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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Table 1- Questionnaires in order to classification fields on base of kind and rate of inputs

<y el o3l o5 o3lgs bawgio o3
Agroecosystem Low input Medium input High input
S35 o9, o5 g Sl o5 &l o5

Tillage method No tillage Minimum tillage Conventional tillage
Jlw ;5 (55,56 ©lads 1 2 )
Number of tillage
e 0-100 100-200 200
N fertilizer (kg.ha™)
shusd 295 0-100 100-200 >200
P fertilizer (kg.ha™)
ey g5 0-100 100-200 >200
K fertilizer (kg.ha™)
oimigy LS g5 ym 5 odlitl s gl By 5o odlitesl Ol 3 ool pue
Cover cropping Use in any rotation Use in some rotation No use in rotation
bl Co e SBL Lok s ol
Residual management Mixing with soil Grazing Burning
Sl 99, i e 5,8 L
Irrigation method Pressure Furrow Flood
S5 2j ool Lasgie o3lital oS odlizul
Organic fertilizer High application Medium application Low application
ol e aily il ke oS il Uil ek
Fallow Long fallow Short fallow No use fallow
BT Jhs > Jgazmo 93 ) ey Jbs > Jgamo 93 ol cole) pus
Crop rotation More than Two crop per year Two crop per year No use rotation
oS cile pgn 0-1 1-3 >3
Herbicides (L.ha™")
BN Py 0-1 1-3 >3
Fungicides (L.ha™)
HS 0 yuli> 8 gous 0-1 13 >3
Pesticides ((L.ha™)

syl (MWD) b (55 0Silie (s L raibSB (o)l
Aol V daleo 1 odlitel b b SB jlad Sig pwSile .3 )
.(Sattar, 2012) x> 5
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3- Medium weight diameter
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Table 2- The soil aggregate stability in fields of Esfahan affected by cultivation intensity, kind and rate of inputs

0L s o3l o5 o3lgs Lauwgie o3les 5
County Low input Medium input High input
ol 0.51 0.64 0.72
Aran
)P 0.45 0.50 0.59
Borkhar
okt 0.48 0.52 0.63
Kashan
ol 0.51 0.58 0.69
Falavarjan
vl"“’ 0.53 0.60 0.68
Lenjan
LS e 0.48 0.52 0.63
Shahreza
O yson 0.55 0.59 0.69
Semirum
oz 0.56 0.61 0.72
Chadegan
ol 0.46 0.54 0.64
Esfahan
e 0.40 0.52 0.61
Natanz
ol 0.41 0.53 0.60
Naein
R g 52 0.52 0.64 0.68
Ferydounshahr
ke 0.55 0.63 0.69
Mobarakeh
ol 0.62 0.65 0.70
Tiran
Ol 0.42 0.49 0.58
Ardestan
e el 0.48 0.56 0.62
Shahinshahr
19> 0.42 0.49 0.59
Khour
oLl 0.57 0.65 0.68
Golpayegan
OBl 0.55 0.64 0.69
Dehaghan
R (o 0.55 0.62 0.72
Khomeinishahr
Jhilgs 0.56 0.60 0.67
Khansar
oN 0.51 0.60 0.69
Fereydan
bl o 0.57 0.61 0.68
Najafabad
LSD (5%) 0.09 0.09 0.09

LSD: Least significant difference
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Table 3- Soil organic matter percent in fields of Esfahan affected by cultivation intensity, kind and rate of inputs

0L s o3l o5 o3lgs Lauwgie o3les 5
County Low input Medium input High input
ol 13 175 1,9
Aran
s
S
Borkhar 1.20 1.45 1.60
oLt 1.05 1.25 1.40
Kashan
ol 1.35 1.70 1.80
Falavarjan
vl"“’ 1.40 1.70 1.80
Lenjan
LS e 1.25 1.55 1.70
Shahreza
S 1.40 1.80 2.00
Semirum
ol 1.45 1.70 1.90
Chadegan
ol 1.20 1.60 1.70
Esfahan
e 115 1.50 1.60
Natanz
ol 1.10 1.40 1.55
Naein
R g 2 1.30 1.65 1.80
Ferydounshahr
ke 1.20 1.55 1.70
Mobarakeh
ol 1.40 170 1.90
Tiran
Ol 1.20 1.25 1.40
Ardestan
e el 1.15 1.40 1.55
Shahinshahr
19> 1.10 1.40 1.50
Khour
ol 1.40 1.70 1.90
Golpayegan
OBl 1.55 1.90 2.05
Dehaghan
R (o 1.25 1.50 1.70
Khomeinishahr
Jhilgs 150 1.85 2.10
Khansar
ok 1.50 1.70 1.80
Fereydan
bl o 1,25 1.55 1.65
Najafabad
LSD (5%) 0.23 0.23 0.23

LSD: Least significant difference
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Table 4- The soil pH value in fields of Esfahan in various agroecosystems

0L s o3led o5 o3lgs Lauwgie o3les 5
County Low input Medium input High input
ol 7.30 7.50 7.90
Aran
S 7.70 7.80 8.15
Borkhar
owls 7.60 7.80 8.10
Kashan
ol 7.50 7.70 7.90
Falavarjan
old 7.40 7.60 7.80
Lenjan
LS e 7.50 7.70 8.10
Shahreza
e 7.60 7.70 7.90
Semirum
oz 7.30 7.50 7.50
Chadegan
ol 7.60 7.80 7.90
Esfahan
b 7.70 7.80 8.00
Natanz
ol 8.00 8.10 8.30
Naein
Hdigi 8 7.50 7.60 7.90
Ferydounshahr
ke 7.60 7.60 7.80
Mobarakeh
ol 7.40 7.60 7.80
Tiran
Gl 7.90 8.00 8.30
Ardestan
e ol 7.70 7.80 8.20
Shahinshahr
N 8.00 8.20 8.50
Khour
oBels 7.40 7.60 7.80
Golpayegan
ol 7.80 7.40 7.30
Dehaghan
R (o 8.00 7.80 7.60
Khomeinishahr
Slilss 7.90 7.80 7.70
Khansar
oN 7.80 7.70 7.50
Fereydan
ALl ol 8.20 7.90 7.60
Najafabad
LSD (5%) 0.285 0.285 0.285

LSD: Least significant difference (51> ore Coglis Jolus)
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Table 5- The soil EC value (dS.m™) in fields of Esfahan in various agroecosystems

&b e o3led o5 o3lgs Lawgie o3les 5
County Low input Medium input High input
ol 1.90 2.15 2.85
Aran
JP 225 245 2.95
Borkhar
ol 1.85 2.10 2.85
Kashan
ol sg¥ 225 2.55 2.75
Falavarjan
ol 2.20 2.45 2.85
Lenjan
LS e 235 2.60 2.95
Shahreza
[0 1.80 1.95 2.60
Semirum
oz 1.75 2.05 2.65
Chadegan
okl 2.15 2.50 2.80
Esfahan
i 2.00 230 2.90
Natanz
owb 2.15 2.40 2.80
Naein
RS9 3 1.85 2.05 2.55
Ferydounshahr
ke 1.70 1.95 2.90
Mobarakeh
ol 1.80 2.10 2.70
Tiran
Ol 225 2.45 2.95
Ardestan
e el 220 265 2.90
Shahinshahr
29 230 2.85 2.90
Khour
ol 1.85 2.45 2.80
Golpayegan
ol 1.80 2.25 2.70
Dehaghan
R (oS 1.95 220 2.65
Khomeinishahr
Sl 1.70 1.90 2.40
Khansar
oN 1.70 1.80 2.25
Fereydan
ALl ol 1.95 230 2.75
Najafabad
LSD (5%) 0.55 0.55 0.55

LSD: Least significant difference
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Introduction

In parallel with the population growth, increasing food production using modern agricultural methods seems
necessary. Application of chemical inputs and biodiversity reduction in agroecosystems lead to artificial
ecosystems, requiring human intervention. Soil is an essential part of agroecosystems and the key to soil fertility
is preserving the ecological biodiversity of the system. The use of management methods based on field hydrone
inputs reduces the consumption of thorny inputs and reduces environmental degradation. The size and stability
of the aggregates indicate the balance between the constituent and destructive factors of the aggregates. Different
tillage methods are based on the soil physical and chemical properties. The purpose of this study was to
investigate the effect of management methods on the physical and chemical properties of farm soil of the cities
in Isfahan province.

