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Aug. 17,2025 A factorial field experiment was conducted during the 2024-2025
growing season at the research station of the College of Agriculture,
University of Kufa, under green shade cloth (60% light transmis-
Accepted: sion) to investigate the effects of organic materials and foliar plant
extracts on vegetative growth and volatile oil yield of rosemary

Oct. 26, 2025 (Rosmarinus officinalis L.). The experiment followed a randomized
complete block design with three replications. Two factors were ex-
Published: amined: organic material type [wheat residues (O1), mushroom res-

1dues (02), and control (O0)] applied at 5 tons ha™, and foliar plant
Dec. 25,2025 extracts [moringa extract (E1), hibiscus extract (E2), and control
(EO0)] applied at 10 ml L™". Results demonstrated that wheat residues
significantly increased leaf number (3,505 leaves plant™), shoot dry
weight (40.54 g), and branch number (44.59 branches plant™) com-
pared to other treatments. Hibiscus extract enhanced plant height
(42.11 cm) and branch number (45.70 branches plant™), while
moringa extract maximized leaf number (3,233.3 leaves plant™).
For essential oil characteristics, mushroom residues produced supe-
rior oil yield (1.26%) and refractive index (1.746 nm). The interac-
tion O2xEOQ achieved the highest oil yield (1.41%), indicating sig-
nificant synergistic effects. These findings suggest that strategic se-
lection of organic materials combined with appropriate foliar ex-
tracts can substantially enhance rosemary production systems for
commercial cultivation
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Introduction

Rosemary (Rosmarinus officinalis L.) 1s a Mediterranean aromatic herb of the La-
miaceae family and it is extensively cultivated for its essential oil rich in bioactive
compounds including a-pinene, eucalyptol, and verbenone [1]. The increasing global
demand for natural products has intensified research efforts to optimize sustainable
cultivation practices while enhancing essential oil yield and quality [2]. Modern agri-
cultural systems emphasize integrated approaches combining organic fertilization with
biostimulant applications to improve crop productivity and environmental sustainabil-

ity [3].
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Organic fertilizers significantly influence essential oil composition and yield
through enhanced nutrient availability and improved soil biological activity [4]. Wheat
residues provide balanced nutrient release patterns due to their optimal carbon-to-ni-
trogen ratio, supporting sustained plant growth throughout the growing season [5].
Mushroom compost, characterized by balanced micronutrient content and excellent
physical properties, enhances secondary metabolite synthesis in aromatic plants [6].
Research demonstrates that organic amendments improve soil microbial diversity,
leading to enhanced nutrient cycling and plant performance [7].

Plant-based biostimulants represent innovative tools for sustainable agriculture, of-
fering natural alternatives to synthetic growth regulators [8]. Moringa oleifera leaf ex-
tract contains growth-promoting compounds including cytokinins, auxins, and essen-
tial nutrients that enhance plant physiological processes [9]. Recent studies confirm
moringa extract effectiveness in improving growth parameters and essential oil content
in aromatic plants through enhanced photosynthetic activity and nutrient uptake [ 10].
Hibiscus sabdariffa extract, rich in phenolic compounds and natural antioxidants,
demonstrates potential as foliar biostimulant due to its ability to enhance cellular me-
tabolism [11].

The integration of organic fertilization with foliar biostimulant applications offers
synergistic benefits for aromatic plant cultivation [12]. However, limited research ex-
ists on the interactive effects of different organic residue types combined with plant
extract applications on rosemary growth and essential oil characteristics. Previous stud-
1es indicate that combining organic and inorganic nutrient sources can increase herbage
yield by 66.1% and oil yield by 54.9% in rosemary [13], yet the optimal combinations
remain undefined.

This study aimed to evaluate the individual and interactive effects of organic mate-
rial type (wheat vs. mushroom residues) and foliar plant extracts (moringa vs. hibiscus)
on vegetative growth parameters and essential oil yield and quality of rosemary under
controlled greenhouse conditions.

