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Effects of Scots Pine Sawdust on Quality, Growth,
Photosynthetic Characteristics, and Nutrient Contents
of Lavandula officinalis

Nuray Cicek “='*

This study aimed to evaluate the effects of Scots pine (Pinus sylvestris L.)
sawdust on the growth, aesthetic quality, photosynthetic pigments, and
nutrient uptake of Lavandula officinalis, a widely cultivated medicinal and
ornamental plant in Turkiye. Eleven growth media were formulated by
mixing peat and perlite with sawdust at concentrations ranging from 5% to
50% (v/v). The results demonstrated that the 25% sawdust treatment
significantly enhanced plant height, crown width, fresh weight, and visual
appearance. Photosynthetic pigment concentrations (chlorophyll a, b, and
carotenoids) were also optimized at this level, while higher sawdust
proportions (=40%) led to notable declines. Contrary to expectations, total
nitrogen content increased with sawdust levels, possibly due to nitrogen-
rich tissues in the sawdust and enhanced microbial mineralization.
Calcium content peaked at 25%, whereas micronutrients such as iron,
copper, and zinc decreased with higher sawdust ratios. The findings
suggest that Scots pine sawdust, when applied at moderate levels, can
serve as a sustainable substrate component in lavender cultivation. This
is the first study to systematically assess Scots pine sawdust in lavender
growing media, contributing to the development of resource-efficient and
environmentally friendly horticultural practices.
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INTRODUCTION

The selection of appropriate growth media for plants stands as a critical factor in
the realm of horticulture and agriculture. Producers are increasingly focused on identifying
media that not only foster optimal plant growth but also align with economic sustainability
(Cigek and Yiicedag 2021). Among the available options, peat has historically been the
predominant choice due to its beneficial properties. However, it is important to note that
peat is derived from non-renewable sources, raising concerns about their long-term
viability and environmental impact. Consequently, there is a growing global initiative to
explore alternative growing media that can replace peat without compromising plant health
(Dede et al. 2010).

One promising approach in this research involves the utilization of plant waste
materials as organic components for growth media (Cigek et al. 2021). These organic
materials play a pivotal role in enhancing the physical, chemical, and biological properties
of soils, thereby significantly promoting plant growth and health (Subpiramaniyam et al.
2021). For instance, materials such as sawdust contribute to improving soil structure and
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enhancing aeration, which are essential for root respiration and nutrient uptake.
Additionally, these organic amendments increase the organic matter content of the soil,
fostering a more robust microbial ecosystem that further supports plant vitality.
Importantly, using such organic materials has the advantage of maintaining soil pH at
desirable levels. Unlike traditional composts that often lead to elevated pH levels, which
can be detrimental to certain plant species, sawdust and similar materials help stabilize pH,
ensuring that it remains conducive to plant growth (Davis and Strik 2022). This
multifaceted approach to growing media not only supports sustainable agricultural
practices but also aligns with the increasing demand for environmentally friendly solutions
in plant cultivation.

Sawdust, which is composed of minuscule particles generated as a byproduct in
various industries such as sawmilling, pulp and paper production, and wood processing,
represents a significant yet often overlooked resource in agricultural and environmental
management (Abiodun et al. 2022; Eifediyi et al. 2022). When incorporated into soil,
sawdust can play a pivotal role in fostering a slow-decomposing organic carbon pool. This
process is crucial for climate change mitigation, as it effectively reduces greenhouse gas
emissions by sequestering carbon in the soil (Ashiono et al. 2017). As sawdust undergoes
decomposition, it transforms into humus, a rich organic material that gradually releases
essential nutrients into the soil. This nutrient release is particularly beneficial for promoting
healthy crop growth, enhancing soil fertility, and improving overall agricultural
productivity (Azuka et al. 2024). Beyond its environmental advantages, sawdust serves as
a cost-effective and sustainable solution for soil enhancement. Its use in agriculture not
only improves soil structure and moisture retention, but it also contributes to the reduction
of waste from industrial processes (Agboola et al. 2018; Khomami et al. 2021). In
particular, the application of fresh sawdust in sandy soil can yield significant benefits, even
when applied in its uncomposted state. However, to maximize its effectiveness, it is crucial
to supplement this application with additional mineral nitrogen. This practice stimulates
microbial activity, facilitating the decomposition of sawdust and ultimately supporting
robust plant growth (Matecka and Kwasna 2015). Thus, the strategic use of sawdust in
agricultural practices not only enriches the soil but also aligns with broader sustainability
goals, making it a valuable asset in both farming and environmental stewardship.

The carbon-to-nitrogen (C:N) ratio plays a pivotal role in influencing microbial
activity during the decomposition of organic materials, particularly when woody substrates
like sawdust are utilized in growing mediums, as evidenced by research conducted by
Huang et al. (2004). It is widely acknowledged that sawdust, characterized by a high C:N
ratio, can lead to nitrogen immobilization, which poses a significant risk of nutritional
deficiencies, especially in young seedlings that are particularly sensitive to nutrient
availability. This phenomenon underscores the importance of managing nutrient ratios in
soil amendments to ensure optimal growth conditions for seedlings (Huang et al. 2004).

Despite its potential drawbacks, sawdust’s slow decomposition process can serve
as a valuable source of long-term organic matter for plants (Rajor et al. 1996). When
appropriately mixed with other substrates such as perlite and peat, and under optimal
aeration conditions, sawdust can significantly enhance soil structure (Olayinka and
Adebayo 1985). This careful balancing act is essential for maximizing plant growth while
simultaneously minimizing nitrogen loss in agricultural practices. This is especially critical
in arable soils amended with cellulose-rich materials including sawdust, where the
interplay between carbon and nitrogen dynamics can directly impact crop health and yields
(Huang et al. 2004; Brass et al. 2008). The strategic management of sawdust application is
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therefore crucial to fully leverage its benefits while addressing the potential challenges
associated with nitrogen immobilization and the overall nutritional status of plants (Rajor
et al. 1996). By implementing effective management strategies, growers can improve soil
health and boost plant productivity, thereby promoting sustainable plant growth practices
over the long term.

