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Introduction

Savory (Satureja hortensis L.) is an annual aromatic medicinal plantbelonging to the Lamiaceae family. Its
essential oil is used widely in medicine, food, health industries, and therapeutic processes. Additionally, the essential
oil is an important part of traditional medicine 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, applying 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.
Biochar can reduce fertilizer and water use by increasing the soil CEC and water-holding capacity (WHC).Using
sulfur (especially in soil with low sulfur content) improves soil properties and 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 sulfur and nitrogen
are required to form amino acids essential for protein synthesis. Sulfur is also present in fatty acids and vitamins,
playing a key role in crops' quality, taste, and aroma. Nano-fertilization is an agricultural technique that enhances
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crop growth, improves nutrient efficiency, and reduces fertilizer waste and costs. It promotes better crop
development by providing more surface area for various metabolic reactions, 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 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 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, 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 improved

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

i3395 Cultdyl S5 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)
slale slod xSTas
(°C)
alabe clos Jilas
(°C)
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

ooliiul d)90 )Bﬁu CJL..oya)

Characteristics of used biochar

Sk
Soil
cdl, o)
Texture Loamy-sandy
el 103
K (mg.kg™?)
b 8
P (mg.kg™)
039 0.019
N (%)
I oS 0.19

Organic C (%)

LSy yasls 82
pH

S el 43

EC (dS.m%)

LiiSly asls s
pH

o 1.20

EC (dS.m™)

CEC (cmol.kg?)

Cagb) <1
Moisture (%)
N (%)
s 5380
P (mg.kg™)
el 2360
K (mg.kg)
ol 230
Fe (mg.kg™)
[Z33) 580
Zn (mg.kg™)
e 210
Mg (mg.kg™?)
ol 4300
Ca (mg.kg™)
i 106
Mn (mg.kg™)
e 2670
S (mg.kg?)
ke 4.7
Na (mg.kg™)
o 54
C (%)
OiardeR 1.98
H (%)
Y 21.43
O (%)
ol 540
Stability (“c)
Na-SC (mg.g™h)
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Table 5- Mean comparison of interaction effects of different amounts of biochar and cropping year on some quantitative

2550 (o5 Sluoguad Sy 31 (815 S g jlagn oo 2l ilite Ol 51 (Kile dunglio 0 S

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 oS yiie By S JBlas lyly (ola 1 Slee (g yd
* In each column, means followed by the same letters are not significantly different (p<0.05).

ul_u) u—?.j)b oL; .))_<J.o& sl)_’>‘ 9 .))_<.l.¢.c - d)l_u] Co pde
L)l lade oy oS o oLis (Trachyspermum ammi L.)
‘53‘])[—{5 b .))_ilo& Al Voo 09 54)94 Siis 9 » 09 ‘4;9:
3, Slos oy 00 g} o (Khasheisiuki, et al., 2019)
oS baalyd > IS5 s 29yl olSA -S89l (e 5 Siglen
Emami, ) a5 sdalie jlogo JI 68 5l oslil jlos jo S
olS o8 g Lol aald ol g wld Vor 59 aily 5 Sloe (2022
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 i 5 0jg Cr e Mg 4 e
38 5 3 Gl aeld an cai 1) (59t lgme e
Olie Oy 3 CwgraS 09 9 1520050 b )l Olojen

(Zaefarian et al., 2019) cusls o o1y yaud

L Sl 3-Slas 9 i 3,Skas o gns 5 Cute (Siuugan
St b L o an) gy )3 5k olas en (Sl
0533 3 (Seigdom 35Slas 5 )iy 5, Slas 1= <AV 5 -[a3%
LT= < [AV** o e [AVH* | Siiad (g pd b i) WIS a8 L pus
o s Yhaisl (Y Jgan) (Kol 5y Shas 5 % 5 )Khee
P30 358 Slds Gjles g (wj JIo5 SjolsST laodls
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S L jl g5290 (nl 5 48 il i 55 S Sglan
5 Lol 1l g0, Shes clinl 5 50 slaosles ool oains)lis
Lol 0 y0 (oLl 5,Slos
o 5 YUy J5dss oty lagr I 295 oS s 0 5 4,
Al Baguy ) ol )35 byl (2l b ) Ylezsl 3L o
Javeed et al., ) S5 gl JLSs ialS 4 (et al., 2023
iy ;L) ) e liE lge 5 T b sl 045w (2023
Sloolawl bayly i jd 0y Slos sljnl 5 0, Slas s j3 9 35 Hl,8
Cilie a5 jLagm 228 L el 4l 350 0305 )
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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)
(¥) S 2,5doe 097™ 0977 097" 1
Biological yield (4)
(A) WID)J ua)l.w ey *x *k *k
0.79 0.73 0.81 0. 1
Harvest index (5) 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 81 0.86 0.82 0.70
) J5 20 ,.m -0.92™  -091™  -0947 0927 074 -0.01 0.84™ 1
Total flavonoid (8)
(q.) ‘5'*‘“5'“3 1_%.)1,5 -0.78"  -0747”  -0797 -079"  -058" 0.07 0.76™ 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 calivew polow cpo an 51050 adaghy )
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 ) ole jio oy Slas g aild Veor ()59 (e ,8 431 dlaws 39 S5 0ol S ol a8 5 (S Teid 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
63,595 365 ,Sa )3 p,S9lS Y- Lo ;> (Less. ssp. foliosa Sl o ol 2939 Sygps Cpied ¢ (& Al-Obeidi, 2023
(Wingin Sy (Asadi et al., 2019) sl cowsa g awilss (Narayan et al., 2022)  olg 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
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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¢
Gl 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 gy gime ©olds o yd iy Jlein] pdaw )3 (S yide B S s )y by 1 Sbo (gt g2 50 e ely; Sl o o s
* In each cropping year, in each column, means followed by the same letters are not significantly different (p<0.05).
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Introduction

Pre-cultivated plants are types of plants that, after harvesting the economic part, the plant residuals are returned
to the soil to increase the organic matter and to improve the next plant’s productivity. The use of plant residues can
improve biological health by reducing the chemical inputs used in agriculture. Due to the fact that in dry areas such
as North Khuzestan, the role of pre-cultivated plants and the effect of their residues on growth and performance
have been studied less, this research can be done in different humidity conditions before planting the main plant, and
the effects of plant residues and their role on the qualitative characteristics and organic matter of the soil and the
performance of plants such as corn are promising and help farmers and researchers.

Material and Methods

This experiment was conducted in two neighboring farms. In each year, two experiments were conducted in a
randomized complete block design with four replications in two years and two locations. Before planting corn in
two fields, cultivation treatments and mixing residues of four plant species, including rice, cowpea, dill, eggplant,
and fallow, were used as experimental treatments. After harvesting the pre-cultivation plant, investigate the effect of
plant residues on some soil characteristics over time. In order to determine the amount of moisture stored in the soil,
in two stages before planting and in the middle of the corn growing season, the percentage of soil moisture by
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weight was calculated. To determine the organic carbon content in the soil before planting and during the mid-
growth stage of the corn plant, organic carbon was oxidized using potassium dichromate in the presence of
concentrated sulfuric acid, followed by titration with semi-normal ammonium ferrous sulfate in the presence of the
ortho phenanthroline reagent (Walkley, 1934). Additionally, soil nitrogen was measured in the laboratory using the
Kjeldahl method (Pag et al., 1982).

