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Abstract

Introduction

To promote sustainable agriculture and optimize crop vyield, the use of organic materials and
biofertilizers is increasingly recommended as an alternative to chemical fertilizers, which are
associated with adverse environmental impacts and reliance on non-renewable resources. Ecological
cultivation of medicinal plants such as Borago officinalis ensures product quality and sustainability.
Moreover, organic and biological fertilizers improve soil fertility and crop performance, making them
particularly suitable for medicinal plant production systems.

Materials and Methods

To investigate the effects of ecological nutritional inputs on selected traits of Borago officinalis, a
factorial experiment was conducted during 2018-2019 in Fahlian, Noorabad, Fars Province, Iran. The
experiment followed a randomized complete block design with three replications. Treatments
consisted of three levels of compost fertilizer (rice straw + sheep manure: 0, 5, and 10 t ha™) and four
levels of biological fertilizers (control, Funneliformis mosseae mycorrhiza, Bacillus subtilis, and a
combined application of mycorrhiza and bacteria). Measured traits included nutrient uptake (N, P, K,
Fe, and Zn), phytochemical characteristics (total phenols, flavonoids, anthocyanins, and antioxidant
activity), and flower yield.
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Results and Discussion

Compost and biological fertilizers showed significant main effects on all measured traits. Although
the interaction between compost and biofertilizer treatments was not significant for iron and zinc
concentrations, total phenols, flavonoids, and antioxidant activity, it was significant for nitrogen,
phosphorus, potassium, anthocyanin content, and flower yield. Increasing compost application from 0
to 10 t ha™ resulted in substantial increases in iron and zinc concentrations, total phenols, flavonoids,
and antioxidant activity. Among biofertilizer treatments, the combined application of mycorrhizal
fungi and Bacillus subtilis produced the highest values for these traits. The greatest improvements in
nitrogen (1.54%), phosphorus (0.46%), potassium (2.50%), anthocyanin content (0.49 mg g~* flower
dry weight), and flower yield (65.6 g m~2) were observed with the combined application of 10 t ha™
compost and both microbial inoculants. In contrast, the lowest values for nitrogen (1.09%),
phosphorus (0.09%), potassium (1.03%), anthocyanin content (0.07 mg g~ flower dry weight), and
flower yield (21.8 g m™2) occurred in the control treatment without compost and biofertilizers.

Conclusion

Effective fertilizer management is critical for optimizing both yield and quality in medicinal plants
such as European borage. The results demonstrate that integrating compost at 10 t ha™ with biological
fertilizers (mycorrhizal fungi plus Bacillus subtilis) significantly enhances nutrient uptake,
phytochemical composition, antioxidant activity, and flower yield. This integrated strategy promotes
gradual and sustained nutrient release while reducing nutrient losses through leaching, thereby
supporting optimal plant growth and productivity. The highest flower yield (65.6 g m™2) obtained
under this treatment highlights its compatibility with sustainable agriculture and medicinal plant
cultivation. Given the negative impacts associated with chemical fertilizers and the clear benefits of
organic and biological amendments, their application is strongly recommended for the cultivation of
Borago officinalis.
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Table 1. Physical and chemical characteristics of the soil

Texture pH EC Organic matter P K Fe Zn Cu
(ds.m™) (%) (mg.kg™)
Loam 7.7 2.0 1.05 9.0 222 25 1.1 0.8
gt (2losd 9 (L0 G (TR-T Jgur
Table 2. Physical and chemical properties of compost
pH Organic carbon N P Fe Mn Zn Cu
(%) (%) (%) (mg-kg™)
8 28.8 1.25 0.62 2600 289 65.3 19
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Table 3. Analysis of variance for the effect of compost and biological fertilizers on leaf elements, phytochemical traits, antioxidant activity and flower yield
of European borage