Despite the growing demand for sustainable rosemary cultivation practices, signif-
icant knowledge gaps persist regarding the optimal combinations of organic amend-
ments and foliar biostimulants for maximizing both vegetative growth and essential oil
production. While previous studies have examined individual effects of organic ferti-
lizers or plant extracts separately, the interactive effects of different organic residue
types (wheat vs. mushroom) combined with specific plant extract applications
(moringa vs. hibiscus) remain poorly understood. Furthermore, the physiological
mechanisms underlying differential responses in vegetative parameters versus essential
oil characteristics have not been adequately elucidated. This research addresses these
critical gaps by investigating: (1) the comparative efficacy of wheat and mushroom
residues as soil amendments, (2) the distinct roles of moringa and hibiscus extracts as
foliar biostimulants, and (3) the synergistic or antagonistic interactions between soil
amendments and foliar applications in influencing rosemary growth dynamics and es-
sential oil yield and quality. Resolving these questions is essential for developing evi-
dence-based recommendations for commercial rosemary production systems that opti-
mize resource use efficiency while maintaining environmental sustainability.
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Materials and Methods
Experimental Site and Conditions

The experiment was conducted during the 2024-2025 growing season at the re-
search station of the College of Agriculture, University of Kufa, in a greenhouse cov-
ered with green shade cloth on rosemary plants. The study was carried out under the
influence of two factors including:
Factor A (Organic Fertilizer): This included two types of compost: the first type (O1)
compost from wheat crop residues, prepared by the organic agriculture project in Al-
Abbasiya district affiliated to Najaf city center, and the second type (O2) compost from
edible mushroom residues from the mushroom farm project located in Afak district
affiliated to Diwaniyah city center, in addition to the control treatment (O0) without
organic fertilizers.
Factor B (Plant Extracts): This included two types of plant extracts: the first type
(E1) was moringa leaf extract while and the second type (E2) hibiscus leaf extract, in
addition to the control treatment (EQ) spraying with distilled water only.

Site Preparation and Experimental Setup

The cultivation area was prepared under a greenhouse covered with 60% green
shade cloth with an area of 30 x 9 m. Soil cultivation was carried out using machinery
at a depth of 30 cm to ensure soil softening and breaking up to eliminate harmful weeds.
After that, soil sterilization was performed by A formalin solution (2-5%) was mixed
thoroughly with the soil to a depth of 2030 cm, after which the soil was covered with
plastic sheets for 10—15 days to ensure effective sterilization.

Ensure the sterilization process and to secure plants from damage caused by the
sterilizing material. The area was then divided into plots in the form of raised beds at
a height of 35 cm, with 27 plots of 2 x 2 m area for each plot, leaving a buffer distance
of 1.5 m between plots (raised beds) to ensure no water leakage from one plot to an-
other and to facilitate service operations.

After that, the surfaces of the plots were accurately leveled and the plots were de-
fined with shoulders at a height of 20 cm to ensure no leakage of irrigation water and
its even distribution in the plot. The experimental units were applied to the experi-
mental plots, then organic matter was added at a rate of 5 tons ha™ by mixing it with
soil at a depth of 15 cm. Wheat residue compost and mushroom residue compost were
distributed according to quantity on the units under study.

The experimental unit included three replications, each replication comprising three
plots with 30 plants per plot, where the plant density reached 75,000 plants ha™'. The
total number of experimental plants was 810 plants.

Experimental Design

A factorial experiment design was used, implemented in a split-plot design accord-
ing to the Randomized Complete Block Design (R.C.B.D) to study two factors: the
first factor is the effect of two types of organic matter in addition to the control (without
organic fertilizers), and the second factor is two types of plant extracts in addition to
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the control treatment to determine the effect of these factors on vegetative characteris-
tics and volatile oil yield and quality.
Extract Preparation and Application

Table (1): Chemical Composition of Organic Fertilizers and Plant Extracts

Material N (%) [P (%) | K(%)| Organic Matter (%) |pH
Wheat Residue 1.8 0.6 1.2 45.3 7.2
Mushroom Residue | 2.1 0.8 1.5 52.7 6.8
Moringa Extract 0.58 | 0.12 1.85 Zeatin + IAA 6.5
Hibiscus Extract 0.45 | 0.08 | 1.62 |Phenolics + Anthocyanins | 5.8

Moringa Leaf Extract Preparation: Fresh moringa leaves (100 g) were collected
from mature trees, washed thoroughly with distilled water, and blended with 1000 ml
of distilled water using a laboratory blender. The mixture was filtered through cheese-
cloth and the filtrate was diluted to achieve the desired concentration of 10 ml L™
[14,15].

Hibiscus Leaf Extract Preparation: Fresh hibiscus leaves (100 g) were prepared us-
ing the same methodology as moringa extract. The leaves were blended with distilled
water, filtered, and diluted to 10 ml L™ concentration [14,15].