Materials and Methods

We investigated the effect of management practices on physical and chemical properties in field soils in
Esfahan province during 2011-2012. First, 6 fields are selected in each of 23 counties, and evaluation was
conducted using questionnaires filled by farmers. Accordingly, the fields were classified in three groups (low
input, medium input and high input). Two fields of each group input were selected and evaluated. Four points
(30 centimeters of depth) at each hectare of field were randomly sampled. By mixing, one complete sample was
obtained and carried to laboratory for further analyses. Soil texture was determined by hydrometric method, and
electrical conductivity and pH were determined in saturated extract. Wet oxidation method was used to measure
soil organic matter. To determine the stability of aggregates, soil samples were evaluated by wet sieving method.

Results and Discussion

Results indicated that soil texture, aggregate stability, electrical conductivity and rate of organic matter in
three management practices (low input, medium input and high input) were significantly different (p < 0.01).
The aggregate stability in low input fields had the highest value (0.72) and in high input fields had the lowest
value (0.42).The soils in low and high input fields include maximum and minimum organic matter (2.05% and
1%), respectively. The field management methods had a significant effect on the amount of organic matter. The
pH of soil samples did not show a significant difference. The electrical conductivity of the soil solution was
different between three planting systems analyzed. In high input fields, the electrical conductivity values of the
soil solution had the highest values. It seems that excessive consumption of chemical inputs in high input fields
increased the electrical conductivity of soil solution. Other researchers have reported that the soil solution
electrical conductivity depends on several factors such as the fertilizer type and their consumption, irrigation
method and soil type.

Conclusion

Reduced chemical fertilizers consumption and less entry of machinery increase the stability of aggregates in
low input fields. The reduced or non-tillage methods in fields that preserve more crop residues on the soil surface
increase the aggregates’ consistency and thus improve their stability. Application of conventional plowing,
chemical inputs, and no crop rotation reduce soil organic matter content.

1- Ph.D. Student of Crop Ecology, Department of Agrotechnology, Ferdowsi University of Mashhad, Iran.
2- Professor, Department of Agrotechnology, Ferdowsi University of Mashhad, Iran.
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Table 1- GHGs emission coefficient per kg application of chemical inputs in agroecosystems

o3l 5 ASTed (e ST lie &
Input (kg) CO2 (kg) N:20 (g) CHas (g) Reference
U’If{“‘ 1.3 1.25 3.70  IPCC, 2006; Snyder ct al., 2009
’;“5 0.2 1.25 1.80  IPCC, 2006; Snyder ct al., 2009
”‘EL‘ 0.15 1.25 1.00  IPCC, 2006; Snyder ct al., 2009
oSl 6.30 - - Lal, 2004
Herbicide
oSo > 5.1 - - Lal, 2004
Insecticide
oS @,b 3.9 - - Lal, 2004
Fungicide
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Fig. 1- Mean comparison for the effect of different management systems on soil organic carbon content
L )b e ol do > gy Jlesis ] a3 SOy glatebais aesl wlwl p Ciglite Bgy (glyly (gl 1 SKilie
Means with the same letter(s) have not significantly different based on Duncan's multiple range test at 5% probability level.
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Means with the same letter(s) in each figure have not significantly different based on Duncan's multiple range test at 5%
probability level.
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Means with the same letter(s) in each figure have not significantly different based on Duncan's multiple range test at 5%
probability level.
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Introduction

Soil is the basic element for all ecosystem services which enhances different functions of ecosystems. It
provides and regulates a large number of ecosystem services and functions, and plays an important role
in human health. Results of some experiments indicate a positive correlation between ecologically-based soil
management with qualitative soil indices. Increase in soil organic matter enhances 10 different functions in
agricultural ecosystems including biogeochemical cycle, nutrient returns, formation, and stability of soil
aggregate, water purification and holding capacity, pH regulation, decreasing of erosion and finally crop growth
improvement. In agricultural ecosystems, crop yield is notably dependent on soil properties. It has been stated
that maintaining function and services of ecosystems could only be achieved by proper soil management. As a
consequence of land use, global warming, climate change and conventional management, soil ecosystem
services are being drastically degraded, endangering food safety for coming generations. This decreases soil
ecosystem services and functions regulation capacity and affects the sustainability of the communities. It
has been observed that no-tillage system which results in less soil disturbance and more accumulated crop
residue has physical, chemical, and biological properties.

Materials and Methods

In order to evaluate soil ecosystem services based on different low and high input management in Khorasan
province, the samples were taken from 10 sites by completely randomized design with four replications in 2014.
The soil samples were collected from the depth of 0-30 cm in low input fields of saffron and orchards, high input
wheat and corn fields, and annual research field (Agricultural Research Station, Ferdowsi University of
Mashhad). Physical and chemical soil properties such as bulk density, organic carbon, total nitrogen, available P
and K, pH, electrical conductivity (EC), and also biological criteria including microbial biomass carbon,
dehydrogenase, and phosphatase enzyme activity were measured. Inputs used including chemical fertilizer,
herbicide, insecticide, fungicide and also the acreage for wheat, tomato, alfalfa, corn, potato, sugar beet and
canola were determined during the growing season of 2013-2014. After calculating greenhouse gases emission
including COz, N>O and CHs based on emission indices, global warming potential was computed.

Results and Discussion

Results showed that type of ecosystem management affected all soil properties except the acidity (p < 0.01).
Management of high input and annual field crops (experimental) and also farmers’ fields caused reduction of
organic carbon content, total nitrogen, available P, available K, EC, microbial biomass carbon, dehydrogenase
and phosphatase enzyme activity and carbon sequestration in comparison with perennial field of saffron.
However, bulk density was reduced. The highest and the lowest carbon contents were observed for orchard and
annual experimental fields with 0.104 and 0.036 percent, respectively. The highest and the lowest sequestered
carbon were observed for orchard and annual field crops (experimental) with 335.31 and 182.48 kg carbon per
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ha, respectively. Management of perennial fields (saffron), annual corn field and annual wheat field caused
reduction of 12, 35 and 41 percent, respectively, in sequestered carbon compared with that for orchard fields.
The highest global warming potential (GWP) was recorded for corn and potato with 3.69 ton CO, equivalent per
ha which was 53, 37, 16 and 12 percent higher than those for wheat, sugar beet, tomato and corn, respectively.
The lowest GWP was recorded for canola with 1.35 ton CO, equivalent per ha.

Conclusion

It can be concluded that reduction of chemical fertilizer and applying more organic inputs seem to be rational
ecological approaches for sustainable management of the cropping ecosystem with a consequence of reduction in
greenhouse gases and climate change mitigation. These sustainable practices are crucial to improve soil
biodiversity. Using pesticides and herbicides has, however, a negative impact on biodiversity.
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Table 3 -The effect of tillage system and N application rates on soil pH, bulk density (BD), soil organic carbon concentration
(SOCec), Soil organic carbon stock (SOCs), Total nitrogen (TN), Exchangeable K and available P

59515 09 e T glan
Tillage system * N rate of application (kg N.ha™")
CT MT 0 50 150 250
e 8.68 A" 8.66 A 8.71% 8.66° 8.65" 8.65"
pH
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BD (g.cm?)
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SOCc (%)
SB T )S 0pus
oS 03 43254 41,97 41.89° 43770 41.23¢ 43.55¢
SOCs (Mg.ha'!)
J oo 943 A 955 A 878" 914° 968 @ 1036 ¢
TN (mgkg")
N 142 A 1354 154+ 144 % 130 127¢
K (mg.kg")
K_J. & 2 5
S BB jhud 15.574 15.20 4 16.99 ¢ 16.88¢ 14.24 13.43°
P (mgkg™)
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2 CT & MT: refers to conventional tillage and minimum tillage, respectively.