S.0Vv df Nitrogen Phosphorus  Potassium Iron Zinc Phenol ~ Flavonoid  Anthocyanin  Antioxidant  Flower
percentage percentage percentage content content  content content content activity yeild
Block 2 0.036 0.019 0.04 1433 923 94.9 5036 0.03 48.8 43.0
Compost (C) 2 0.013” 0.017" 2727 5378 37235 784" 7545™ 0.20" 138" 1873
Bio-fertilizer () 3  0.017" 0.037" 0.04™ 593" 35717 1517 1120 0.04™ 638" 743"
BxC 6  0.008" 0.001° 0.034" 49.8™ 162"  2.91™ 29.8™ 0.002™ 1.79™ 18.2"
Error 22 0.002 0.0003 0.009 123 318 2.61 24.9 0.0002 5.38 0.88
C.V (%) - 3.06 6.41 5.60 15.48 12.07 5.00 3.92 4.80 3.45 2.18

.m.\,;,.a&a_,@Jblcjb.u);)b@u,wb&#rxéuu@%;4,_** s ¥ s
ns, ** and * represent non significant, significant at 1 and 5% level of probability, respectively.
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Table 4. Mean comparison for the interaction effect of compost and biofertilizers on the absorption of
elements in European borage leaves

Treatments Nitrogen Phosphorus Potassium
Compost (ton. ha™®) Bio-fertilizer percentage percentage percentage
(%) (%) (%)
Control 1.09° 0.09° 1.03°
Mycorrhiza 1.27° 0.17° 1.18"
0 Bacteria 1.28° 0.13° 1.25%
Mycorrhizal + 1.30° 0.22° 137°
Bacteria
Control 1.31° 0.22° 1.47°
Mycorrhiza 1.32° 0.32° 1.92°
5 Bacteria 1.33%® 0.27° 1.65"
Mycorrhizal + 1.38° 0.36° 2.00°
Bacteria
Control 1.2° 0.28° 1.76°
Mycorrhiza 1.43° 0.43° 2.28°
10 Bacteria 1.49% 0.38° 2.10°
Mycorrhizal + 1.54° 0.46° 248"

Bacteria
Lyl Loy @JL“:‘"C“*‘Jg Sols gme sl S8 he O (glyls Lgba&_.ill:.a
Means with the same letter are not significantly different at p-value 5%
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Table 5. Mean comparison for the effect of compost and biofertilizers on the absorption of elements in European
borage leaves

Treatments Iron content (mg. g~) Zinc content (mg. g7)
Compost
0 51.25° 86.04"
5 70.67° 163.35°
10 93.54° 194.17°
Bio-fertilizer
Control 62.22° 123.08°
Mycorrhiza 70.33° 153.61%*
Bacteria 72.78% 143.89°
Mycorrhizal + Bacteria 81.94% 170.83%

,\le.,\iMJA@JLQ:’\CE,»J;kg)\:&Nijéf;&»dydb\:‘gu@f\:p
Means with the same letter are not significantly different at p-value 5%
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Table 6. Mean comparison for the effect of compost and biofertilizers on some phytochemical traits and Antioxidant
activity of European borage

Phenol content

Flavonoid content Antioxidant activity (%)

Compost mg. g DW mg. g DW
0 23.63° 100.22° 63.80°
5 33.60° 131.91° 67.64°
10 39.65° 149.70° 70.572

Bio-fertilizer

Control 27.19° 112.100¢ 56.66¢
Mycorrhiza 30.90° 125.20° 65.32°
Bacteria 34.76° 131.66" 71.01°
Mycorrhizal + Bacteria 36.32° 139.36° 76.35%

.x;)l.\;.x,a);@Ju::-\cla.«):éjh@“ajwefj::.»;}fél)\;éu&:i;l:ﬁ
Means with the same letter are not significantly different at p-value 5%
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Figure 1. Effect of compost and biofertilizer interaction on anthocyanin levels in European borage
A: Control, B: mycorrhiza: C: bacteria, D: bacteria + mycorrhiza.
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Figure 2. Effect of compost and biofertilizers application interaction on flower yield of borage
A: Control, B: mycorrhiza: C: bacteria, D: bacteria + mycorrhiza.
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