Both extracts were prepared before each application to maintain bioactivity. Foliar
applications were performed early morning (7:00-9:00 AM) to minimize evaporation
and maximize absorption. A surfactant (Tween-20 at 0.1% v/v) was added to enhance
leaf penetration. Applications were made twice during the growing season: first appli-
cation 30 days after transplanting and second application 60 days after transplanting.
Data Collection
Vegetative Growth Parameters:

o Plant height (cm): Measured from soil surface to the highest growing point

« Number of leaves per plant: Total count of fully developed leaves

« Leaf dry matter percentage (%): Determined by oven-drying at 70°C until con-

stant weight

« Number of branches per plant: Count of secondary shoots longer than 5 cm

« Shoot dry weight (g): Total above-ground biomass after drying
Essential Oil Analysis:

« Essential oil yield (%): Determined by steam distillation using Clevenger appa-

ratus

« Oil specific density (mg pL.'): Measured using pycnometer method

« Oil specific weight (g cm™): Calculated from density measurements

« Oil refractive index (nm): Determined using Abbe refractometer at 20°C

« Oil pH: Measured using digital pH meter

All measurements were conducted at the end of the growing season (120 days after
transplanting). Essential oil extraction was performed on fresh leaf samples (100 g)
using steam distillation for 3 hours. The extracted oils were analyzed immediately for
physical and chemical characteristics using standard analytical procedures [16].
Statistical Analysis
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Data were subjected to analysis of variance (ANOVA) using SAS statistical soft-
ware (version 9.4). Treatment means were compared using Least Significant Differ-
ence (LSD) test at P < 0.05 level of significance. The factorial design allowed for eval-
uation of main effects and interactions between organic materials and foliar extract
treatments.

Results and Discussion
Vegetative Growth Characteristics

Analysis of variance revealed significant main effects and interactions for all vege-
tative parameters studied. Wheat residues (O1) demonstrated superior performance in
leaf production (3,505 leaves plant™), shoot biomass accumulation (40.54 g), and
branching development (44.59 branches plant™') compared to mushroom residues (O2:
2,677.8 leaves plant™, 36.50 g, and 40.00 branches plant™, respectively). The control
treatment (O0) exhibited the greatest plant height (41.26 cm), differing significantly
from organic treatments. These results support previous findings demonstrating en-
hanced nutrient availability from wheat-based amendments through optimal decompo-
sition rates and balanced nutrient release [17]. The superior vegetative response to
wheat residues reflects improved soil biological activity and sustained nitrogen avail-
ability throughout the growing period [18].

Foliar extract applications significantly influenced plant morphology and develop-
ment patterns. Hibiscus extract (E2) maximized plant height (42.11 cm) and branch
development (45.70 branches plant™), with statistical significance confirmed by
LSDo.0s values of 0.6433 and 3.2423, respectively. Moringa extract (E1) enhanced leaf
production (3,233.3 leaves plant™!), while the control treatment (E0Q) promoted shoot
biomass accumulation (38.20 g). These responses align with research demonstrating
biostimulant effects of plant extracts through natural growth regulators and bioactive
compounds [19]. The phenolic compounds and growth-promoting substances in hibis-
cus extract particularly enhance apical meristem activity and lateral bud development
[20].

Table (2): Effect of organic materials, foliar extracts and their interaction on vegetative
growth characteristics of rosemary

Plant Leaf Num- | Leaf Dry | Branch Num- | Shoot Dry
Treatment | Height | ber (leaves | Weight | ber (branches | Weight
(cm) plant™) (%) plant™) (2)
Organic Ma-
terial
OO0 (Control) | 41.259 3259.3 46.418 39.370 35.741
Ol (Wheat | 3¢ 556 | 35050 | 46.566 44.593 40.5438
residues)
02 (Mush-
room resi- 38.852 2677.8 47.456 40.000 36.495
dues)
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LSD (0.05) | 0.6433 289 1.5474 3.2423 2.6924
Foliar Ex-
tract
EO (Control) | 35.370 29244 47733 38.963 38.198
El 41.185 | 32333 47261 39.296 35.085
(Moringa)
E2 égsl)bls' 42111 32843 47261 45.704 39.491
LSD (0.05) | 0.6433 289 1.5474 3.2423 2.6924
Interaction
(OXE)
O0xE0 40.000 2173.3 50.651 40.000 33.390
O0xEl 38.222 4163.9 49.882 40.889 30.614
O0XE2 37.000 2055.6 50.870 46.778 39.091
O1xE0 37.889 35444 44.5998 41222 40.417
O1xEl 42222 43333 44.118 47111 39.737
O1xE2 43 444 2033.3 44.944 44.778 36.671
02xE0 33.333 3055.6 52.590 35.667 40.776
02xEl 43111 4163.9 50.496 38.222 34.905
O2xE2 46.000 3622.2 52.590 42333 42710
LSD (0.05) | 1.1142 500.57 2.6802 5.6159 4.6634

Interaction analysis revealed significant synergistic effects between organic materi-
als and foliar treatments. The combination O1xE1 maximized leaf production (4,333.3
leaves plant™) and branching (47.11 branches plant™), while O2%E2 achieved optimal
plant height (46.00 cm). Treatment O1xEQ produced the highest shoot biomass (40.42
g). These interactions demonstrate complementary mechanisms whereby organic
amendments provide sustained nutrition while plant extracts enhance metabolic pro-
cesses and cellular development [21]. The observed synergies support integrated man-
agement approaches for optimizing aromatic plant production systems.

