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Introduction

Savory (Satureja hortensis L.) is an annual aromatic medicinal plant, belongs to the Lamiaceae family. Its
essential oil is being used widely in medicine, food, health industries, and therapeutic processes. Additionally, the
essential oil is an important part of traditional medicine, in order to treat muscle pains, indigestion, and diarrhea and
infection diseases. Also, the relatively high vitamin C and vitamin A content of savory may contribute to long-term
health by boosting the natural state of the human immune system.

Biochar is a solid material formed by high-temperature charring of biomass under anaerobic conditions. It has a
large specific surface area, high porosity, and abundant nutrients, such as nitrogen, potassium, and calcium. As a
result of these properties, the application of biochar as an organic soil amendment has been considered as an option
to improve agricultural systems. The great potential of biochar application has also been directly reflected in plant
growth and crop productivity. Biochar can potentially remediate salt-affected soils through salt sorption.
Specifically, biochar sorption of Na* in the soil solution can both reduce plant Na uptake and increase the relative
uptake of Ca?* and Mg?*. More broadly, biochar can generally enhance plant growth by improving soil properties,
such as cation-exchange capacity (CEC), water retention capacity, and bulk density. By increasing the soil CEC and
water-holding capacity (WHC), biochar can reduce fertilizer and water use.

Using sulfur (especially in soil with low sulfur content) not only improves soil properties but also increases plant
growth and yield. The biochemical oxidation of elemental sulfur produces sulfuric acid (H2SO4) which decreases
soil pH and solubilizes CaCOs in alkaline soils to make soil conditions more favorable for plant growth. Sulfur is a
part of an enzyme necessary for nitrogen absorption. Its deficiency can significantly hinder nitrogen metabolism, as
both sulfur and nitrogen are required for the formation of amino acids essential for protein synthesis. Sulfur is also
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present in fatty acids and vitamins, playing a key role in the quality, taste, and aroma of crops. Nano-fertilization is
an agricultural technique used to enhance crop growth, improve nutrient efficiency, and reduce fertilizer waste and
costs. It promotes better crop development by providing more surface area for various metabolic reactions in plants,
thereby increasing the rate of photosynthesis and overall crop productivity while preventing biotic and abiotic stress.

Material and Methods

To evaluate the combined application of ecological inputs, specifically biochar and sulfur nutritional treatments,
on the medicinal plant savory (Satureja hortensis L.), a split-plot experiment based on a randomized complete block
design (RCBD) with three replications was conducted over the 2020-2021 and 2021-2022 growing seasons at the
Research Field of the University of Gonabad, Iran. The data were analyzed using composite analysis. Different
biochar levels (5, 10, and 20 t.ha™', plus a control) and sulfur nutritional treatments (common sulfur, nano-sulfur,
and a control) were assigned to the main and subplots, respectively.

Results and Discussion

The results of this study showed that the highest and lowest seed number per m? and flowering shoot weight
were obtained in treatments of 20 t.ha biochar and spraying of nanosulfur (with 27777 seeds per m? and 25.67 g
flowering shoot, respectively) and non-application of biochar and control (with 8024 seeds per m? and 6.24 g
flowering shoot, respectively). The results of triple interaction effects of different amounts of biochar, nutritional
treatments, and cropping year showed that the highest seed yield (10.74 g.m?) and biological yield (46.91 g.m?) were
observed in the first cropping year and treatments of simultaneous application of 20 t.ha™! biochar and spraying of
nanosulfur. The results of the interaction effects of biochar and nutritional treatments showed that the highest oil
was obtained in the treatment of 10 t.ha™* biochar and soil application of common sulfur. The total phenol, total
flavonoid content, and antioxidant activity decreased with the simultaneous application of biochar and sulfur
nutritional treatments. The highest levels of these traits were observed when no biochar was applied in combination
with the nutritional treatments.

