafindan yapilan bir ¢aligma ile uyum gdstermistir. Bu
literatiirde kirmizi ve mavi LED kombinasyonlarinin bitkilerde agiklik degerlerini artirdig: ifade edilmistir.

a degeri (kirmuizi-yesil ekseni)

Dijital renk Ol¢imii sonucunda negatif a degerleri, turplarin genel olarak yesil tonlarinin baskin oldugunu
gostermektedir. Siyah turp (-6.83) en diisiik negatif a degerine sahipken, beyaz turp (-13.06) ve kirmizi turp
(-10.76) mikro filizlerinin ise daha yiiksek negatif degerlerde oldugu bulunmustur (Tablo 3). Arastirma
sonuglari, beyaz ve kirmizi turplarin daha belirgin yesil tonlara sahip oldugunu ortaya koymaktadir.

Turp mikro filizlerinde a degeri sonuglari, 151k kaynagi agisindan incelendiginde, mor 151k (-12.13) ve beyaz
151k (-10.51) en yiiksek negatif a degerlerini gostermistir (Tablo 3), bu da yesil tonlarin daha belirgin hale
geldigini gostermistir. Kong ve Zheng [32]’in yaptig1 arastirmada mavi 15181n yesil tonlar artirdigini, kirmizi
151211 ise bu etkiyi azalttig1 belirtilmistir. Arastirma sonuglar belirtilen literatiir ile uyum goéstermistir.

b degeri (sari-mavi ekseni)

Dijital yaprak renk oOl¢limiinde b degeri, bitkilerdeki sar1 ve mavi tonlarn dengesini gostermektedir.
Segmentler arasinda beyaz turp (12.02) en yiiksek b degerine sahip oldugu, en belirgin sar1 tonlarini
gosterdigi tespit edilmistir (Tablo 3). Arastirmada kirmizi turp (9.91) ve siyah turpun (4.85) ise daha diisiik b
degerlerine sahip oldugu, siyah turpun daha az sari1 ton igerdigi belirlenmistir.

Caligmada farkl 151k kaynaklarimin etkisi incelendiginde, mor 151k (10.78) ve beyaz 151k (9.71) en yiiksek b
degerlerini saglamis ve bu 1siklarin sar1 tonlarim artirdigi tespit edilmistir (Tablo 3). Brazaityte ve ark. [33]
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tarafindan yapilan bir ¢alismada mor 1518in pigment sentezini tesvik ederek sari tonlari artirdigini
bildirilmistir. Bu sonug, arastirma bulgularini destekler niteliktedir.

Hue (renk tonu)

Hue degeri, bitkinin genel renk tonunu belirlemektedir. Arastirma sonuglari, turp tiriin segmentleri agisindan
bakildiginda, siyah turp mikro filizinin (149.79) en yiiksek Hue degerine sahip bulunmustur (Tablo 3). Beyaz
turp (137.52) ve kirmizi turp (137.47) mikro filizlerinin ise daha diisiik Hue degerlerine sahip olup birbirine
benzer yakin sonuglar sergilemistir. Arastirma sonucunda 151k kaynagina gore en yiiksek Hue degeri mavi
151k (148.29) altinda ol¢iilmiistiir (Tablo 3), bu bulgu mavi 15181n yesil tonlarini artirdigini goéstermektedir.
Yorio ve ark. [34] tarafindan yapilan bir ¢calismada, mavi 1s181n klorofil sentezini artirarak yesil tonlar1 6ne
¢ikardigi bildirilmistir.

Chroma (renk doygunlugu)

Chroma degeri, bitki renklerinin canlilik diizeyini yansitmaktadir. Aragtirmada en yiiksek Chroma degeri
beyaz turp (17.76) mikro filizinde belirlenmistir (Tablo 3). Kirmiz1 turp mikro filizi (14.66) orta seviyede bir
doygunluk sergilemistir. Siyah turp mikro filizi (8.53) ise en diisiik Chroma degerine sahip olup daha soluk
renk tonlar1 géstermistir. Calismada 151k kaynaklar1 agisindan incelendiginde, mor 151k (16.24) ve beyaz 151k
(14.39) en yiiksek Chroma degerlerini gostermistir (Tablo 3). Pennisi ve ark. [35], beyaz LED’lerin renk
doygunlugunu artirarak ticari tiretimde tercih edildigini vurgulamustir.

Tablo 3 Farkli turp segmentlerinde dijital renk degerleri {izerine 151k spektrumunun etkisi
Table 3 Effect of light spectrum on digital color values in different radish segments
Renk

Degeri Segment Cesitler Mor Isik Kirmizi Istk  Mavi Isik Beyaz Isik Ortalama
Siyah BT Bursiyah 44.88 39.25 39.14 40.86 41.03b
L Beyaz BT Burbeyaz 46.87 44.63 48.75 46.74 46.75 a
Kirmizi Ovit 46.44 42.32 45.62 45.75 45.03 a
Ortalama 46.07 a 42.07b 44.50 ab 44.45 ab
Siyah BT Bursiyah -10.50 -6.05 -4.58 -6.18 -6.83 a
a Beyaz BT Burbeyaz -13.53 -10.91 -14.36 -13.44 -13.06 ¢
Kirmizi Ovit -12.37 -8.18 -10.56 -11.93 -10.76 b
Ortalama -12.13 ¢ -8.38 a -9.83 ab -10.51b
Siyah BT Bursiyah 9.00 ce 4.74 fg 1.21h 4.44 gh 4.85¢
b Beyaz BT Burbeyaz 12.25 ac 9.57 be 13.38 a 12.90 ab 12.02a
Kirmizi Ovit 11.10 ae 7.98 ef 8.80 de 11.80 ad 991b
Ortalama 10.78 a 743 ¢ 7.79 be 9.71 ab
Siyah BT Bursiyah 139.52 be 144.15 be 167.15 a 148.35b 149.79 a
Hue Beyaz BT Burbeyaz 137.84 ¢ 138.82 be 137.14 ¢ 136.28 ¢ 137.52b
Kirmizi Ovit 138.34 be 135.64 ¢ 140.57 be 13533 ¢ 137.47b
Ortalama 138.57 b 139.54 b 148.29 a 139.99 b
Siyah BT Bursiyah 13.83 cd 7.73 ef 4.77f 7.78 ef 8.53¢c
Chroma Beyaz BT Burbeyaz 18.25 ab 14.52 bed 19.63 a 18.63 ab 17.76 a
Kirmizi Ovit 16.64 abc 11.43 de 13.79 cd 16.77 abc 14.66 b
Ortalama 16.24 a 1123 ¢ 12.73 be 14.39 ab

Turp mikro filizlerinde bitki yas agirhi@1 iizerine 151k spektrumunun etkisi

Aragtirma varyans analizi sonuglarina gore, incelenen beyaz, kirmizi ve siyah turp segmentlerinde 151k
kaynagimin mikro filiz bitki yas agirligi iizerinde istatistiksel olarak onemli diizeyde bir etkisinin olmadigi
belirlenmistir (Tablo 4). Basit ana etki analizi, bitki yas agirliginin spektral degisikliklerden anlamli diizeyde
etkilenmedigini gostermistir (p>0.05). Bu bulgu, mikro filizler iizerine yapilan dnceki arastirmalarla tutarlilik
gostermektedir. Ornegin, Kopsell ve ark. [36], 1sik tiirlerinin mikro filizlerin biyokiitlesi i{izerindeki
etkilerinin ¢esitlere gore degiskenlik gosterebilecegini, ancak genel olarak 1sik tiirliniin etkisinin sinirl
olabilecegini ifade etmistir. Ayrica, Jones-Baumgardt ve ark. [26] mikro filizlerde 1sik tiirlerinin bitki
biyokiitlesi iizerindeki etkilerinin tiirler aras1 farkliliklar gosterdigini ve beyaz 1s181n biyokiitleyi artiric
etkiler sagladigin1 vurgulamaktadir. Bununla birlikte, arastirmada beyaz turp ve kirmizi turp mikro filiz
bitkilerinin, uygulanan dort farkli 1s1k kaynagi (mor, kirmizi, mavi ve beyaz 151k) altinda en yiiksek bitki yas
agirlign degerlerine ulastigi goriilmektedir (Tablo 4). Bu sonuglar, Zhang ve ark. [25] tarafindan yapilan bir
calisma ile uyum gostermekte olup s6z konusu c¢alismada, beyaz ve kirmizi turp cesitlerinin genel olarak
daha yiiksek biyokiitle iiretimine sahip oldugu ve farkli 11k kosullarina daha iyi adapte olabildigi
bildirilmistir.
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Siyah turp ¢esidinde mikro filizlerde en yiiksek bitki yas agirligr (190.5 g), diger 1s1k uygulamalarina kiyasla
kirmizi 151k altinda yetistirilen bitkilerde gézlemlenmistir (Tablo 4). Bu sonug, Samuoliene ve ark. [24]
tarafindan yapilan bir galisma ile uyum gostermistir. Ilgili galismada, kirmizi 15181n 6zellikle siyah turp gibi
pigmentasyonu yiiksek tiirlerde biyokiitle artisini tesvik ettigi belirtilmistir. Ayrica, kirmizi 15181n fotosentez
verimliligini artirarak bitki biiyiimesini destekledigi vurgulanmaktadir. Bu sonug, kirmizi 1sigin mikro
filizlerin biiylimesini artirmada etkili oldugunu belirten bir diger calisma ile de tutarlilik gostermektedir [27].

Tablo 4 Farkli turp segmentlerinde bitki yas agirlig1 (g) iizerine 151k spektrumunun etkisi
Table 4 Effect of light spectrum on fresh plant weight (g) in different radish segments

Segment Cesitler Mor Igik Kirmizi Isik Mavi Isik Beyaz Isik Ortalama
Siyah BT Bursiyah 174.14 190.50 111.12 105.32 145.27b
Beyaz BT Burbeyaz ~ 205.59 229.65 208.58 242.33 221.54 a
Kirmizi Ovit 193.40 231.34 190.58 212.14 206.87 a
Ortalama 191.04 217.16 170.10 186.56

Turp mikro filizlerinde bitki kuru agirhgi iizerine 151k spektrumunun etkisi

Aragtirma sonuglaria gore, Farkli turp segmentlerine ait mikro filizlerde LED 151k uygulamalarinin bitki
kuru agirligi tizerindeki etkisi istatistiksel olarak anlamli bulunmustur (p<0.05; Tablo 5). Ortalama degerlere
gore, mor (11.22 g) ve beyaz 151k (11.34 g) uygulamalari, bitki kuru agirligim artirmada kirmizi (9.33 g) ve
mavi 151k (9.75 g) uygulamalarima kiyasla istatistiksel olarak anlamli diizeyde daha yiiksek degerler
saglamigtir. Bu bulgular, mor ve beyaz LED 151k spektrumlarinin turp mikro filizlerinin biyokiitle gelisimini
destekledigini gostermektedir.

Segment bazinda degerlendirildiginde, en yiiksek ortalama kuru agirlik 11.63 g ile beyaz turp (BT Burbeyaz)
cesidinde belirlenmis ve bu segment, istatistiksel olarak diger iki segmente gore anlamli farklilik
gostermistir. Siyah (BT Bursiyah) ve kirmizi (Ovit) turp gesitleri ise sirasiyla 9.47 g ve 10.14 g ortalama
kuru agirlik degerleri ile benzer istatistiksel grupta yer almistir. Bu durum, cesitler arasinda 151k
spektrumlarina verilen tepkilerin genotipik farkliliklara bagl olarak degistigini ortaya koymaktadir.

Elde edilen bulgular, Liu ve ark. [37] ile Jones-Baumgardt ve ark. [26] tarafindan yapilan c¢alismalarla
paralellik gostermekte olup, s6z konusu ¢alismalarda da mor ve beyaz i1sigin mikro filizlerin biyokiitle
gelisimi iizerinde olumlu etkiler sagladig1 belirtilmistir.

Caligmada 151k kaynaklar1 acisindan sonuglar degerlendirildiginde, mor (11.22 g) ve beyaz 1sik (11.34 g)
uygulamalari, kirmizi (9.33 g) ve mavi (9.75 g) 1sik uygulamalarina kiyasla daha yiiksek kuru agirlik
degerleri saglamistir (Tablo 5). Bu bulgular, 151k renginin bitki tiirline bagli olarak farkli etkiler
gosterebilecegini ortaya koymaktadir. Yapilan bilimsel caligmalarda o6zellikle mor ve beyaz 1sik, mikro
filizlerin hiicresel gelisimini ve biyokiitle tiretimini tesvik ederken, kirmizi ve mavi 15181in daha az etki
gosterdigi belirlenmistir [26]. Arastirma sonuglari, bu bulguyu destekler nitelikte olmustur.

Tablo 5 Farkli turp segmentlerinde bitki kuru agirligi (g) lizerine 151k spektrumunun etkisi
Table 5 Effect of light spectrum on dry plant weight (g) in different radish segments

Segment Cesitler Mor Isik Kirmizi Isik Mavi Isik Beyaz Isik Ortalama
Siyah BT Bursiyah 10.95 8.92 8.06 9.94 9470
Beyaz BT Burbeyaz 12.49 9.87 11.04 13.11 11.63a
Kirmizi Ovit 10.23 9.20 10.16 10.96 10.14b
Ortalama 1122 a 9.33Db 9.75b 1134 a

Turp mikro filizlerinde bitki kuru agirhgi iizerine 151k spektrumunun etkisi

Arastirma sonuglarina gore, Farkli turp segmentlerine ait mikro filizlerde LED 151k uygulamalarimin bitki
kuru agirligr iizerindeki etkisi istatistiksel olarak anlamli bulunmustur (p<0.05; Tablo 5). Ortalama degerlere
gore, mor (11.22 g) ve beyaz 151k (11.34 g) uygulamalari, bitki kuru agirligini artirmada kirmizi (9.33 g) ve
mavi 151k (9.75 g) uygulamalarma kiyasla istatistiksel olarak anlamli diizeyde daha yiiksek degerler
saglamistir. Bu bulgular, mor ve beyaz LED 151k spektrumlarinin turp mikro filizlerinin biyokiitle gelisimini
destekledigini gostermektedir.