* Means in columns within each tillage system with the same uppercase letters are not significantly different at P<0.05
Means in columns within each N rate with the same lowercase letters are not significantly different at P<0.05.
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Introduction

Sustainable production in agriculture is closely related to the proper soil chemical, physical, and biological
conditions which are considered as the main functions of soil organic matter. The amount of soil organic matter,
especially soil organic carbon (SOC), in agricultural ecosystems depends on the tillage practices. Conventional
tillage (CT) which generally uses moldboard plow, results in soil losses by intense erosion, a net loss of nutrients
and organic carbon. Toward sustainable agriculture, decreasing plow intensity of CT through application of
conservation tillage strategy in which tillage practices are omitted or limited to a considerable extent, has been
reported as an essential alternative. The objective of this study was to evaluate the effect of tillage management
practices and N application on soil chemical and physical properties as well as SOC in a corn-based rotation on a
clay loam textured soil in semi-arid climate of Hashtgerd, Iran.

Materials and Methods

A field experiment as the split plot design with three replications carried out in the research farm of
agricultural research department of Atomic Energy Organization of Iran in two successive growing seasons
during 2011-13. The tillage systems were (CT) conventional tillage (moldboard, rotary, and leveler) and; (MT)
minimum tillage (disk) assigned as the main plot; and N rates of application, as the subplots, were 0, 50, 150,
250 kg ha!. In CT treatment, moldboard plow to a depth of 25-30 cm was used as the primary tillage once in
autumn and once in spring each year. As the secondary tillage, CT plots were rotavated to 10 cm depth in spring.
MT treatment included two trips over the plots with disk harrow cutting to a soil depth of approximately 10 cm
prior to sowing. Soil pH, bulk density (BD), total nitrogen (TN), soil organic carbon (SOC), exchangeable K and
available P were then evaluated. Soil samples were collected in September 2013 after the end of three growing
seasons from 0-30 cm depth at 5 locations per plot using a 3.5 cm diameter coring tube.

Results and Discussion

The results showed that short-term (2 years) effect of tillage systems on soil pH, BD, TN, SOC and
exchangeable K as well as available P, was not significant (p < 0.05). However, N application rate significantly
(p < 0.05) changed soil TN, BD, exchangeable k and available P. Soil TN increased significantly (p < 0.05) by
increase in N application rate as the highest amount of TN was 1036 and 968 mg kg! in 250 and 150 kg ha’!,
respectively. As the soil samples were taken after crops harvest, soil TN is illustrative of the residual soil N and
high amount of TN implies the excessive N application. Soil BD decreased significantly in 250 kg N ha.
Increasing the N application rate would decrease soil BD by increasing root growth. Exchangeable K and
available P decreased significantly (p < 0.05) by increasing N application rate. The lowest amount of soil
exchangeable K, and available P was detected for N rate of 250 and 150 kg ha'!, 127 and 130 mg kg'! for K, and
13.43 and 14.24 mg kg! for P, respectively. Increased N application promotes plant growth and improves
nutrient uptakes such as K and P, consequently, the amount of soil exchangeable K and available P would
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decrease.
Conclusion

Toward sustainable agriculture, conservation tillage seems to be an effective strategy to maintain crop yields
as well as soil chemical, physical, and biological properties in the long-term. However, based on the results,
tillage systems (CT and MT) had no significant effects on SOC as well as other investigated soil properties in the
studied site in the short-term. However, N application rate increased soil TN and decreased BD, exchangeable K
and available P. It seems that longer-term investigations are needed to evaluate the probable effects of different
tillage systems on soil properties particularly SOC

Keywords: Bulk Density, Soil Organic Carbon, Soil pH, TN, Tillage.
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Table 1- Soil physical and chemical properties

Wl (S pSU Clsn Sosle oy shud U5 G5e el
pH EC (dS.m') Organic matter (%) K (mgkg') P (mgkg') TotalN (%) Texture
Sandy clay loam
7.42 1.42 0.36 14.3 0.09 -
s )~ g
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Fig. 1- Arranging method of furrow and ridge in the experiment
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Table 2- Irrigation value (m>.ha™') in studied treatments including 19 mm of rainfall

Ll baw
i 90% 60% 30%
Irrigation level (FC)
S 5 S P PSR PSF P PS-R PS-F S P PSR  PSF
Planting pattern
5 K_Ji
rae s 6852 6233 6563 6680 4635 4218 4512 4633 3104 2852 3024 3124

Water consumption (m™)

0SB /Do + 938 7)o+ bglses cuS PS-F ity g5y b, 5els1 70+ + 518 7)o+ Lglsee catS PSR igiS Lalls s P ooy Sobdl Lalls cuzs' S

P 092
S: Sunflower sole cropping, P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F:
100% of pumpkin + 50% of sunflower in furrow

Y.
LER =3 Y"’ Y alae
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Fogshe V4 Slowinlly I (a2 Gl e
S iSa 131y 5 Jy e 3Slae e (553l 5 S
hras ol 4 olasl s Slas ( Coms I (WUET) o by
(Yanget al., 2011) 1 duusloro

A/¥ s SAS lisle 5 5l edla_wl b Wosly Judoo g 4y 320

3- Water use efficiency

ot P9y b (23S ko 3 B0 Al pe )3 Sy g3 (g e
5ol OV zge Job ,» (Bates et al., 1973) ) )LSen
5yl | owie 3l ool | diges o 33 cplgys slade 5 (5 S0 l]
S gy 1Al (Eg) dmo)d pSo il Car ad e
ol o)l o8, i cdlw (Gholami Kalus et al., 2018)
A5 okl
Slp Gl A3 L bl oS 3 )Slos dulio cu
Vandermeer, ) 45 4wl ) dslee 35, 3| (LER) ¥ e

:(1990

1- Time domain reflectometry
2- Land equivalent ratio
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Table 3- Analysis of variance (mean of square) of pumpkin studied traits

ogao dlaai 1D dlas S 039 BTN
g 3, Sos 3 ,Shos 3 ,Shos
5 e &g 40 2ga0 4 ° &l REYESE
i @be : %I 99 90 dome als oy Oax
! Fruit Seed Singl - 1000- oil 2 ;
S.0.V. gle Fruit Seed 0il Proline
df  number number fruit ield ield seed percentage ield
per plant  per fruit weight y y weight y
Sk 2 0.029" 22.40m 10185" 4.63™ 1085" 119" 2.84n 78.28" 0.05™

Block

LS)L.A.J
Frigation 2 4.46™ 8845™ 2026184 8087 540093 1365 135" 39306 2.86™

(A)
ol elas

Main 4 0.002 24.93 26951 30.09 1567 111 1.28 37.16 0.03

error
s 55)

Planting 2 0.600™ 238" 93469 945" 43871" 4.25m 0.764" 3896  0.115™
pattern
B)

AxB 4 0.068" 23.96™ 30430 348" 5817" 1.42m 0.201" 423™ 0.031"
e sl 12 0.017 47.18 7229 56.40 887 124 3.82 70.24 0.009
Sub error