Conclusion
In general, according to the findings of this research, the simultaneous application of high amounts of biochar
(levels of 10 and 20 t.ha') and sulfur nutritional treatments, especially spraying of nano-sulfur led to improvement

of yield and yield components, but the qualitative characteristics of savory were reduced due to the combined use of
these ecological inputs.
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Table 1- Meteorological information of research area

IPAR -V €er oly5
Cropping year of 2020-2021

YEeo —VEY oly5 W
Cropping year of 2021-2022

23395 Cultdyl S 5 oy med oadgagd Culgud) G 8 sl IRA
April  May June July August September  April May  June July August Septimbe
Sk 0O 495 05 05 0 0 11 27 0 0 0 0
Rainfall (mm)
whale Lo> Loy 192 235 305 309 297 268 19.1 24 271 236 295 245
Mean temperature in month (°C)
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alabe clos Jilas
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G5 9 35 e
259.4 2821 460.3 434.2 404.2 348.1 233.2 3132 409.6 479.3 429.1 327.3

Evaporation and transpiration
(mm)
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Table 2- Soil characteristics (depth of 0 to 30 cm) of experimental farm and used biochar
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Characteristics of used biochar
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Table 5- Mean comparison of interaction effects of different amounts of biochar and cropping year on some quantitative

0550 (o5 Sluoguad Syt 31 (815 S g jlagn oo 2l ilite Ol 1 (ke dmnylio 0 g

characteristics of savory

S Sl oSl ‘I"i?ﬁ”lﬁ _’)""‘Id i sl
Seed number (m?)  Seed yield (g.m?) lologica zglle (@.m Harvest index
Jl <155 o
First cropping year
)l%?ex 3{4)‘5 P 99587* 2.73¢ 15.24¢ 17.83¢
Non-application of biochar

P )L'*'S‘"’_)" oy o 15514¢ 4.75¢ 27.33¢ 17.40%

5 t.ha biochar
)l?9‘J )]"‘S“” )_J AN 21499b 7.24b 36.87° 19.63°
10 t.ha* biochar
)l??‘ )]"‘S“” )_J BAN 268572 9.782 43.062 22.712
20 t.ha! biochar

P93 =1y5 Jlw
Second cropping year
s omlS pas 94401 2.59¢ 14.43¢ 17.77°
Non-application of biochar

JEI )L:S‘“’_)J o 14744¢ 4.51¢ 27.52°¢ 16.37¢

5 t.ha biochar
PEINPIN )_J AN 19867P 6.69° 36.00° 18.54¢¢
10 t.ha? biochar
S S 2 Y 25435° 9.26 42.15° 21.98

20 t.ha’! biochar

W)l )l gime gl oy oy Jlein] e j3 (S yiie By S PBlas gy glo 3 Slee gy yd
* In each column, means followed by the same letters are not significantly different (p<0.05).
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‘53‘])[—{5 b .))_ilo& Al Voo 09 54)94 Siis 9 » 09 ‘4;9:
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U eoss (Trigonella foenum-graecum L.) alic s o)l
Y+ oy,Ls . (Bitarafan et al., 2019) c.o8l jil58l jlagu 3y,
(Mentha piperita L.) aslix ac 5o ;0 jlogm ;LS o oy
938 S 5 iy 9 Bl (g « S 5 (jg Cn i M 4 e
3,8 9ol il 8l sals dn cad 1y (59, (gloie e
Olie Oy 3 CwgraS 09 9 1520050 b )l Olojen

(Zaefarian et al., 2019) cusls o o1y yaud
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Table 7- Correlation coefficients of studied traits in savory affected by different amounts of biochar and soil application of
common sulfur and spraying of nano-sulfur

1 2 3 4 5 6 7 8 9

(V) w5y oluw
Seed number per plant 1
(1)