Furthermore, the incorporation of sawdust into soil has been shown to stimulate
saprotrophic fungal activity, which plays a vital role in nitrogen retention. This fungal
activity is essential for minimizing nitrogen losses in arable soils, positioning sawdust as a
valuable resource in the realm of sustainable agriculture (Rojas-Higuera et al. 2017). The
multifaceted benefits of sawdust, ranging from enhancing soil health to reducing nitrogen
loss, underscore its potential as an effective and sustainable amendment within agricultural
systems, particularly when synergistically combined with other organic materials. This
holistic approach not only supports plant growth but also contributes to the resilience and
sustainability of agricultural ecosystems (Olayinka and Adebayo 1985).

The demand for medicinal and aromatic plants has surged dramatically in recent
years, reflecting a growing awareness of their health benefits and therapeutic properties
(Cicek et al. 2023). Among these plants, lavender (Lavandula spp.) has emerged as a
particularly valuable species, especially in Tirkiye, where its cultivation has gained
traction due to its straightforward growing requirements and eco-friendly characteristics
(Yiicedag et al. 2024). Lavender encompasses several species, with three of the most
commercially significant being L. officinalis, L. x intermedia, and L. spica. These species
are predominantly native to the Mediterranean region and are recognized for their extensive
applications in various industries, including cosmetics, aromatherapy, and pharmaceuticals
(Kara 2023).

Lavandula officinalis, which is often referred to as medicinal lavender, is especially
noteworthy. This perennial shrub is popular not only for its striking purple blooms—
typically appearing between April and June—but also for its valuable essential oils that can
be extracted from both its leaves and flowers. These oils are renowned for their calming
and therapeutic qualities, making L. officinalis a staple in holistic health practices and
natural remedies (Tahmineh et al. 2015). The increasing interest in such plants underscores
a broader trend towards sustainable plant cultivation and natural wellness solutions,
positioning lavender as a key player in the global market for medicinal and aromatic plants.
As the global trade of medicinal and aromatic plants expands, lavender’s role in this market
is increasingly recognized for its economic potential and therapeutic applications (Crisan
et al. 2023; Tripathi et al. 2017), and its versatility across sectors such as cosmetics, food,
and medicine continues to drive research and innovation in lavender cultivation and
utilization (Crisan et al. 2023; Oztas et al. 2024).

The increasing acknowledgment of lavender’s significance underscores the urgent
necessity for comprehensive research focused on its production. This includes exploring
various aspects such as economic viability, cost-effectiveness, and the development of
sustainable growth media. By delving deeper into these areas, there is an opportunity to
better understand how to optimize lavender cultivation while ensuring environmental
responsibility and economic feasibility. Such studies will not only enhance the knowledge
of lavender production but also contribute to the broader discourse on sustainable
agricultural practices (Szekely-Varga et al. 2020) and their implications for the future of
the industry. By integrating innovative cultivation methods and understanding the
phytochemical profiles of lavender, researchers can unlock new opportunities for its use in
health and wellness sectors (Aboud et al. 2020; Crisan et al. 2023).
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Despite the increasing interest in sustainable horticultural practices, there has been
a notable absence of research specifically examining the impact of Scots pine sawdust as a
growth medium for lavender. This study aims to fill that gap by investigating the effects of
Scots pine sawdust on various aspects of L. officinalis, commonly known as lavender,
which is a popular ornamental plant both in Turkiye and globally. The primary objectives
of this research include evaluating how Scots pine sawdust influences the overall quality
and growth of lavender, as well as assessing key photosynthetic parameters and nutrient
content within the plant. By conducting a series of controlled experiments, the study seeks
to determine the optimal proportion of Scots pine sawdust that can be incorporated into the
growth medium to enhance the development of robust and aesthetically pleasing
ornamental lavender plants. Ultimately, the findings from this research will provide
valuable insights for horticulturists and gardeners, guiding them in effectively using Scots
pine sawdust as a sustainable growing medium, thus contributing to the cultivation of
superior lavender specimens that thrive both in appearance and health. Researching the
effects of Scots pine sawdust on lavender growth will also contribute to the understanding
of sustainable practices in ornamental horticulture, promoting environmentally friendly
cultivation methods. This study will address the need for innovative solutions in the
ornamental horticulture industry by exploring sustainable practices that can enhance
lavender production while minimizing environmental impact.

EXPERIMENTAL

This study was conducted in the Research and Application Greenhouse of Cankiri
Karatekin University (40°37'32" N, 33°36'30" E, 884 m a.s.l.). The average daytime
temperature ranged between 30 and 35 °C, and relative humidity was approximately 65 to
70%. L. officinalis was used as the test plant. To prepare the base substrate, three parts peat
were mixed with one part perlite (3:1, v/v), creating a medium with both water-holding
capacity and improved aeration. The use of peat in this study aimed to provide a steady
nutrient supply and high water retention (Korkmaz and Cigek 2024). Perlite, an inert and
porous volcanic material, was added to improve drainage and oxygen availability to plant
roots, helping prevent root diseases associated with excessive moisture (Cicek 2010).
Eleven different growth media were formulated by adding various proportions of Scots
pine (Pinus sylvestris) sawdust (ranging from 5% to 50% by volume) to this peat—perlite
base mixture. The purpose of including Scots pine sawdust was to evaluate its potential as
an environmentally friendly, cost-effective alternative substrate. Sawdust contributes
organic matter, improves soil structure, and is widely available as a forestry byproduct. No
basal fertilization was applied throughout the experiment, so that it would be possible to
isolate the effects of the substrate compositions. The experiment was designed according
to a completely randomized block design with five replications. Plants were grown in 4-
liter pots for a period of twelve weeks.

