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Abstract

The use of organic fertilizers is one of the appropriate ways to produce medicinal plants due to their proper
impact on the various soil properties, maintaining environmental health and better plant growth. This study
was conducted to investigate the impact of various vermicompost levels on the growth and the
morphological and physiological properties of the medicinal-ornamental plant of the Mullein, under drought
stress conditions. The research was carried out in the form of split plots in a complete blocks design with
four replicates. Experimental treatments included the use of vermicompost organic fertilizer at three levels of
zero, 4, and 8 kg/m? (equivalent to zero, 4, and 8 tons per hectare) and drought stress at two levels of normal
irrigation (no stress) and irrigation at 50% of soil field capacity (FC). The results showed that the use of
vermicompost and drought stress improved the morphological and physiological traits of the medicinal plant
of Mullein. The highest height of the stem, the stem flower, the number of leaves, the height of the flower,
the dry weight of shoot, and the root length were obtained by the use of vermicompost at 4 and 8 kg/m?
levels. The use of vermicompost at the rate of 8 kg/m? increased chlorophyll and anthocyanin, respectively,
by 53.7 and 122% compared to control. It was observed that by applying vermicompost at the levels of 4 and
8 kg/m?, significant changes in the morphological and physiological traits of the Mullein plant occurred. On
the other hand, the combination of vermicompost application and mild drought stress also caused positive
changes in the plant traits. Therefore, mild drought stress, and also for improving the vegetative growth and
reproductive efficiency of the medicinal-ornamental plant of the Mullein, the use of vermicompost at 4 kg/m?
(equivalent to 4 tons per hectare) are recommended.
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Background and Objective: Due to the lack of water resources, it is important to introduce and use native
plant species with valuable medicinal properties such as the Mullein (1). The use of organic fertilizers is one
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of the appropriate ways to produce medicinal plants due to its proper impact on the various soil properties,
maintaining environmental health and better plant growth (2). Drought is one of the environmental stresses
that affect the plant growth, structure and activities, and plant response to environmental stresses varies in
morphological, cellular, and molecular levels. This study was conducted to investigate the impact of various
vermicompost levels on the growth and the morphological and physiological properties of the medicinal-
ornamental plant of the Mullein, under drought stress conditions.

Methods: The research was carried out in a research farm in the form of split plots in a complete blocks
design with four replicates. Experimental treatments included the application of vermicompost organic
fertilizer at three levels of zero, 4, and 8 kg/m? (equivalent to zero, 4, and 8 tons per hectare) and drought
stress at two levels of normal irrigation (no stress) and irrigation at 50% soil field capacity (FC). Then, the
morphological and physiological properties of the Mullein were determined and analyzed.

Results: The results showed that the use of vermicompost fertilizer and drought stress improved the
morphological and physiological traits of the medicinal plant. The highest height of the stem, the stem
flower, the number of leaves, the height of the flower, the dry weight of shoot, and the root length were
obtained by the use of vermicompost at 4 and 8 kg/m? levels. The use of vermicompost at the rate of 8 kg/m?
increased chlorophyll and anthocyanin, respectively, by 53.7 and 122% compared to the control. The
production of most secondary metabolites and plant growth increased significantly in the drought stress
condition presumably due to osmotic regulation. It was observed that by applying vermicompost at the levels
of 4 and 8 kg/m?, significant changes in the morphological and physiological traits of the Mullein plant
occurred. The contents of chlorophyll and anthocyanin pigments increased by 1.67 and 0.25 mg/qg,
respectively, with the application of vermicompost fertilizer at the rate of 8 kg/m? compared to the control.
Therefore, mild drought stress, and also for improving the vegetative growth and reproductive efficiency of
the medicinal-ornamental plant of the Mullein, the use of vermicompost at 4 kg/m? (equivalent to 4 tons per
hectare) are recommended.