Essential Oil Characteristics (Table 2)

Essential oil analysis demonstrated significant treatment effects on yield and quality
parameters. Mushroom residues (O2) enhanced oil yield (1.26%) and refractive index
(1.746 nm) while reducing oil pH (5.89) compared to wheat residues (O1: 1.22% yield,
1.706 refractive index). The control treatment (O0) achieved intermediate oil yield
(1.24%) but exhibited superior oil density (750.85 mg pL ') and specific weight (1.012
g cm?). These findings confirm that mushroom-based amendments enhance essential
oil biosynthesis through improved secondary metabolite pathways and favorable mi-
cronutrient availability for terpene synthesis [22]. The enhanced oil quality reflects the
balanced mineral composition of mushroom compost, particularly trace elements es-
sential for enzymatic processes in oil production [23].

Foliar extract applications produced distinct effects on oil characteristics. The con-
trol treatment (E0) maximized oil yield (1.29%), while moringa extract (E1) optimized
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oil density (743.37 mg uL.™") and specific weight (0.989 g cm™3). Hibiscus extract (E2)
produced intermediate values across parameters (1.23% oil yield, 732.37 mg uL™! den-
sity). The superior oil yield under control conditions suggests that excessive foliar ap-
plications may redirect plant metabolism toward vegetative development rather than
oil accumulation [24]. However, moringa extract significantly enhanced oil quality
characteristics, indicating improved composition and bioactive compound concentra-
tion [25].

Interaction analysis revealed pronounced synergistic responses between treat-
ments. The combination O2XE0 achieved maximum oil yield (1.41%), while O0xE1
produced optimal oil density (762.56 mg pL"). Treatment O2xE1 exhibited the highest
refractive index (1.761 nm), indicating superior oil purity and concentration. Con-
versely, O0XE1 demonstrated the lowest oil yield (1.05%), suggesting potential antag-
onistic interactions between control soil conditions and moringa applications. These
patterns confirm that mushroom amendments create favorable soil environments for
essential oil synthesis when combined with appropriate foliar management [26]. The
significant LSDo.0s value (0.001383) for interactions validates the statistical reliability
of these synergistic effects, supporting integrated approaches for optimizing aromatic
plant production systems.

Table (3): Effect of organic materials, foliar extracts and their interaction on essential
oil characteristics of rosemary

Oil Yield | Oil Density | Q11 Specific | Oil Refrac- |
Treatment (%) (mg pL-) Weight (g tive Index pH
cm™) (nm)
Organic Mate-
rial
OO0 (Control) 1.241 750.852 1.0115 1.7274 6.393
Ol (Wheat | 555 | 724519 0.9487 17059 | 6.100
residues)
02 (Mush-
room resi- 1.255 716.815 0.9487 1.7456 5.885
dues)
LSD (0.05) | 0.0004611 17653 0.0472 0.0151 0.1734
Foliar Extract
EO (Control) 1.292 716.444 0.9659 1.7226 6.067
E1 (Moringa) 1.195 743.370 0.9893 1.7319 6.130
E2 (Hibiscus) 1.232 732.370 0.9698 1.7244 6.182
LSD (0.05) | 0.0004611 17653 0.0472 0.0151 0.1734
Interaction
(OXE)
O0xE0 1.334 733.667 1.014 1.731 6.477
O0xE1 1.051 762.556 1.014 1.720 6.522
O0xE2 1.339 756.333 1.005 1.731 6.177
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OI1xEQ 1.129 710.667 0.944 1.692 6.033
OIxEl 1.322 741.222 0.986 1.714 6.133
OIxE2 1.215 721.667 0.915 1.711 6.133
O2xE0 1.413 705.000 0.938 1.744 5.688
O2xEl 1.212 762.333 0.967 1.761 5.733
O2xE2 1.141 719.111 0.988 1.731 6.233
LSD (0.05) 0.001383 52960 0.1416 0.0452 0.5202

This study provides comprehensive evidence for the effectiveness of integrated or-
ganic fertilization and foliar biostimulant applications in enhancing rosemary produc-
tion systems. The research demonstrates that wheat residues significantly outper-
formed mushroom residues in promoting vegetative growth parameters, achieving su-
perior leaf production (3,505 vs. 2,677.8 leaves plant™'), shoot biomass accumulation
(40.54 vs. 36.50 g), and branching development (44.59 vs. 40.00 branches plant™).
These findings support the utilization of wheat-based composts as sustainable soil
amendments for aromatic plant cultivation [27].