Physical and Chemical Properties of Substrates

Table 1 presents the physicochemical properties of the peat + perlite mixture, and
the sawdust used. In the experiment, pH and electrical conductivity (EC) of growing
medium were determined according to Gabriels and Verdonck (1992), and the organic
matter by Horneck et al. (1989). A total N analysis was carried out by the Kjeldahl method
(Bremner 1965; Kacar 2009). Phosphorus, potassium, calcium, magnesium, iron, zinc,
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manganese, and copper contents of peat were found by a Perkin EImer Optima 2100 brand
Inductively Coupled Plasma — Optical Emission (ICP-OES) device in saturated medium
extract (Kirven 1986; Kacar 2009). Phosphorus, potassium, calcium, magnesium, iron,
zinc, and manganese contents in the extract obtained as a result of dry burning of sawdust
were determined using a Perkin Elmer Optima 2100 brand ICP-OES device (Pratt 1965;
Kirven 1986; Kacar 2009).

Table 1. Physicochemical Properties of the Peat + Perlite (3:1 v/v) Mixture and
Scots Pine (Pinus sylvestris L.) Sawdust Used in the Study

Parameter Soil + Pe(;l:ltlt)a Mixture Sawdust
pH 5.54 6.12
EC (dS m1) 0.43 1.07
Organic material (%) 93.00 58.00

Total N (%) 111 -

Extractable P (mg kg?) 0.28 0.17
Extractable K (mg kg?) 15.00 0.62
Extractable Ca (mg kg?) 182.00 1.92
Extractable Mg (mg kg?) 22.00 0.73
Water-soluble Fe (mg kg1) 0.15 2.15
Water-soluble Zn (mg kg1) 0.30 43.00
Water-soluble Cu (mg kg?) 0.48 7.00
Water-soluble Mn (mg kgt) 0.59 52.00

Note: (EC = Electrical Conductivity; OM = Organic Matter; N = Total Nitrogen; Extractable and
water-soluble nutrients were determined using standard soil extraction protocols)

Growth Parameters and Aesthetic Evaluation

Before harvest, plants were visually assessed for their aesthetic appearance,
including overall form, flower abundance, vitality, and brightness. A five-member panel
(including two academic staff, two graduate students in landscape architecture, and one
ornamental plant producer) scored each plant from 1 to 10 with 1 being the worst and 10
being the best.

The crown width (CW, cm), flower number, and weight (g), plant height (cm), plant
fresh, and dry weights (g) were measured according to Kitik et al. (1998) and Cicek
(2010). Plant height was determined by measuring the part of the plant from the growing
medium surface to the highest point of the plant in each pot with a ruler. Crown width was
measured by the projection diameter of the plant crown in the north-south and east-west
directions and taking the average. The plant dry weight was determined by drying them in
an air-circulated plant drying oven (65 to 70 °C) until they reached a constant weight and
then weighing the dry plant samples on a precision scale without delay.

Photosynthetic Pigment Analysis

A total of 10 mL of 90% v/v acetone were used to homogenize 250 mg of fresh leaf
samples. The photosynthetic pigments’ absorbance at 645, 663, and 470 nm was measured
using a spectrophotometer (UV/VIS-1201, Shimadzu Corp., Kyoto, Japan). Arnon (1949)
and Withman et al. (1971) served as the basis for the calculations of the concentrations of
carotenoids (Car) and chlorophyll (Chl).
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Nutrient Content in Plant Tissues

Total nitrogen in plant tissues was determined using the Kjeldahl method.
Phosphorus was analyzed via the vanadomolybdophosphoric yellow color method,
potassium by flame photometry, and calcium, magnesium, iron, copper, zinc, and
manganese via ICP-OES, following Kacar and Inal (2008).

Statistical Analysis

The means of the characteristics studied were compared between the treatments
using one-way variance analysis. Duncan’s multiple range test was used for post-hoc
comparisons when significant differences were detected (p < 0.05). Statistical analyses
were performed using IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION

Effects of Sawdust on Growth and Aesthetic Quality

Statistical analyses revealed significant differences in aesthetic appearance score,
crown width, plant height, and plant fresh weight among the sawdust treatments (p <
0.001). The 25% sawdust treatment resulted in the highest values across all these
parameters: aesthetic appearance score (9.7+0.2), crown width (25.2+0.3 cm), plant
height (57.8+0.3 cm), and plant fresh weight (59.0+0.8 g). Compared to the control
group, these values represented increases of 15.5%, 18.3%, 23%, and 30.7%, respectively
(Table 2). These results suggest that moderate sawdust application enhances overall plant
quality, possibly by improving root zone conditions such as aeration and microbial activity.
Similar findings have been reported in sesame (Eifediyi et al. 2022), Xanthosoma mafafa
(Iroegbu et al. 2020), and Ribes nigrum (Paunovi¢ et al. 2020), where moderate levels of
sawdust improved plant height and biomass. Conversely, excessive sawdust amounts were
associated with reduced growth in other species such as Eucalyptus saligna (Ashiono et al.
2017) and sugar beet (Kovacik et al. 2020), which supports the growth-depressive effect
seen at 50% sawdust in our study. Although vegetative growth responded positively to
moderate sawdust levels, no statistically significant differences were observed in flower
number, flower weight, and plant dry weight (p > 0.05), suggesting that reproductive traits
were less sensitive to changes in growth media (Table 2).