Conclusions: Due to improving soil physical and chemical properties and the nutritional conditions,
vermicompost was able to increase the plant growth. The combination of vermicompost application and mild
drought stress also caused positive changes in the plant traits. Therefore, mild drought stress, and also for
improving the vegetative growth and reproductive efficiency of the medicinal-ornamental plant of the
Mullein, the use of vermicompost at 4 kg/m? (equivalent to 4 tons per hectare) are recommended. These
results suggest that the planting of Mullein (Verbascum thapsus) provides an opportunity for significant
reductions in the water use in urban landscapes.
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Table 1. Results of chemical analysis of the used vermicompost
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Table 3. Results of chemical analysis of cocopeat
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Fig. 1. Mullein seed germination and growth stages in the research greenhouse
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Fig. 2. Mean comparison of the interaction effect of vermicompost and drought stress on the height of the flowering stem and the
number of flowers on the main stem of the Mullein; Means with the same letters are not significantly different at the 5% level based
on the Duncan's test.
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Fig. 3. Mean comparison of the interaction effect of vermicompost and drought stress on the number of leaves and the inflorescence
height of the Mullein; Means with the same letters are not significantly different at the 5% level based on the Duncan's test.
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Fig. 4. Mean comparison of the interaction effect of vermicompost and drought stress on the dry weight of the shoot and the root
length of the Mullein; Means with the same letters are not significantly different at the 5% level based on the Duncan's test.
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Table 7. ANOVA results of the effects of drought stress and vermicompost on some physiological traits of the Mullein

Slay o s
4 Mean of square
et b §
151 . T . T o N .
Sources of variation =~ &~ oebessl o Olast Bt 56 st nST s Ve Js s ks RARY
df Anthocyanin  Antioxidant Superoxide dismutase ~ Catalase ~ Total chlorophyll ~ Proline
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
6% Exd e et e
2 0.00002 0.00009 0.00009 0.00002 0.00001 0.05
Block
S ! 0.004*°  400.7%* 829.05** 0.07°* 0.013*  66813%
Drought stress
VU
2 0.000 0.00 0.00 0.000 0.00005 0.06
Errorl
TSt 2 0.02%* 3861.05** 591.2%* 0.07** 0.55** 9945.5%*
Vermicompost
U'""S X waS@)j
o 2 0.006** 207.5%* 15.78** 0.009%** 0.024** 454.65%*
Vermicompost x
Drought stress
Y U
8 0.00001 0.00004 0.00004 0.00001 0.00003 0.39
Error2
CV (%) 0.06 0.015 0.02 1.17 1.17 0.54

el o/e) 5 o/00 Jlaxm o 53 s pme S Kby o ™ 5 ¥
* and ** indicate significant effect at 0.05 and 0.01 probability levels, respectively.
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Table 8. Mean comparison of the main effects of drought stress on some physiological traits of the Mullein

Slis Sk

Mean of traits
Stress level

oS e oobossl 0S5l b peestST e YOS Js s is s
Anthocyanin  Antioxidant  Superoxide dismutase  Catalase  Total chlorophyll Proline

(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

Normal 0.152 47.60 @ 34520 0.22° 1.43° 96.45°
Stress 0.12° 38.52° 48.09 @ 035¢* 1.37°% 134.98 @

s Sls me o}wﬁ\;o,ﬁjwuﬁuﬁoCJMJ;%L@:AQJF;L;L%;;@@F,M;

In each column, means with different letters are significantly different at the 5% level based on the Duncan’s test.
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Table 9. Mean comparison of the main effects of vermicompost application on some physiological traits of the Mullein

Mean of traits
S st ; C 36 eS|

Vermicompost il 551 eS| S ? o 7 s S Jis s P
Anthocyanin  Antioxidant Sup eroiﬁe /dl)smutase Catalase  Total chlorophyll Proline

(mg/g) (mg/g) e (mg/g) (mg/g) (mg/g)
Control 0.09 © 16.97 © 52.57° 0412 1.06 © 161.79 2
4 kg/m? 0.11° 67.60 ® 37.53° 0.24° 1.52° 100.76 ©

8 kg/m? 0202 45.15 " 33.82°¢ 0.20° 1.63° 84.60 ©

s Sls gme Q}wuﬁsowiwuﬁuﬁoCJGMJJQ,L@;‘,&_@}FL{L;LQ&;;@@P,M;

In each column, means with different letters are significantly different at the 5% level based on the Duncan’s test.
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Fig. 5. Mean comparison of the interaction effect of vermicompost and drought stress on the anthocyanin and the antioxidant of the
Mullein; Means with the same letters are not significantly different at the 5% level based on the Duncan's test.
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Fig. 6. Mean comparison of the interaction effect of vermicompost and drought stress on superoxide dismutase and catalase of the
Mullein; Means with different letters are significantly different at the 5% level based on the Duncan's test.
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Fig. 7. Mean comparison of the interaction effect of vermicompost and drought stress on the total chlorophyll and proline of the
Mullein; Means with different letters are significantly different at the 5% level based on the Duncan's test.
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