(¥) o5 45150 5

Hk

Flowering shoot weight ~ 0.98 1
@
(¥) 5 3,5hoe o i
0.99 0.97 1
Seed yield (3)
() Seiglon 2,8oe 097" 097" 097" 1
Biological yield (4)
(A) WID)J ua)l.w ey *x *k *k
0.79 0.73 0.81 . 1
Harvest index (5) 0.66
(5) oslo! . . .
2 2 0.17 2 -0.02 1
Essential oil (6) 025 0.26 0.28
(v) Js J: o o - o o
-0.84 -0. -0. -0. -0. 0.07 1
Total phenol (7) 0.81 0.86 0.82 0.70
) J5 20 ,.m 0927 -0917  -0947  -0.92"  -0.74 -0.01 0.84™ 1
Total flavonoid (8)
(q.) ‘5'*‘“5'“3 1_%.)1,5 -0.78"  -074"  -079"  -0.79"  -0.58" 0.07 076™  0.83" 1
Antioxidant activity (9)
o pd g 5 SO Jlosn ] pdaw )0 I dixe o Sy i g
**and *: are significant at the 0.01 and 0.05 of probability level, respectively.
ol jols sl Sig Jdoas 5,545 25555l (Saad-Allah, 2020 Llod jl jlagn calidew polow cp ax 51055 adagls 0
oo (Joexe 5,565 4 Cuns YU 0fg o g og3leS il Glew By Soid s e Gl a0 058 opl i
5y)LS b giy S o (Turganbay et al., 2019) 5)l> ¢ wyles (Borago officinalis L.) oLg)l 1b5sl5 JS (9l olS
@ig gyl ax g LB Ll 4 oxie 5,565 LS )3 p SelS Y 251350 )3 slagn 3y (IS jebay (Jg «tdli a2y () e
Vigna ) sle jio o, Slas g aild Vor (59 ¢ e ,8 4L dlaws 39 S5 0ol S ol a8 5 (SieTeid sl jasl i
» (Murshed et al., 2021) s sals b awlis o (radiate L. 51 edlaiwl 45 duy o Hka5 4y (Taghizadehtabari et al., 2021)
5 dTg ;0 S olaw Bl Jlad gy elas)l oyt 0D kg LS 500,555 it Jdoay NN S S Luis slbayles
Arnica chamissonis ) gumel> (LS5,1 gyl olS IS 5,Slas Al-Obeidi ) gy cilo g sygpm slaaiel sl (oylun
3,555 365, 13 p,55LS YO+ Lo ) (Less. ssp. foliosa Sl gl o 3939 g Cpimen 5 (& Al-Obeidi, 2023
(Wingin Sy (Asadi et al., 2019) sl cowsa g awilss (Narayan et al., 2022) la olig 5 (s5law g Juds IS
200,8 y%)l55 (Almousswi & Jameel, 2022) s g (sgwge]] S48 cls 10y 0 Slos slinl g0 Sles e @l il col
Gles a5 55550 b Jsbre 9 Jaeme 3,555 ;I ealawl &S Sl 0S8l IShay 5,565 1 ool a8 cuwl o ol pizman
oS > (Sid (jg 5 S = o iy g5l pulai) adlllas 590 O 2 9 Sl S Jln (65,5l DY guazme CudS g olS A
s ool sl audl as oy il sals 4 cud |y (2o 05 ag)ld aiy sla 539380 g Lo g oyen ¢ bn il o ol 5ol
S50 ) S5 Phe Hi® Joere 3,565 4 Cuus ,55556 5,8 4! Cuedl Bl 4SS 4 (Shankar et al., 2020) kS’ o (5,55
5 oS SLaShg d9ste 055 bl ol a5 g (oS g Sy 503 Sl il Sl (gylws SIS 3,555 35553k

63,545 lasgs 5L cosu 5 (Vicia faba L.) Ml s ,Sles Ragab & ) siwd Cuwjlas (gl owps 9 youl 9 )5 lops
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Table 8- Mean comparison of some phytochemical characteristics of savory affected by amounts of biochar and soil
application of common sulfur and spraying of nano-sulfur

el g5 IS sigighs ST 5T cllad
Essential oil Total phenol (mg.g™* fresh Total flavonoid (mg.g* fresh Antioxidant activity
(%) weight) weight) (%)
Jeem p23le
Amounts of biochar
(t.ha?)
0 1.899 12.428 113.832 67.46%
5 1.96° 11.45P 95.05° 61.06°
10 2.128 10.84¢ 85.94°¢ 57.63°
20 1.91° 8.924 66.33¢ 54.19¢
sl e
Nutrient treatment
gmse 255 1.96° 10.63° 95.29? 60.43"
Common sulfur
2555 1.95° 11.22° 83.62° 58.70°
Nano-sulfur
= 1.992 10.87° 91.95° 61.122
Control
=hj Jbs
Cropping year
|
“_J’ 1.96° 10.75° 89.00° 57.09°
First
p9> 1.98° 11.06 91.58° 63.08°
Second

W (gl gime ©olds o yd iy Jlein] pdaw )3 oS yide B S JBls ()l b 1 Sbo (g g 50 e ely; Sl o o s
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