Foliar applications of plant extracts demonstrated distinct and beneficial effects on
rosemary growth and development. Hibiscus extract maximized plant height (42.11
cm) and branch development (45.70 branches plant ™), while moringa extract enhanced
leaf production (3,233.3 leaves plant™'). These results confirm the biostimulant poten-
tial of plant-derived extracts in optimizing morphological development through natural
growth-promoting compounds [28].

Essential oil production responded differentially to treatment combinations, with
mushroom residues enhancing oil yield (1.26%) and quality characteristics, while
maintaining optimal refractive index values (1.746 nm). The interaction O2xEQ
achieved the highest oil yield (1.41%), demonstrating significant synergistic effects
between organic amendments and foliar management strategies. These findings align
with research emphasizing the importance of secondary metabolite enhancement
through integrated nutrient management approaches [29].

The statistical significance of treatment interactions (LSDo.os = 0.001383 for oil
yield) validates the importance of optimizing both soil amendments and foliar applica-
tions simultaneously. The study confirms that sustainable rosemary production systems
can be developed through strategic combination of organic materials with biostimulant
applications, offering environmentally sound alternatives to conventional fertilization
practices [30].

Practical Applications

Based on the experimental findings, rosemary producers should consider imple-
menting wheat residue compost at 5 tons ha™ as the primary organic amendment for
maximizing vegetative growth and biomass production. This recommendation aligns
with sustainable agriculture principles emphasizing the utilization of agricultural by-
products for crop production [31]. The application should be integrated into soil prep-
aration protocols approximately 2-3 weeks before transplanting to ensure optimal de-
composition and nutrient availability.
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For essential oil production systems, mushroom residue compost combined with
minimal foliar applications (control treatment) provides optimal oil yield enhancement.
This strategy supports commercial operations focused on maximizing oil extraction
efficiency while maintaining sustainable production practices [32]. Producers targeting
essential oil markets should prioritize this combination for achieving superior oil qual-
ity and concentration.

Future Research Directions

Further investigation is warranted to evaluate the long-term effects of repeated or-
ganic amendment applications on soil health indicators and plant performance across
multiple growing seasons. Research should examine the cumulative impacts of wheat
and mushroom residue applications on soil microbial communities, nutrient cycling
processes, and plant-soil interactions [33]. Such studies would provide essential infor-
mation for developing sustainable crop rotation and soil management strategies.

The optimization of plant extract concentrations and application timing requires ad-
ditional research to maximize biostimulant effectiveness while minimizing input costs.
Future studies should investigate concentration-response relationships for moringa and
hibiscus extracts across different growth stages and environmental conditions [34].
This research would enable the development of precision application protocols for
commercial implementation.

Investigating the biochemical mechanisms underlying the observed synergistic in-
teractions between organic amendments and plant extracts represents a priority re-
search area. Studies employing metabolomics and transcriptomics approaches could
elucidate the molecular pathways responsible for enhanced growth and essential oil
production [35]. Such mechanistic understanding would facilitate the development of
targeted biostimulant formulations for aromatic plant production.

Economic and Environmental Considerations

Economic analysis of the recommended production systems should be conducted to
evaluate cost-benefit ratios and identify optimal input combinations for different mar-
ket scenarios. Research should assess the economic viability of organic amendment
applications relative to conventional fertilization strategies [36]. This analysis would
support decision-making processes for commercial producers transitioning to sustain-
able production systems.

Environmental impact assessments of the recommended practices should be per-
formed to quantify benefits related to carbon sequestration, nutrient retention, and bi-
odiversity conservation. Studies should evaluate the environmental footprint of organic
amendment production and application compared to synthetic fertilizer systems [37].
Such assessments would support policy development and certification programs for
sustainable aromatic plant production.

The scalability of laboratory and greenhouse findings to field conditions requires
validation through multi-location field trials across diverse agro-ecological zones. Re-
search should examine the performance of recommended practices under varying cli-
matic conditions, soil types, and management systems [38]. This validation would en-
sure the broad applicability of research findings and support technology transfer to
farming communities.
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