Segment bazinda degerlendirildiginde, en yliksek ortalama kuru agirlik 11.63 g ile beyaz turp (BT Burbeyaz)
cesidinde belirlenmis ve bu segment, istatistiksel olarak diger iki segmente gore anlamli farklilik
gostermistir. Siyah (BT Bursiyah) ve kirmizi (Ovit) turp gesitleri ise sirasiyla 9.47 g ve 10.14 g ortalama
kuru agirlik degerleri ile benzer istatistiksel grupta yer almistir. Bu durum, ¢esitler arasinda 1sik
spektrumlarina verilen tepkilerin genotipik farkliliklara bagl olarak degistigini ortaya koymaktadir.
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Elde edilen bulgular, Liu ve ark. [37] ile Jones-Baumgardt ve ark. [26] tarafindan yapilan c¢alismalarla
paralellik gostermekte olup, s6z konusu ¢alismalarda da mor ve beyaz 1s1gin mikro filizlerin biyokiitle
gelisimi lizerinde olumlu etkiler sagladig: belirtilmistir.

Caligmada 151k kaynaklar1 acisindan sonuglar degerlendirildiginde, mor (11.22 g) ve beyaz 151k (11.34 g)
uygulamalari, kirmiz1 (9.33 g) ve mavi (9.75 g) 151tk uygulamalarina kiyasla daha yiiksek kuru agirlik
degerleri saglamistir (Tablo 5). Bu bulgular, 151k renginin bitki tiiriine bagli olarak farkli etkiler
gosterebilecegini ortaya koymaktadir. Yapilan bilimsel caligmalarda &zellikle mor ve beyaz 1sik, mikro
filizlerin hiicresel gelisimini ve biyokiitle {iretimini tesvik ederken, kirmizi ve mavi 15181n daha az etki
gosterdigi belirlenmistir [26]. Arastirma sonuglari, bu bulguyu destekler nitelikte olmustur.

Sonuclar

Mikro filizler, yiiksek besin degeri ve biyoaktif bilesen icerigiyle fonksiyonel gidalar arasinda énemli bir yer
tutmaktadir. Ozellikle vitaminler, mineraller, 1if ve fenolik bilesikler acisindan zengin olmalari, bagisiklik
sistemini destekleme, iltihaplanmay1 azaltma ve kronik hastaliklara karsi koruyucu etki saglama
potansiyellerini artirmaktadir [2]. Ornegin, brokoli filizleri yiiksek siilforafan icerigiyle kanser riskini azaltict
etkiler gosterebilirken, diger mikro filiz tiirleri de farkli koruyucu bilesenleriyle saglik iizerinde olumlu
katkilar sunmaktadir [38]. Bu o&zellikleriyle mikro filizler, saglikli beslenmenin yani sira hastaliklardan
korunmada da 6nemli bir besin kaynagi olarak degerlendirilmektedir.

Giliniimiizde birgok bitki tiirli ticari mikro filiz iiretiminde kullanilmaktadir. Bunlar icerisinde ozellikle
Brassicaceae ve Amaranthaceae familyalari, bu iiretimde yaygin olarak tercih edilen tiir ve gesitleri
icermektedir [1,10,39]. Kiiresel mikro yesillik pazarinda en fazla yer bulan sebzeler arasinda brokoli, lahana,
karnabahar, roka, bezelye, turp, feslegen ve havu¢ bulunmaktadir [11]. Tiirkiye’de ise ¢imlendirilmis tohum
ve mikro filiz pazar1 heniiz yeterince gelismemistir [1]. Mikro filiz konusu, toplumumuz i¢in yeni bir alan
olup, bu konuda yapilan bilimsel arastirmalar ve mevcut veri kaynaklar1 olduk¢a sinirhidir [12,13].

Bu aragtirma ile farkli iiriin segmentlerinde yer alan turp ¢esitlerinde, LED 1s1k renklerinin vejetatif biiylime
siirecine olan etkileri detayli olarak incelenmistir. Arastirma sonuglari, farkli 151k kaynaklarimin ii¢ turp
segmentine ait ¢esitlerde dijital renk 6zellikleri lizerindeki etkilerini inceleyerek, 151k spektrumlarinin mikro
filiz tretiminde renk gelisimini nasil sekillendirdigine dair 6nemli bulgular sunmaktadir. Elde edilen
bulgular, 151k kaynaginin turp mikro filizinde ¢esitler aras1 farkliliklara bagl olarak bitkilerin renk geligsimine
nasil etki gosterdigi ve bu bilgilerin hem bilimsel hem de ticari uygulamalara katki saglayabilecegini ortaya
koymaktadir. Ayrica elde edilen aragtirma bulgulari, 151k spektrumlarinin turp mikro filiz {iretiminde
hedeflenen renk 6zelliklerine gore bilingli bir sekilde kullanilabilecegini, bu sayede daha kaliteli mikro
filizler elde edilebilecegini gostermektedir.

Beyaz turp mikro filizi genel olarak daha ag¢ik ve doygun renklere sahipken, siyah turp mikro filizi daha koyu
renk tonlar1 sergilemistir. Kirmizi turp mikro filizi ise bu iki tiir arasinda renk tonu ve doygunluk agisindan
bir gecis sunmustur. Bu bulgular, cesitlerin genetik 6zelliklerinin 151k spektrumlarina karsi farkli tepkiler
verebilecegini ve bu tepkilerin renk gelisimini etkiledigini gostermistir. Mor ve beyaz 151k, bitkilerde daha
acik ve canli renklerin gelismesini saglamis, 6zellikle yesil ve sar1 tonlarinda artis gézlemlenmistir. Kirmizi
151k, yesil tonlarini azaltarak daha koyu ve doygun olmayan renklerin olusmasina yol agarken, mavi 151k Hue
degerinde artisa neden olarak daha belirgin yesil tonlarinin ortaya ¢ikmasini saglamistir. Bu sonuglar, turp
mikro filiz dretiminde 151k kaynaklarinin, iriinlerin gorsel kalitesini artirmak igin dikkatle segilmesi
gerektigini gostermektedir. Ozellikle mor ve beyaz 151k uygulamalarinin, ticari iiretimde daha canli ve estetik
olarak c¢ekici bitkiler elde edilmesini saglayacagi tespit edilmistir. Ayrica, hedeflenen renk 6zelliklerine gore
uygun 11k kaynaginin segilmesinin, tiiketici tercihlerinin olumlu yonde sekillenmesine katki saglayacagi
ongoriilmektedir. Ureticilerin ise 151k kaynaklarinin gesitler aras1 farkli etkilerini gdz oniinde bulundurarak
ticari pazarlarda rekabet avantaji elde edebilmesi s6z konusudur.

Gelecekte yapilacak bilimsel calismalarla, 151k kaynaklarmmin pigment sentezi iizerindeki etkilerinin
biyokimyasal analizlerle desteklenmesi, bu siireclerin daha iyi anlasilmasina katki saglayacaktir. Bu tiir
bilimsel arastirmalarla birlikte 151k spektrumlarinin bitki biiylimesi ve renk gelisimi lizerindeki etkileri diger
sebze tiirlerinde de ayrintili sekilde ele alinarak, ticari mikro filiz tiretiminin verimliligini artirmaya yonelik
stratejilerin gelistirilmesine yardimei olabilecektir.

Abbreviations/Kisaltmalar
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Odunsu Bitkilerin istilasina Maruz Kalan Bir Meramin Islahi icin Oneriler:

Haclosmanoglu Koyii Meras1 Ornegi, Bartin

Ferat Uzun!

OZET

Bartin ili, Haciosmanoglu kdyiiniin merasinda 2024 tarihinde yiiriitiilmiis olan bu
¢alismanin amaci, meranin verimliligini artirmaya yonelik yapilabilecek amenajman
ve 1slah galigmalart igin gerekli verilerin elde edilmesidir. Mera vejetasyonunda yer
alan tiirleri belirlemede tekerlekli lup metodu kullanilmistir. Meranin bazi kisimlari
diiz, baz1 kisimlart ise yer yer % 3 ila 5 arasinda degisen egim derecesine sahiptir.
Topragin bitki ile kaplilik oraninin ise % 100 oldugu belirlenmistir. Vejetasyonda
tespit edilen azalici, ¢ogalici ve istilaci bitki tiirlerinin toplam oranlar1 sirasiyla %
1.12, % 5.32 ve % 94.68’dir. Bu verilere gore mera durumu “Zayif’ smiftadir.
Toprak ylizeyinin % 89.40’mn ¢ali ve agaclar, kalan % 10.60’1n1n ise otsu bitkiler
ile ortiilii oldugu goriilmistir. Koyde uzun yillardir ¢gogunlugu simental irk basta
olmak iizere sadece biiyiikbas hayvan yetistiriciligi yapilmaktadir. Otlamada cali-
agag tirlerini Oncelikle tercih eden ke¢i yetistiriciliginin hi¢ olmamasi, mera bitki
ortiisiindeki otsu tiirlerin azalmasi, odunsu tiirlerin ise artmasina sebebiyet verdigi
soylenilebilir. Incelenen birgok arastirma sonucundan elde edilen verilere ve
literatiire gore, bu meranin bitki ortilisii tamamen yenilenmelidir. Mevcut bitki Ortiisti
uzaklastirildiktan sonra alanin yapay mera igin hazirlanmasi amaciyla en az 2 yil
sireyle 6n bitki tarmmi yapilmalidir. Ugilinci yi1l ¢ok yillik yem bitkileri ile
olusturulacak yeni vejetasyon icin, merada goriilen Lotus corniculatus, Lotus tenuis,
Trifolium repens, Dactylis glomerata, Poa pratensis) ve onlar ile benzer ekolojik
isteklere sahip olan Lolium perenne ve Festuca pratensis gibi tiirler kullanilabilir.
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The Recommendations for Rehabilitation of the Rangeland Exposed to Woody Plant

Encroachment: The Case of Haciosmanoglu Rangeland, Bartin

ABSTRACT

The aim of this study, which was carried out in the rangeland of Haciosmanoglu
village, Bartin province, in 2024, was to obtain the necessary data for management
and improvement studies to increase the productivity of the rangeland. Wheel loop
method was used to determine the species in the rangeland vegetation. Some parts of
the rangeland were flat, while some parts had a slope degree varying between 3 and
5%. The rate of soil cover with plants was 100%. The total rates of decreaser,
increaser and invader plant species detected in the vegetation were 1.12%, 5.32% and
94.68%, respectively. According to these data, the rangeland was in the poor
condition class. It was observed that 89.40% of the soil surface was covered with
bushes and trees, and the remaining 10.60% was covered with herbaceous plants.
Only cattle breeding has been carried out in the village for long years, mostly
Simmental breeds. It can be said that the absence of goat breeding, which primarily
prefers shrub-tree species in grazing caused the herbaceous species in the rangeland
vegetation to decrease rapidly and the woody species to increase. According to the
data and literatures were collected from many research results reviewed, the
vegetation of this rangeland should be completely renewed. After the existing
vegetation is removed, pre-crop should be cultivated to control weeds at least 2 years
in order to improve the area for pasture. For the new vegetation to be created with
perennial forage plants in the third year, species such as Lotus corniculatus, Lotus
tenuis, Trifolium repens, Dactylis glomerata, Poa pratensis seen in the rangeland and
Medicago sativa, Lolium perenne and Festuca pratensis, which have similar
ecological requirements, should be used.
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Giris