Results and Discussion

In both farms, the stability of the soil grains in the second year was higher than in the first year, which is due to
the placement of organic materials of plant residues in the structure of the soil grains (Koocheki et al., 2020). Soil
stability increased in both farms in the second year, with the difference that the soil stability increased by 64% in
WET Planting and 50% in dry Planting. In the first and second years, respectively, there was a 35 and 29% increase
in soil moisture compared to the control. The results of this research showed that the positive effect of plant residues
in improving the organic matter of the soil after corn cultivation in wet Planting was much higher than that of dry
Planting. The rice residues increased the soil organic matter by 51 and 47% in wet Planting and dry Planting. The
results of the measurement data before corn cultivation showed a significant increase in the amount of nitrogen in
the soil in the second year, and this increase was 55% higher in the field with the method of wet Planting cultivation.
The results of the measured data after corn cultivation in the second year showed that the amount of nitrogen in the
soil increased, and the intensity of the increase in the field using the wet Planting method was 44% more than the
field using the dry method.

Conclusion

The results of this experiment showed that the apparent specific weight of the soil in the second year, influenced
by the use of plant residues, decreased over time. The preservation of plant residues has caused an increase in the
amount of nitrogen in the soil, and in wet planting conditions, the intensity of its increase has been 44% more than
in DRY Planting conditions. Also, by using plant residues of dill and beans, the amount of phosphorus in the soil
increased.
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years of the experiment
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Fig. 2- Changes in soil stability in two cultivation methods before corn cultivation in two years (a), the effect of pre-

cultivation plant residues on soil stability before corn cultivation in two years (b), the effect of pre-cultivation plant residues

cultivation on the stability of soil after corn cultivation in two years (c).
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Fig. 3- The effect of pre-cultivated plant residues on soil moisture before corn cultivation in two years (a), the effect of pre-

cultivated plant residues on soil moisture after corn cultivation in two years (b)
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Fig. 4- The effect of pre-cultivation plant residues on soil organic matter before corn cultivation during two years (a). The
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Fig. 6 - Changes in soil organic carbon in two cultivation methods before corn cultivation in two years (a), the effect of pre-
cultivation plant residues on soil organic carbon before corn cultivation in two years (b). changes in organic carbon in two
cultivation methods after corn cultivation in two years (c), the effect of pre-cultivated plant residues on soil organic carbon
after corn cultivation in two cultivation methods (d)
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Fig. 7- Changes in soil nitrogen before corn cultivation in two cultivation methods during two years (a), the effect of pre-
cultivated plant residues on soil nitrogen before corn cultivation during two years (b). Changes in soil nitrogen after corn
cultivation in two cultivation methods in two years (c), the effect of pre-cultivated plant residues on soil nitrogen after corn
cultivation during two years (d)
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Fig. 9- Soil phosphorus changes before cultivation in two years in two cultivation methods (a), the effect of pre-cultivation

plant residues on soil phosphorus before cultivation during two years (b), soil phosphorus changes after cultivation during
two years in two cultivation methods (c), the effect of pre-cultivated plant residues on soil phosphorus after cultivation during

two years (d)
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Fig. 10- The effect of pre-cultivated plant residues on soil potassium from corn cultivation during two years (a), soil
potassium changes after corn cultivation in two cultivation methods (b), the effect of pre-cultivated plant residues on
potassium Soil after planting corn (c)
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Fig. 11- The effect of pre-cultivated plant residues on soil pH before corn cultivation in two years (a), the effect of pre-

cultivated plant residues on soil pH after corn cultivation in two years (b)
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Introduction

Intercropping is an agroecological technique in which two or more species are grown in the same area for a
certain period of time. These species should be complementary to each other regarding the use of productive
resources. By selecting crop species with different growth habits and minimal competition, intercropping optimizes
resource absorption, resulting in improved yields compared to monoculture. Many studies have shown that
intercropping systems improve the resources used, stability of production, and increased profitability per area. The
aim of this study was to evaluate the beneficial indicators of intercropping of safflower, an important oil plant, with
three legume species, including chickpea, lentil, and bitter vetch, under Kermanshah climatic conditions.

Materials and Methods

A split plots experiment was done based on a completely randomized block design in three replications in
dryland conditions at the research farm of the Campus of Agriculture and Natural Resources, Razi University,
during 2018-2019. In this study, chickpea, lentil, and bitter vetch were assigned to the main plots, and five
intercropping arrangements included legume monoculture, 75:25 ratio of safflower and legume, 50:50 ratio of
safflower and legume, 25:75 ratio of safflower and legume, and safflower monoculture were assigned to the
subplots. In this research, safflower was the main crop, and chickpeas, lentils, and bitter vetch were considered as
alternative crops. The beneficial indicators of intercropping, including Land Equivalent Ratio (LER), Relative
Crowding Coefficient (RCC), System Productivity Index (SPI), and Actual Yield Loss (AYL) were calculated. The
LER indicates the amount of land required for the crop in monoculture in order to achieve a similar yield as
intercropping. The RCC indicates the competitive ability of crops grown in intercropping. In other words, it
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expresses the relative dominance of one species over others in intercropping. The SPI data are calculated by
standardizing the alternative crop based on the main crop, whose higher values indicate the enhanced efficiency of
the intercropping system. The AYL indicates the decrease or increase in the yield of intercropping compared to
monoculture. The data were analyzed using ANOVA, and the means were compared with the LSD test.

Results and Discussion

The results showed that the LER in intercropping with chickpeas and lentils was higher than that in other
treatments. Regardless of legume species, among the cultivation patterns, the 50:50 ratio of safflower and legume
was superior in terms of LER (1.26) and competition index (RCC=4.6) compared to other intercropping patterns.
The amount of actual yield reduction was positive for all intercropping patterns, but in the conditions where the
chickpeas were cultivated as a companion crop in the intercropping, it was significantly more than the condition
where the bitter vetch was cultivated as a companion crop (AYL=0.62). The highest productivity index in
intercropping patterns was obtained when lentils were cultivated together with safflower (6089). The advantage of
intercropping has been reported in many studies, especially those in which one of the components of intercropping is
legume species, and the results of the current research are consistent with them. Intercropping provided better
growth conditions for safflower compared to its monoculture. The different morphology of safflower compared to
chickpea, lentil, and bitter vetch allows for minimal competition for resource uptake. The nitrogen fixation ability
and facilitative effects of these legume species improved the indicators of intercropping profitability and ultimately
increased safflower yield compared to its monoculture.

Conclusion

Regardless of the intercropping arrangements, the results of this study generally showed that the cultivation of
chickpea together with safflower compared to lentil and bitter vetch resulted in more benefits in terms of the
investigated intercropping indices. This was evident as the chickpea-safflower intercropping achieved the highest
LERatio (1.14). This result was due to the presence of facilitative effects in chickpeas, especially their ability to
biologically nitrogen fixation. With regard to the beneficial indicators of intercropping, the 50% safflower: 50%
legumes pattern demonstrated superiority compared to other investigated patterns. Therefore, if the results of this
study are confirmed in other years and regions under dryland conditions, the chickpea-safflower intercropping with
a 50:50 pattern is recommended.