Effects of Sawdust on Photosynthetic Pigments

Chlorophyll a and b contents exhibited a declining trend as sawdust concentration
increased. Specifically, the 50% sawdust treatment showed an 18.5% reduction in
chlorophyll a and a 23.5% reduction in chlorophyll b compared to the control. Similarly,
total chlorophyll (Chl a + b) was reduced by 19.9% in the 50% treatment (Table 3). The
highest values for Chl a (0.743 £ 0.010 mg/g FW), Chl b (0.322 + 0.004 mg/g FW), and
Chla+b (1.065 £+ 0.010 mg/g FW) were recorded at 15% sawdust. This indicates that low
to moderate levels of sawdust can support or enhance photosynthetic pigment
concentration, while higher levels may inhibit chlorophyll synthesis, potentially due to
nutrient competition or microbial immobilization of nitrogen (Huang et al. 2004; Kovacik
et al. 2020).

Cicek (2025). “Sawdust & Lavandin growth & nutrients,” BioResources 20(3), 5801-5813. 5806



PEER-REVIEWED ARTICLE

bioresources.cnr.ncsu.edu

Table 2. Effects of Different Scots Pine (Pinus sylvestris L.) Sawdust Percentages
on Visual Quality and Growth Parameters of Lavandula officinalis

Treatment | AAS (1-10) | CW (cm) NF FW (9) pH (cm) PFW (g) PDW (g)
Control 8.4+0.2cd| 21.3+0.6d 21.2+1.4 |3.1+0.4 (54.0+0.9bcde|45.2+3.3b| 18.1+1.7
0,
5% 1 884+0.2bc|235+0.8abc| 220414 |33+0.3|54.8+0.6bcd |54.8+1.7a| 23.4+3.4
Sawdust
0,
10% 9.1+0.2ab | 245+0.6ab | 228+1.2 |3.4+0.2| 56.0+0.5ab |51.7 + 2.1ab| 18.8+1.9
Sawdust
15% 9.0+0.1bc| 249+0.7a | 23.0+1.1 |35+0.2| 574+04a |546+14a| 21.1+2.1
Sawdust
0,
20% 9.4+02ab| 25.0+05a | 23.4+0.8 [|3.7+£0.2| 57.2+0.8a |56.0+x25a| 21.7+2.0
Sawdust
25% 9.7 +0.2a 252+03a | 248+1.2 [36+0.2| 57.8+0.3a |59.0+08a| 23.2+15
Sawdust
0,
30% 9.7 +0.2a 247+04a | 22.2+1.4 [3.3+£0.4| 55.0+0.5bc |55.1+3.0a| 249+1.3
Sawdust
0,
35% 9.1+0.2ab [22.8+0.5bcd| 22.4+1.8 [3.1+£0.4| 52.7+0.7de |54.2+3.1a| 22.4+3.7
Sawdust
0,
40% 19 0+02bc| 22.0+0.8cd | 21.0+1.0 | 2.8+0.3|53.9+ 1.0bcde| 45.9+3.1b | 17.7+2.8
Sawdust
0,
45% 8.4+03cd | 22.0+0.8cd | 204+2.3 |29+05|53.8+0.8¢cde |46.3+2.7b| 16.3+1.2
Sawdust
0,
50% 8.1+0.2cd | 21.8+05¢cd | 194+20 |[28+04| 519+05e |[46.0+£1.5b| 19.8+1.9
Sawdust
Mean 9.0+0.1 23.4+0.3 221+04 (3.2+0.1 55.0+0.3 51.7+0.9 | 20.7+£0.7
Min-Max | 7.6t010.0 | 19.9t026.8 |13.0t029.0|1.2t04.2| 50.1t058.7 |36.5t063.5|/12.1 to 36.0
P 0.000 0.000 0.418 0.541 0.000 0.000 0.201

Note: (AAS = Aesthetic Appearance Score; CW = Crown Width; NF = Number of Flowers; FW =
Flower Weight; PH = Plant Height; PFW = Plant Fresh Weight; PDW = Plant Dry Weight. Values
represent mean + standard deviation. Different letters indicate significant differences according to
Duncan’s test (p < 0.05).)

Carotenoid (Car) levels also tended to decrease with increasing sawdust content,
with a 10.5% decline at 50% sawdust. However, the Chl a + b / Car ratio did not show
statistically significant differences across treatments (p = 0.113) (Table 3), indicating a
relatively stable pigment balance despite total pigment reduction.

Effects of Sawdust on Nutrient Content

One of the most unexpected findings of the study was the significant increase in
total nitrogen content as sawdust concentration increased. The highest nitrogen content
(2.49 + 0.14%) was found in the 50% sawdust treatment, representing a 76.6% increase
over the control (Table 4). This result is surprising, considering that sawdust is often
associated with nitrogen immobilization due to its high carbon-to-nitrogen (C:N) ratio
(Huang et al. 2004). However, it is hypothesized that the sawdust used in this study may
have included bark, cambial tissue, or young xylem, which are known to contain higher
levels of nitrogen than mature wood (Camargo et al. 2014; Ninkuu et al. 2023).
Additionally, the combination with peat and perlite likely improved aeration and microbial
activity, enabling controlled decomposition and mineralization of organic nitrogen.
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Table 3. Effects of Different Scots Pine (Pinus sylvestris L.) Sawdust Percentages
on Chlorophyll and Carotenoid Content in Lavandula officinalis