Verim ve kalite anlamimda mera vejetasyonlarinin zirve noktasi olarak tanimlanan klimaks bitki varligindan
en yiiksek oranda faydalanma yoluna gidilirken, vejetasyonun muhafazasi da ihmal edilmemesi gereken en
oncelikli konudur. Hayvanlarin meralardan besin maddeleri ihtiyaglarini karsilama oranlari, mera bitki
ortiistiniin klimaks yapilarin1 koruma derecesiyle birebir ilgilidir. Bu nedenle mera vejetasyonlar siirekli
takip edilmeli, herhangi bir sebeple meydana gelebilecek olumsuzluklar erkenden tespit edilmeli ve
yapilacak dogru miidahaleler ile mera vejetasyonlarinin kalitesi muhafaza edilmelidir. Bu bakimdan
iireticinin bir gozii hayvanda ise bir gdzii de meradaki bitkilerde olmalidir. Mera vejetasyonlarinin
iiretkenligini ve kalitesinde azalmaya neden olabilecek zamansiz ve agir otlatma, yangimlar ve kurakliklar
gibi birgok sebepler mevcuttur. Bunlardan biri de sadece ekonomik getirileri dikkate alinarak meralarin tek
tir hayvan ile otlatilmasidir. Basta sigirlar olmak iizere tek bir hayvan tiirii ile otlatilan meralarda
hayvanlarin dogal fitratlarina bagli olarak bazi bitki tiirleri tercihen daha fazla otlanilmaktadir. Normal hayat
dongiilerine daha fazla miidahale edilmesi anlamina gelen bu otlama seklinin devamlilik gostermesi, bu
tirlerin daha fazla yipranmasi ve vejetasyondan c¢ekilmesi ile son bulmaktadir. Vejetasyondan cekilen bu
bitkilerin yerini 6ncelikle vejetasyonda yer alan, ancak hayvanlar tarafindan ikinci derecede tercih edilen
veya otlatmaya daha dayanikli olan diger klimaks tiirler ve akabinde de istilaci tiirler doldurmaktadir [1].
Diinya genelinde son 100-150 yildir bu tiir degisimlerden biri de otsu mera bitkilerinin, odunsu tiirler ile yer
degistirmesi olarak ifade edilmektedir [2, 3]. Bu degisimin en onemli sebeplerinden birisi, meralarin
otlatilmamasi [4] veya kapasitelerinin altinda otlatilmasi [5], digeri meralardaki ¢ali ve diger odunsu bitki
tiirlerini tercihen otlayan kegilerin azalmasidir [6, 7]. Bartin ilinin 15 farkli kdy merasinda yapilan ¢alisma
verilerine gore tiim kdylerde biiylikbas hayvan mevcutken, sadece 5 koyde kiigiikbas hayvan oldugu ve
hayvan birimi olarak ta toplam varligin sadece % 1.16’s1n1 olusturdugu ifade edilmistir [8]. Zonguldak ilinde
yapilan diger bir ¢aligmada, meralarda tiim hayvan tiirlerinin olmas1 gerektigi, aksi takdirde meralardaki otsu
tirlerin hizla cali-aga¢ topluluklarina evrilmesine katki sunulacagina dikkat cekilmistir [9]. Bartin il
genelinde gerceklesen yillik yagis miktarinin da gorece fazla olmasi, dogal bitki siiksesyonunun odunsu
bitkilere dogru doniisiimiinii hizlandirdig1 séylenilebilir [10]. Sonug itibariyla bitki ortiisiindeki odunsular
lehine meydana gelen bu doniisiim, klimaks meradan uzaklagmay1 ifade etmekte, vejetasyondaki tiir sayisi
azalmakta [11] ve ozellikle biiyiikbas hayvanlarmn meralardan faydalanmasim azaltmaktadir. ifade edilen
doniigiim, diger yandan Orman Miidiirliigii’nlin mera olarak tescilli de olsa bu alanlar1 orman kayitlarina
alma gibi bir istegi ortaya ¢ikarmakta, akabinde bu istek hukuksal miicadeleye evrilebilmekte ve neticede
meralarda alan kayiplarina sebep olabilmektedir [12, 13].

Bu calisma ile bitki ortiisii icerindeki odunsu bitkilerin zaman igerisinde arttig1 gézlemlenen Haciosmanoglu
koyli merasmin, bitki oOrtiisii ve dolayisiyla mera durumunun belirlenerek mera iiretkenligini artirma
caligmalari i¢in gerekli verilerin elde edilmesi amaglanmaistir.

Materyal ve Metot

Caligma, Bartin ili, Merkez il¢e, Haciosmanoglu koyliniin 43122.36 da’lik alana sahip 102 ada, 8 numarali
mera parselinde 25.06.2024 tarihinde yapilmistir. Haciosmanoglu koytiiniin 10 parselde, biiytikliikleri 6.34 ile
43.12 da arasinda degisen toplam 144.20 da tahsisli merast mevcuttur. Diger parsellerin bitki oOrtiisii de
caligilan parsel ile oldukga benzerdir.

Haciosmanoglu koyiiniin hayvan varligi, 2025 yili itibartyla 2’si yerli ve geri kalan 324’1 biiyiik ¢ogunlugu
simental olmak iizere tamami kiiltiir irki biiylikbag hayvanlardan olusmaktadir [14]. Tarim ve Orman
Bakanligi’nin 2021 yili kayitlar1 [15] ve kdy sakinlerinin ifadelerine gore geriye doniik 15 yillik siiregte
kdyde kiiglikbas hayvan mevcut degildir.

Caligilan mera parselinin Tapu ve Kadastro Genel Miidiirliigii’niin Parsel Sorgu uygulamasindan elde edilen
bilgileri Sekil 1°de [16], QGIS programu ile elde edilen harita ¢iktis1 ise Sekil 2’de goriilmektedir.

TAPU VE KADASTRO GENEL MUDURLUGU
( PARSEL SORGULAMA BILGILERI
I e Mahalle
Bartin Merkez HaOosmanodiu
Ada Parsel Tapu Alam (m2) i Nitelik Mevio Pafta
43122, Mera E29-D-24-A-2-8
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Sekil 1 Haciosmanoglu koyii 102/8 numarali mera parseli bilgileri
Fig 1 Information about rangeland parcel number 102/8 in Haciosmanoglu village

32°10.200 32°10.320

3210440 32°10.560

41'32.780

41%32 6540 |

Sekil 2 Mera parselinin uydu goriintiisii
Fig 2 Satellite image of the rangeland parcel

Tekerlekli lup yontemiyle yapilan vejetasyon etiidii ¢aligsmasinda “yaprak alani” esas alinarak kuzey-giiney
istikametinde tiim alani en iyi temsil edecek sekilde yaklasik 433 m uzunluga sahip hatta 1 m arayla 400
okuma yapilmistir. Bitki teshislerinde Serin [17]’den faydalanilmigtir. Tespit edilen bitki tiirleri azalici,
gogalict ve istilacilar olarak siniflandirilmislardir. Azalicilar ve ¢ogalicilarin toplam orani dikkate alinarak
mera durumu belirlenmistir. Bitki Ortiisiiniin topragi kaplama orani, vejetasyon etiidii sirasinda bitkiye
rastlanan nokta sayisinin dlciilen toplam nokta sayisina oranlanmasi ile belirlenmistir. Okunan her bir bitki
tiiriine ait degerler, toplam bitki sayisina oranlanarak tiirlerin vejetasyondaki oranlari tespit edilmistir. Mera
durumunun belirlenmesinde Holechek ve ark. [18]’dan yararlanilmistir (Tablo 1).

Karadeniz Bolgesi'nde yer alan ve tipik deniz iklimi hakim olan Bartin'da uzun yillara ait (1950-2023)
ortalama yillik yagis toplami 1040.5 mm, ortalama sicaklik ise 12.8 °C’dir [10]; Sekil 3). Thornthwaite iklim
siniflandirmasina gore Bartin, nemli-mezotermal iklim sinifina girmektedir [19]. Iklim diyagramindan da
anlagilacag: tlizere, yagisin yil icerisindeki dagilimi, {ilkemizin diger bir¢ok iline gbére daha diizenlidir. En
kurak aylarda bile yagis miktar1 50 mm’nin iizerindedir. Ancak, sicaklik degerlerinin daha yiiksek oldugu
yaz aylarinda gergeklesen yagis miktarlari, yilin en diisiik degerlerine sahiptir. Bu nedenle tiim {ilkemiz
genelinde oldugu gibi bolgedeki meralarin ana kaba yem kaynagi olan serin iklim yem bitkileri tiirlerinin bu
donemde iiretkenlikleri azalmaktadir.
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Sekil 3 Bartin ilinin uzun yillara ait sicaklik (—) ve yagis ( I ) diyagrami
Fig 3 Long-term temperature (—) and precipitation ( I ) diagram of Bartin province

Sonuglar ve Tartisma

Yapilan etiit ¢alismasindan elde edilen verilere gore, meranin bazi kisimlari diiz, bazi kisimlariysa yer yer %
3 ila 5 arasinda bir egime sahiptir. Bu egim dereceleri her tiirlii hayvanin bu alanda rahatlikla otlayabilecegi
anlamina gelmektedir [20]. Mera ylizeyinin tamaminin bitki ile ortiilii oldugu belirlenmistir. Mera bitki
varligmin % 89.40°m1 ¢ali ve agaglar, % 10.60’lik kismini ise otsu bitkiler olusturmustur. Otsu bitkilerin
yogun oldugu kisimda futbol kaleleri dikkat ¢ekmis, bu alanda futbol oynamak i¢in cali-aga¢ temizligi
yapildigi kanisina varilmigtir. Alanin bitki ortilisiine ait ayrintili bilgiler Tablo 1 ve 2’de verilmistir.

Tablo 1 Azalici ve ¢ogalici bitki tiirlerinin mera vejetasyonundaki oranlari
Table 1 The ratios of decreaser and increaser plant species in the rangeland vegetation

Tiirler /Species Oran/Ratio (%) Tiirler/Species Oran/Ratio (%)
Azalicilar/Decreaser

Lotus corniculatus L. 0.41 Poa pratensis L. 0.10
Lotus tenuis Waldst. & Kit. 0.21 Sanguiosorba minor Scop. 0.06
Paspalum distichum L. 0.20 Trifolium pratense L. 0.01
Dactylis glomerata L. 0.12 Trifolium repens L. 0.01
Toplam / Total 1.12
Cogalicilar / Increaser

Brachypodium pinnatum L. 2.07 Plantago lanceolata L. 0.06
Dorycnium graecum L. 2.07

Toplam / Total 4.20
Genel toplam / Grand total 532

Tablo 1 ve 2’de verilen bilgilere gore mera bitki ortiisli igerisindeki kaliteli bitkileri olusturan, azalict ve
cogalic1 bitki tiirleri sirasiyla % 1.12 ve % 4.20 olmak iizere toplamda % 5.32’lik bir orana sahiptir. Buna
gore parselin mera durumu “Zayif” sinifta yer almaktadir. Haciosmanoglu koyiindeki hayvan varliginin
tamaminin biiyiikbas hayvanlardan olusmasina binaen meranin mevcut ot iretim potansiyelinden de
faydalanilamadig1 sdylenilebilir. Kiigiikbas hayvan yetistiriciligine olan ilgi, Bartin’in diger birgok kdyiinde
de oldukga diisiiktiir. Bartin’in 15 farkli kdyiinde yapilan ¢aligma kapsaminda Bartin il Tarim ve Orman
Midiirligi’'nden temin edilen verilere gore, tiim kdylerde biiyiikbas hayvan mevcutken, sadece 5 kdyde
kiigiikbag hayvan oldugu ve hayvan birimi olarak ta toplam varligin sadece % 1.16’sin1 olusturdugu ifade
edilmistir [8]. Bilindigi ilizere her hayvanin fitri 6zelliklerinden miitevellid, gerek otlama sekli ve gerekse
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bitkisel tercih anlaminda farkliliklar vardir. Bu bakimdan koyun, ke¢i, manda ve sigirlardan olusan karma bir
hayvan varligi meralardan en yiiksek oranda faydalanma ve bitki tiir dengesinin istikrar1 bakimindan ¢ok
onemlidir. Bu bakimdan her ne kadar kaliteli bitkiler sinifina girseler de vejetasyonda zaten c¢ok diisiik
oranda bulunan Paspalum distichum ve Plantago lanceolata gibi kisa boylu bitki tiirlerini sigirlarin
otlayabilme kabiliyeti de sinirlidir.

Tablo 2 Istilact bitki tiirlerinin botanik kompozisyondaki oranlar
Table 2 The ratios of invasive plant species in the rangeland vegetation

Tiirler /Species Oran/Ratio (%) Tiirler /Species Oran/Ratio (%)

Otsu istilaci tiirler / Herbaceous invasive species

Carex flacca Schreb. 1.04 Trifolium setiforum Boiss. 0.02
Astrodaucus orientalis L. 0.10 Convolvulus lineatus L. 0.02
Dryopteris filix-mas L. 1.04 Trifolium subterraneum L. 0.06
Medicago polymorpha L. 0.10 Dryopteris filix-mas (L.) Schott. 1.04
Crepis vesicaria L. 0.06 Iris sintenisii Janka. 0.01
Oenanthe pimpinelloides L. 0.01 Centaurea virgata Lam. 0.06
Euphorbia helioscopia L. 0.04 Scabiosa crinita Kotschy&Boiss. 0.06
Taraxacum aleppicum Dahlst. 0.02 Galega officinalis L. 0.62
Centaurium erythraea Rafn. 0.02 Galium verum L. 0.62
Trifolium dubium Sibth. 0.12 Plantago lagopus L. 0.04
Cerinthe minor L. 0.01 Anthemis cretica L. 0.05
Mentha longifolia L. 0.04 Prunella vulgaris L. 0.04
Polygala major Jacq 0.02 Clinopodium vulgare L. 0.02
Toplam / Total 5.28
Odunsu istilaci bitkiler / Woody invasive plants

Rubus discolour Weihe&Ness 25.20 Smilax excelsa L. 6.30
Cornus nuttallii Audubon. 13.50 Crataegus orientalis M. Bieb 5.40
Carpinus betulus L. 13.50 Genista lydia Boiss. 3.60
Rosa canina Bechst. 10.80 Laurus nobilis L. 1.00
Prunus spinosa L. 10.10

Toplam / Total 89.40
Istilac1 toplam1 / Total invasive plants 94.68

Cali ve agagc tirii bitkiler de ozellikle kiltiir 1irk1 sigirlarin faydalanabilecegi bitkiler degildir. Halbuki bu
merada cali ve agac tiirli istilacilarin % 25.20’sini olusturan Rubus discolor, % 10.80’ini olusturan Rosa
canina ve % 3.60’m1 olusturan Genista lydia, kegilerin yiiksek derecede lezzetli bulduklar1 ve tercihen
otladiklar1 bitkilerden olduklari ifade edilmektedir [21]. Diger bir arastirici ise merada % 10.10 oraninda
bulunan Prunus spinosa c¢alisinin taze yapraklarmin ve filizlerinin kegiler tarafindan tercih edildigini
belirtmistir [22]. Diger yandan Almanya’nin orta bolgesinde yapilan ¢alismada iclerinde Crataegus ve Rosa
tirlerinin de bulundugu calilarin istila ettigi meralarda kegilerle otlatmanin meralardaki ¢ali varligim %
69.8’den 37.4’¢ diistirdiigiinii [24], diger bir arastirma sonuglar1 ise odunsu bitkilerin kontroliinde diger
yontemlere kiyasla keci otlatmanin maliyet agisindan daha uygun ve siirdiiriilebilir oldugunu isaret etmistir
[25]. Bu bilgilerden hareketle kdyde yeterince keci olmus olsaydi hem cali-agag tiirii istilacilar otlanilmak
suretiyle baski altina alindig1 i¢in meray1 bu derecede istila edemez ve hem de bu bitkiler kaba yem olarak
hayvansal {riinlere doniisebilirdi. Sonug itibariyla otlamada gali-agag tiirlerini oncelikle tercih eden kegci
yetistiriciliginin hi¢ olmamas1 ve aldig1 yillik yagisin bitki siiksesyonu sistematigi i¢cinde odunsu bitkiler
sathasina gecisini hizlandirmasi nedeniyle Haciosmanoglu kdyiiniin mera vejetasyonundaki otsu bitki
tiirlerin azaldig1, odunsularin ise arttig1 sOylenilebilir.