Keywords: Actual yield reduction, Competition index, Land equality ratio, Productivity index
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2- System Productivity Index
3-Least Significant Difference
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Table 2 - Analysis of variance (mean of squares) of the relative yield of intercropping components and land equivalent ratio
under the influence of intercropping treatments of safflower with chickpea, lentil, and bitter vetch

e o Sl Caid) (ooanss 3 Sos £ 90020
O pntd gobio &5l asy3 S o 3 5o P9 (o 3,Sos )
i & 3l o . (cmo
SOV af Relative yield of Relative yield of o .
O : safflower legumes Total relative yield (land equivalent
ratio)
"’g" . 2 0.02 0.005" 0.02%
Replication
P “’5, 2 0.00" 0.011" 0.02
Legume species (L)
Al 4 0.00 0.007 0.00
Error a
Lol cuiS sla il
Intercropping arrangements 4 1.38™ 1.398™ 0.12™
0]
LxI 8 0.00" 0.003™ 0.00m
b lbs 24 0.00 0.003 0.00
Error b
Syt s - 150 9.4 9.1
CV (%)

**x  *x ns

Wbl o dio)d S g i Jloin! gakaw 50 )y e BB 5 ) e M dgag pis onind L cud iy FF
ns, *, and ** show non-significant and significant at 5 and 1% of probability levels, respectively.
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Table 3- The effect of legume species on the relative yield of the intercropping components and the land equivalent ratio in
the intercropping condition of safflower with chickpea, lentil, and bitter vetch

09 digs S5 i 3 ;S0 055 Lo 3,Shos (x5 (3139 Comaand) Lomaui 3 ySdos £ g05x0
Legume species Relative yield of safflower  Relative yield of legumes  Total relative yield (land equivalent ratio)
> 0.58 0.57 1.14
Chickpea
o 0.57 0.56 1.13
Lentil
. & 0.55 0.49 1.04
Bitter vetch
Poize S| S 0.05 0.06 0.09

LSD (0.5%)
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Table 4- The effect of intercropping arrangements on the relative yield of the intercropping components and the land
equivalent ratio in intercropping condition of safflower with chickpea, lentil, and bitter vetch

. O o Total relative yield (land equivalent
Intercropping arrangements Relative yield of safflower Relative yield of legumes

ratio)
S gl i 1.00 0.00 1.00
Safflower 100
YO Py VA S35 0.80 0.33 1.13
Safflower 75: legume 25
Brpsfide SO 0.66 0.60 1.26
Safflower 50: legume 50
Y0 psS): VO 5,5 0.37 0.80 1.18
Safflower 25: legume 75
P oAl cuis 0.00 1.00 1.00
Legume 100
siee S Sl 0.08 0.05 0.10
LSD (0.5%)
Slsles (g5 5l Glis a5 09 G 5 i bglbe S (sl oSl s.u.m?l.;..adluf‘,.ua
s ) d) 9l LSS L awlae y o Cal ° E] 3 s byl 350 aols
oo o (¥18) (i cbgdoee coiS (o lises (glacus S5,5 (el casls i)l 1 Ll e Iy sine (omms pbodjl o ps
A5 odmlie poS) o )3 B+ 1S5 o 2 B0 Hlowd jd o pbdj] plod jd (i plodjl oy (0 Jodn) D9 o iz bgloes o
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Table 5- Analysis of variance (mean of squares) of the relative crowding coefficient under the influence of intercropping
treatments of safflower with chickpea, lentil, and bitter vetch

Ol S i @il ar s SN o pbsflcu s ooV o b3l cu s bolde o plasjl o s
S.0.V d.f Safflower RCC Legumes RCC Intercropping RCC
L3 2 0.5 0.7 23w
Replications
P?ij 459§ 2 0.04ns 1.5M8 1.6M
Legume species (L)
als 4 12 1.9 1.2
Error a
Intercropping arrangements (1)
LxI 8 0.1m 0.2m 0.3
b s 24 0.9 0.7 1.7
Error b
Syt e - 125 113 135
CV (%)

*k * ns

bl o doyd SO g iy Jlein ] zakaw 53 by dxe GBS 5 )b xe BMB] 2439 pis onimd L ey T g
ns, *, and ** show non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 6- The effect of intercropping arrangements on the relative crowding coefficient in intercropping condition of safflower
with chickpea, lentil, and bitter vetch

byl cuiS (sl sialf S i pladjlcups s o plasjl g bolco (v o351 o po
Intercropping arrangements Safflower RCC Legumes RCC Intercropping RCC

YO pg%) 1 VA S35 2.0 13 2.8

Safflower 75: legume 25
Brpsfidn SO 2.6 15 46

Safflower 50: legume 50
Y psS): VO 5,5 17 1.2 3.2

Safflower 25: legume 75
Pine S| Sl 0.4 05 0.3

LSD (0.5%)
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Table 7- Analysis of variance (mean of squares) for the indices of actual yield loss and system productivity index of
intercropping under the influence of intercropping treatments of safflower with chickpea, lentil, and bitter vetch

5, 5des ials 5, 5des ials 5,Skos ials d”"’f’f‘-”su

Oyt gl @ilay K58 il 095 sdly bolce 2l e
SOV df  safflower actual Legumes actual  Intercropping System
; . . productivity
yield loss yield loss actual yield loss .
index
’_"SJ_ 2 0.2" 0.08 0.1 5499916"
Replications
P 695_ 2 0.02™ 0.14" 0.29" 29261618
Legume species (L)
als 4 0.00 0.07 0.06 233170
Error a
byl cuif sl 4 0.4 0.14" 0.17" 14069785™
Intercropping arrangements (1)
LxI| 0.00m 0.03" 0.01" 2740647
b s 24 0.03 0.03 0.05 588877
Error b
st e - 62.1 87.0 44.0 17
CV (%)

il o dopd S g gy Jlain] golaws 45 I3 xe BMB] g o dxe BMB] 352y pie sdimd LS us 54 K 5 * NS
ns, *, and ** show non-significant and significant at 5 and 1% of probability levels, respectively.
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Table 8- The effect of legume species on the actual yield loss in the intercropping condition of safflower with chickpea, lentil,
and bitter vetch

p3S) &5 ey ps) PEN
Legume species Safflower Legumes Intercropping
25 0.34 0.27 0.62
Chickpea
o 031 0.28 0.59
Lentil
& 0.23 -0.08 0.15

Bitter vetch
b re M| J8las

0.09 0.20 0.25
LSD (0.5%)
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Table 9- The effect of intercropping arrangements on the actual yield loss in the intercropping condition of safflower with
chickpea, lentil, and bitter vetch

bl Cuis gl yilyl S8 YY) b glseo
Intercropping arrangements Safflower Legumes Intercropping
Y8 s VR SN 0.07 0.22 0.29
Safflower 75: legume 25
8 psian SN 0.32 0.19 0.52
Safflower 50: legume 50
VapsS): YO SN 0.49 0.06 0.55

Safflower 25: legume 75
b sxe M| Jalas

0.2 0.14 0.21
LSD (0.5%)
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Fig. 1- The effect of intercropping arrangements and legume species interaction on intercropping
productivity index
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P1) Safflower 75: legume 25, P2) Safflower 50 : legume 50, and P3) Safflower 25: legume 75. LSD (0.5%) is 541
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Introduction

The inadequacy of the results of a single study and the need to combine the findings by scientists has led to
the development of methods that allow combining the results of many independent studies. (Anjomani, 2022).
The genus Thymus from the mint family (Lamiaceae) has more than 215 species in the world, of which 18
species have been identified in Iran. The medicinal plant (Thymus vulgaris L.) is one of the most important
medicinal plants in the world, which is used Abundant in the pharmaceutical and food industries, it has a special
place among medicinal plants (Gigord et al., 1999). The results of the application of different amounts of N, P,
and K fertilizers on the growth and yield of Thymus vulgaris L.) showed the highest stem height (37. 38 cm), the
yield of fresher plants (42. 78 grams per plant) and the highest the percentage of essential oil was 0. 73% in
combined NPK treatment (Sharaf Zadeh, 2011). Research has shown that the highest percentage and yield of
essential oil (363. 0% and 277. 00 ml per plant) was obtained from the plants cultivated with Nitroxin
biofertilizer, followed by Biophosphorus and mycorrhizal fertilizers, respectively. (Mohammad pour Vashvaee
et al., 2014). Meta-analysis combines the information of studies, pays attention to the comparison between
studies discovers new results from previous studies, and can introduce new fields of research or new research
questions.

