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Abstract

Background and Objective: Ajwain, a medicinal plant, is widely used in traditional and modern medicine and in the
food, livestock, and poultry industries. This study was conducted to investigate the effects of organic and biological
fertilizers on the quantitative and qualitative performance of ajwain and the sustainability of its cultivation.

Methods: A field experiment was conducted in a split-factorial arrangement based on randomized complete blocks design
with three replications to investigate the effects of biofertilizers on the quantitative and qualitative traits of ajwain.
Vermicompost was applied at three levels of 0 (control), 5, and 10 ton ha™! as the main factor. Mycorrhizal fungi were
applied at three levels: no application (control), application of Rhizophagus irregularis and Funneliformis mosseae, and
the presence or absence of the growth-promoting bacterium Azotobacter chroococcum.

Results: The symbiotic interaction among the mycorrhizal fungi (Rhizophagus irregularis and Funneliformis mosseae),
Azotobacter chroococcum, and vermicompost significantly improved growth indices, yield of plant organs, and essential
oil (EO) yield, but did not significantly affect the EO percentage and phytochemical compounds. Funneliformis mosseae
had the greatest impact on aerial parts, including the number and diameter of lateral stems, stem diameter and seed yield,
while Rhizophagus irregularis played a more effective role in increasing root length, root weight, root development and
seed yield. However, the use of organic and biological fertilizers did not significantly affect the major EO compounds.
The highest contents of p-cymene (15.05%) and y-terpinene (48.40%) were obtained with vermicompost (5 and 10 ton
ha™!, respectively), and thymol (35.74%) with Rhizophagus irregularis.

Conclusion: The results highlight the importance of using organic and biological fertilizers to enhance the quantitative
yield of ajwain. However, it seems that the quality control of EO is not affected by the treatments used and may depend
on genetic factors and other agronomic treatments, including stresses.
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Fig. 1. Means' comparison of the interaction effect of vermicompost x azotobacter on seed yield of ajwain. Means followed by the

same letter are not significantly different at the 5% probability level according to LSD method. V1, V2 and V3 stand for vermicompost
application rates of 0, 5, and 10 t ha™!, respectively; Al and A2 indicate no application and application of Azotobacter chroococcum,
respectively.
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Fig. 3. Effect of Azotobacter chroococom on the percentage of
main essential oil compounds in ajwain. In each group, means
followed by the same letter are not significantly different at the

5% probability level according to LSD method.
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Fig. 2. Effect of different mycorrhizal fungi on the percentage
of main essential oil compounds in ajwain. In each group, means
followed by the same letter are not significantly different at the
5% probability level according to LSD method.
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Table 5. Means' comparison of the effect of vermicompost, mycorrhiza, and azotobacter on the essential oil compounds (%) of

ajwain
a-Terpinene Myrcene Sabinene B-Pinene o-Thujene woled
Treatments

0.24gh 0.30cde 0.27h 0.70ab 0.111 ViMiA:
0.45a-¢ 0.35a-¢ 0.62cd 0.46b 0.36gh ViMiA;
0.48a-d 0.33a-¢ 0.52ef 0.90a 0.33h ViM2A
0.51abc 0.44a 0.46f 0.15¢ 0.39fgh ViM2A:
0.36d-g 0.37a-d 0.89a 0.80a 0.41e-h ViMsA:
0.42a-f 0.36a-¢ 0.75bed 0.72ab 0.51cde ViMsA;
0.34e-h 0.24e 0.33gh 0.77a 0.44d-g VaMiAg
0.41b-f 0.32a-e 0.52ef 0.69ab 0.52cd VaMiA:
0.44a-¢ 0.33a-¢ 0.45fg 0.82a 0.61bc VaM2A
0.38c-f 0.41abc 0.66¢cd 0.88a 0.37gh VaM2A,
0.52ab 0.44a 0.74bcd 0.91a 0.44d-g VaMsA

0.55a 0.31b-e 0.82ab 0.79a 0.38fgh VaoMsA:
0.29fgh 0.33a-¢ 0.78abc 0.68ab 0.48def ViMiA:

0.22h 0.43ab 0.74bcd 0.86a 0.53cd ViMiA;
0.24gh 0.32a-¢ 0.69bcd 0.88a 0.44d-g ViM2A
0.54ab 0.30cde 0.68cd 0.64ab 0.72a V3M2Az
0.38c-f 0.28de 0.75bcd 0.69ab 0.68ab ViMsA;
0.41b-f 0.35a-¢ 0.70bed 0.79a 0.66ab ViMsA:
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Means within each column followed by the same letter are not significantly different at the 5% probability level according to LSD method. V1, V2 and
V3 stand for vermicompost application rates of 0, 5, and 10 t ha™', respectively; M1, M2 and M3 show no application, and application of mycorrhizal
fungi Rhizophagus irregularis and Funneliformis mosseae), respectively; and Al and A2 indicate no application and application of Azotobacter

chroococcum, respectively.
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