Oneriler

1. Cali-agac ve otsu istilac1 yabanci bitki tiirlerinin meradan temizligi

Haciosmanoglu koyiiniin vejetasyon etiidii yapilan 102/8 ada/parsel numarali alanin bitki ortiisii i¢erisindeki
odunsu tiirlerin oran1 % 89.40°dir. Bu oran, meranin amenajman diizenlemeleri ve bazi bakim ¢aligmalari ile
1slah edilemeyecek derecede yabanci bitkilerin istilasi ile karsi karsiya oldugunun ifadesidir. Bu nedenle
odunsu ve otsu istilaci bitki tiirlerinin alandan uzaklagtirilmasi gerekmektedir. Teksas meralarinda odunsu
bitki tiirleri ile miicadelede genel olarak mekanik, Oklahoma’da mekanik ve kimyasal, Kansas’ta ise
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kontrollii yakma yontemlerinin kullanildigim1 fakat uzun vadede aga¢ varligini higbir yontemin
azaltmadigini, ¢ali varligini azaltmada ise minimum fayda saglandig1 ifade edilmistir [26]. Bu noktada
odunsu bitkileri tercihen otlamak suretiyle siirekli baskilayabilen kegilerin meralarda bulundurulmasini
saglayacak tarimsal politikalar gelistirilmesi faydali olacaktir [7, 27].

2. Otlatmayi kolaylastiric yapilar

Golgelik: Vejetasyonda yer alan giirgen (Carpinus sp.) ve yabani erik (Prunus sp.) gibi bazi agaglar
kesilmeyip, sicak yaz giinlerinde gélgelik amacli kullanilabilir. Yapilan bir ¢calismada sicak yaz giinlerinde
gOlgelikli meralarda sicaktan korunan hayvanlarin daha verimli oldugunu ifade edilmistir [28]. Ayni
arastiricilara gore, hayvanlar genellikle yapay golgeliklerden ziyade canli agaclarin altlarimi tercih
etmektedir. Ciinkli agaclar altlarinda daha iyi hava akisina olanak saglamakta ve yapraklar1 vasitasiyla
evapotransprasyon yaptiklari i¢in de ortami serinletici etkide bulunmaktadirlar. Aga¢ gdlgelikler ayrica az da
olsa meradaki biyolojik ¢esitliligi desteklemek i¢in ek yasam alani olusturmakta ve hatta hayvanlar icin
gerektiginde yapraklar1 ve meyvelerinden ek besin kaynagi olarak faydalanilmaktadir [29].

I¢me suyu tesisi (Sivat): Mera parselinin en uzun mesafesi olan kuzey-giiney uglar1 arasindaki mesafe 400
m kadardir. Bu nedenle meranin ortasina yapilacak bir adet sivat, otlayan hayvanlarin mera alanim terk
etmeden su ihtiyaglarini karsilayabilmeleri icin yeterli olacaktir [21].

3. Yapay mera tesisine hazirhik amaciyla 6n bitki ekimi

Mera alanindaki istilaci bitki tiirlerinin toprak iistii aksaminin temizlenmesini miiteakip alandaki yogun ve
giiclii kok kalintilarinin da temizlenmesi gerekmektedir. Bunu yaparken de oncelikle riperli is makinesi ve
sonrasinda da toprak siiriiliirken klasik soklu pullugun topraktaki kok kalintilarina takilarak traktore zarar
vermemesi adina diskli pulluk kullanimi1 yerinde olacaktir.

Toprak hazirligin1 miiteakip en az 2 yillik siireyle 6n bitki yetistiriciligi yapildiktan sonra alanda bolge
ekolojisine uygun c¢ok yillik yem bitkilerinden karisim olusturarak yapay mera tesis edilmelidir. Bartin ilinin
uzun yillarin ortalamasi olarak yillik 1040 mm civarinda olan yagis miktar1 ve bu yagisin yil ¢erisindeki
dagilim1 dikkate alinarak alanda ilk 2 yil sonbaharda tek yillik ¢im bitkisi ekimi yapilabilir. Ekilen tek yillik
¢im bitkisinin hasadi kdy sakinlerinin imkan ve istekleri dikkate alinarak 2 sekilde yapilabilir; 1) Bahar
aylarinda bitkiler basaklanma baglangici evresine ulastigi donemde bigilmelidir [29]. Bigilen bitki yeniden
siirdiigli ve aymi bigim evresine ulastiginda yeniden bicilmelidir. Elde edilen ot hayvancilik yapan kdy
sakinlerine dagitilabilir. ikinci bicim sonrasinda bitkinin yeniden gelisimi izlenmeli tekrar bigime gelebilirse
3. kez bicilmeli yok eger yaz sicaklar1 bastirip bitki gelisimi istenildigi gibi olmazsa, hayvanlar meraya
saliarak son hasat hayvan otlatilarak gerceklestirilebilir. 2) Tek yillik ¢im otlatmaya uygun olmakla birlikte
buna dayanimi pek de iyi degildir. Ancak yine de duruma gdre miinavebeli bir sekilde hayvan otlatmak
suretiyle de degerlendirilebilir. Otlatmada ¢igneme kaybimi en aza indirmek adina miinavebeli otlatma
hususu ¢ok onemlidir. Gerek bigilerek ve gerekse hayvan otlatilarak yapilan hasatlar neticesinde bitki yaz
sicaklar1 bastirinca yeniden siirme giiciinii kaybedip 0mriinii tamamlar. Alandaki tek yillik ¢im bitkileri yaz
sicaklar1 baglayip yeniden siirme kabiliyetlerini yitirince, sulama imkaninin saglanabilmesi miimkiin
olabilirse alana; 1) Eger hayvan otlatilarak faydalanilacaksa sorgum-sudan otu veya seker sorgumu ekimi
yapilarak yaz déneminde de 6n bitki ekimi devam ettirilebilir [30]. Bu bitkiler hayvan saglig1 da diisiiniilerek
bitkiler en az 1 m boya ulaginca otlatilmaya baslanilmalidir [31]. 2) Silaj yapilmasi diisiiniiliirse aynu tiirler
olabilecegi gibi, misir da ekilebilir [30]. Bu sekilde yapilacak 2 yillik 6n bitki tarimi neticesinde, mera alani
oncelikle yabanci otlarin varligi ve topragin fiziksel 6zellikleri bakimindan daha uygun hale gelebilecek ve
kalic1 yapay mera tesisi i¢in daha uygun bir ortam hazirlanmis olacaktir.

4. Yapay mera tesisi

Yapay mera tesisi i¢in alanda yeniden toprak islemesi yapilarak, alanin ekolojisine uygun ¢ok yillik yem
bitkileri segilerek bir karisim olusturulmali ve ekimi sonbaharda gerceklestirilmelidir. Tesisin siirekliligi ve
hayvanlarin da ihtiyaglarina binaen yem bitkisi karisiminin yaklasik olarak % 60’1 bugdaygil, % 40’1 ise
baklagiller ve diger familyalara ait tiirlerden teskil edilmelidir [32]. Karisima alinacak yem bitkisi tiirleri
secilirken, ¢alisma alan1 ve ¢alisma alanina mesafe ve ekolojik bakimdan benzer mera alanlarinda yapilan
vejetasyon etiidii galigmalarinda [33, 34] belirlenen azalici tiirler dikkate alinmalidir. Bu anlamda bugdaygil
yem bitkilerinden Lolium perenne, Dactylis glomerata, Poa pratensis, Festuca arundinacea, baklagil yem
bitkilerinden Trifolium repens, Medicago sativa, Lotus corniculatus, diger familyalardan ise Sangiosorba
minor olusturulacak karisimda yer alabilecek bitkiler olarak tavsiye edilebilir. Yapay mera tesislerinde ilk yil
cok yillik yem bitkileri kdk gelisimini dncelemekte bu nedenle toprak iistii gelisimleri genel olarak zayif
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olmaktadir. Bu nedenle yabanci otlarla olan rekabette geri kalmaktadir. Bu nedenle ilk yil hizli geliserek
yabanci otlarin tesisi istila etmesini engelleyen tek yillik ¢im (Lolium multiflorum) bitkisinden 300 g kadar
karigima ilave edilmesi, ¢ok yillik bitki tiirlerinin verimde eksik kaldig siire zarfinda tatmin edici miktarda
ot iretimine katk1 saglayabilecektir.

5. Giibreleme

On bitki olarak ekilen tek yillik ¢imin giibrelemesi, iiriiniin bigilerek mi yoksa hayvan otlatilarak m1 hasat
edilecegine baglidir. On bitkinin hasad1 bigme seklinde yapilirsa, tahmini kuru ot verimleri dikkate aliarak
her bir ton verim i¢in saf madde olarak yaklasik 4.5 kg azot ve 2.5 kg kadar da fosforlu giibre verilebilir (35,
36, 37]. On bitkiden faydalanma hayvan otlatma seklinde yapilacaksa alandan kaldirilan besin maddelerinin
tamamina yakininin hayvan giibreleri ile meraya geri dondiigti dikkate alinmalidir [35, 38].

Tek yillik ¢imin 6mriinii doldurup alandan g¢ekilmesini miiteakiben yaz doneminde ikinci iiriin olarak
ekilecek misir veya sorgum gibi bugdaygiller familyasindan olan yem bitkileri i¢in de aym sekilde tahmini
kuru ot verimleri dikkate alinarak, yukarida ifade edildigi sekilde verilecek giibre miktar1 hesaplanabilir.
Yapay mera tesisine verilecek gilibre miktari, yine tesisin ot verimi tahmini iizerinden yapilmalidir. Ancak
yapay meray1 olusturan yem bitkileri karisiminda baklagiller familyasina ait tiirler de oldugu i¢in azotlu
giibre dozunu belirlemede daha dikkatli olunmalidir. Aksi taktirde mera vejetasyonunda bugdaygiller,
baklagilleri baskilamayabilmekte ve oranlarinin azalmasina neden olabilmektedir [37, 39]. Tersi durumda
yani azotun hi¢ verilmemesi veya az verilmesi de bu kez baklagillerin bugdaygil yem bitkilerini
baskilamasina neden olabilir. Bugdaygiller familyalarina ait yem bitkisi tiirlerinden olusan suni mera
tesislerinde kaldirilan besin elementlerinin % 85-90’1nin otlayan hayvan giibreleriyle meralara geri dondigii
belirtilmistir [35, 38]. Ancak meralara geri donen bu hayvansal giibrenin bir miktarinin gaz halinde uctugu,
diger kismi ise organik halde oldugu ve bitki tarafindan alima hazir olmadig ifade edilmektedir. Ayrica bu
giibrelerin meraya dagiliminin da tiniform olmadigi ve giibrelerin birakildig1 yerlerde yogunlastigi ve azotlu
ve diger besin elementlerine ihtiya¢ duyuldugu bildirilmektedir. Bu nedenle hayvan giibrelerinin tirmik
yardimiyla mera yiizeyine dagitilmas1 faydali olacaktir. Ayn1 arastiricilar meralarda baklagillerin oraninin %
50’nin lizerinde olmasi halinde ise azotlu giibrelemeye gerek olmadigimi ifade etmiglerdir.
Vejetasyonlarindaki yem bitkilerinin % 40 kadarini baklagillerin olusturdugu meralarda; her bir ton kuru ot
verimi i¢in yillik ihtiya¢ olarak dekara 1 kg azot, 2 kg kadar da fosforlu giibre tavsiye edilmistir [35, 40].
Haciosmanoglu koyliniin iklim degerleri ve yapay merada yer almasi planlanan yem bitkisi tiirleri dikkate
alindiginda, yapilacak planli bir otlatma ile hayvanlar tarafindan kuru ot hesabiyla 1 ton kadar otun
otlanilacag1 sdylenilebilir. Son olarak mera topraklarindaki besin maddelerinin kolay kolay degismeyecegi
gergceginden hareketle ii¢ yilda bir toprak analizi ile meranin giibre ihtiyacinin takibi faydali olacagi ifade
edilmistir [35].