Material and Methods
To perform this meta-analysis, the method introduced by Cooper was used. This method has the following

steps: searching and selecting studies (data collection), coding the characteristics of each study, extracting data
suitable for meta-analysis, and analyzing the data. In this research, standardized mean difference and correlation
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coefficient were used. It has been used to determine the size of the Hedges effect (g) (Porasmeili, 2011). Since
the intended benefit in this meta-analysis is the difference between the averages of the treatment group
(experiment) and the control group (control), in the meta-analysis method for the effect sizes in this research, the
standardized mean difference method and the correlation coefficient to determine the Hedges effect size value
(9)) has been used (Pouresmaeily et al., 2011). The standard difference between the mean of the control
treatment and the mean of the experimental treatment is called the effect size (g) Equation (3)and (4). It was

used in performance between control and experimental treatments (Cohen, 1988).

M, — M.
= 1 2 3
g Spooled ( )

In this regard, Mland M2 is the average performance of experimental treatment and control treatment and
Speclea, standard deviation, respectively (Cohen, 1988).

_ (nl-1)s12 + (n2 — 1)s22
Spoaled = nl+tnz-2 (4)

In this regard, S* and S? are respectively the square root of the integrated variance of two treatment groups. If
there is heterogeneity between studies, the random effect model is used. I%index is one of the important indices in
determining the degree of heterogeneity between studies.In general, the degree of heterogeneity in the I2index is
determined in the following three ways: 12<25% indicates low heterogeneity. 50 <I>< 75% indicates moderate
heterogeneity; that is, half of the total variability among effect sizes is not due to sampling error and is due to
heterogeneity between studies.

and 12> 75% indicates high heterogeneity (Higgins & green, 2011)

Among more than 60 domestic studies and 28 foreign studies. The number of 15 studies that can be meta-
analyzed in different subjects: "dry weight, percentage of essential oil and yield of thyme oil" were selected 102
effect sizes were ready for meta-analysis, and the rest of the studies were excluded. All the extracted data were
transferred to comprehensive meta-analysis software for meta-analysis. The results reported about each of the
variables were analyzed using comprehensive meta-analysis software (CMA.Version 2) developed in the United
States.

Results and Discussion

Among more than 60 domestic studies and 28 foreign studies, 15 meta-analysis studies with 53 effect sizes
related to the effect of different amounts of cow manure (30, 60, and 90 tons per hectare) on dry weight, essential
oil percentage, and thyme oil yield were selected and ready for meta-analysis, and the rest of the studies were
excluded. The results obtained in individual studies mostly emphasize the significance and positive effect of
animal manure (cow) on quantitative and qualitative yield, while meta-analysis results show that studies of the
effect of 30 tons of cow manure per hectare with an effect size (0.502 g) for weight dry and (g=0.482) were
positive and incremental for oil yield and were significant with 99% confidence (P<0.01) for the mentioned
traits. These studies were heterogeneous based on the 12 index for dry weight (12= 79.48) and for oil yield (1?=
86.79), and after drawing a funnel plot and performing the Bag and Mazumdar test, it was observed that they
were symmetrical and had no diffusion error. And the obtained results are recommendable. However, the
characteristics of plant height and essential oil percentage are not significant, and more studies are needed.
Studies on the effect of chemical fertilizers only on the increase in dry weight yield with the effect size (g =
0.614) have been positive and significant (p<0.01). These studies were heterogeneous based on the 1%index for
dry weight (12= 93.79) and after drawing a funnel plot and performing the Bag and Mazumdar test, their
symmetry and lack of diffusion error were observed, and the obtained results are recommendable. However, the
effect of nitrogen chemical fertilizer on the qualitative traits of essential oil percentage and oil yield is not
significant. Contrary to the results of the research that declared the effect of chemical fertilizers and different
levels of nitrogen to be significant on dry weight, percentage of essential oil, and oil yield, studies on the effect
of biofertilizers respectively with the effect size (g = 0.789) on dry weight (g = 0.773) (9=0.593) had the most
increasing and positive effect on oil yield and essential oil percentage, and it was significant (P>0.01). These
studies were heterogeneous and symmetrical based on the 12 index for oil yield (1>=83.34) and essential oil
percentage (1>=77.71), and there was no diffusion error, and its results are recommendable. The results of other
researchers have considered the use of organic and biological fertilizers to increase and improve the quantitative
and qualitative traits of the thyme medicinal plant, and to recommend these types of fertilizers; they have
preferred these types of fertilizers over chemical fertilizers, the traits that were not significant or their studies
were not symmetrical in all treatments The subject needs to conduct studies with higher accuracy for
recommendation
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Table 1- Summary of information related to the researches of different types of fertilizers articles for final Meta-analysis
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1 ober s j s 00 18
Shabkhiz et al.

2 OhfSen 5 (s 2019 24
Haidari et al.

3 OhfSen 5 (s 2019 24
Haidari et al.

4 hery fme g 36
Askary et al.

5 hfea s adeoyg 21
Emami et al.

obea s adpe o oyg 21

Morshedloo et al.

7 hfSen 5 Ay 2018 32
Doulati et al.

OI)K““’ 9 &‘9‘59)% 2021 45

Pour Vashvaee et al.

9 chlen 5 Ay 2018 21
Doulati et al.

10 cbar s Lsbog 501 45

Pour Vashvaee et al.

11 chfSon 5 a3 2008 12
Dehaghi et al.

12 obBea s gl o050 60
Honorato et al.

13 obea s gl 5050 60
Honorato et al.

14 ohlSon 5 a3 2008 12
Dehaghi et al.

aS o liliwl (sl oy eSS i Hb dme Ll Joyd s Cildllae
odnlidio s yjg lalllae 09,5 )0 55 3yl it cds jl lis
970 ¥r) olS 395 ilises polaw (cwyp 3 (SE= +/V+A) 45
20,5 A lisebl b ool Caday (sl gl o3l 5 ([l 45 o5 A
3 03] s Iy re S g oS Slaw den gy (< /4Y)
5 (9= ¥5) bl oy cly (&S Slas o 3 odel Cosday
aals Alols 3g2g Ly 45 45b_a (= F50) pség) 5 Shee ol
AU s (sladgS 48 S e iy £83 5 jiaS Jlisabo]
Oagl gy 25 Shos dy o bl 2uoy> (I3 (g

L5

R g2 8 09y
ol 2 yo aus b Jdoslid Sladllas > dolas @l gl Jae 4o
ol Hao Slalllas adS” Bly ol il o3l (Sl &S Conl Lo
Cowddy gl (Vahedi, 2021) 55,5 o 3, b apl ¢ bl bl
= (LSl )3 5 ¥e) (69lS 295 Jlade Sl &S amd e LS oal
Loy s ((Rg) 3)8es 9 SiS (jg) adllas 3)90 Clio (oles
Sl o (oy8 o 3 (P<e/+)) Canl odd Jby ime il
39S oy Ve il oolawl a8 dad o il ol )5 0, slul o)
Oil38l g (g= +IFAY) g4y 3,Slos (]38l el [l )3 (g8
Lol ol 0 I3 sine 5 033,8 (pdusl olS (g= +/0-) Suis 1o