Treatment | Chla(mgg? | Chib(mgg? | Chlatb (mgg?| Car(mgg? | Chla+b/
FW) FW) FW) FW) Car
Control 0.736 + 0.028ab |0.299 + 0.007bc | 1.035 + 0.028ab 0.220 + 4,72 +0.19
0.005a
5% Sawdust |0.738 + 0.008ab|0.309 + 0.008ab| 1.047 + 0.008ab 0.234 + 4,49 +0.12
0.007a
10% 0.741 + 0.009ab |0.311 + 0.008ab| 1.052 + 0.015a 0.224 + 4,70 +0.10
Sawdust 0.005a
15% 0.743 £ 0.010a | 0.322 + 0.004a | 1.065 + 0.010a 0.230 4,64 +0.12
Sawdust 0.004a
20% 0.735 + 0.004ab |0.312 + 0.004ab| 1.047 + 0.007ab 0.227 + 4.63+0.14
Sawdust 0.007a
25% 0.734 + 0.018ab |0.310 + 0.006ab | 1.044 + 0.024ab 0.231 + 453+0.14
Sawdust 0.005a
30% 0.711 + 0.289 + 0.003cd | 0.999 + 0.010bc 0.222 + 4,51 +0.07
Sawdust 0.008abc 0.004a
35% 0.700 + 0.010bc |0.273 + 0.006de | 0.973 + 0.015cd 0.217 + 4.49 +0.13
Sawdust 0.007a
40% 0.684 + 0.008c | 0.264 + 0.006e | 0.948 + 0.009d 0.197 + 4.81 +0.08
Sawdust 0.003b
45% 0.639 + 0.015d | 0.246 + 0.002f | 0.885 + 0.017e 0.195 + 455 +0.10
Sawdust 0.004b
50% 0.600 £ 0.005e | 0.229 + 0.005g | 0.829 £ 0.009f 0.197 + 421 +0.12
Sawdust 0.004b
Mean 0.706 + 0.007 | 0.288 + 0.004 0.993+0.011 |0.218 +0.002 |4.57 +0.04
Min-Max 0.590t0 0.820 | 0.210t0 0.330 | 0.800to 1.130 |0.180to 0.260{3.99 t0 5.18
P 0.000 0.000 0.000 0.000 0.113

Note: Chl a = Chlorophyll a; Chl b = Chlorophyll b; Chl a+b = Total Chlorophyll; Car =
Carotenoids; FW = Fresh Weight. Values represent mean + standard deviation. Different letters
within a column indicate significant differences according to Duncan’s multiple range test (p <
0.05).

Phosphorus levels remained stable across treatments (p = 0.736), with only minor
fluctuations, aligning with previous findings on P stability in organic-rich substrates.
Similarly, magnesium content showed little variation and peaked slightly at 50% sawdust
(0.51+£0.01%) (Table 4). Calcium content increased with sawdust up to the 25% treatment,
reaching 2.67 + 0.09%, which was 48.3% higher than the control. This could be attributed
to improved root development or microbial release of Ca from the organic matrix (Table
4). In contrast, micronutrients such as iron, copper, and zinc decreased as sawdust levels
increased. Iron content dropped 36.3%, copper 50.8%, and zinc 40.2% in the 50% sawdust
treatment compared to control (Table 4). These declines could be the result of competition
between plants and microbes for micronutrients, as well as potential binding of metals in
organic complexes or changes in pH and redox conditions. Manganese exhibited a more
variable pattern, peaking slightly at 40% sawdust and declining sharply at higher levels
(Table 4). This suggests species-specific and concentration-dependent responses of
micronutrients to organic amendments.
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Table 4. Effects of Different Scots Pine (Pinus sylvestris L.) Sawdust Percentages
on Macro- and Micronutrient Content of Lavandula officinalis Shoots

Treatment N P Ca Mg Fe Mn Cu Zn
(%) (%) (%) (%) | (mg kg™) |(mg kg™?)|(mg kg™) | (mg kg™)
Control 141+ | 027« 1.80« 042+ |367.60%x| 61.60% | 22.80+ | 38.00 %
0.02e 0.02 0.09c 0.03 22.28a 1.86a 1.16a 1.23a
5% 159+ | 030+ | 207 047+ |34580%| 54.80% | 19.60+ | 34.00%
Sawdust | 0.02e 0.01 0.12bc 0.01 16.60ab | 2.33b 0.93b 1.30b
10% 154+ | 026+ | 216+ 045+ |351.20+| 49.20% | 1840+ | 30.00%
Sawdust | 0.05e 0.03 0.10b 0.02 19.65ab | 2.15b 0.81b 2.00c
15% 168+ | 028+ | 212+ 046+ |323.20+| 43.00%x | 18.60+ | 28.00 %
Sawdust | 0.06de 0.02 0.07bc 0.03 9.65hbc 1.30c 1.17b 1.52cd

20% 191+ | 0.26 2.30 0.50+ |300.40+| 4100+ | 17.40+ | 26.80 %
Sawdust | 0.11cd 0.02 0.13b 0.01 16.85cd 1.41c 1.33bc 0.86c¢cd

25% 198+ | 025+ | 267 048+ |289.00+| 38.20% | 16.60+ | 29.60 %
Sawdust | 0.12bc 0.02 0.09a 0.03 11.80cd | 1.07cd | 1.03bcd 1.21c
30% 226+ | 024+ | 268+ 049+ |283.20%| 3740+ | 1640+ | 25.60
Sawdust | 0.10ab 0.01 0.16a 0.02 11.20cd | 1.33cd |1.63bcde | 1.08de
35% 222+ | 025+ | 285+ 048+ |261.80+| 3240+ | 1420+ | 2440+
Sawdust | 0.10ab 0.01 0.07a 0.05 9.54de | 3.31de | 0.58cdef | 1.47de
40% 225+ | 028+ | 271+ 047+ |239.60%+| 60.60+ | 13.80+ | 22.60 %
Sawdust | 0.12ab 0.02 0.11a 0.02 6.70e 1.47e 0.86def 0.75e
45% 246+ | 026+ | 285+ 046+ |228.00+| 27.20%+ | 13.20+ | 21.80+
Sawdust | 0.1la 0.02 0.10a 0.03 6.47e 1.77e 0.86ef 1.07e
50% 249+ | 027+ | 283+ 051+ | 23420+ | 2780+ | 11.20+ | 22.60 %
Sawdust | 0.14a 0.03 0.14a 0.01 8.52e 2.48e 0.58f 0.93e
Mean 198+ | 027+ | 246+ 047+ |293.09+| 4029+ | 1656+ | 27.58 +
0.06 0.01 0.06 0.08 7.40 1.55 0.51 0.74
Min-Max | 1.36to | 0.20to | 1.56to | 0.33to |208.00to| 22.00to | 10.00to | 19.00 to
2.85 0.37 3.15 0.58 412.00 67.00 26.00 42.00
P 0.000 | 0.736 0.000 0.563 0.000 0.000 0.000 0.000
Note: (N = Total Nitrogen; P = Phosphorus; Ca = Calcium; Mg = Magnesium; Fe = Iron; Mn =
Manganese; Cu = Copper; Zn = Zinc. Values are expressed as mean * standard deviation. Different

letters within a column indicate significant differences according to Duncan’s multiple range test (p
<0.05).)