6. Diger faaliyetler

Kalict mera tesisinin kurulmasindan sonra, meranin kapasitesinde otlatilmasi, merada otlatmaya baglama ve
bitis tarihlerine dikkat edilmesi, meranin boliimlere ayrilarak miinavebeli otlatilmasi, alanda yapilacak islah
caligmalart i¢in yapilan masraflarin karsiligini tam olarak alma anlaminda ¢ok 6nemlidir [18]. Mera bitki
ortiisiiniin  devamliliginin saglanmasi amaciyla da, her 3-4 yilda bir bitkilerin tohum baglayip dogal
tohumlama yapmalarina izin verilmelidir.
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The purpose of this review is to provide a comprehensive analysis of the industrial

applications of lactic acid bacteria (LAB) in food microbiology. It aims to highlight their

roles in fermentation, food preservation, probiotic development, and enhancement of

food safety and quality. The review also seeks to explore recent advancements,

challenges, and future prospects in the utilization of LAB to promote sustainable and

innovative food processing solutions.

Introduction

Lactic acid bacteria (LAB) play a pivotal role in the fermentation of various foods, contributing not only to
preservation but also to the enhancement of nutritional value and health benefits [1, 2]. Recent studies have
highlighted the significance of LAB, particularly Lactobacillus species, in the fermentation of traditional
products like cassava, showcasing their probiotic potential [3]. These microorganisms are recognized for
their ability to produce lactic acid, which acts as a natural preservative, inhibiting the growth of spoilage and
pathogenic microorganisms [4]. The health benefits of LAB are well-documented. They are known to
contribute to gut health by improving intestinal microbiota balance, enhancing immune response, and
preventing gastrointestinal disorders [5]. Probiotics derived from LAB have been linked to various health
improvements, including the alleviation of lactose intolerance, reduction of cholesterol levels, and even
potential anti-cancer properties [0, 7]. The safety of these bacteria in fermented foods has also been
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emphasized, ensuring that they can be consumed without adverse effects while providing functional benefits
[8]. In terms of technological advancements, the application of LAB in food technology has evolved
significantly. Innovations in fermentation processes have led to enhanced preservation methods that extend
shelf life while maintaining sensory qualities [9]. Additionally, the use of LAB as biopreservatives is gaining
traction, offering a natural alternative to chemical preservatives [10]. Recent findings suggest that LAB can
effectively suppress foodborne pathogens, thereby improving food safety [11, 12]. Fermented foods, rich in
LAB, are increasingly recognized for their bioactive compounds that contribute to health benefits. These
compounds have antioxidant, anti-inflammatory, and antimicrobial properties, promoting overall health [13].
Studies have shown that incorporating fermented products into diets can lead to significant health
improvements, including better metabolic health and reduced risk of chronic diseases [14].

Furthermore, the increasing consumer interest in functional foods has propelled research into the probiotic
capabilities of various LAB strains. Recent reviews indicate that fermented foods can serve as excellent
vehicles for delivering probiotics, making them an integral part of modern diets [15, 16]. The exploration of
new LAB strains from diverse sources, such as traditional fermented foods, holds promise for discovering
strains with superior probiotic properties [17, 18]. Overall, the integration of lactic acid bacteria in food
production offers numerous advantages, from enhancing food safety to providing health benefits. As research
continues to unfold, the role of LAB in functional foods will likely expand, catering to the growing demand
for health-promoting dietary options [19, 20]. The continued exploration of these beneficial microorganisms
will contribute to the development of innovative food products that align with consumer health trends,
emphasizing the importance of fermented foods in contemporary diets.

The purpose of this review is to provide a comprehensive analysis of the industrial applications of lactic acid
bacteria (LAB) in food microbiology. It aims to highlight their roles in fermentation, food preservation,
probiotic development, and enhancement of food safety and quality. The review also seeks to explore recent
advancements, challenges, and future prospects in the utilization of LAB to promote sustainable and
innovative food processing solutions.

Characteristics of Lactic Acid Bacteria

Lactic acid bacteria (LAB) are a diverse group of gram-positive, non-spore-forming bacteria that play a
crucial role in food fermentation and preservation. One of the defining characteristics of LAB is their ability
to ferment sugars primarily into lactic acid, which serves as their primary metabolic end product [21, 22].
This metabolic pathway not only contributes to the preservation of fermented foods but also influences the
flavor and texture of products such as yogurt, cheese, and fermented vegetables. LAB are typically
categorized into two groups based on their fermentation type: homofermentative and heterofermentative.
Homofermentative LAB, such as Lactobacillus species, convert sugars mainly into lactic acid, resulting in a
more acidic environment that inhibits the growth of spoilage organisms. In contrast, heterofermentative
LAB, like Leuconostoc, produce lactic acid, carbon dioxide, and ethanol, leading to a more complex flavor
profile and gas production during fermentation. Another characteristic of LAB is their ability to thrive in low
pH environments, which is essential for their role in food preservation. They can grow in acidic conditions
that would be detrimental to many other microorganisms, allowing them to dominate in fermented foods.
Additionally, LAB are known for their probiotic properties, contributing positively to human health by
enhancing gut microbiota balance, boosting immune function, and preventing gastrointestinal disorders.
LAB also exhibit a range of biochemical capabilities, including the production of bacteriocins—
proteinaceous compounds with antimicrobial activity against pathogenic bacteria. This characteristic further
enhances their utility in food preservation and safety. Overall, the unique metabolic, ecological, and health-
promoting characteristics of lactic acid bacteria make them indispensable in the food industry and human
nutrition. The biochemical pathways employed by lactic acid bacteria (LAB) play a central role in food
fermentation, preservation, and flavor development. LAB exhibit two primary metabolic pathways, the
homofermentative and heterofermentative pathways, which determine their end products and influence the
sensory characteristics of fermented foods [3].

Homofermentative Pathway

The homofermentative pathway is a highly efficient process in which LAB species, such as Lactobacillus
and Lactococcus, convert glucose almost exclusively into lactic acid via glycolysis [23]. This pathway is
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advantageous in food preservation, as the lactic acid produced rapidly lowers the pH of the food
environment, creating an acidic setting unfavorable for spoilage organisms and pathogens. The production of
lactic acid also stabilizes food by inhibiting proteolytic and lipolytic activity, which can cause spoilage [24].
By creating an inhospitable environment for many microorganisms, the homofermentative pathway is
essential in extending the shelf life of foods like yogurt, cheese, and pickled vegetables, allowing these
products to retain nutritional and organoleptic qualities for prolonged periods [4].

Heterofermentative Pathway

In contrast, heterofermentative LAB, including certain strains of Lactobacillus and Leuconostoc, employ the
pentose phosphate pathway to metabolize glucose, yielding lactic acid, carbon dioxide, ethanol, and acetic
acid [19]. This metabolic diversity contributes to the distinct sensory properties of fermented foods by
producing multiple end-products that enhance flavor complexity [25]. Carbon dioxide generated in this
pathway results in the effervescence seen in products like sauerkraut, kimchi, and certain sourdough breads
[16]. The presence of acetic acid and ethanol not only contributes to the characteristic taste but also adds
antimicrobial properties, further protecting the food from spoilage and pathogenic bacteria [26].
Bacteriocins Produced by Lactic Acid Bacteria
In addition to their acidifying capabilities, certain LAB strains produce bacteriocins, which are proteinaceous
compounds with targeted antibacterial activity [27]. Bacteriocins act as biopreservatives by inhibiting the
growth of other bacteria, adding a valuable layer of defense against foodborne pathogens. For example,
Lactobacillus acidophilus synthesizes acidophilin, a bacteriocin effective against pathogens like Salmonella
and Listeria [7]. These antimicrobial peptides provide an advantage in food preservation by extending shelf
life and enhancing food safety without the need for chemical additives [15]. LAB’s production of lactic acid,
diverse metabolites, and bacteriocins underscores their multifaceted role in fermentation processes, where
they contribute both to food preservation and flavor enhancement. This metabolic versatility has made LAB
indispensable in the food industry [28], supporting the development of safe, nutritious, and flavorful
fermented products.
Classification and Properties of LAB Bacteriocins
LAB bacteriocins are classified based on their molecular weight, heat stability, and activity spectrum. This
classification generally falls into several types [28]:

a) Class I: Small, heat-stable lantibiotics.

b) Class II: Heat-stable, non-lantibiotic peptides with broad antimicrobial spectra.

c) Class III: Large, heat-labile proteins.

d) Class I'V: Complex bacteriocins associated with other molecules (lipids, carbohydrates).
Each class has distinct properties such as pH tolerance and effectiveness against various pathogens.

Lactic Acid Bacteria against Foodborne Pathogens in the Food Industry

LAB strains like Lactobacillus, Pediococcus, and Enterococcus are applied in food preservation due to their
bacteriocin production, which inhibits harmful bacteria like Listeria, Salmonella, and E. coli. These
bacteriocins help reduce spoilage, enhance food safety, and extend shelf life, thus playing a critical role in
food safety management systems [28].
Classification and Sources of Lactic Acid Bacteria (LAB)
Lactic acid bacteria (LAB) are generally classified into several genera, primarily based on their
morphological, metabolic, and physiological characteristics [28]. The major groups include:
i.  Lactobacillus: This is one of the largest LAB genera, widely known for its probiotic qualities and
found in various fermented foods.
ii.  Lactococcus: Commonly sourced from milk and dairy products, Lactococcus species are integral in
cheese and buttermilk production.
iii.  Streptococcus: Specifically, Streptococcus thermophilus is used in yogurt production.
iv.  Pediococcus: Often found in fermented plant-based foods and alcoholic beverages.
v.  Leuconostoc: Found in vegetables, dairy products, and even on meat surfaces, Leuconostoc species
are essential in sauerkraut and kimchi production.
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vi.  Enterococcus: Though some species can be opportunistic pathogens, Enterococcus species are used
in specific food fermentations.
LAB are sourced from diverse environments, such as dairy products, fermented vegetables, meat, and
various plant materials. Their role in food fermentation is significant due to their ability to inhibit spoilage
organisms, enhancing the safety and shelf-life of food products [28].

Industrial Applications of LAB in Food Microbiology

Dairy Fermentation

In dairy products, LAB play an essential role in fermenting lactose into lactic acid, which lowers pH and
creates a favorable environment that prevents the growth of spoilage organisms and pathogens [29]. The
production of lactic acid also enhances the nutritional value and digestibility of dairy products, making them
more suitable for lactose-intolerant individuals [25]. Lactobacillus delbrueckii and Streptococcus
thermophilus are frequently used in yogurt production, where they convert lactose into lactic acid, producing
a distinctive sour taste while thickening the texture [17]. Additionally, these bacteria produce
exopolysaccharides (EPS), which improve the viscosity and mouthfeel of yogurt [10]. EPS also improve the
shelf life and texture stability of fermented dairy products, such as yogurt and kefir, providing a smooth and
creamy texture that appeals to consumers [23]. Flavor development is another critical function of LAB in
dairy fermentation. Lactobacillus delbrueckii and Streptococcus thermophilus generate various flavor
compounds, such as acetaldehyde and diacetyl, which contribute to the characteristic aroma and taste of
yogurt [26]. These metabolic activities create a rich sensory profile in products like cheese, where LAB
fermentation leads to a broader spectrum of volatile compounds, giving each cheese variety its unique flavor.
LAB’s influence on texture, taste, and digestibility significantly impacts the dairy industry by making
fermented dairy products more appealing and accessible to a wide range of consumers [30].

Meat Fermentation

In meat products, LAB play a vital role in enhancing food safety, texture, and flavor. Fermented meats, such
as sausages and salami, rely on LAB's acidification process to reduce pH, which helps inhibit the growth of
spoilage organisms and pathogenic bacteria, including Listeria monocytogenes [31]. Acidification by LAB
also contributes to the characteristic tangy taste of cured meats, making LAB an essential component of
starter cultures used in fermented meat production [32]. In addition to acid production, some LAB strains
produce bacteriocins, proteinaceous substances with antimicrobial properties that provide additional
protection against harmful bacteria. Pediococcus and Lactobacillus species, commonly used in meat
fermentation, produce bacteriocins that inhibit pathogens, thereby enhancing product safety and extending
shelf life [33]. These LAB not only improve microbial safety but also contribute to the desired sensory
attributes of cured meats, making L AB starter cultures highly valuable in meat fermentation [29].

Vegetable and Fruit Fermentation

LAB are also essential in vegetable and fruit fermentations, such as in sauerkraut, kimchi, and pickles. By
fermenting sugars present in vegetables, LAB lower the pH and create acidic environments that inhibit the
growth of spoilage organisms and pathogens [30]. Leuconostoc mesenteroides, often involved in these
fermentations, initiates lactic acid production, setting the stage for subsequent LAB activity that enhances
flavor profiles and creates desirable textures [32]. Fermented vegetables benefit from LAB's production of
bacteriocins, which extend the shelf life of products by preventing spoilage [33]. LAB's metabolic activities
in vegetable fermentation contribute to the development of complex, tangy flavors characteristic of products
like kimchi and sauerkraut. Moreover, the acidification and bacteriocin production by LAB enhance the
safety of these fermented foods by controlling pathogenic microorganisms and adding unique flavors that
appeal to consumers worldwide [31].

