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ARTICLEINFO | Abstract

Moldavian balm (Dracocephalum moldavica L.) As a medicinal plant, it is widely used in
. pharmaceutical and food industry. In order to investigate the influence of different levels of fertilizer
PP: 619-645. e o . . ; :
and irrigation on quantitative and qualitative traits of Moldavian balm plant a two years experiment
was conducted as a split plot on the base of randomized complete block design (with 18 treatments)
in three replications in the Faculty of Agriculture of Alborz province, in the two crop years of 2023
and 2024. Experimental treatments including irrigation regimes: the irrigation applied at three levels
Use your device to scan and | of 25% (Control treatment) 40 % (mild stress) and 55 % (severe stress) depletion of available water
read the article online in the depth of root and Fertilizer treatments including non-application of fertilizer (F1), 100% urea
fertilizer (F2), 75% urea fertilizer + 25% vermicompost (F3), 50% urea fertilizer + 50%
vermicompost (F4), 25% Urea fertilizer + 75% vermicompost (F5) and 100% vermicompost (F6)
were considered and randomly placed in the main and secondary plots, respectively. Fertilizer
treatment was calculated based on the supply of nitrogen required by the plant (120 kg ha-1 nitrogen)
- and was provided as a combination of vermicompost and urea fertilizer. The results showed that with
EE' E increasing intensity of water deficit stress, , plant height, number of sub branches, number of
flowering branches, dry weight of shoots, seed yield, essential oil yield, chlorophyll a, chlorophyll b,
total chlorophyll, leaf soluble protein, photosynthesis, leaf N content , leaf P content and leaf K
content. Although traits such as carotenoids, proline, total soluble sugars, total phenolics content,
Eﬂ catalase, superoxide dismutase, malondialdehyde increased. Essential oil content increased with
moderate deficit stress but in severe water deficit stress, a significant decrease was observed in the
above trait .Also the results showed that with increasing the content of vermicompost in fertilizer
treatment, there was a significant increase in height, number of sub branches, number of flowering
branches, dry weight of shoots, seed yield, essential oil yield, chlorophyll a, chlorophyll b, total
. chlorophyll, leaf soluble protein, photosynthesis, leaf N content , leaf P content and leaf K content at
Keywords: Nitrogen different levels of irrigation. Increased vermicompost, which indicates that the use of organic
chemical ferti lizer, fertilizer in favorable conditions and water deficit can be effective. Overall, vermicompost facilitates
vermicompost, moldavica the. plé_mt's_access_ to the nutrient by improving 5011. phys_lcal copdltlon, blologl_cal and microbial
activities, increasing solubility and mobility of nutrients, increasing relative moisture content and
{‘ D ra.cocep halum., nitrogen retention. Vermicompost if combined with chemical fertilizers, is helpful to increase growth
irrigation. and improve the quantitative and qualitative yield of moldavian balm in a sustainable crop system.
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Extended Abstract

Introduction

The progress of the pharmaceutical industry
and the side effects of chemical drugs require
the use of synthetic medicinal substances as
they should not be able to relieve and treat
human pains. In this regard, the high costs of
using non-renewable resources such as fossil
resources, environmental pollution by
pharmaceutical industries, the inability of
humans to make some medicinal substances
that are naturally present in plants, which has
caused more and more human attention to
medicinal plants. Considering that the plateau
of Iran has been introduced as the source and
origin of many medicinal plants and
considering the need of pharmaceutical, food,
cosmetic and health industries for medicinal
plants as raw materials for the products of the
mentioned industries, the cultivation of
medicinal plants is expanding in the country
and In this regard, more research and studies
are necessary. Melon is a herbaceous and
annual plant of the genus Dracuscephalum.
The main components of Moldavian balm
essential oil include geranial, neral, geranyl
acetate and geraniol set. These compounds are
oxygenated cyclic monoterpenes and make up
90% of the essential oil. The whole body of
the plant contains essential oil and its amount
is different in different parts. Intensive
agriculture with extensive use of chemical
fertilizers, especially nitrogen, guarantees
high yield, but in this regard, it increases costs