CONCLUSIONS

1. This study aimed to investigate the effects of incorporating Scots pine (Pinus sylvestris)
sawdust into peat-based growing media on the growth, visual quality, photosynthetic
capacity, and nutrient content of Lavandula officinalis. The broader objective was to
evaluate the potential of sawdust—a readily available forestry byproduct—as a
sustainable alternative to conventional substrates such as peat. The findings clearly
demonstrated that moderate inclusion of sawdust (particularly at 25% v/v) significantly
enhanced plant height, crown width, fresh weight, and aesthetic appearance without
compromising flower development. Photosynthetic pigment concentrations and
calcium uptake were also optimized at this level, while excessive sawdust (= 40%) led
to reduced chlorophyll and micronutrient levels.
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2. Contrary to initial expectations, nitrogen content increased with higher sawdust levels.
This surprising result may be explained by the presence of young woody tissues in
sawdust and improved mineralization conditions within the peat-perlite matrix. These
insights underscore the complex interactions between organic substrates, microbial
activity, and nutrient dynamics.

3. From a practical perspective, this research identified 25% sawdust as the optimal ratio
for supporting both physiological performance and ornamental value in L. officinalis.
Importantly, it highlighted that sawdust—when properly combined with other media—
can serve as a viable, cost-effective, and eco-friendly substrate component.

4. This study makes a novel contribution to sustainable horticulture by being the first to
evaluate Scots pine sawdust as a growing medium component for lavender cultivation.
It provides experimental evidence on how varying levels of sawdust affect plant
physiology and nutrient status, filling a critical gap in the literature on lavender
production. Moreover, the research supports the integration of circular bioeconomy
principles into ornamental plant production by offering a practical pathway for
repurposing forestry residues. These findings may inform future media formulation
strategies for a wide range of aromatic and ornamental plants, contributing to resource-
efficient, climate-resilient horticultural systems.

REFERENCES

Abiodun, F. O., Isola, J. O., and Smart, M. O. (2022). “Influence of sawdust mulch on
soil properties, growth and yield performance of okra (Abelmoschus esculentus (L.)
Moench) in an alfisol,” FUTY Journal of the Environment 16(3), 12-22.

Aboud, F. S., Abd-El Hameed, S. M., Gad, D. A. M., Shoeip, A. M. O., and Shoeip, M.
0. (2020). “Effect of organic and bio-fertilizer on growth, yield, and essential oil of
lavandula officinalis I. plant grown in sandy soil,” Plant Archives 21(1), 2607-2617.
DOI: 10.51470/PLANTARCHIVES.2021.vV21.51.425

Agboola, O. O., Osen, O. M., Adewale, O. M., and Shonubi, O. (2018). “Effect of the use
of sawdust as a growth medium on the growth and yield of tomato,” Annals of West
University of Timisoara, ser. Biology 21(1), 67-74.

Arnon, D. I. (1949). “Copper enzymes in isolated chloroplasts: Polyphenoloxidase in
Beta vulgaris,” Plant Physiology 24, 1-15.

Ashiono, F. A., Wangechi, H. K., and Kinyanjui, M. J. (2017). “Effects of sawdust, forest
soil and cow dung mixtures on growth characteristics of blue gum (Eucalyptus
saligna) seedlings in South Kinangop Forest, Nyandarua, Kenya,” Open Journal of
Forestry 7, 373-387. DOI: 10.4236/0jf.2017.74022

Azuka, M. O., Njoku, G. U., Nwaizuzu-Daniel, J., Opara, C. T., and Chidinma, F. N.
(2024). “Effects of sawdust and poultry manure on growth and yield of tomato
(Lycopersicum lycopersicum) in Nekede, Owerri, Imo State, Nigeria,” International
Journal of Agricultural and Rural Development 27(1), 6881-6886.

Brass, T. J., Foshee, W. G., and Sibley, J. L. (2008). “Use of fresh sawdust as a nitrogen
source in sweet corn production,” Journal of Vegetable Crop Production 10(2), 89-
98.

Cicek (2025). “Sawdust & Lavandin growth & nutrients,” BioResources 20(3), 5801-5813. 5810


https://doi.org/10.51470/PLANTARCHIVES.2021.V21.S1.425
https://doi.org/10.4236/ojf.2017.74022

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Bremner, J. M. (1965). “Total nitrogen,” in: Methods of Soil Analysis. Part 2. Chemical
and Microbiological Properties, C. A. Black (ed.), American Society of Agronomy
Inc. Pub., Madison, W1, USA, pp. 1149-1178.

Camargo, E.L.O., Nascimento, L.C., Soler, M., Salazar, M. M., Lepikson-Neto, J.,
Marques, W. L., Alves, A., Teixeira, P. J. P. L., Mieczkowski, P., Carazzolle, M. F.,
et al. (2014). “Contrasting nitrogen fertilization treatments impact xylem gene
expression and secondary cell wall lignification in Eucalyptus,” BMC Plant Biology
14, article 256. DOI: 10.1186/s12870-014-0256-9

Cicek, N. (2010). “The use of Sakarya-Akgol peat in plant growth medium,” Ph.D.
Thesis, Ankara University, Ankara, Turkey.