Cereal-Based Fermentation

In cereal-based foods, LAB are integral to sourdough fermentation, where they improve both the shelf life
and sensory properties of bread. Lactobacillus sanfranciscensis, a key LAB species in sourdough, produces
lactic acid and acetic acid, which add distinct sour notes to bread while enhancing its overall flavor [21]. The
acids produced also strengthen gluten structure, resulting in improved dough elasticity and better crumb
texture, making LAB-fermented breads more resilient to staling and spoilage [25]. Moreover, LAB
contribute to the formation of various volatile compounds, which enhance the bread's aroma and flavor
profile. These characteristics are especially valued in artisanal and traditional bread production, where
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natural sourdough fermentation imparts unique sensory qualities that distinguish these products from
commercially leavened bread [30]. The contribution of LAB to texture, flavor, and preservation in cereal-
based products has driven the popularity of sourdough products and highlighted LAB's role in extending the
shelf life of bakery items [33]. Figure 1 illustrates the traditional method of preparation of Khorisa, a
fermented bamboo shoot product. It showcases the key steps involved, including harvesting, chopping,
fermenting, and preservation, emphasizing the role of indigenous fermentation practices. Figure 2 presents a
generalized flow chart for the production of lactic acid-fermented pickles. The diagram highlights the
primary stages, including raw material selection, brining, fermentation, and packaging, demonstrating the
critical role of lactic acid bacteria in the fermentation process. Figure 3 depicts the flow chart for the
preparation of prebiotic- and probiotic-enriched Shrikhand. It outlines the sequential process steps, including
milk preparation, curd formation, whey removal, incorporation of probiotics and prebiotics, flavoring, and
final packaging, highlighting the integration of functional ingredients.

Young bamboo shoot

-

Peeling-off outer casings

-

Washing with water and hammer-milling/crushing

-

Addition of dried of Garcinia pendaculata Roxb. (Bor-thekera)

-

Mildly pressing of all the content and closing of pots with banana leaves

-

Fermentation for 1-12 days at room temperature

-

Removing of excess water and sun drying for 2—-3 days

-

Khorisa

Fig 1. Method of preparation of khorisa [18, 23, 33].
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Fig 2. Generalized flow chart of the production of lactic acid-fermented pickles [25].
Milk (85°C for 30 min, cooled to 40 + 2°C)
v
S. thermophilus + L. bulgaricus + E. faecium
Incubated at 40+ 2°C for 10—-12 h
Lactic fermented curd
Suspended in muslin cloth for 6-8 h
Chalkka
FOS (40%, w/w) Blend (FOS + sucrose) Sucrose (40%, w/w)
(20% + 20%, w/w) (Control)

Synbiotic shrikhand

Fig 3. Flow chart of the process for the preparation of prebiotic-and probiotic-enriched shrik hand [22].
Health Benefits and Probiotic Properties
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Lactic acid bacteria (LAB) have been widely studied for their health benefits, especially as probiotics that
support gut health, immune function, cardiovascular health, and protection against harmful pathogens. Their
metabolic activities not only contribute to food preservation but also support various aspects of human
health.
Gut Health and Microbiota Balance
LAB play a critical role in maintaining gut health by modulating the balance of the intestinal microbiota,
supporting nutrient absorption, and enhancing immune function. Strains like Lactobacillus acidophilus help
prevent harmful bacteria from colonizing the gut, promoting a healthier microbial balance [20]. This is
particularly beneficial in managing conditions such as irritable bowel syndrome (IBS) and inflammatory
bowel disease (IBD), where disruptions in gut microbiota are common 18]. Fermented foods rich in LAB,
such as yogurt and kefir, have shown positive effects on gut health, providing a source of live bacteria that
improve digestion and nutrient absorption [28].
Immunomodulatory and Anti-inflammatory Properties
LAB have significant immunomodulatory properties, meaning they can influence immune responses to
reduce inflammation and enhance immune defenses. Studies indicate that LAB stimulate the production of
cytokines and regulate immune cells, which helps manage inflammation in the gut [31]. For example,
Lactobacillus rhamnosus has been associated with reduced inflammatory markers in patients with Irritable
Bowel Syndrome (IBS), showing a potential therapeutic effect for conditions linked to gut inflammation
[30]. Additionally, LAB enhance the body’s defense against infections, with some strains boosting the
activity of immune cells such as macrophages, which protect against pathogens [4].
Cholesterol Reduction and Cardiovascular Health
Some LAB strains have demonstrated potential for improving cardiovascular health by lowering cholesterol
levels. Certain strains produce bile salt hydrolase, an enzyme that deconjugates bile acids, allowing them to
be excreted rather than reabsorbed, which indirectly reduces cholesterol levels in the blood [6]. Clinical
studies have shown that consuming fermented milk products containing LAB, such as Lactobacillus
acidophilus and Bifidobacterium bifidum, can contribute to lower serum cholesterol levels, supporting
cardiovascular health and reducing the risk of atherosclerosis [14].
Antimicrobial Properties
LAB exhibit antimicrobial properties that enhance both food safety and human health by producing organic
acids, hydrogen peroxide, and bacteriocins—natural antimicrobial compounds effective against pathogenic
bacteria. Lactobacillus plantarum and Lactobacillus sakei, for example, produce bacteriocins that inhibit
harmful microbes like Listeria monocytogenes, reducing foodborne illness risks [17]. This antimicrobial
activity is also beneficial in the gut, as LAB inhibit the growth of pathogens such as Sal/monella and
Escherichia coli, contributing to a healthier intestinal environment [28].
LAB and Food Safety Enhancement
Lactic acid bacteria (LAB) are increasingly valued in food safety due to their ability to produce natural
antimicrobial agents, especially bacteriocins, which inhibit a variety of spoilage organisms and foodborne
pathogens. This capability is particularly beneficial as food manufacturers seek alternatives to chemical
preservatives, aligning with the clean-label trend that emphasizes natural ingredients [25]. Bacteriocins, such
as nisin and pediocin, are proteinaceous compounds produced by specific LAB strains that exhibit strong
antibacterial effects against pathogens like Listeria monocytogenes, Staphylococcus aureus, and Salmonella
spp. [26]. By incorporating bacteriocin-producing LAB into food products, manufacturers can reduce
reliance on synthetic additives, which appeals to consumers who favor minimally processed and naturally
preserved foods.
In addition to bacteriocin production, LAB contribute to food safety through organic acid production,
particularly lactic and acetic acids, which lower the pH and create unfavorable conditions for pathogen
growth [29]. This acidification process is crucial for preserving foods such as dairy, fermented vegetables,
and ready-to-eat products, helping to extend shelf life and prevent spoilage. LAB can thus stabilize foods
prone to spoilage and enhance the safety of ready-to-eat items by naturally inhibiting pathogens, without
compromising sensory qualities [31]. Using LAB as bio-preservatives in minimally processed foods meets
both safety and quality demands by maintaining the food’s integrity while ensuring microbial safety. As
consumer preference for naturally preserved, clean-label products continue to rise, LAB offer a sustainable
and effective means of enhancing food safety without synthetic preservatives.
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Advances and Emerging Trends in LAB Research

Research on lactic acid bacteria (LAB) has made substantial progress, especially in genomic and metabolic
engineering, as well as in encapsulation technologies, each paving the way for expanded applications in food
and health.

Genomic and Metabolic Engineering

Genomic and metabolic engineering have revolutionized LAB research by enabling the development of
genetically modified strains with enhanced functionalities. Genomic advancements, such as CRISPR-Cas9,
allow for precise gene modifications to optimize metabolic pathways in LAB, boosting fermentation
efficiency and facilitating the production of beneficial compounds [24]. These engineered LAB strains can
produce enhanced flavors and aromas, which are valuable for food applications, particularly for plant-based
and non-dairy foods where flavor can be challenging to replicate. Enhanced LAB strains also demonstrate
improved tolerance to environmental stressors, including temperature fluctuations and pH variations, which
makes them more viable for broader applications across diverse food matrices [17]. As consumer interest in
plant-based diets grows, engineered LAB strains offer promising solutions for non-dairy fermentation,
providing not only unique flavors but also functional benefits, such as improved digestion and nutrient
availability [22].

Encapsulation and Viability Enhancement

Encapsulation techniques, especially microencapsulation and spray drying, are gaining traction in LAB
research to protect probiotic strains from environmental stressors, thereby enhancing their stability and
viability. Microencapsulation involves coating LAB cells in a protective layer, typically using polymers like
alginate or chitosan, which shields them from heat, moisture, and oxygen during storage [13]. This method
ensures higher cell viability, which is particularly advantageous for probiotic LAB, as it helps them survive
both food processing and the acidic conditions of the gastrointestinal tract. Similarly, spray drying—where
LAB are rapidly dried under controlled conditions—ensures the stable delivery of viable cells in powdered
forms, useful for supplement and food product applications [12].

These encapsulation advancements are crucial for the probiotic efficacy of LAB, ensuring they reach the
intestines in sufficient numbers to confer health benefits. This technological progress not only enhances
product shelf life and consumer safety but also allows for the incorporation of LAB into a broader range of
food products, including those with higher thermal processing requirements. Consequently, encapsulation
technologies represent a pivotal advancement, bridging the gap between LAB’s functional benefits and their
real-world applications [33].

Challenges and Future Directions

Although lactic acid bacteria (LAB) hold vast potential in food, health, and biotechnology, several
challenges impede their full exploitation. Addressing these hurdles will require continued innovation and an
adaptable regulatory landscape.

Fermentation Efficiency and Environmental Sensitivity

LAB strains exhibit variability in fermentation efficiency, influenced by species, environmental conditions,
and substrate availability. For instance, certain LAB strains struggle in acidic or high-salt conditions, which
are common in fermented foods, thus affecting their fermentation performance [25]. Additionally, LAB’s
sensitivity to temperature, pH, and oxygen levels can reduce their viability in end products, especially those
requiring long shelf lives or transport. To tackle these issues, researchers are exploring genetic and
environmental optimizations, but consistent strain stability remains challenging.

Regulatory Concerns for Genetically Modified LAB

With advances in genomic engineering, genetically modified (GM) LAB strains are increasingly explored to
enhance flavor, nutritional quality, and preservation. However, regulatory frameworks around GM organisms
remain stringent, especially for food applications, leading to potential delays in adoption [18]. Public
perception of GM organisms also raises consumer acceptance issues. To integrate GM LAB effectively,
regulatory bodies may need to adopt clearer guidelines balancing innovation and safety, possibly through
labeling and transparency requirements.

Antibiotic Resistance Concerns
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LAB can carry antibiotic resistance genes, which poses a risk of horizontal gene transfer to pathogenic
bacteria, a concern particularly in probiotic and therapeutic applications [23]. Regulatory agencies often
require screening for antibiotic resistance in LAB strains intended for human consumption, yet ensuring
compliance across all strains and products remains challenging. Mitigating this issue will involve screening
for resistance markers and selecting non-resistant strains for applications, as well as ongoing research into
LAB’s interactions with other microbial populations in the gut.

Future Prospects of LAB and Bacteriocins in the Food Industry

The potential of lactic acid bacteria (LAB) and their bacteriocins in the food industry continues to grow,
driven by the demand for natural preservatives and natural products. Future applications focus on enhancing
food safety, extending shelf life, and improving consumer health without synthetic additives [28]. Key
prospects include:

i.  Advanced Food Preservation Techniques: The use of LAB and bacteriocins as bio-preservatives is
expected to expand, offering an alternative to chemical preservatives. Bacteriocins, such as nisin and
pediocin, are likely to see increased integration in fresh produce, dairy, and meat packaging.

ii.  Targeted Pathogen Control: Advances in genomics and biotechnology could allow the development
of customized bacteriocins targeting specific foodborne pathogens, like Listeria monocytogenes,
Salmonella, and E. coli, making food products safer without affecting beneficial microflora.

iii.  Encapsulation and Controlled Release: Innovations in encapsulation could improve the stability and
effectiveness of bacteriocins, allowing their controlled release in food matrices over time. This could
lead to better preservation outcomes in minimally processed or fresh foods.

iv.  Enhanced Probiotic Functionality: As probiotics, LAB species can contribute both to gut health and
food preservation. Research into the health benefits of LAB-derived bacteriocins may lead to the
development of functional foods with enhanced health-promoting properties.

v.  Synergistic Use with Other Preservation Methods: Combining LAB bacteriocins with other mild
preservation techniques, such as high-pressure processing and natural extracts, could improve food
quality and shelf life while maintaining a clean label.

vi.  Regulatory and Commercial Expansion: As regulatory bodies increasingly recognize LAB and
bacteriocins as safe, more industries may adopt them, boosting commercial applications globally.
Expansion into sectors like plant-based foods and ready-to-eat meals is also anticipated.

Conclusion

In conclusion, lactic acid bacteria (LAB) hold significant potential across various sectors, particularly in food
safety, preservation, and health. Through their unique metabolic pathways, LAB contribute to flavor
development, nutrient enhancement, and shelf-life extension in fermented foods. Their probiotic properties
further support human health by promoting gut microbiota balance, immune modulation, and cholesterol
reduction. Advances in genetic engineering and encapsulation techniques are paving the way for broader and
more efficient applications, especially in non-dairy and plant-based food markets. However, challenges such
as fermentation efficiency, environmental sensitivity, and regulatory concerns around genetically modified
strains and antibiotic resistance persist. Addressing these issues will require continued research, robust
regulatory frameworks, and consumer education. Overall, the future of LAB remains promising, with
ongoing innovations set to unlock further applications in food technology and human health.
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Ferula foetida holds significant botanical, medicinal, and economic importance in Received

Kyrgyzstan. This literature review provides an in-depth exploration of medicinal 14 May 2025

Ferula, focusing on its chemical contents, traditional uses, pharmacological activities, Accepted

and future considerations within the context of Kyrgyzstan. The morphological 19 June 2024
diversity of Ferula foetida is examined alongside their distribution patterns across the

varied landscapes of Kyrgyzstan. Chemical constituents, including secondary KEYWORDS
metabolites, essential oils, and bioactive compounds, are elucidated, highlighting their Distribution of Ferula f.
potential therapeutic significance. Traditional uses of Ferula foetida in Kyrgyzstan cultivation

encompass a wide range of applications in folk medicine. Pharmacological activities, export

such as antioxidant, anti-inflammatory, and antimicrobial properties, are discussed medicinal plants

based on scientific evidence and traditional knowledge. Additionally, future
considerations address the sustainable utilization and conservation of Ferula foetida. In
Kyrgyzstan, particularly in the face of increasing export demands. Excessive
exploitation of resources forces agriculturists and biologists in our country to urgently
search for ways to balance the exploitation of natural populations, protect reserves,
and cultivate valuable plants. The burgeoning export market underscores the economic
value of Ferula foetida, prompting the need for responsible harvesting practices and
conservation efforts to safeguard this valuable botanical resource for future
generations.