Latey

KW - 9.39 6.12 4.97 13.20 9.25 10.45 6.08 8.69 11.88

CV (%)
oy So g gy Jleiol gaw 1> (6)bidne g (5 bidn pie g *F 5 * S
ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.
GIEL 055 935 )3 (o323 90 Glio p CadlS (558 5 55l b LS o2 2 —E Jgoa
Table 4- Interaction effect of irrigation levels and planting patterns on pumpkin studied traits
S
Treatment Cuils 6o gy > dgao Dnd  Dgae ST (59 gao 2ySdes Al 3 Slos £, 0,5as Y
&bl b Planting Fruit number Single fruit  Fruit yield  Seed yield Oil yield Proline
Irrigation level pattern per plant weight (g) (tha™) (kg.ha') (kg.ha) (umol.g! FW)
FC)
P 2.05% 22142 7.54° 578.3% 162.7° 0.2112
90% PS-R 1.67¢ 1966° 5.48¢ 458.9¢ 130.2¢ 0.215
PS-F 2.332 22607 8.74* 670.6 187.9* 0.208?
P 1.56° 18082 4.69° 311.4° 100.8° 0.8252
60% PS-R 1.21¢ 17172 3.45¢ 238.5¢ 77.27° 0.736°
PS-F 1.86° 18082 5.592 39542 126.6* 0.553¢
P 0.466¢ 1130° 0.87° 54.46° 19.80° 1.53%
30% PS-R 0.582° 1130° 1.09° 67.52° 24.34° 1.36%
PS-F 0.8122 1356* 1.84° 116.4 41.10° 1.12°

s> 09y ST 70+ 43S 7N+ + Lglo cutS PSF catidy (g9, ofo, Skl /- +35 /1o bgles cuiS PSR a8 Lalls cuis P
P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of sunflower in
furrow

o 53b 9051 bl do > gy Joinl a1 (6 dme BMB] glyls (B by Coygots iy 4D S yidhe gy
* Column means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)
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Table 5- Simple effect of irrigation and intercropping pattern treatments on some pumpKkin traits

slowd Bga0 4> Al dlany &y 5 439 o9y Mo yd

Treatment Seed number per fruit 1000-seed weight (g) Oil percentage

L 90% 142.7%* 118.6° 33.18°
S

Irrigation (FC) 60% 113.6° 107.5% 32.27°
& 30% 80.10° 94.01° 28.91°
. < P 110.2° 106.4° 32.31°
"“f’L{ B PS-R 108.3° 106.3? 32.27°
Plantlng pattern PS-F 118.52 107.5° 31.78b

5> 09> ORI 0+ + 935 e+ Lglsee cuiS PSF waity g5, o, Sdl 70+ + 508 71+ bgle catS PS-R (g8 s s P
P: Pumpkin sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of
sunflower in furrow
g 5500 gl ol 1 0> ety Sl s 53 (6o sine B (sl gt o )3 Stie By olagi o ol
* For each treatment, column means with the same letter are not significantly different by Duncan test (p< 0.05)

sz Logl «)d bolse cui S 5l gyl bze p us (et al., 2014
2 &b ol p gdelS gy 905 5 (Phaseolus vulgaris L.)

ohlSer o Sl .coab Slen delS ciwg 95 ogmo
eSS g oy yidon &S A3 oLy (Shabahang et al., 2010)
9 el slapSTy )0 cui g 1elS Cus 5 998 oo > wiby dluss
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W zayeyie 5 dil ol
S o805 o)lal (slalas ol 3l 0gue ST (439
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390 oS slagSl o ely; cud b o)y S )bl aw y3 o
(g b 15 3929 000 ST ()59 bl Sl ()3 re WS (o )
Logen S5 (339 (it a2 (o) Cudyls o 3 ¥ (g)lul o >
L0+ guS ANe e il bglsee i oo I s gme MR
Cawdds ol b gollas (¥ Jgan) sol Camndts (95 9,0 b, Kol
Morid Ahmadi et ) o,Ken 5 (cdonl b po i ol 5l oel
G S Hlad )3 988 g0 ST 5 59 45T 3,8 5155 (al., 2018
@ 938 Lald ceiS e b auslio )3 b, ksl + gu8 bylse
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Jsl g 5ogid (lie Sl i JUd 4 & g 0 g 3]
0lS god doll )3 cplply b o (EalS oLS o (g3 wgid lge
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Table 6- Analysis of variance (mean of square) of sunflower studied traits

) Gb b b 40 aily dlasy

P ] W 059 s 5 Shes Of9y oy oo
S.0.V. 83! .Head Seed number per 1000.-seed Seed yield Oil Proline
d.f diameter head weight percentage
ok 2 0.733m 155590 16.75m 38338" 1.66™ 0.004"s
Block
. “5’,["’" 2 462 1132859™ 13427 7855473 98.91™ 12.80"
Irrigation (A)
el sl 4 0.585 8783.5 7.17 24572 19.76 0.015
Main error
cuiS oSl
Planting pattern 2 87.59™ 258470™ 5.19m 14792809* 1.74n 0.005™
(B)

AxB 4 6.89" 21247 0.581"™ 7740711 0.063™ 0.003"
o= sl 12 0.943 3006.4 17.24 30629 11.58 0.009
Sub error

o - 9.09 4.57 6.27 8.01 8.46 6.75

CV (%)

doyd Vg0 Jous! maw 13 (60 dme 5 (g b e pie il g FE o F s
ns, * and **: non-significant and significant in the level of 5% and 1%, Respectively.

OIS 33 (o 32 3590 Olbno p Sl G901 9 (5Ll b (S 02 31 (Lo gl -V Jgoa
Table 7-Mean comparisons for interaction effect of irrigation levels and planting patterns on sunflower studied traits

e 3 os o9
i Treatment _ d’-" shi Bab 3 Al sl &ls Prolilne_1
Sl Cwils 5o Head diameter Seed number per head Seed (pmol g
Irrigation level Planting (cm) yield
(FC) pattern (kg ha')
S 27.39° 1344.8¢ 3986* 0.2112
90% PS-R 29.70° 1492.4° 1804° 0.215°
PS-F 33.00 1640° 2095° 0.208?
S 22.77° 1098.8° 2966% 0.825°
60% PS-R 24.75° 1213.6° 1472¢ 0.736°
PS-F 31.35° 1574.4% 1890° 0.553¢
S 15.51° 754.4° 10082 1.53%
30% PS-R 14.19° 705.2° 603¢ 1.36%
PS-F 18.81% 951.22 8320 1.12°

5> 09> oSBT /B + 935 /V e+ Lglsee oS PSF iy g9 o, Sl 0+ + 935 71+« bgle cuiS PSR (b, Kibsl L5 cis' S
S: Sunflower sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of sunflower
in furrow
s S g0l il o gy o] gaws )3 (I3 cime BMEB] (hyls (B3 o o yguody gt y 3> S e by >
* Column means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)
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Table 8- Mean comparisons for simple effect of studied treatments on some Sunflower traits

Sowd &> 4l 39 9y oy oo
Treatment 1000-seed weight (g) Oil percentage Proline (umol.g™' FW)