YAD il 9 (059.5w) (o2 booait «sold (slBOgS Cilisio polio I Judoxil )8 (), lSon g (O g0xe

20,320 liseb! daw b i gl LS &S g (08 Clhuo (B 3 (59 2 (S98 (SWgS ilisre pdlie yil 031031 - Jgan
Table 2- The values of the effect size of different amounts of Cow manure on some quantitative and qualitative traits of
thyme plant with a confidence level of 95%
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Cow manure 30 tons - yield of oil
oilsl doyd =55 30 (5o 58
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oil %
Sils 59— bogS caliseo oo
Different amounts of fertilizers - 15 0.435 0.086 0.007 0.206 0.541 4.366 0.000
dry weight
ol o pd — LadgS” calises yiolie
Different amounts of fertilizers - 15 0.469 0.157 0.025 0.162 0.776 2.992 0.003
essential oil %
059y SNes — dgS calisee yolds
Different amounts of fertilizers - 15 0.465 0.134 0.052 0.203 0.727 3.81 0.000
yield of oil
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Table 3- Effect size interpretation based on Cohen’s scale
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Fig. 1- Funnel plot of the effect of Cow manure hedges’s (30 tons per hectare) on the yield of thyme oil
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Fig. 2- Funnel plot of the effect of Cow manure hedges’s (30 tons per hectare) on thyme dry-weight
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Fig. 3- Funnel plot of the effect size of hedges of different amounts of Cow manure on thyme dry-weight
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Table 4- Heterogeneity test of different amounts of Cow manure on some quantitative and qualitative traits of thyme plant
with 95% confidence level
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Table 5- The effect size of chemical fertilizers (Nitrogen) and biological fertilizers on some quantitative and qualitative traits
of thyme plant with 95% confidence level
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Table 6- Heterogeneity test of the effect of chemical (nitrogen) and biological fertilizers on some quantitative and qualitative
traits of thyme plant with a confidence level of 95%
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Introduction

Drought stress poses a significant challenge to cumin production in Iran, particularly during the flowering and
seed-setting stages. Cumin is a valuable crop with numerous medicinal properties and applications in various
industries. Despite its short growing season, the economic importance of cumin makes it imperative to find ways to
mitigate the effects of drought stress on seed yield. Addressing the negative effects of drought stress is crucial for
improving cumin seed yield. One effective strategy is to identify drought-resistant cumin cultivars. By selecting
cultivars that are more resilient to drought conditions, farmers can enhance their chances of achieving higher yields,
even in challenging environments.

Materials and Methods

This two-year study (2020-2021) aimed to assess the drought tolerance of 15 cumin ecotypes under field
conditions in Karaj, Iran. The experimental design was a randomized complete block design with three replications.
The ecotypes evaluated were: Tabriz, Torbat Jam 8, Afghani, Khorasan-Birjand, Yazd 7, Yazd 8, Torbat Jam 9,
Khorasan Razavi 8, Pakistan, Isfahan, Hindi, Khorasan Razavi 12, Isfahan 13, Sabzevar, Torbat Heydarieh. Two
treatments were applied: full irrigation and drought stress. Irrigation under full irrigation was carried out every 10

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
d https://doi.org/10.22067/ agry.2024.85108.1172



http://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about?lang=en
https://orcid.org/0000-0003-0951-2072
https://orcid.org/0000-0001-6752-5782
https://orcid.org/0000-0002-2366-6417
Farzadpaknejad@yahoo.com
https://doi.org/10.22067/%20agry.2024.85108.1172
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/%20agry.2024.85108.1172
https://doi.org/10.22067/%20agry.2024.85108.1172

VFoY 5l Fosloud I8 alor (g5 yalins’ owbcls pgs 4 pis FAY

days according to soil and weather conditions, while irrigation was withheld from 50% flowering to the end of the
growth period under drought stress.

Results and Discussion

The results of this study showed that drought stress reduced the yield and yield components of cumin ecotypes
but increased the essential oil content. The highest seed yield of 102.78 g m-2 was achieved by the ecotype Turbat
Jam 8 under full irrigation conditions, which was statistically similar to the ecotypes Afghani, Khorasan-Birjand,
Yazd 7, Turbat Jam 9, and Sabzevar under normal irrigation conditions. The lowest seed yield of 65.8 g m-2 was
recorded for the ecotype Khorasan Razavi 12. These results demonstrate the differential tolerance of cumin ecotypes
to drought stress and highlight the potential of Turbat Jam 8 as a drought-tolerant ecotype. The Afghani ecotype
proved to be drought-resistant, showing consistent grain yield under both normal irrigation and drought stress.
Conversely, the Khorasan Razavi 12 ecotype was vulnerable to drought stress, exhibiting reduced biological and
grain yields under these conditions. Notably, a strong positive correlation (0.973) was observed between essential oil
content and seed yield, indicating that breeding for high essential oil content could also improve drought resistance
and yield. In addition to the strong correlation between essential oil content and seed yield, other correlations were
observed. The amount of essential oil was positively correlated with the harvest index (0.787) and the weight of one
thousand seeds (0.721). Seed yield also showed positive and significant correlations with the number of umbrellas
per plant (0.396), harvest index (0.287), and the number of seeds per umbrella (0.232). No other traits showed
significant correlations. Biological performance had positive and significant correlations with plant height, number
of branches per plant, number of umbels per plant, number of umbels per umbel, and number of seeds per umbel.
According to the result of cluster analysis based on Ward's method, the ecotypes were divided into three groups. The
highest number of ecotypes was in the third group (7 ecotypes) and the second group (6 ecotypes). The Afghani
ecotype formed the first group alone. According to the type of ecotypes placed in a cluster, it can be said that the
ecotypes in a cluster were very similar in terms of morphological and molecular characteristics, and the Afghani
ecotype was different from other ecotypes.

Conclusion

Drought stress and ecotype interactions had a significant impact on plant height, biological yield, and grain yield.
The variation in ecotype responses to drought stress may be attributed to genetic differences. The Afghani ecotype
demonstrated strong resistance to drought, showing no significant reduction in grain yield under both normal
irrigation and drought stress conditions while also achieving the highest essential oil content. In contrast, the
Khorasan Razavi 12 ecotype was highly sensitive to drought stress, exhibiting markedly lower biological and grain
yields compared to other ecotypes.

Keywords: Environmental stresses, Essential oil, Irrigation, Seed yield
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Table 1- Characteristics of studied ecotypes
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Origin Gathering location Ecotypes Ecotype code in gene bank  Row
ol! 22 22 49-124 1