Introduction

Due to intense anthropogenic load and climate change, the Earth's vegetation cover is changing rapidly.
These changes and trends are almost always undesirable, which challenges states with a predominant
agricultural sector of the economy, prompting them to adapt to changing living conditions or move to
resource-saving environmental management technologies [1]. Meadows turn into unnatural steppes, and the
remains of natural steppes into lifeless wastelands; fresh water becomes a strategic resource, and the
unprecedented amplitude of the intensity of surface runoff becomes an element of emergencies [2]. The
present value of competitive agricultural technology for many crops has increased during the period of
independence by 3-8 times, depending on the specific crop and region; this has already greatly influenced
the structure of crop production in Kyrgyzstan and in the future will undoubtedly require corrective actions
in response to the destabilization of plant ecosystems, regardless of what it is called [3]. The time has come
to change agricultural tactics and switch to new crops that, in our specific conditions, require lower costs for
irrigation and chemicals in the production cycle [4]. Conducting field expeditions and environmental
monitoring throughout Kyrgyzstan, agronomists and researchers see the prerequisites for seeking to increase
the profitability of crop production enterprises in the introduction into cultivation and industrial cultivation
of some valuable species of medicinal plants that naturally grow in the Tien Shan and Pamir-Alai [5].
Nowadays, the irregular export of the cheapest and randomly harvested raw materials from the wild should
be transformed into stable export items, ensuring profitability and protection from market surprises posed by
competitors.

Kyrgyzstan occupies a central position within the Eurasian continent, situated in the northeastern region of
Central Asia. The total land area spans approximately 199.95 thousand square kilometers [6]. It stretches
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from west to east - 900 km, from north to south — 450 km. Kyrgyzstan shares its borders with four
neighboring countries: Kazakhstan, the western section of China (Xinjiang), Tajikistan, and Uzbekistan [42].
Situated amidst the Tien-Shan and Pamir-Alai mountain ranges, Kyrgyzstan encapsulates a diverse array of
landscapes and climatic conditions, which can be classified into four distinct natural and climatic zones:
valley-foothill (up to 1,200 meters), mid-mountain (ranging from 1,200 to 2,200 meters), high-mountain
(spanning from 2,200 to 3,500 meters), and naval (elevations exceeding 3,500 meters) [7]. The climate of
Kyrgyzstan is highly continental, primarily arid, and slightly smoothed by increased cloudiness and
precipitation due to the high-mountainous relief. The climate peculiarities are determined by the location of
the country in the Northern Hemisphere in the center of the Eurasian continent, as well as the distance from
significant water bodies and proximity to deserts [5]. The flora of Kyrgyzstan is characterized by taxonomic
diversity: the 4100 species mentioned above of vascular plants belong to 870 genera from 140 families [8].
Among these species, many are officially classified as useful wild plants: spice, medicinal, essential oils, etc.
[9]. Among these diverse species, Ferula foetida stands out not only for its wide range of traditional uses but
also for its potential in contributing to sustainable agricultural practices and economic development, which
this review aims to explore comprehensively. This article offers a thorough and current analysis of Ferula
foetida, examining its classification, physical traits, geographical range, varied applications, active
compounds, health benefits, and potential for technological innovation. Moreover, it will consider the
preservation challenges facing this species and its natural habitat. The overarching objective is to deepen the
appreciation of Ferula foetida's varied uses and importance, ranging from its role in traditional remedies to
its possibilities in commercial sectors.

Morphological structure

The plant's height can exceed 1.5 m. Every year, there is a brief period of fast expansion and development.
The generative shoots grow at a pace of 15 cm per day. A huge napiform root usually characterizes the
plant's underground portion. Ferula foetida (Bunge) Regel grows a thick, tapering stem between the fourth
and seventh years [10]. During this time, the plant forms a basal rosette. The leaves are triangular, long-
petiolate, and pinnately divided in many places, with oblong-lanceolate end segments. The number of leaves
varies with the plant's age. Apical leaves have a shorter petiole and are often seen with a single sheath. The
plant's flowers are pale yellow, clustered in umbels, without wrappers, and form a vast inflorescence. The
plant's fruit is a cremocarp that splits into two one-seeded pericarps with extensive border lines when ripe
[10].

It is a perennial plant that can grow as tall as 12 feet in the wild, with a circular mass of leaves measuring 30-
40 centimeters in diameter. The basal leaves feature broad sheathing petioles. Flowering stems, towering at
2.5-3 meters in height and 10 centimeters in thickness, possess a hollow structure. Within the cortex of these
flowering stems lie schizogenous ducts that generate resinous gum. The blooms are tiny, yellowish, and
grow in enormous compound umbels. This plant's fruits are round, thin, flat, and reddish-brown, containing a
milky fluid inside. The roots are thick, massive, and pulpy. The distinctive scent is caused by the resin-like
gum collected from the stems and roots [11].

Geographical distribution of Ferula foetida

Ferula foetida, a member of the Ferula genus, is indigenous to Central Asia, Eastern Iran, and western
regions of Afghanistan and Pakistan. It stands as the most prevalent species responsible for the production of
asafoetida (resin). Ferula L. includes about 200 species of flowering plants of the Apiaceae family in the
world; some of these species are medicinal, nutritious, fodder, essential oil, and resinous plants. About 185
species of Ferula are found worldwide [12] and are mainly located in Central Asia, South Asia, the Middle
East, and Siberia [13]. There are 114 species in Central Asia and more than 40 in Kyrgyzstan. 10 species are
known as of endemics: Ferula ferganensis Lipsky ex Korovin, Ferula inciso-serrata Pimenov & J.V.
Baranova, Ferula kirialovii Pimenov, Ferula pallida Korovin, Ferula pimenovii Lazkov, Ferula prangifolia
Korovin, Ferula renardii (Regel & Schmalh.) Pimenov, Ferula tenuisecta Korovin, Ferula tschimaganica
Lipsky ex Korovin, Ferula ugamica Korovin.

Species of the genus Ferula, mainly mountain plants, are found relatively high - at 300 to 3600 m above sea
level, both on fine soils, variegated soils, and on gravelly slopes, screes, and pebbles. Like most plants of the
Umbelliferaec family, species of this genus contain essential oils or resinous substances, coumarins,
flavonoids, and, less commonly, saponins in all their parts. In recent years, resins have begun to be produced
in our country from the roots of Ferula foetida (Bunge) Regel. Over the past decade, most natural
populations in Kyrgyzstan have been subject to increased exploitation due to the collection of resin from
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underground organs, mainly from adult virginal individuals. As a result, many plants, without reaching the

generative stage of development, were exhausted and lost their viability.

Fig 1 Illustration of 3-4 years old Ferula inciso-serrata from Toktogul, Djalal-Abad

Chemical content

Ferula has various chemical components, including coumarins, particularly sesquiterpene coumarins, volatile

oils, sulfur-containing chemicals, and aromatic compounds, all having different biological functions [14].

Coumarins: It belongs to the category of beta-D-glucosiduronic acid. Coumarins have been identified within
the Ferula genus, with a significant portion deriving from 7-hydroxycoumarin as the primary nucleus [15].
Within the Ferula genus, coumarins can be categorized based on their substituents, primarily featuring
sesquiterpene coumarins and monoterpene coumarins. Sesquiterpene coumarins are classified as bicyclic,

monocyclic, straight-chain, and some furan and other coumarins [14].

Volatile oils: Ferula's volatile oils comprise terpenoids and polysulfide chemicals [16]. The volatile oils often
contain a rich array of terpene components, comprising over 80% of their composition, predominantly
monoterpenes and sesquiterpenes. Conversely, polysulfide compounds are chiefly characterized by

disulfides, trisulfides, bis-disulfides, and thio-disulfides [14].

MUANIA

- ——
- — .
—— — — \ —
. f—— —
’ > ~ S CHine
-~ ~
= - e - —— ‘o:-
——
- 4 - -

PR NOONERIN

AUBTRALLA

Fig 2 Distribution areas of Ferula foetida in the world
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Anticancer activity: The main chemical components of Ferula plants that exert anti-tumor effects are ferulic
acids [17], sesquiterpenoids [ 18], and volatile oils [19].

According to an analysis, resin comprises carbohydrates - 67.8% per 100 gms, moisture 16.0%, minerals
7.0%, protein 4.0%, fat 1.1%, and fiber 4.1%. In addition to phosphorus, iron, carotene, riboflavin, and
niacin, it contains a high calcium concentration. The calorific value is 297, and it contains 40-64% resinous
material composed of ferulic acid, asaresinotannols, umbel-liferone, farnesiferols A, B, and C, about 25%
gum composed of glucose, l-arabinose, rhamnose, and glucuronic acid, galactose and volatile oil (3-17%)
consisting of disulfides as its major components, notably 2-butyl propenyl disulfide (E- and Z-isomers), with
monoterpenes (a- and B-pinene, etc.). The unpleasant odor of the oil is attributed primarily to the disulphide
C11H20S2 [20].

Traditional uses

F. foetida has been utilized in Central Asia for an extended period and in Ayurvedic and herbal medicine
traditions. It is valuable in abdominal pain-relieving and reducing vascular disorders, in cases of anxiety
disorders, liver troubles, and indigestion. The root of F. foetida is one of drugs in practice not only by
physicians, but also as a home remedy.

Use in Kyrgyzstan: F. foetida, known colloquially as the "Sasyk chair" or "Uuljan", holds a storied heritage
deeply ingrained in Kyrgyzstan's cultural and medicinal tapestry. Thriving primarily in the Alai, Fergana,
and Ketmen-Tube valleys, this versatile plant has been integral to Kyrgyz traditional medicine for centuries.
Revered for its roots, which form a cornerstone in countless remedies, it symbolizes the resilience of Kyrgyz
culture and its enduring connection to nature's bounty. One prominent use of F. foetida in medicine is its
utilization in treating whooping cough. Additionally, it has anticoagulant properties and reduces blood
pressure. In the polluted climate of Bishkek, respiratory illnesses are prevalent, and F. foetida contributes to
addressing these health issues.

Traditional remedies frequently incorporate F. foetida to alleviate symptoms associated with common
respiratory infections like asthma, whooping cough, and bronchitis.

This is credited to its expectorant qualities, potential anti-inflammatory effects, and antimicrobial properties,
all of which are advantageous for respiratory well-being. F. foetida is highly esteemed in Kyrgyz traditional
medicine for its capacity to address gastrointestinal tract problems, particularly stomach-related issues such
as flatulence and distension. Local people in Toktogul, Djalal-Abad, use Ferula inciso-serrata’s roots for
women's reproductive concerns, teenage skin issues like acne, etc. They cut the root into pieces, dry it out for
several days under dark conditions, and then dissolve the piece of root in hot water. When the root is
dissolved, locals drink a warm infusion every evening for ten days, rest for one month, and drink again for
another ten days (Figure 3). In addition to its medicinal applications, F. foetida has also been incorporated
into commercial markets. The properties of ferulic acid render it a fitting component in skincare cosmetics,
including serums, creams, and anti-aging products. Its anti-inflammatory properties may prevent pimples and
reduce the appearance of discoloration. Cell damage can make skin look loose or saggy, while ferulic acid
can preserve skin firmness. It also prevents the appearance of new blood vessels under the skin, which leads
to reduced skin redness.

Presently, certain areas in Central Asia, including Kyrgyzstan, are witnessing a surge in the sale of resin to
neighboring nations, leading to the depletion of stocks. This situation raises concerns regarding the
sustainability of plant utilization. Hence, innovative approaches need to be devised to look after the resources
of Ferula species. To tackle these concerns, various initiatives have been implemented to encourage the
sustainable cultivation and conservation of F. foetida in Kyrgyzstan. For instance, a moratorium on special
permittance of the cultivation of F. foetida by the Ministry of Natural Resources, Ecology, and Technical
Supervision of Kyrgyz Republic.
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Use in Xinjiang Uyghur Region (China): Ferula species serve as a medicinal herb in traditional medicine in
Uyghur, boasting a lengthy history of usage [14]. Ferula has already been integrated into the Uyghur
Medicine Criteria [21]. Additionally, Ferula has been included in the calendar version of the Chinese
Pharmacopoeia [22]. It stands as a potent remedy for various ailments and possesses a long history of usage
in numerous traditional medicines. For instance, Nepali people include Ferula as spice in their everyday
meals (Chinese Pharmacopoeia Commission, Beijing, China, 2020). Ferula's traditional uses include healing
against indigestion, flatulence, stomach pain, intestinal parasites, asthma, and flu [23].

The documented advantages of Ferula encompass lump elimination, deworming, antibacterial properties, and
other traditional applications [14].