Cicek, N., and Yiicedag, C. (2021). “Usage of hazelnut husk as growing media in scarlet
sage (Salvia splendens),” Artvin Coruh Universitesi Orman Fakiltesi Dergisi 22(2),
202-208. DOI: 10.18391/0cu.970553

Cicek, N., Bilgili, B., Yiicedag, C., and Kahya, M. (2021). “Effects of maturity time of
hazelnut husk and nutrition solution on growth and quality parameters of wild pansy,”
Anadolu Orman Arastirmalar: Dergisi 7(2), 119-125.

Cicek, N., Tuccar, M., Yiicedag, C., and Cetin, M. (2023). “Exploring different organic
manures in the production of quality basil seedlings,” Environmental Science and
Pollution Research 30, 4104-4110. DOI: 10.1007/s11356-022-22463-5

Crisan, 1., Ona, A., Varban, D. I., Muntean, L., Varban, R., Stoie, A., Mihaiescu, T., and
Morea, A. (2023). “Current trends for lavender (Lavandula angustifolia Mill.) crops
and products with emphasis on essential oil quality,” Plants 12(2), article 357. DOI:
10.3390/plants12020357

Davis, A. J., and Strik, B. C. (2022). “Long-term effects of pre-plant incorporation with
sawdust, sawdust mulch, and nitrogen fertilizer rate on ‘Elliott” highbush blueberry,”
HortScience 57(3), 414-421. DOI: 10.21273/HORTSCI16359-21

Dede, O. H., Dede, G., and Ozdemir, S. (2010). “Agricultural and municipal wastes as
container media component for ornamental nurseries,” International Journal of
Environmental Research 4, 193-200.

Eifediyi, E. K., Imam, A. Y., Ahamefule, H. E., Ogedegbe, F. O., and Isimikalu, T. O.
(2022). “Influence of sawdust biochar application on the growth, morphological
characters and yield of four varieties of sesame (Sesamum indicum L.),” International
Journal of Recycling of Organic Waste in Agriculture 11, 189-200. DOI:
10.30486/1JROWA.2021.1933189.1274

Gabriels, R., and Verdonck, O. (1992). “Reference methods for analysis of compost,” in:
Composting and Compost Quality Assurance Criteria, Commission of the European
Communities, Luxembourg, pp. 173-183.

Horneck, D. A., Hart, J. M., Topper, K., and Koepsell, B. (1989). “Methods of Soil
Analysis Used in the Soil Testing Laboratory at Oregon State University,”
Agricultural Experiment Station, Hermiston, OR, USA.

Huang, G. F., Wong, J. W. C., Wu, Q. T., and Nagar, B. B. (2004). “Effect of C/N on
composting of pig manure with sawdust,” Waste management 24(8), 805-813.

Iroegbu, C. S., Asawalam, D. O., Dada, O., and Orji, J. E. (2020). “Effect of agricultural
wastes on some soil physicochemical properties of ultisol, growth parameters and
yield of cocoyam (Xanthosoma mafafa) at Umudike, southeastern Nigeria,” African
Journal of Agricultural Research 16(7), 952-962. DOI: 10.5897/AJAR2019.14612

Kacar, B. (2009). Soil Analysis Book (Extended Second Edition), Nobel Publishing
House, Ankara, Turkiye, pp. 467.

Cicek (2025). “Sawdust & Lavandin growth & nutrients,” BioResources 20(3), 5801-5813. 5811


https://doi.org/10.1186/s12870-014-0256-9
https://doi.org/10.18391/ocu.970553
https://doi.org/10.1007/s11356-022-22463-5
https://doi.org/10.3390/plants12020357
https://doi.org/10.21273/HORTSCI16359-21
https://doi.org/10.30486/IJROWA.2021.1933189.1274
https://doi.org/10.5897/AJAR2019.14612

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Kacar, B., and Inal, A. (2008). Plant Analysis, Nobel Publishing House, Ankara, Turkiye,
pp. 912.

Kara, N. (2023). “Lavender agriculture and industry (Lavandula sp.),” Lecture Notes,
Antalya Provincial Directorate of Agriculture and Forestry,
(https://antalya.tarimorman.gov.tr/Belgeler/Lavanta%20Tar%C4%B1m%C4%B1%?2
0ve%20End%C3%BCstrisi%20Ders%20Notlar%C4%B1.pdf), Accessed 15 Oct
2024.

Khomami, A. M., Haddad, A., Alipoor, R., and Hojati, S. I. (2021). “Cow manure and
sawdust vermicompost effect on nutrition and growth of ornamental foliage plants,”
Central Asian Journal of Environmental Science and Technology Innovation 2, 68-
78.

Kirven, D. M. (1986). “An industry viewpoint: Horticultural testing is our language
confusing,” HortScience 21, 215-217.

Korkmaz, E., and Cigek, N. (2024). “Investigation of the alleviating effect of liquid
seaweed fertilizer on Lavandula officinalis under salt stress,” Environmental
Monitoring Assessment 196, article 187. DOI: 10.1007/s10661-024-12377-9

Kovacik, P., Wierzbowska, J., and Smolen, S. (2020). “Impact of the application of
Norway spruce sawdust (Picea abies) on sugar beet growth and yield and on selected
soil parameters,” Journal of Elementology 25(3), 1141-1154. DOI:
10.5601/jelem.2020.25.2.1961

Kiitiik, C. (2000). “The use of bark as potting medium for growing of begonia (Begonia
semperflorens) plant,” Journal of Agricultural Sciences 6(2), 54-58.

Kiitiik, C., Topguoglu, B., and Cayc1, G. (1998). “The effect of different growing media
on growth of croton (Codiaeum variegatum “Petra”) plant,” in: International
Symposium on Arid Region Soil, M. Sefik Yesilsoy (ed.), Izmir, Turkey, pp. 21-24.