Iran Tabriz Tabriz
Ql)i‘ Pl? Coy A Pl? oy 49-132 2
Iran Tobate Jam Tobate Jam 8
- Ol A 49-120 3
Afghanistan Sistan Afghani
ol syl S Sl 49-101 4
Iran Khorasan-Birjand Khorasan-Birjand
ol! >3 Vox 49-74 5
Iran Yazd Yazd 7
ol! >3 Aos 49-108 6
Iran Yazd Yazd 8
Ql)i‘ Pl? Coy 4 Pl? oy 49-129 7
Iran Torbate Jam Torbate Jam 9
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C)I)i‘ L'JLQ(&‘DI L'JLQ(&‘DI 49-19 10
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India Sistan and Baluchestan Hendi
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Olﬁl L‘)Lg(o..ol Y Ole(czwl 49-115 13
Iran Esfehan Esfehan 13
ol Pl Pl 49-137 14
Iran Sabzevar Sabzevar
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Table 2- Physical and chemical properties of field’s soil
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Year Depth Texture P(AV) K (Av) PH Organic C (%) EC
(cm) mg.kg?! mg.kg?! g 0 (ds.m?)
2020 030 <o 5.29 8.5 0.45 1.26
Loam clay
2021 030 <o 6.13 8 0.51 1.21
Loam clay
= Humidity 2020 Humidity 2021
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Fig. 1- Temperature and humidity changes in different months during the growth period of cumin (2020-2021)
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Table 3- Bartlett test results
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Fig. 2- Interaction of irrigation and ecotypes on plant height of cumin
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Table 2- Variance analysis of cumin yield components traits
a . e
s i " Sl i
S.0V L) ean or squares
df
&g el g 4 4l slaad Qg 4y daad P yd &l dlaad
Plant Branch number in Number of umbel in Seeds number in the
height plant plant umbel
L
J 1 8.45™ 3.55™ 544** 387**
Year (Y)
L
o 1 178** 28.0** 162** 256**
Irrigation (1)
Y x| 1 20.6" 1.42"™ 4.47m 3.75"™
s
Replication (Y x 8 89.9 27.9 199 43.3
)
S| 14 32.1* 7.22*%* 85.1** 11.4*
Ecotypes (E)
ExY 14 18.8™ 1.41™ 34.2m 1.46™
Exl 14 63.4* 1.69™ 16.8™ 2.27™
YxExI 14 3.95"™ 2.74m 10.9™ 4.54"
- 112 8.77 2.09 21.7 2.86
Error
DS capd 117 10.5 129 138
C.V (%)

b gime (38 NS o )d iy 9 SO sllad Jlasl b )b pixe (e s g e
ns: not significant,* and **: significant at 5% and 1% levels of probability, respectively.
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Stop irrigation from 50% flowering of ecotypes until

the end of growth and ripening
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Fig. 3- Interaction of irrigation and ecotypes on biological yield of cumin
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Table 5- Variance analysis of other attributes of cumin yield components
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Fig. 4- Interaction of irrigation and ecotypes on seed yield of cumin
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Table 6- Comparison of the average attributes of cumin yield components
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* Means with similar letters in each column are not significantly different at 5% probability level.
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Fig. 5- Interaction of irrigation and ecotypes on essential oil yield of cumin
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Figure 6- Dandogram resulting from cluster analysis of cumin ecotypes
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Introduction

In recent years, with the growing significance of drought and climate change, there is an increasing need for a
well-structured plan to implement effective management strategies and monitor drought conditions. Considering the
importance of investigating agricultural drought in relation to the yield of agricultural products and the fact that
agriculture in Iran has always been affected by the amount and distribution of inappropriate rainfall, and climate
change has caused problems in the cultivation conditions in the country by causing anomalies in temperature and
precipitation; in recent years, due to the lack of suitable moisture conditions in the soil and the decrease of rainfall in
the spring season, the amount of production and the quality of products have suffered serious threats, among these
threats is the threat to human food security and, by nature, social and economic problems. Effective monitoring at
the right moment can greatly reduce damage to agricultural production. The use of remote sensing and satellite
imagery as effective tools for monitoring agricultural drought has gained significant attention from researchers.
Remote sensing allows for the study of drought's effects on plant growth, leading to more accurate and impactful
results in drought modeling.

Materials and Methods

Tuyserkan city covers an area of 1,556 square kilometers, 7.98% of the area of Hamedan province, in the west of
Iran, and it is located along the Zagros mountain range. In this study, the goal is to evaluate the spatial and temporal
patterns of agricultural drought in Tuyserkan County using vegetation coverage indicators derived from satellite
data, including the Normalized Difference Vegetation Index (NDVI), the Vegetation Condition Index (VCI), the
Plant Health Index (VHI), and the Thermal Condition Index (TCI), over a 20-year period and at seasonal and annual
scales. The satellite data used in this study are from MODIS imagery. These images are a suitable tool for drought
monitoring due to the power of proper spatial separation and providing bands with different wavelengths. After pre-
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processing these images using ENVI software, surface temperature, and rainfall data (used by interpolation method)
are used as effective data in the drought process in the study area during this period.

Results and Discussion

The Vegetation Condition Index (VCI) has a significant correlation with different seasons, as well as with the
Standardized Precipitation Index (SPI). Therefore, it can be stated with confidence that this index can be used to
monitor temporal and spatial changes in agricultural droughts in the study area with acceptable accuracy. In fact, the
months from the fourth to the sixth are the best time for the growth and development of plants because whatever the
effect of precipitation, it will show itself during this period, and the highest correlation between the SPI and VCI for
the fourth to the sixth months. However, in the VHI for the seventh to ninth months, the meaningful correlation
could be because of the fact that the vegetation of Tuyserkan is mostly farmland (ending in October) and orchard
(with a high amount of walnuts and almonds, which continue until September). Rahimzadeh et al. (2008) found the
best correlation between the VCI and SPI for one to three months in the monitoring of droughts in Northwest Iran,
and in this study, the correlation between the VCI and SPI for one to nine months was obtained. Generally, the VCI
index provides better results for measuring precipitation, especially in areas that are climatically heterogeneous. As
a result, the VCI was selected as the best index for monitoring agricultural droughts in the region.

Conclusion
Based on the calculations performed, the climate of the region matches the seasonality of the Vegetation
Coverage Index (VCI) better. Generally, the results of the VCI and SPI indices largely confirm the results of the
NDVI index. As a result, the VCI index was chosen as the best index for monitoring agricultural droughts in
Tuyserkan County. Additionally, the results derived from the use of the vegetation index VCI indicate the state of
droughts in 2008 and 2014 and the state of precipitation in 2007 and 2018 compared to the study period in the
region.

Keywords: Standardized Precipitation Index, Thermal Condition Index, Vegetation Condition Index
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1-Normalized Difference Vegetation
2-Vegetation Condition Index
3-Standardized Precipitation Index
4- Geographical Information System
5- Vegetation Health Index
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Table 2- Correlation coefficient between seasonal and annual SPI index with seasonal and annual average of satellite indices
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Introduction

Garlic (Allium sativum L.), a member of the Liliaceae family, is the second most important crop after onion
(Allium cepa L.) among vegetables. It is widely used as a food spice and medicinal herb in many parts of the world,
making it one of the key crops cultivated during the cool season. Garlic economic yield is affected by various
agronomic factors such as optimum planting distance (plant density) and proper supply of the required nutrition
(proper nutrition) of this plant. The selection of suitable planting density can increase the productivity of crops. On
the other hand, meeting the nutritional needs of crops is also a great necessity in order to increase the production of

crops .Humic acid, as a natural and environmentally friendly organic acid, has a positive effect on the absorption of

nutrients by crops, and it is very important for the transfer and availability of micronutrient elements in the plant.
The most important factor limiting crop yield in many parts of the world macro and micronutrient deficiency in soil
is more. Suitable nutrition due to the balanced application of fertilizers, with regard to the physiological needs of
crops, can reasonably provide access to the expected yield. Nutrition is another factor affecting the growth and
performance of garlic plants. Research has shown that the growth and yield of this plant are largely influenced by
the management of the supply of various nutrients.