L 90% 75.24%" 43.16° 0.241°

. “5,’ 60% 71.44% 40.83 1.51°

Il’Tlgathl’l (FC) 30% 52.44¢ 3662b 2.622

. - S 65.61* 40.69* 1.46°

"’“T)L{ < PS-R 66.37* 40.11# 1.45°

Plantlng pattern PS—F 67 132 39823 1.462

5> 090 ST 7D+ + 938 Ve e Lglie cuiS PS-F waniy (g9) o, Sl 70+ + 1S /) e+ bglies i PS-R (oo, Sidl s s S
S: Sunflower sole cropping, PS-R: 100% of pumpkin + 50% of sunflower on ridge, PS-F: 100% of pumpkin + 50% of
sunflower in furrow
g 5500 gl ol 1 0> ety Sl s 5 (6o sine B (sl gt o )3 S tie By olagi o ol
* For each treatment, column means with the same letter are not significantly different by Duncan test (p< 0.05)
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In each planting pattern, means with the same letter are not significantly different as slicing by Duncan test (p< 0.05)

w9mid9))bdlb)§{hﬂdm aulul.mﬁq>wgm9 61'54"“3
Shre o Bl glaieS o coldy iulial Jdods 008 s aig
eoplply o il Sad i byl 550 008 5 Slas 2 o

by o ol Sl asbe YU glis) | SlS bl cuiS ol e

Oy i (6388 (55 9057 a8 2y Ll Buins ol s
‘u’_cl))' p«d)]o»)luj)_am ;.juf&lfso.)y wl_a;u)w
alslamd o )3 8l Cox ()b e yoboas |y olS ol 5, Sles
Iy 3% 9y Gyl opl jl g 0dd (gdelS (50 a8 (gl
9035 Mudo (S id i el s 0 Sl e cdind o ials
Sllle siojls £95 50 (ul 4l a5 A5 oyelS 4 dpo 5 S8
Al oo 5o eSS

OiblS 4 oxie 938 Cud) 93y pd (S bawg > o, 0k8] s
bwgio yiis baylyd )5 1) 935" dils g 0gue 3, Slos g2 g5 JB8 joboay

References

Dixit, V., Pandey, V., and Shyam, R., 2001. Differential antioxidative responses to cadmium in roots and leaves of pea.
Journal of Experimental Botany 52: 1101-1109.

Erdem, T., Erdem, Y., Orta, A.H., and Okursoy, H., 2006. Use of a crop water stress index for scheduling the irrigation
of sunflower (Helianthus annuss L.). Turkish Journal of Agriculture and Forestry 30: 11-20.

Ertek, A., Sensoy, S., Kiiciikyumuk, C., and Gedik, L., 2004. Irrigation frequency and amount affect yield components of
summer squash (Cucurbita pepo L.). Agricultural Water Management 67(1): 63—76.

FAO., 2018. http://www.fao.org/faostat/en/#data.

Fu, C.L., Shi, H., and LI, Q.H., 2006. A review on pharmacological activities and utilization technologies of pumpkin.
Plant Foods for Human Nutrition 61: 73-80.

Gao, Y., Duan, A., Sun, J., Li, F., Liu, Z., Liu, H., and Liu, Z., 2009. Crop coefficient and water-use efficiency of winter



£YV e GALL (5T (a8 i)l bglite CuiS g Cu o oy

wheat/spring maize strip intercropping. Field Crops Research 111: 65-73.

Ghanbari, A., Nadjafi, F., and Shabahang, J., 2007. Effects of irrigation regimes and row arrangement on yield, yield
components and seed quality of pumpkin (Cucurbita pepo L.). Asian Journal of Plant Sciences 6: 1072-1079.

Gholami Kalus, Z., Salehi, A., Movahedi Dehnavi, M., and Moradi, A., 2018. Effect of mycorrhizal and phosphate barvar
2 on yield and yield components and oil content of safflower under drought stress. Agricultural Science and
Sustainable Production 28: 125-139. (In Persian with English Summary)

Gholipoori, A., Javanshir, A., Rhaimzadeh Khoie, F., Mohammadi, A., and Biat, H., 200. The effect of different nitrogen
level and pruning of head on yield and yield component of medicinal pumpkin (Cucurbita pepo L.). Journal of
Agricultural and Natural Resources 13(2): 32-41.

Gitari, H.I., Gachene, C.K.K., Karanja, N.N., Kamau, S., Nyawade, S.O., and Schulte-Geldermann, E., 2018. Optimizing
yield and economic returns of rain-fed potato (Solanum tuberosum L.) through water conservation under potato-
legume intercropping systems. Agricultural Water Management 208: 59—66.

Goksoy, A.T., Demir, A.O., Turan, Z.M., and Dagustu, N., 2004. Responses of safflower (Carthamus tinctorius L.) to
full and limited irrigation at different growth stages. Field Crops Research 87: 167-178.

Gooding, M.J., Ellis, R.H., Shewry, P.R., and Schofield, J.D., 2003. Effects of restricted water availability and increased
temperature on grain filling, drying and quality of water wheat. Journal of Cereal Science 37: 295-309.

Hadidi, N., Sharaiha, R., and Al-Debei H., 2011. Effect of intercropping on the performance of some summer vegetable
crops grown under different row arrangements. Lucrari Stiintifice 54: 11-17

Hamzei, J., and Babaei, M., 2015. Effect of irrigation and nitrogen fertilizing on phenology, grain yield and oil of pumpkin
(Cucurbita pepo L.) in Hamadan region. Journal of Agricultural Science and Sustainable Production 25(2): 1-13. (In
Persian with English Summary)

Harveth, S., and Bedo, Z., 1998. Another possibility in treatment of hyperlipidaemia with peponen of natural active
substance. Mediflora 89: 7-8.

Heidari, M., and Karami, V., 2013. Effects of water stress and different mycorrhiza species on grain yield, yield
components, chlorophyll content and biochemical components of sunflower. Environmental Stress in Crop Science
6(1): 17-26. (In Persian with English Summary)

Hong, S.W., Kwon, S.J., Sohn, S.I., Kim, N.S., and Kim, J.C., 2003. Characterization of embryogenesis related Pbmyb
genes during in vitro differentiation of Pimpinella brachycarpa. Korean Journal of Genetics 25(4): 293-300.

Hong-Bo, S., Xiao-Yan, C., Li-Ye, C., Xi-Ning, Z., Gang, W., Yong-Bing, Y., Chang-Xing Z., and Zan-Min, H., 2006.
Investigation on the relationship of proline with wheat anti-drought under soil water deficits. Colloids and Surfaces
53:113-119.

Kafi, M., and Rostami, M., 2009. Yield characteristic and oil content of three safflower (Charthamus tinctorius) cultivars
under drought in reproductive stage and irrigation with saline water. Iranian Journal of Crops Research 5(1): 121-132.
(In Persian with English Summary)

Kanton, R.A.L., and Dennett, M.D., 2004. Water uptake and use by morphologically contrasting maize/pea cultivars in
sole and intercrops in temperate conditions. Experimental Agriculture 40: 201-214.

Kargar, F., 2013. The effect of drought stress and methanol foliar application on quantitative and qualitative
characteristics of safflower. MSc. Thesis, in Agriculture. Faculty of Agriculture, Zabol University, Iran. (In Persian)

Karimzadeh Asl, K., Mazaheri, D., and Peyghambari, S.A., 2003. Effect of four irrigation intervals on the seed yield and
quantitive characteristics of three sunflower cultivars. Iranian Journal of Agricultural Science 31(2): 293- 301. (In
Persian with English Summary)

Khomari, S., Ghasemi Golezani, K., Alyari, H., Zehtab Salmasi, S., and Dabagh Mohamadi Nasab, A., 2008. Effect of
irrigation disruption on phenology and grain yield of three sunflower (Helianthus annuus L.) cultivars in Tabriz.
Journal of Agricultural Science and Natural Resource 14(6): 72-80. (In Persian with English Summary)

Khoramivafa, M., Eftekharinasab, N., Sayyadian, K., and Najaphy, A., 2012. Water use efficiency in medicinal pumpkin
(Cucurbita pepo L. var. styriac)/ chickpea (Cicer arietinum L.)- lentil (Lens esculenta Moench.) intercropping system
associated with several nitrogen levels. Journal of Agroecology 3: 245-253. (In Persian with English Summary)

Koocheki, A., Seyyedi, S.M., and Gharaei, S., 2016. Evaluation of the effects of saffron—cumin intercropping on growth,
quality and land equivalent ratio under semi-arid conditions. Scientia Horticulturae 201: 190-198.