Methodology

The experiment was conducted in the form of
a split plot in the form of a randomized
complete block design with three replications,
in which the irrigation agent was placed in the
main plots and the fertilizer treatments were
placed in the secondary plots. Irrigation
treatment in three levels including irrigation
up to the agricultural capacity (optimal
irrigation 1), consumption of 40% usable soil
moisture at the depth of root development,
then irrigation up to the agricultural capacity
(moderate  under-irrigation  12)  and
consumption of 55% usable soil moisture at
the depth Root development and then

and pollutes the environment. In the direction
of sustainable agriculture, using renewable
resources has caused the least damage to the
environment and has many ecological
advantages. The use of agricultural
techniques, including the use of organic
fertilizers that strengthen the biological
conditions of the soil, may be effective in
reducing the effects of water scarcity. The use
of different sources of fertilizers such as
animal manures, chemical fertilizers and
composted fertilizers in stressful conditions
can lead to improved plant performance. As a
useful soil additive, vermicompost plays a role
in maintaining soil nutrients, water storage
and adding micro and macro nutrients to the
soil. Therefore, the use of vermicompost in
sustainable agriculture, in addition to
increasing the population and activity of
beneficial soil microorganisms (such as
mycorrhizal fungi and phosphate-dissolving
microorganisms), in order to provide plant
nutrients such as nitrate, Exchangeable
phosphorus, magnesium and  soluble
potassium act and improve the growth and
performance of agricultural plants. In line
with the topics presented, the current research
is looking for the effect of replacing nitrogen
fertilizer with vermicompost on
morphological traits and biochemical
characteristics of Moldavian balm with
emphasis on different levels of irrigation.

irrigation up to the crop capacity (severe
under-irrigation 13) and fertilizer treatment
including six levels: control (no use of F1
fertilizer), providing 100% of plant nitrogen
fertilizer needs through chemical urea
fertilizer (F2 providing 100% of needs) Plant
nitrogen fertilizer through 75% urea chemical
fertilizer + 25% vermicompost fertilizer (F3,
providing 100% of plant nitrogen fertilizer
needs through 50% urea chemical fertilizer +
50% vermicompost fertilizer (F4, providing
100% of fertilizer needs) Plant nitrogen is
provided through 25% urea chemical fertilizer
+ 75% vermicompost fertilizer (F5) and
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finally 100% of the plant's nitrogen fertilizer
needs are provided through vermicompost
fertilizer (F6). The amount of nitrogen and
vermicompost fertilizer used was calculated
according to the amount of available nitrogen

Results and Discussion

The results of analysis of variance show
that the simple effect of irrigation and the
simple effect of fertilizer on plant height
were significant at Duncan's one percent
level, but the mutual effect of irrigation
and fertilizer on plant height was not
significant. Also, according to the
comparison table of the averages of the
main effects, it can be seen that the highest
plant height in both years of the
experiment was related to the optimal
irrigation level. The results of the analysis

of variance show that the simple effect of
irrigation and the simple effect of fertilizer
on the number of sub-branches were
significant at the one percent level of
Duncan; but the mutual effect of irrigation
in fertilizer was not significant. The
results of the analysis of variance show
that the simple effect of irrigation and the
simple effect of fertilizer on the number of
flowering branches were significant at the
Duncan level of 1%; but the mutual effect
of irrigation in fertilizer was not
significant. The results of the analysis of

Conclusion

Based on the obtained results, the values of
plant height, number of branches, number of
flowering branches, dry weight of shoot, seed
yield, essential oil yield, chlorophyll a,
chlorophyll b and total chlorophyll, leaf
soluble  proteins, photosynthesis rate,
percentage  Nitrogen, phosphorus and
potassium decreased under the influence of
drought stress, but carotenoid traits, proline,
soluble sugars, total phenols, catalase,
superoxide dismutase and malondialdehyde
increased completely or to some extent. While
the percentage of plant essential oil increased
in moderate stress, it decreased significantly
in severe stress. The use of vermicompost

in the soil and the plant's need to achieve
optimal performance. In this way, nitrogenous
fertilizer (urea) was used completely
immediately after cultivation as a solution in
water.