Matecka, M., and Kwasna, H. (2015). “Effect of Scots pine sawdust amendment on
abundance and diversity of culturable fungi in soil,” Polish Journal of Environmental
Studies 24(6), 2515-2524. DOI: 10.15244/pjoes/59985

Ninkuu, V., Liu, Z., and Sun, X. (2023). “Genetic regulation of nitrogen use efficiency in
Gossypium spp.,” Plant, Cell & Environment 46(6), 1749-1773.

OGM (2021). “Forest asset,” (https://www.ogm.gov.tr/tr/ormanlarimiz-
sitesi/TurkiyeOrmanVarligi/Yayinlar/2020%20T%C3%BCrkiye%200rman%20Varl
%C4%B1%C4%9F%C4%B1.pdf), Accessed 10 Oct 2024.

Olayinka, A., and Adebayo, A. (1985). “The effect of methods of application of sawdust
on plant growth, plant nutrient uptake and soil chemical properties,” Plant and Soil
86, 47-56. DOI: 10.1007/BF02185024

Oztas, H., Tiirkmen, M., and Oztas, F. (2024). “Lavenders, their phytochemical
properties, and their uses for medical and cosmetic purposes,” Innovations in
Biological Science 2, 1-13. DOI: 10.9734/bpi/ibs/v2/9080a

Paunovi¢, S. M., Milinkovi¢, M., and Pesakovi¢, M. (2020). “Effect of sawdust and foil
mulches on soil properties, growth and yield of black currant,” Erwerbs-Obstbau 62,
429-435. DOI: 10.1007/s10341-020-00522-w

Pratt, P. F. (1965). “Potassium, sodium,” in: Methods of Soil Analysis. Part 2. Chemical
and Microbiological Properties, C. A. Black (ed.), American Society of Agronomy
Inc. Pub., pp. 1022-1034.

Rajor, A., Sharma, R., Sood, V., and Ramamurthy, V. (1996). “A sawdust-derived soil
conditioner promotes plant growth and improves water-holding capacity of different

Cicek (2025). “Sawdust & Lavandin growth & nutrients,” BioResources 20(3), 5801-5813. 5812


https://antalya.tarimorman.gov.tr/Belgeler/Lavanta%20Tar%C4%B1m%C4%B1%20ve%20End%C3%BCstrisi%20Ders%20Notlar%C4%B1.pdf
https://antalya.tarimorman.gov.tr/Belgeler/Lavanta%20Tar%C4%B1m%C4%B1%20ve%20End%C3%BCstrisi%20Ders%20Notlar%C4%B1.pdf
https://doi.org/10.1007/s10661-024-12377-9
https://doi.org/10.5601/jelem.2020.25.2.1961
https://doi.org/10.15244/pjoes/59985
https://doi.org/10.1007/BF02185024
https://doi.org/10.9734/bpi/ibs/v2/9080a
https://doi.org/10.1007/s10341-020-00522-w

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

types of soils,” Journal of Industrial Microbiology & Biotechnology 16(4), 237-240.
DOI: 10.1007/BF01570027

Rojas-Higuera, N., Pava-Sanchez, A. M., Pinzén Rangel, D. L., Diaz-Ariza, L. A.,
Quevedo-Hidalgo, B., and Pedroza-Rodriguez, A. M. (2017). “Bio-transformed
sawdust by white rot fungi used as a carrier for plant growth-promoting bacteria,”
European Journal of Wood and Wood Products 75(2), 263-273. DOI:
10.1007/S00107-016-1099-X

Subpiramaniyam, S., Hong, S.-C., Yi, P.-1., Jang, S.-H., Suh, J.-M., Jung, E.-S., Park, J.-
S., and Cho, L.-H. (2021). “Influence of sawdust addition on the toxic effects of
cadmium and copper oxide nanoparticles on Vigna radiata seeds,” Environmental
Pollution 289, article 117311. DOI: 10.1016/j.envpol.2021.117311

Szekely-Varga, Z., Boscaiu Neagu, M. T., and Cantor, M. (2020). “Research concerning
the use of different mulching methods on lavender,” Bulletin of University of
Agricultural Sciences and Veterinary Medicine Cluj-Napoca: Horticulture 154-158.
DOI: 10.15835/BUASVMCN-HORT:2019.0011

Tahmineh, S. S., Raheleh, A. G., and Setareh, F. (2015). “The effect of phytohormones
on lavender (Lavandula angustifolia Mill.) organogenesis,” Journal of Pharmacy and
Pharmacology 3, 338-344.

Tripathi, H., Suresh, R., and Kumar, S. (2017). “International trade in medicinal and
aromatics plants: A case study of past 18 years.” Journal of Medicinal and Aromatic
Plant Sciences 1-17. DOI: 10.62029/jmaps.v39il.tripathi

Withman, F. H., Blaydes, D. F., and Devlin, R. M. (1971). Experiments in Plant
Physiology, Van Nostrand Reinhold Co., New York, NY, USA.

Yiicedag, C., Cigek, N., and Gafar, C. (2024). “Lavandar (Lavandula angustifolia Miller
ve L. x intermedia Emeric ex Loisel.),” in: A Journey of Discovery into Medicinal and
Aromatic Plants, N. Cicek and C. Yiicedag (eds.), IKSAD Publishing House, Ankara,
Tdrkiye, pp. 517-550.

Article submitted: January 11, 2025; Peer review completed: March 1, 2025; Revised
version received and accepted: May 15, 2025; Published: May 28, 2025.
DOI: 10.15376/biores.20.3.5801-5813

Cicek (2025). “Sawdust & Lavandin growth & nutrients,” BioResources 20(3), 5801-5813. 5813


https://doi.org/10.1007/BF01570027
https://doi.org/10.1007/S00107-016-1099-X
https://doi.org/10.1016/j.envpol.2021.117311
https://doi.org/10.15835/BUASVMCN-HORT:2019.0011
https://doi.org/10.62029/jmaps.v39i1.tripathi