Koocheki, A., Zarghani, H., and Norooziyan, A., 2015. Comparison of yield and yield components in different
intercropping arrangements of sunflower (Helianthus annuus L.), sesame (Sesamum indicum L.) and red bean



1Fee ‘_)LH.M.O) ‘ fa)Lo.of\'; JSY ..\Ja .‘53,9&5 ‘;wLa.w I 43}.«.».’ f\‘l\

(Phaseolus calcaratus). Iranian Journal of Field Crops Research 14: 242-253. (In Persian with English Summary)

Lal, B.,Rana, K.S., Rana, D.S., Shivay, Y.S., Sharma, D.K., Meena, B.P., and Priyanka, G.,2019. Biomass, yield, quality
and moisture use of Brassica carinata as influenced by intercropping with chickpea under semiarid tropics. Journal
of the Saudi Society of Agricultural Sciences 18: 61-71.

Malik, V.S., Swanton, C.J., and Michaels, T.E., 2003. Interaction of white bean (Phaseolus vulgaris L.) cultivars, row
spacing, and seeding density with annual weeds. Weed Science 8: 62-68.

Mazaheri Laghab, H., Noori, F., Zare Abianeh, H., and Vafaie, M.H., 2001. Effect of supplementary irrigation on
important agronomic traits of three sunflower cultivars in rainfed agriculture. Agricultural Research 3(1): 31-44. (In
Persian with English Summary)

Mirzaei, F., Behdani, M.A., and Jamialahmadi, M., 2018. Effects of granular sulphur and planting date on yield and yield
components of pumpkin (Cucurbita pepo L.). Iranian Journal of Medicinal and Aromatic Plants 34: §20-835. (In
Persian with English Summary)

Mohsenabadi, G.H.R., Jahansooz, M.R., Chaichi, M.R., Rahimian Mashhadi, H., Liaghati, A.M., and Savaghebi, G.R.,
2008. Evaluation of barley-vetch intercrop at different nitrogen rates. Journal of Agriculture Science Technology 10:
23-31.

Momen Keykha, M., Khammari, 1., Dahmardeh, M., and Forouzandeh, M., 2018. Assessing yield and physiological
aspects of guar (Cyamopsis tetragonoloba L.) and sunflower (Helianthus annuus L.) intercropping under different
levels of nitrogen. Journal of Agroecology 9: 1050-1069. (In Persian with English Summary)

Momen, A., Ghorbani, R., Nassiri Mahallati, M., Asadi G., and Parsa M., 2015. Evaluation the effects of relay
intercropping of Styrian pumpkin (Cucurbita pepo L.) with irrigated and rainfed chickpea (Cicer arietimum L.) on
yield and yield components as affected by chickpea residue mulch. Journal of Agroecology 6(4): 767-778. (In Persian
with English Summary)

Monreal, J.A., Jimenez, E.T., Remesal, E., Morillo-velarde, R., Garcia-Maurino, S., and Echevarria, C., 2007. Proline
content of sugar beet storage roots, response to water deficit and nitrogen fertilization at field conditions.
Environmental and Experimental Botany 60: 257-267.

Moradi, P., Asghari, J., Mohsen Abadi, G.H., and Samiezadeh, H., 2014. Evaluation of the beneficial effects of triple
intercropping of maize (Zea mays L.), pinto been (Phaseolus vulgaris L.). Journal of Crop Production and Processing
6(19): 177-189. (In Persian with English Summary)

Moradi, P., Asghari, J., Mohsen Abadi, G., and Samiezadeh, H., 2015. Role of triple intercropping system in weeds
control and naked-pumpkin (Cucurbita pepo L.) yield. Journal of Agricultural Science and Sustainable Production
24(4): 17-31. (In Persian with English Summary)

Moradi, R., Koocheki, A., and Nasiri Mahallati, M., 2017. Evaluation of economical yield and radiation use efficiency of
maize and cotton in sole and intercropping systems as affected by different levels of nitrogen. Journal of Crop
Production and Processing 7: 47-59.

Morid Ahmadi, S., Khorramdel, S., Koocheki, A., Shabahang, J., and Maollafilabi, A., 2018. Evaluation of yield and
yield components of pumpkin (Cucrbita pepo L.) and land equivalent ratio affected as row intercropping with some
field crops. Journal of Agroecology 10: 965-981. (In Persian with English Summary)

Nerson, H., 2005. Effects of fruit shape and plant density on seed yield and quality of squash. Scientia Horticulturae 105:
293-304.

Nyawade, Sh.O., Karanja, N.N., Gachene, Ch.K.K., Gitari, H.I., Schulte-Geldermann, E., and Parker, M.L., 2019.
Intercropping optimizes soil temperature and increases crop water productivity and radiation use efficiency of rainfed
potato. American Journal of Potato Research 96: 457-471.

Pierre, C., Petersona, S., Rossa, J., Ohma, A., Verhoerena, J., Larsona, M., and Hoefera, B., 2008. White wheat grain
quality changes with genotype, nitrogen fertilization, and water stress. Agronmy Science 33: 414-420.

Pinedo-Vasquez, M., Padoch, C., McGrath, D., and Ximenes, T., 2010. Biodiversity as a product of smallholders’
strategies for overcoming changes in their natural and social landscapes: A report prepared by the unu/plecamazonia
cluster. PLEC News and Views. Available at: https://archive.unu.edu/env/plec/books/Brazil.

Poggio, S.L., 2005. Structure of weed communities occurring in monoculture and intercropping of field pea and barley.

Agriculture, Ecosystems and Environment 109: 48-58.

Rabbi Angurani, H., Panahendeh Yengejeh, J., Boland Nazar, S., Saba, J., and Zare Nahandi, F., 2017. Effects of salicylic
acid on some physiological and biochemical attributes of medicinal pumpkin (Cucurbita pepo L. var. Styriaca) under



£Ya e GALL (5T (a8 i)l bglite CuiS g Cu o oy

drought stress. Crops Improvement 19(4): 865-853. (In Persian with English Summary)

Rankulatile, H., Homma, K., Horie, T., Kurusa T. and Inamura, T., 1998. Land equivalent ratio of groundnut-finger millet
intercrops as affected by plant combination ratio, and nitrogen and water availability. Plant Production Science 1(1):
39-46.

Rezaei Chiyaneh, E., Khorramdel, S., and Garachali, P., 2015. Evaluation of relay intercropping of sunflower and faba
bean on their yield and land use efficiency. Journal of crops Improvement 17(1): 183-196. (In Persian with English
Summary)

Roshdi, M., and Rezadost, S., 2005. Investigation of the effect of different levels of irrigation on quantitative and
qualitative characteristics of sunflower cultivars. Iranian Journal of Agricultural Science 36(5): 1241-1250.

Roy, S., Barman, M., Puste, A.M., Gunri, S.K., and Jana, K., 2014. Growth, yield, water use efficiency and competitive
functions of intercropping system of maize (Zea mays L.) and mungbean (Vigna radiateL.) as influenced by irrigation.
SAARC Journal of Agriculture 13(2): 94-107.

Sanchez, F.J., Manzanares, M., Andres, E.F., Ternorio, J.L., Ayerbe, L., and De Andres, E.F., 1998. Turgor maintenance,
osmotic adjustment and soluble sugar and proline accumulation in 49 pea cultivars in response to water stress. Field
Crop Research 59: 225-235.