variance show that the simple effect of
irrigation and the simple effect of fertilizer
on grain yield were significant at the 1%
Duncan level; but the mutual effect of
irrigation in fertilizer was not significant.
The results of the analysis of variance
show that the simple effect of irrigation
and the simple effect of fertilizer on the
percentage of essential oil was significant
at the level of 1 percent Duncan; but the
mutual effect of irrigation in fertilizer was
not significant. Also, according to the
comparison of the averages of the main
effects, it can be seen that the highest
percentage of essential oil in both years of
the experiment was related to the average
irrigation level. According to the obtained
results, the highest percentage of essential
oil was observed at the medium stress
level. The results of the analysis of
variance show that the simple effect of
irrigation and the simple effect of fertilizer
on the yield of essential oil were
significant at the level of 1 percent
Duncan; but the mutual effect of irrigation
in fertilizer was not significant.

organic fertilizer in the conditions of stress
and lack of stress caused an increase in the
growth and yield of the medicinal plant
Badershbo. So, in most traits, the replacement
of vermicompost fertilizer with urea fertilizer
increased (significantly or non-significantly)
the growth and yield traits compared to no
fertilizer use or 100% urea fertilizer. It can be
said that vermicompost increases soil
moisture retention during the plant growth
period and also prevents the leaching of
nutrients, especially soil nitrogen, and
increases the availability of water and
nutrients absorption, leading to an increase in
plant growth and performance. The
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application of water deficit stress led to a
decrease in the growth of physiological and
morphological traits related to yield, but on
the other hand, the application of
vermicompost increased these traits.

The decrease in the morphological traits and
the dry performance of aerial parts under
stress conditions can be attributed to the effect
of water deficit stress on the destruction of
chlorophyll pigments, the closing of stomata,
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1765.9a 1620.1a 14.25a 13.07a 16.53a 15.29a 49.62ab 54.95a F5

1536.3ab 1411.6ab 12.04abc 11.05ab 13.74ab 12.55abc 46.04ab 50.99a F6

741.71b 678.08b 5.02d 4.60c 7.14c¢ 6.63d 36.02ab 30.10a F1

844.37ab 774.65ab 6.63cd 6.07bc 8.71bc 8.00cd 30.17b 3341a F2

924.24ab 847.93ab 7.42bc 6.80abc 9.45bc 9.18bcd 41.53ab 34.69a F3 Iz
1049.79ab 967.17ab 8.65ab 7.94ab 11.63ab 10.68ab 44.11a 36.85a F4

1141.04a 1046.83a 9.43a 8.65a 13.02a 11.99a 35.11ab 38.89a F5

992.71ab 912.14ab 7.97abc 7.31ab 10.78ab 9.86abc 32.58ab 36.08a F6
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\E22 1 \E22 1 \E22 3 \E22 1 AE22 1 \E22 1
(kg.ha™) (kg.ha-1) (%) (%) (kg.ha-1) (kg.ha-1)
Sl
5.19b 4.80b 0.291e 0.296¢ 883.14c¢ 817.72b Fl1
6.41ab 5.98ab 0.316de 0.323de 995.74bc 921.98b F2
7.28ab 6.80ab 0.328cd 0.335cd 1107.69bc 1025.67ab F3 11
8.89ab 8.30a 0.352bc 0.358bc 1252.02abc 1159.28ab F4
9.97a 9.29a 0.364ab 0.371ab 1605.72a 1486.83a F5
9.22a 8.62a 0.387a 0.395a 1354.92ab 1254.62ab F6
3.87b 3.58b 0.334¢ 0.340e 547.54¢ 506.98b Fl1
4.79ab 4.47ab 0.363de 0.371de 617.35bc 571.62b F2
5.45ab 5.08ab 0.377cd 0.385cd 686.76bc 635.91ab F3 12
6.63ab 6.19a 0.405bc 0.412bc 776.25abc 718.75ab F4
7.42a 6.94a 0.417ab 0.426ab 995.55a 921.83a F5
6.89a 6.44a 0.445a 0.455a 840.04ab 777.86ab F6
1.93b 1.79b 0.257e 0.263¢ 362.08c 335.26b F1
2.39ab 2.23ab 0.281de 0.287de 408.37bc 378.04b F2
2.73ab 2.54ab 0.292cd 0.298cd 454.15bc 420.52ab F3 I3
3.32ab 3.10a 0.313bc 0.319bc 513.33abc 475.30ab F4
3.74a 3.47a 0.324ab 0.351a 658.33a 609.59a F5
3.44a 3.21a 0.343a 0.330ab 555.51ab 514.39ab F6
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