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Introduction

Savory is considered one of the most important medicinal plants, which is used in various food and medical
industries. Nitrogen (N) plays a major role on the growth and yield of medicinal plants. Therefore, an adequate
supply of N is required for successful production of savory. However, the application of chemical N fertilizers is
associated with many obstacles such as groundwater pollution, N enrichment of surface waters, and drop in the
quality of plants. Accordingly, nowadays, great attention has been paid to organic fertilizers. In this regard, humic
acid-based fertilizers have shown promising results. Humic acids (HAs) could be converted into nitrohumic acids
(NHAs) through the nitration process, in which nitro groups (NO.) are located on the aromatic rings. This process
increases the N content of the HA. Thus, NHAs can be used as organic N fertilizers in the cultivation of medicinal
plants whose organic production is a priority. However, the effects of these types of fertilizers on plant growth and
physiological characteristics have not been well understood. Accordingly, the present study for the first time
investigates the effectiveness of NHA on the morphological and physiological characteristics of savory, as well as
N loss through leaching.

Materials and Methods

In the current study, HA was initially extracted from leonardite (purchased from Yazd Golsang Kavir
Company) as a rich source of HA. Then, NHA was prepared through the nitration process using nitric acid (50%
by volume). After that, using FT-IR (Fourier transform infrared spectroscopy) and CHNS analysis the extracted
HA and NHA were characterized, and their N content was determined. Afterward a greenhouse experiment in a
completely randomized design (CRD) with three replications was conducted to determine the effects of 16
treatments, including control (without urea, HA and NHA), urea (Ui, Uz and Us), humic acid (HA1, HA; and HA3),
nitrohumic acid (NHA1, NHA2 and NHA3), urea-humic acid (UiHA1, U:HA, and UsHA3), and urea-nitrohumic
acid (UiNHA1, U:NHA; and UsNHA3) on the morphological and physiological characteristics of savory plant.
The treatment levels were determined as 40, 80, and 120 mg N kg for the first, second and third level of the
treatments, respectively. In the combined treatments of ureaand HA or NHA, an equal fraction of the total nitrogen
(N) was applied. At the end of the experiment, standard methods were used to assess various characteristics,
including root length, leaf area, plant height, root volume, wet and dry weights of shoot and root, leaf chlorophyll
index, concentrations of phosphorus, potassium, nitrogen, nitrate, and nitrate reductase in both the shoot and root.
Additionally, leaching was conducted on specific days during the experiment, and the leachate was collected for
nitrate measurement.

Results and Discussion
The results showed that using the nitration process, some characteristics of the NHA such as total acidity, the

content of carboxylic and phenolic groups as well as N content improved as compared to the initial HA. Moreover,
the results indicated that most of the morphological and physiological traits of savory plants, including leaf area,
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plantheight, root length, fresh and dry weights of root and shoot as well as chlorophyll index, and the concentration
of nitrogen, phosphorous, potassium, nitrate and nitrate reductase enzyme were significantly higher in the NHA
treatments than those of HA. In addition, the highest shoot dry weight was obtained in the combined treatments of
UsNHA; and UsHA3 as well as in the Us treatment alone. The average rate of nitrate concentration increase in the
U treatments was 1.77 times higher than the UNHA treatments. According to the results, Us treatment indicated
the highest nitrate loss which by using the UsNHA; treatment, the mean concentration of nitrate in the leachate
decreased by about 40.5% as compared to the Us treatment.

Conclusion

The findings of this research revealed that most of the morphological and physiological traits of savory plant
showed better responses to the combined treatments of UsNHA3 and UsHA; as well as to the Us treatment alone.
However, with regard to the lower accumulation of nitrate in the shoot of savory as well as to the lower nitrate
leaching, the combined treatments were preferred. Accordingly, NHA can be a alternative nitrogen source in
increasing the yield and growth indicators of savory. However, the reasons behind the fact of the better
performance of combined nitrogen treatments than the individual ones require more research in the future.
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Figure 1- FT-IR spectrum of nitronitrohumic acid (NHA) compared to humic acid (HA)
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Table 1-The measured values of total acidity, carboxylic group, phenolic group, elemental composition, atomic ratios, and ash
content for HA and NHAextracted from leonardite
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NHA 57.7 2.6 3.3 0.71 31.1 4.6 20.5 16.4 3.85 12.6

CIN=[(%C /12.011)/ (%N 14.0067)] %0 = [100 - (C % + H % + N % + S %+ Ash %)]
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Table 2- Results of seed germination test of savory obtained at each treatment of HA and NHA extracted from leonardite

Basaiy, JS Job
Lo 03 54ilgn gl Slasi s
e IS = Total radicle length of germinated seeds SG RSG RRG Gl
Treatment  Number of germinated seeds (cm)
(sals) HA 26.3 43.3 0.88
NHA 26 52.2 0.87 0.99 121 120

M Sl asls Gl dsddy) 0d) Caws RRG L Sidles cuws RSG 4y Jjales :SG
SG: Seed germination, RSG: Relative seed germination, RRG: Relative radical growth, GI: Germination index
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Table 3- Some of the physicochemical properties of the soil sample used in thestudy
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Table 4-ANOVA analysis for the effect of treatments on the morphological characteristics of the savory plant
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Table 5-Mean comparisons of the effect of treatments on the morphological characteristics of the savory plant
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Values withthe same letter in each column have no significant difference based on the Duncan's mean comparison test (p <0.05).
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Table 6- ANOVA analysis for the effect of treatments on the physiological characteristics of the savory plant
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rror
St pd - 111 0.92 0.87 2.29 2.62 0.57 0.48 1.7 3.46 0.87 0.76
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Figure 2- The effect of the experimentaltreatments on the concentration of nitrogen (a), phosphorus (b), potassium (c) and

nitrate (d) in the Shoot of Savory plant
Columns with a same letter have no significant difference based on Duncan's mean comparison test (p < 0.05).
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