Seyahjani, A., Farhvash, F., Khorshidi Benam, M.B., and Sadeghi, A., 2010. Studying the effect of drought stress on yield
and yield components of three sunflower cultivars. Environmental Stresses in Crop Science 3(1): 68-59. (In Persian
with English Summary)

Seyfi, M., 2014. The effect of dehydration, salicylic acid and ascorbic acid stress on yield and oil content of squash
(Cucurbita pepo L.). Master Thesis, in Agriculture. Faculty of Agriculture, Shahroud University of Technology, Iran.
(In Persian)

Shabahang, J., Khorramdel, S., Asadi, G., Meerabai, A., and Nemati, H., 2010. The effects of intra and inter-row spaces
and planting pattern on the yield components, seed and oil yield of pumpkin (Cucurbita pepo L.). Journal of
Agroecology 2(3): 417-427. (In Persian with English Summary)

Siami, A., Heidari, R., and Dastpak, A., 2003. Assessment of lipid content and studying fatty acids in some varieties of
cucurbita L.. Pajouhesh and Sazandegi 59: 16-19. (In Persian with English Summary)

Smith, B.N., Girija, C., and Swamy, P.M., 2002. Interactive effects of sodium chloride and calcium chloride on the
accumulation of proline and glycine betaine in peanut (4rachis hypogaea). Environmental and Experimental Botany
47: 1-10.

Taheri, A., 2011. Investigation of some photosynthetic and physiological characteristics of four squash (Cucurbita pepo
L.) under water stress. MSc. Thesis. Agriculture. Faculty of Agriculture, Isfahan University of Technology, Iran. (In
Persian with English Summary)

Tavassoli, A. Ghanbari, A., Ahmadi, M.M., and Heydari, M., 2010. The effect of fertilizer and manure on forage and
grain yield of and bean in intercropping. Iranian Journal of Agronomy Research §(2): 96-114.

Valliyodan, B., and Nguyen, H.T., 2006. Understanding regulatory networks and engineering enhanced drought tolerance
in plants. Current Opinion in Plant Biology 9: 1-7.

Vandermeer, J.H., 1990. Intercropping. In: Agroecology. Mc Graw— Hill publishing Co. p. 481-516.

Vega, C.R.C., Andrade, F.H., Sadras, V.O., Uhart, S.A., and Valentinuz, O.R.,2001. Seed number as a function of growth.
A comparative study in soybean, sunflower and maize. Crop Science 40: 748-754.

Wagner, F.S., 2000. The health value of Styrian pumpkin-seed oil. Science and Fiction 40: 122-123.

Walker, S., and Ogindo, H.O., 2003. The water budget of rainfed maize and bean intercrop. Physics and Chemistry of the
Earth 28: 919-926.

Weiss, E.A., 1983. Oilseed Crops. First Published by Long Man. London, pp. 31-99.

Yang, C., Huang, G., Chai, Q., and Luo, Z., 2011. Water use and yield of wheat/maize intercropping under alternate
irrigation in the oasis field of northwest China. Field Crops Research 124: 426-432.

Yin, C.X.,Pang, X., and Lei, Y.,2009. Populous from high altitude has more efficient protective mechanisms under water
stress than from low altitude habitats: A study in greenhouse for cuttings. Physiologia Plantarum 137: 22-35.

Zhang, L., Van Der, W.W., Zhang, S., Li, B., and Spiertz, J.H.J., 2007. Growth, yield and quality of wheat and cotton in
relay strip intercropping systems. Field Crops Research 103: 178-188.

Zhu, J.K., 2002. Salt and drought stress signal transduction in plants. Annual Reviews Plant Biology 53: 247-316.

Zimdahal, R.L., 1993. Fundamentals of Weed Science. Academic Prass, New York.



Journal of Agroecology o b $309LiS (ol oy &y
Vol. 13, No.4, Winter 2022, p. 631-651 gy F¥1-58) (o AFer biamo) F oyleds AT ulo

Assessing the Comparative Advantage of Naked-Seeded Pumpkin (Cucurbita
pepo L.) and Sunflower (Helianthus annuus L.) Intercropping as affected by
Drought Stress

M. Masumi!, R. Moradi?*, N. Pourghasemian’? and M. Naghizadeh®
Submitted: 11-10-2020
Accepted: 19-12-2020

Masumi, M., Moradi, R., Pourghasemian, N., and Naghizadeh, M., 2022. Assessing the comparative advantage of
naked-seeded pumpkin (Cucurbita pepo L.) and sunflower (Helianthus annuus L.) intercropping as affected by drought
stress. Journal of Agroecology 13(4):631-651.

Introduction

Limitation of water resources is one of the crucial factors that contributes to the decline in agricultural
productivity (Zhang et al., 2012). Intercropping plays a pivotal role for increasing biodiversity, land use efficiency,
nutrient and water use efficiencies, and enhanced ecological services. Intercropping could be one of the alternatives
to address some of the associated obstacles with modern agriculture, including low yield, pest and pathogen
infection, soil degradation and environmental deterioration, thereby promoting sustainable and productive
agriculture. Naked-seeded pumpkin (Cucurbita pepo L.) is an herbaceous, monoecious, annual plant of the
Cucurbitaceae family (Lewis et al. 1997). The plant is economically and nutritionally important and cultivated for
oil and medical purposes all over the globe. Several studies have reported the chemical composition and oil
characteristics of the pumpkin seed from different origins and varieties (Kostalova et al., 2009). Summer squash
is used for treating Helminth and reducing bad cholesterol. There is no official data about summer squash
cultivation in Iran, but many Iranian farmers cultivate summer squash in marginal lands.Due to the importance of
two species of naked-seeded pumpkin and sunflower and the lack of sufficient and documented information on
intercropping of these two plants under drought stress, the present experiment was conducted to measure the
potential of intercropping of these two plants and investigate their response to drought stress.

Materials and Methods

In order to evaluate the effect of different levels of irrigation and planting pattern on yield quantity and quality
and water use efficiency (WUE) intercropped of pumpkin and sunflower, an experiment was conducted as the
split-plot based on a randomized complete block design with three replications at experiment station of the
Agricultural Faculty of Bardsir, Shahid Bahonar University of Kerman in 2019. The experimental treatments were
irrigation levels (90, 60 and 30% of field capacity; FC) assigned to the main plot and planting patterns (sole
cropping of pumpkin, sole cropping of sunflower, additive intercropping of 100% of pumpkin + 50% of sunflower
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University of Kerman, Iran.

2-Associate Professor, Department of Plant Productions, Agricultural Faculty of Bardsir, Shahid Bahonar University of
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on ridge and additive intercropping of 100% of pumpkin + 50% of sunflower in furrow) as the subplot.

Results and discussion

The results showed that the highest fruit number, single fruit weight, fruit, seed and oil yields of pumpkin were
obtained in additive intercropping of 100% of pumpkin + 50% of sunflower in furrow. With increasing drought
stress level, the superiority of the furrow planting pattern relative to sole cropping was more evident for pumpkin.
The largest head diameter (33 cm) and highest seed per head (1640) was found for additive intercropping of 100%
of pumpkin + 50% of sunflower in furrow when irrigated with 90% of FC. In all irrigation levels, sunflower seed
yield in sole cropping was significantly higher than both intercropping pattern due to its higher plant density. The
maximum proline content for pumpkin (1.52 umol g'! FW) and sunflower (2.63 pmol g' FW) were observed at
the two species sole cropping in severe drought stress condition. Land equivalent ratio (LER) was higher than one
in all the irrigation levels and planting patterns. The highest value of WUE (0.64 kg m™) was related to additive
intercropping of 100% of pumpkin + 50% of sunflower in furrow when irrigated with 60% of FC.

Conclusion

The results of this study illustrated that pumpkin is a sensitive plant to drought stress, and deviation of water
availability from the field capacity significantly declines the yield. The addition of sunflower in the middle of the
furrow between the two rows of pumpkin could reduce the negative effects of drought stress on the plant. This
planting pattern could also significantly improve the fruit and seed yields of pumpkin in both moderate and severe
stress conditions. However, the addition of sunflower on the ridge and between pumpkin plants had no significant
positive effect on improving pumpkin yield under drought stress, due to increased interspecific competition.
Therefore, pumpkin intercropping with high height plants such as sunflower, which causes a shading effect on
pumpkin and reduces evapotranspiration, can be a useful strategy under drought.