Materials and Methods

This experiment was conducted as a factorial layout based on a randomized complete block design with three
replications during the growing season of 2016- 2017 at the experimental field of Beiranshahr city of Khorramabad

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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in Lorestan Province, Iran. Before conducting the experiment to determine the physical and chemical properties of
soil samples were collected from 0-30 cm depth of soil. The treatments were comprised of two factors were studied:
Planting density at three levels: D1, D2, D3; 32, 42, and 52 Density (Plant. m2), respectively, and Nutrition On four
levels: N1, N2, N3, and Ns (control, Humic acid, totalize fertilizer 20-20-20, Humic acid+Totalize fertilizer 20-20-
20), respectively. For treated with humic acid, Garlic cloves before planting in a proportion of 50 ml per kilogram,
Clove was treated. Totalize fertilizer 20-20-20 was used at the rate of 80 kg/ha in the farm. Traits such as plant
height, stem diameter, leaf number, Garlic diameter, cloves number in garlic, Garlic weight, and economic yield
were measured. In this study, Hamedan White Garlic was used for cultivation.

Results and Discussion

The results indicated that the main effects of nutrition, plant height, and the number of cloves in garlic were
significant, as well as the interaction between planting density and nutrition (treatment 42: density in plants per
square meter with Totalize fertilizer 20-20-20). Significant increases were observed in stem diameter, number of
leaves, garlic diameter, garlic weight, and economic yield. The analysis of variance (Table 4) revealed that nutrition
had a significant effect on plant height (p < 0.01). The main effect of planting density was significant (p < 0.05),
while both nutrition (p <0.001) and the interaction of planting density and nutrition (p < 0.01) significantly affected
stem diameter and the number of leaves. Additionally, nutrition and the interaction of planting density and nutrition
had significant effects on garlic diameter (p < 0.001). According to the analysis of variance (Table 4), nutrition had a
significant effect (p < 0.01) on the number of cloves. The results also demonstrated that the main effects of density
and nutrition, as well as their interaction, positively and statistically significantly influenced garlic weight and
economic yield at the p < 0.001 level.

Conclusions

The results of this experiment showed that the garlic plant exhibited varying responses to different planting
densities and levels of nutrition. Increasing planting density reduced plant height, stem diameter, leaf number, garlic
diameter, Cloves number in garlic, and garlic weight. Increase the plant density of garlic from 32 to 42 to 52 plants. "
Zsignificantly increased the economic yield, respectively. Because of the increase in garlic planted per hectare. The
results showed that the effect of different levels of Planting Density and Nutrition was significant on garlic grain
yield. The highest mean of garlic grain yield as a provisioning service was obtained from 42 Plants per m-2 in
nutrition with totalize fertilizer 20-20-20 (25756 kg. ha-1), and the lowest garlic grain yield was obtained in control
treatment with non-fertilizer application and 32 plants per m? (14314 kg.ha*). Therefore, with the optimal use of
this fertilizer (Humic acid and total fertilizer), the effects of growth and yield on plants are somewhat enhanced, and
it is recommended for use in a similar climate.

Keywords: Cloves number, Hamedan White Garlic, Totalize micronutrient fertilizer, Humic acid
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Table 1- Meteorological statistics of Lorestan province in 2016-17 crop year
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Table 4- Analysis of variance (mean of squares) the effect of (D) Density and (N) Nutrition on studied traits of garlic
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S8 L orman 5 (LS a5l pedslie 1 ite ]
9 3y Gialidl cuw lie ol Cls (libl g SauseMs
U35 30 oldie ple (YOUsif, 2018) s5d oy olS glas)|
oS (gl oyinsd JHB (olie polie juin conld &5 058
zge Ll oo gdiaf) (bt a3 Polite Bpae 3)b
33,5y olS ) gy iyl Gl 8l e 53 g (odugy A5) dge
dewgi b alaly > uzen (Khorramdel & Shooride, 2012)
S5 S dhalgd Sy li)l Gl g (g slapluil e3gicun
by (olie gl ds)jo SB 3 Gl polic 5 Seogen dpwl
Abdel-Razzak & El-Sharkawy, ) yuw ol 3 o, SKis} ple

; Diriba-Shiferaw et al., 2013; Zaki et al., 2014; 2013
(Abreham et al., 2014) s1,s5 5L, o (Zaman et al., 2011

oy cdlhe Jilejl ol @l b o ol oas U3)ljS

pis) Mol 4y Cound 485 Hlo calisee palaw > Wiy glas)]

Ol ) dne Gl ((daege) JalS 3557 5 Spogen byl 28
g gl e oy g a8 0l L b yle ke dunlis Sl
295+ Sz ol Ly a3 Jloss 4y by po (20 Lo FF/YY)
(o 5l YA/+0) )] (lime oy yiaS g 0390 Vo=V o=Vo JolS
Al U a0l )l jo aigy glis,l oS’ g )sbods g sl 4y bgyye
5yt Ao )3 VAR (l500d YoV o=V e olS 595+ Siogu
Sl Al 9d 5,8 &Sm0 L gadge cpl () JSKE) 29y dalis
5 v o2 ialBl dawlgty Yioisl (gliafyy JalS3S 5 Ssngen
2 Gy s )io S oAE polis cenld LS ) (imen
S g 9035 (gt SaS o olS 4y (i Dlge 9 LT Gl
el Glalj8) edonas )3 9 olS cpl A 2yl gime g e S &S

L ot gl & ol 0 I35 ogas ol 3 ,JiK; gy


file:///D:/keshavarzi/bomshenasi/16-3/S1174.docx%23جدول4
file:///D:/keshavarzi/bomshenasi/16-3/S1174.docx%23جدول4
file:///D:/keshavarzi/bomshenasi/16-3/S1174.docx%23شکل1

oYy

<o (Allium sativum L.) yew ol o ,Sloc g €55 Olwoguas gwly (2d) 9 598

60

50

40

30

20

Plant height (cm)

10

Control Humic acid

o

2
e

o
>
<1

Humic acid +
totalize fertilizer

Totalize fertilizer

o digy £L85 )1y dad ool 1Y UG
Fig. 1- Main effect of nutrition on plant height of garlic
Plant height Least Significant Difference 4.07 (LSD 0.05)

O g 45 (g ysbody il sl b dunlis 3y olS Bl ylad jo
2 a5 VY cusls o515 Hle o (o Bl Y/YY) dlle jlad 5
Vor¥eo¥e Juals 295+ Shaged doul b 035 Larlyd 5> oo ie
(o gl VYY) il jlad (ljm (35508 &) s 88 dal Camndey

AN oliodss caalds )3 ayeyio )3 g OY CudlS o515 Hlasd 5o

m diameter (cm)

¥ JSea) ey Gl aoys

2.5

ol

oy

o
i

e
S

A

o+
ot

o+
+
ot

S
Souy

1.5

ST
S

B

Tt
5
)

StlS 51,5 168 3 ol by 455 ol

Al g cdls WS1ys Jolite 3l g (p o+ +)) wdss (p< +/+0)
Pl omp ¥ Jgi2) 292 5l ey 0lS a8l Jlab p (ps= +/+Y)
Syl as ol i a8l ylad s an e g cudls oS15 blate
Iy oo sme glas VeV e=Ve LolS 568 + St (lo s

BRERERERELS
G e

SR
F
ﬂ}}

o
f&}

£

R

-+

g A8l B o 4y daT g CudlS (ST e S1-Y JSS
Fig. 2- Effect of interaction density and nutrition on stem diameter of garlic
Stem diameter Least Significant Difference 0.423 (LSD 0.05)
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Fig. 3- Effect of interaction density and nutrition on leaf number of garlic
Leaf number Least Significant Difference 2.08 (LSD 0.05)
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Fig. 4- Effect of interaction density and nutrition on garlic diameter
Garlic diameter Least Significant Difference 0.098 (LSD 0.05)
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Fig. 5- Main effect of nutrition on cloves number in garlic
Cloves number in garlic Least Significant Difference 2.84 (LSD 0.05).
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Fig. 6- Effect of interaction density and nutrition on garlic weight
Garlic weight Least Significant Difference 8.71 (LSD 0.05)
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Fig. 7- Effect of interaction density and nutrition on garlic yield
Garlic weight Least Significant Difference 3469.6 (LSD 0.05)
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Table 5- Correlation coefficients between studied traits of garlic plant