Traditional Chinese medicines (TCMs) significantly impact China's contemporary healthcare system and
have demonstrated effectiveness in clinical settings. Even with the lack of standardized criteria for selecting
quality control measures has led to uncertainty regarding the certification and effectiveness of herbal
medicines. Several studies have documented Q-marker research for the genus Ferula. Therefore, using the Q-
marker method to identify various markers for the genus Ferula is crucial for ensuring its authenticity and
conserving plant resources [14]. Moreover, F. foetida extends its healing potential to treating intestinal
parasites, such as helminths [24]. Broadening its scope, F. foetida is prominent in addressing stomach issues
within TCM.

Use in Iranian traditional medicine: F. foetida is a rich source of resin and is much utilized in folklore
medicine [25]. A study published in the European Review for Medical and Pharmacological Sciences found
that F. foetida’s stem, flower, and leaf extracts have potent antihaemolytic and antioxidant properties, which
are very promising for biochemical experiments. The widespread use of traditional medicine continues, and
plants remain a significant source of natural antioxidants; ayurvedic texts have categorized ferula as an
appetizer and a restorer of consciousness [20]. These antioxidants could serve as starting points for
developing new pharmaceuticals [21]. The presence of phenols and flavonoids in the extract could be
responsible for its biological effects [25]. A study published in the Iranian Journal of Basic Medical Sciences
found that F. foetida's extracts have anti-inflammatory antioxidant and immunomodulatory activities that
may support its traditional use in these conditions [26].

Use in traditional Indian medicine: F. foetida boasts a lengthy history of utilization in traditional Indian
medicine - Ayurveda. Below are instances of its traditional application accompanied by references to
supporting research: F. foetida has been traditionally used as a nervine stimulant, digestive agent, and a
sedative [20]. The dried resin is extracted with hot water and taken orally as an emmenagogue [27], and hot
water extract of dried gum is given orally as a carminative, antispasmodic, and expectorant in chronic
bronchitis. Dried gum resin exudates are eaten to avoid guinea worm disease. F. foetida is extensively
utilized globally as a flavoring spice in various meals. Traditionally, it has been employed to address a
spectrum of ailments like asthma, epilepsy, stomach discomfort, gas, intestinal parasites, poor digestion, and
flu. Recent pharmacological and biological research has additionally revealed multiple properties associated
with resin, including antioxidant, antiviral, antifungal, cancer prevention, antidiabetic, antispasmodic, blood
pressure-lowering, and molluscicidal effects [20].

Pharmacological activities

F. foetida, a traditional medicinal plant, has been historically utilized to address a broad spectrum of health
concerns. Renowned for its diverse pharmacological properties, including antibacterial, anti-inflammatory,
antioxidant, anticarcinogenic, antitumor, antihelmintic, and hepatoprotective activities, as outlined in Figure
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4 below, it harbors numerous bioactive compounds such as umbelliprenin, methyl galbanate, ferutinin,
teferin, ferulic acid, and eferidin. Extensively studied through both in vitro and animal model experiments,
these compounds have exhibited promising potential in treating neurological disorders, dizziness, asthma,
headache, inflammation, bronchitis, rheumatism, and gastrointestinal disorders [28].

Gastrointestinal tract healing: F. foetida has traditionally been used or several stomach diseases. Studies have
shown that F. foetida herb is one of the best remedies available for flatulence and distension of the stomach
[20].

Table 1 The chemical constituent accountable for the pharmacological effects [20]

Ph?r.m acological Responsible chemical constituent
activity
Anticancer a-pinene; a-terpineol; diallyl-disulfide; ferulic-acid;

isopimpinellin; luteolin; umbelliferone; vanillin
a-pinene; azulene; B-pinene; ferulic-acid; isopimpinellin;
luteolin; umbelliferone

Anti-inflammatory

Antileukemic Luteolin

Antimutagenic Diallyl-sulfide; ferulic-acid; luteolin; umbelliferone; vanillin

Antineoplastic Ferulic-acid

Antitumor Diallyl-disulfide; diallyl-sulfide; ferulic-acid; luteolin; vanillin

Antiviral a-pinene; diallyl-disulfide; ferulic-acid; luteolin; vanillin

Antibacterial a-pingne; _ a.-terpinfzo.h azulqne; diallyl-disulfide; diallyl-sulfide;
ferulic-acid; luteolin; umbelliferone

Antispasmodic Azulene; ferulic-acid; luteolin; umbelliferone; valeric-acid

Antiseptic a-terpineol; azulene; B-pinene; diallyl-sulfide; umbelliferone

Lipoxygenase-inhibitor | Luteolin; umbelliferone

Antiulcer Azulene

Hepatoprotective Ferulic-acid; luteolin

Anti-HIV Diallyl-disulfide; luteolin

Antinitrosaminic Ferulic-acid

Antioxidant Ferulic-acid; luteolin; vanillin

Antiaggregant Ferulic-acid

Tranquilizer a-pinene; valeric-acid

Antiproliferative Diallyl-disulfide

Apoptotic Luteolin

Anticarcinogenic Ferulic-acid; luteolin

B-Glucuronidase- Luteolin

Inhibitor

Immunostimulant Diallyl-disulfide; ferulic-acid

Antihepatotoxic Ferulic-acid; glucoronic-acid

Antiprostaglandin Umbelliferone

Antihyaluronidase Luteolin

Cytotoxic Luteolin

Sedative

Ornithine- a-pinene; alpha-terpineol; valeric-acid

Decarboxylase- Ferulic-acid

Inhibitor

PTK-Inhibitor

Luteolin

Anti-inflammatory and analgesic: F. foetida has been reported to have anti-inflammatory and analgesic
properties. Studies have shown that root extracts have significant anti-inflammatory, anti-nociceptive, and
analgesic effects [29].

Antibacterial: F. foetida has potent antibacterial activity against a range of batteries. The dry roots affected
Staphylococcus aureus, Bacillus subtili and Sporosarcina [14].
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Antifungal activity: F. foetida’s oils have been found to have antifungal activity against several fungal
pathogens, including Aspergillus niger and Candida albicans. The highest antifungal activity of this plant
was reported with methanolic extract [31].
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Fig 3 Multi-faced action of Ferula species

Antioxidant activity: Studies have shown that F. foetida’s essential oil extracts obtained from gum resins
have significant antioxidant activity that may be used as safe and effective natural antioxidants in the food
industry to improve the oxidative stability of fatty foods during storage [32].

Immunomodulatory effects: Some compounds, such as terpenes and several other natural agents present in
essential oils of Ferula species have shown immunomodulatory properties [33].

Anticancer activity: Research has indicated that F. foetida demonstrates anticancer activity owing to its
antiproliferative characteristics, notably by compounds like serotonin. These substances have demonstrated
efficacy in restraining the proliferation of breast cancer cells [34]. Umbelliprenin compounds induced
apoptosis and showed cytotoxic and cytostatic effects against human solid cancer cells (melanoma) [35].
Hepatoprotective: F. foetida has been documented to possess hepatoprotective attributes, shielding the liver
from harm induced by diverse toxins and pharmaceutical agents. The extract was effective against oxidative
damage induced by CCl4 [36].

Neuroprotective: F. foetida has been found to exhibit neuroprotective and nerve-stimulating effects in
glutamate-induced neurotoxicity. The extract demonstrated antiapoptotic effects in cerebellar granule
neurons, shedding light on the advantageous impacts of F. foetida extract in treating neurological ailments
[37].

Antiulcer properties: F. foetida is reported to have gastric antiulcer properties. The gum resin has shown that
this effect may be or mainly related to antioxidant, anticholinergic, and antihistaminergic effects [30].
Antihelmintic activity: F. foetida is used in traditional medicine to treat diabetes. Aqueous and dry root latex
powder extracts from Ferula have exhibited significant antihelmintic activity against Pheretima posthuma
and liver fluke Fasciola gigantic [38].

Antispasmodic activity: F. foetida has been reported to have antihelmintic properties. Studies have shown
that F. foetida aqueous gum extract has significant antispasmodic and hypotensive activity in reducing blood
pressure and decreased contractions induced by acetylcholine, histamine, and KCl in the isolated guinea-pig
ileum [39].

Antitumor activity: F. foetida has been found to have potential anticancer and antitumor activity. Studies
have shown that F. foetida’s flowers and leaves have a cytotoxic effect on cancer cell lines, including liver
(HEPG2) carcinoma cells, cervical (HELA), and breast (MCF7) [40]. Toxic effect: F. foetida has been
linked to potentially increasing the effectiveness of warfarin [41]. Chromosomal damage has been linked to
the coumarin compounds found in F. foetida [20].
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Fig 4 Different bioactivities of Ferula species

Future considerations

Extensive research and awareness efforts are necessary in Batken, Jalal-Abad regions and neighboring areas
of Kyrgyzstan. While F. foetida's leaves, flowers, and root extracts remain integral to ethnomedicinal
therapies, comprehensive knowledge of their formulations and applications is primarily preserved in
literature and among a select cadre of regional physicians. As root harvesting threatens plant sustainability,
proactive measures must be taken to protect these invaluable botanical resources from overexploitation.
Though some facets of ethnomedicinal science have been explored, there remains a compelling need for
further investigation across diverse fronts, including cancer treatment, antioxidant properties, geographical
mapping, metabolomics, bioinformatics, genomics, proteomics, and data-driven analyses. Examination of
secondary metabolites like ferulic compounds should leverage in vitro methodologies to circumvent animal-
related ethical concerns. While much research has centered on the pharmacological and therapeutic
potentials of F. foetida, its biotechnological dimensions, such as cell culture techniques, warrant greater
scrutiny. The natural habitats of F. foetida in Batken, particularly in Leilek and Margun villages, necessitate
commercial viability and ecological preservation attention. Collaborative efforts among forestry agencies,
research entities, and non-governmental organizations are imperative to safeguard F. foetida and its wild
endemic species, employing a blend of scientific innovations and traditional conservation practices.

Future considerations for the study of F. foetida should include the preservation and sustainable use of this
critical species and the advancement of biotechnological methods, such as tissue culture, to promote
conservation and commercial viability. Tissue culture techniques can play a crucial role in propagating F.
foetida, especially given the plant's slow natural reproduction rates and the threats posed by overharvesting.
By establishing in vitro propagation protocols, it is possible to produce large quantities of the plant without
further depleting wild populations. This method also allows for the genetic enhancement of plant, potentially
introducing traits that could increase resistance to diseases and environmental stresses, thereby supporting
the development of varieties suited for different climatic and soil conditions.

Integrating these biotechnological strategies with traditional cultivation practices will help conserve this
valuable species and ensure its sustainable commercial production. This dual approach promises to secure
the future of F. foetida both as a cultural heritage and an economic resource in Kyrgyzstan and beyond,
aligning with global efforts in conservation biology, biodiversity and sustainable agriculture.

Conclusion

In summation, this comprehensive literature review on the phytochemistry and pharmacological activities of
F. foetida underscores its profound significance within Kyrgyzstan and throughout Central Asia. Scientific
inquiry has illuminated the traditional applications of this botanical treasure across a spectrum of health
concerns, validating its efficacy by identifying a plethora of bioactive compounds with considerable
therapeutic potential. Indeed, the role of F. foetida across Central Asian nations is immeasurable, its
historical reputation as a panacea for neurological, gastrointestinal, and cytotoxic maladies enriched by the
discovery of phytochemical gems like umbelliprenin, ferulic acids, azulene, luteolin, and vanillin derivatives.
These bioactive constituents exhibit various pharmacological activities, including antioxidant, anti-
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inflammatory, antimicrobial, anticancer, and antihyperglycemic effects, harmonizing with the plant's
traditional applications. However, beyond its medicinal virtues, F. foetida assumes a pivotal economic role
in Central Asian countries. However, rampant over-harvesting and habitat degradation underscore pressing
sustainability concerns. F. foetida transcends mere botanical taxonomy; it embodies a cultural and medicinal
legacy deeply ingrained in diverse traditions worldwide.

Biotechnological approaches, including genetic engineering and molecular breeding, could be harnessed to
enhance the production of specific bioactive compounds found in F. foetida. These compounds, particularly
ferulic acids and other secondary metabolites, are of significant pharmaceutical and industrial interest due to
their medicinal properties. Advanced biotechnological tools can help identify and amplify the critical genes
involved in the biosynthesis pathways of these compounds, leading to increased yields and more efficient use
of the plant in pharmaceuticals and nutraceuticals. Furthermore, community involvement and robust
legislative protections are essential to ensure sustainable management and preservation of F. foetida,
combining traditional knowledge with advanced biotechnological strategies to safeguard this valuable
botanical legacy for future generations.
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Bir sonraki sayida gériismek iimidiyle..
Hope to see you in the next issue..






	Teşekkürler 15082025
	85-93 Extraction and Comparison of Limonene Contents of Wastes in Citrus Species for Reuse
	94-105 Planting time and spacing effects on marigold Tagetes erecta L NK1 orange a comprehensive study in Nangarhar
	106-116 Morphological Characterization and Diversity Analysis of Coffea Arabica Germplasm from Yirgacheffe^J Ethiopia
	117-122 In vitro antisickling effect of crude stem bark extract of Ficus sycomorus on human sickled red blood cells
	124-133 Farklı Renklerde LED Işıklarının Turp Mikro Filizlerinde Vejetatif Büyüme Üzerine Etkisinin İncelenmesi
	134-142  Odunsu bitkilerin İstilasına Maruz Kalan Bir Meranın Islahı İçin Öneriler
	143-153 A Review on Industrial Application of Lactic Acid Bacteria in Food Microbiology
	154-163 Cultural and Medicinal Uses of Ferula foetida From Kyrgyzstan to Global Perspectives
	Dergi son sayfalar
	boş 2 sayfa