3 1 3 4 5 6 7
No.
Plant height (cm)
2 6l B2 0.580 **
Stem diameter (cm)
3 S 0465™ 0658 1
Leaf number
4 . ’“’m 0.565™ 0.711™ 0.696 ™ 1
Garlic diameter (cm)
[E% « N o ox
5 w2y I 0384 0407% 0566 0585 1
Cloves number in garlic
6 R 0.516 ™ 0.653™ 0.661™ 0.665™ 0.547* 1
Garlic weight (g)
7 2 0.322"™ 0.276™ 0.181"™ 0.477™ 0.209™ 0.445* 1

Garlic yield (kg.ha't)

b me g NS g (P +/+0) Jlain] o 13 45 me 1 (RS +/+ ) Jloss] o j3 o iz s
ns, nonsignificant; *, significant at p<0.05; **, significant at p<0.01.
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Fig. 8- Coefficients of correlation between garlic yield and studied traits of garlic plant
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ns, nonsignificant; *, significant at p<0.05; **, significant at p<0.01.
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Introduction

Agriculture is one of the most important economic sectors of the country, and it plays a vital role in achieving
sustainable development, which requires the use of scientific principles and methods and the recognition of
environmental capabilities. In this regard, there is a close relationship between agricultural development and
environmental resources. In recent years, the level of agricultural land has decreased, and this decrease in land
suitable for agricultural production can be attributed to the lack of optimal land use, which has directly affected the
ability to produce food on a large scale and seriously affected food security. However, in many cases, agricultural
systems have low production, which is related to management issues. Also, the climatic capabilities of the regions
are sometimes effective as a limiting factor in crop production. Based on this, it is very important to identify the
capabilities of the land before the performance of various activities such as agriculture. This study was carried out
with the aim of agroecological evaluation of lands in Behshahr County (Yane-Sar region) for lentil cultivation using
spatial analysis of geographical information system (GIS) and analysis hierarchy process (AHP) in 2021-2022.

Materials and Methods

This research was carried out in the agricultural lands of the Yane-sar district of Behshahr county in Mazandaran
province from 2021 to 2022. In order to prepare digital maps of soil characteristics of agricultural lands, agricultural
soil samples were taken after the harvest in the summer of 2021. In this research, climatic variables (minimum,
maximum, average temperatures and annual precipitation), topography (slope, aspect, and elevation above sea
level), and soil characteristics (texture, K, P, Cu, Mn, N, Fe, TNV, organic matter, EC, pH) were used. Thematic
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maps for each variable were created using various models in ArcGIS 10.8 and then overlaid with AHP weights. The
final map was classified into four categories: high suitability, suitability, semi-suitability, and non-suitability.

Results and Discussion

The results showed that the range of electrical conductivity (EC) in the soil of agricultural lands of the study area
was between 0.84-2.63 dS m. According to its distribution, most of it is located in the northwest and southeast of
the region, and its lowest value is located in the central and northern regions. Also, the results showed that the
distribution of soil organic matter (OM) is between 0.35-7.22 percent. The central and southern areas of this region
had the minimum percentage of organic matter. The results showed that the most suitable areas for lentil cultivation
are located in the northern, central, and southern parts of the region. In general, two classes of high suitability and
suitability comprise about 56.97% of the area. One of the main reasons for this result was the suitable soil fertility,
rainfall, and topographical conditions. Zones with semi-suitability and non-suitability cultivation potential were also
included in 43.03% of the region's area. The results showed that the northwest, parts of the centre, and parts of the
southwest were located in the semi-suitability class for lentil cultivation.

Conclusion

Considering various factors to determine the suitable lands for lentil cultivation, it was found that most of the
agricultural lands in the studied region were in zones of high suitability for lentil cultivation. Also, in the semi-
suitability and non-suitability classes, low nitrogen amount in parts of the centre, high humidity and rainfall in the
west of the region, high phosphorus amounts in parts of the central and northwest regions, the inappropriate texture
in some fields and low rainfall were determined as limiting factors for the growth of lentil.

Keywords: Analysis Hierarchy Process (AHP), Geographic Information System (GIS), Land use suitability
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Table 1- Agro-ecological requirements of lentil crop

e Axlune )L.*.'W‘. K¢ YoV Ao dowd - i
Variable High Suitable Suitable Semi Suitable Non-
Suitable
Q\{L‘.) ""Z.JL{ oliee 350-900 300-350 250-300 250>
Precipitation (mm)
Yo hawgie glod
Average temperature 16-25 10-16 5-10 5>
(°C)
WYl aiaS glod
Minimum temperature 10 8-10 6-8 6>
°C)
Yo ain sled
Maximum temperature 25-30 20-25 12-20 12>
(°C)
ug“)‘s‘” ol 0-3 3-4 4-8 8<
EC (dS.m)
el 6-2.8 5-6 455 45>
pH
S cdl Sandy- loamy Loamy-sntsyill,t;oamy clay, Sand, Ioa;zr-]calay, clay- Other classes
Soil texture B o9 o oo sz e — cons o o eigos) gy risid LS 5,
e 0-8 8-16 16-30 30<
Slope (%)
Without direction,
d g South and southeast East, Northeast Southwest, Northwest West, North
Aspect CFE 5 P A Oph S Jlod (35 ot Jlod ()8 o> Jlad o
SBrd
k> g 1) 0-3500 3500-4000 4000< -
Elevation

(Majnoon Hosseini, 1996; Makhdoom, 2010; Malkoti & Ghaibi, 2006; Gul et al., 2005; Kazemi et al., 2014)
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Agro-ecological evaluaction of lands in Behshahr city for lentil cultivation
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Fig. 4- Hierarchical tree of factors affecting lentil cultivation in the Yane Sar Sector of Behshahr county
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Table 2- The weight of the main criteria and sub-criteria for land use suitability

Weight gy B ois
Sub-criteria Weight Rank
T
Mean annual precipitation
0.17 bogie sled 0215 2
sodl Jolos Average temperature
Climatic factors Ay sled 0.170 3
Maximum temperature '
I a 0160 4
Minimum temperature
ew) 0.367 1
Elevation
59 Jelpe 0.122 "l 0283 3
Topographic factors Slope
§n
el e 0.350 2
Aspect
< 0072 6
Texture
oSl cylin
Electrical conductivity 0.064 8
4l
H
p . 0.690 7
039
Nitrogen
& 0.102 3
Potassium
. 0.065 5
Jraw]
Phosphorus
i 0.103 2
S Sluogas o®
Soil parameters Iron
0.166 0.055 9
oS
Organic carbon
ol 0.097 4
Total neutralizing value 0.046 1
5540 '
Magnesium
0.052 10
‘)u.b
Copper
Jeske 0.052 10
Organic matter 0.123 1
LS)AU& PFAZe ()9 0.169 7

Soil bulk density
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Table 3- The results of calculation of error values obtained from interpolation methods of nitrogen (N) and phosphorus (P)
parameters in agricultural lands of Yaneh-Sar of Behshahr
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