Keywords: LER, Oil, Proline, WUE.
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1- Days to heading (DTH)

2- Days to maturity (DTM)

3- Plant height (PH)

4- Peduncle length (PL)

5- Relative water content (RWC)

6- Number of seed per spike (NSPS)
7- 1000 kernel weight (TKW)

8- Harvest index (HI)

9- Grain yield (GY)

10- Hotelling T square
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Table 3- Shannon’s diversity index (H) of nine characters of Iranian bread wheat landraces by origins under supplemental
irrigation (IR) and rain-fed (RF) conditions separately

&5l
eSS Ol pasld
Supplemental Shannon’s diversity index (H)

irrigation (IR)

.. .. lgismo Al dlass 132 53 J L&
G 595 G 595 £us,l Job ‘5‘ ) i ’ ,,z‘;_,,, oals Sles ot
slals dias S Sty Slediepy b s
Origin Days to Days to Plant  Peduncle Rvevl;t;:e T;:;:(eir l:eor(LOe-l Harvest  Grain 3,5t
heading maturity height length content per spike weight index yield Meszgl +
“ 0.97 1.10 1.02 0.98 0.95 1.06 0.97 0.92 0.82 0.98
Unknown 0.03
o 0.90 0.88 1.03 0.98 0.97 0.97 1.01 0.85 0.95 0.95 %
East 0.02
i 0.96 1.00 0.90 0.91 1.05 1.04 0.95 1.02 1.02 0.98
West 0.02
e
f)” 0.99 0.93 0.94 0.87 1.01 0.94 0.85 0.87 0.99 0.93
Middle 0.02
ial 0.63 1.04 0.78 0.98 0.65 0.85 1.07 1.01 0.74 0.86
South 0.06
J 1.09 0.83 0.87 0.83 1.01 1.01 0.97 0.96 0.83 0.93
North 0.03
Sl
ot 0.92 0.96 0.92 0.93 0.94 0.98 0.97 0.94 0.89 0.94 +
Average 0.01
Continue table 3. Y Jgaa aoldl
w2 Ol padls
Rain-fed L
Shannon’s diversity index (H
(RF) Yy (Y
- - Jgicxe sl IR0 s S
G 595 G 595 eus)l ISl Jsb ‘5‘ 7T s oadls  aSles E (ke
e R W S G A Cand s 2 oy, S &l s
. eduncle i
Origin Days to Days to Plant length Relative Number of Harvest  Grain 3,5 !
heading  maturity  height water seed per kernel index vield  Mean + SE
content spike weight
sl
1.02 0.72 0.95 1.09 0.96 1.14 0.89 0.99 0.00 0.86 £0.11
Unknown
é)‘&t 0.78 0.89 0.97 0.98 1.00 1.07 0.90 1.04 0.00 0.85+0.11
as
e 0.81 0.86 1.04 0.91 0.97 0.95 1.01 0.89 0.00 0.83 £0.11
West
e
f)” 0.89 1.08 0.96 0.98 0.96 091 0.89 0.98 0.00 0.85+0.11
Middle
Aol 0.80 0.73 0.95 0.88 0.97 0.73 0.95 0.82 0.00 0.76 £0.10
South
J 1.03 1.06 0.71 1.08 0.87 0.87 0.88 0.89 0.96 0.93 £0.04
North
Sl
ol 0.89 0.89 0.93 0.99 0.96 0.95 0.92 0.94 0.16 0.85 +£0.08
Average




<A Ol ol (LSl 2 Soliwls I b puss o sBolF s tlgy (wyp

(a)
4 2 By
32 %2 g ~NSPS
. 313&5.3&152@5 S
n , 5 88 ey i
a2s gy 5 Bhae N 29 g -
DM, 17 110 169 _200.
. = B2 dosgy 169 o2
PR 5?7§§§f 303 o2
3 DFH ) 4‘5 on. Mdas T
= ° oy 24280 liaﬁl. 2 TR eo0
o 36 =070 1965
& 82
= 183 .
8 g 147 228 o141
g4 g
9 4 ;  Eh7 478
7 o8
. 177 :
183 8
79 s
2 PHaL
y
T T T T

AXIS138.5%

PH
o
3: 1
2 7
o
]
>
<
o 88
NSPS
2
[ Hi
T T T T T
-10 5 0 5 10

AXIS1 2531 %

(b) 023 5 (a) oSS 55kl sl o 055 (Tl oS (o315 Ol (o LS f (6 2 Yy 5l GT Y S
Fig. 2- GT-Biplot showing relationships among traits of Iranian bread wheat landraces under supplemental irrigation (a)
and rain-fed (b) conditions
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Fig. 3- Which wins where pattern of Iranian bread wheat landraces from different geographical origins based on 9 traits
under supplemental Irrigation (a) rain-fed (b) conditions
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Fig. 4- Relationships among studied traits based on Iranian wheat landraces from different geographical origins under
supplemental Irrigation (a) rain-fed (b) conditions
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Table 4- Mean traits in geographic origins separately under supplemental irrigation (IR) and rain-fed conditions (RF)

ws Lol B o Ole
Unknown East West Middle
clie eSS 55! w23 eSS 55l w23 (eSS 55l 2 eSS g5l w23
Traits IR RF IR RF IR RF IR RF
(3l b }5,’ 148.23 147.00 144.00 146.00 146.35 145.72 14441 146.23
Days to heading
e B3 . 186.30 184.63 184.84 184.04 184.96 184.48 185.78 185.10
Days to maturity
ﬂﬁ,ﬁw" 70.73 75.14 79.19 74.84 76.23 76.60 74.05 72.15
Plant height (cm)
Sy g 27.88 27.48 32.13 27.85 30.97 28.39 28.99 26.31
Peduncle length (cm)
o el slyie 78.99 74.03 78.42 7111 77.65 73.25 76.52 72.72
Relative water content
sy > &y Sl ) 28.78 31.59 33.83 34.05 31.90 30.75 27.70 30.96
Number of seed per spike
b i ")’:5 32.35 30.68 34.48 33.84 33.09 33.93 35.94 35.95
1000-kernel weight (g)
s ‘)‘»L“ 24.35 29.43 29.42 31.56 29.12 29.50 26.77 30.60
Harvest index
a3, 2759.50 2612.56 3300.67 2691.70 2920.12 2683.66 3055.70 2535.56

Grain yield (kg.ha!)
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g Jlowd
South North
Olio P S 3 PO eSS gyl a2
Traits IR RF IR RF
(i U o) 139.48 142.90 143.81 143.81
Days to heading
ooy B3y 182.14 182.95 183.81 183.23
Days to maturity
g €15 72.94 65.46 77.62 75.35
Plant height (cm)
Sy Jobo 29.84 25.59 29.79 2821
Peduncle length (cm)
o Slye 78.23 70.43 76.28 71.46
Relative water content
Al o 50wl oluss . 30.84 31.65 29.64 30.04
Number of seed per spike
b Jbe 0i 38.19 35.68 35.14 34.66
1000-kernel weight (g)
Cdld g U»L» 31.84 31.73 28.22 29.06
Harvest index
b Sl 329371 2893.00 280712 2692.59
Grain yield (kg.ha™!)

P b 89 (Byme (Mol slaaaliyy )3 oolind (sl YL (251 L
=t P cow (ae byld cos Vb o Slee b (o>
h YL g9 0ad oy (som IIF oeiS W5 5 2ol o
(HI) el Lasls (GY) @b 3,Slas ales jl pge lio &,y
0L Jleasl 4y a8 wols lis wydg o (TKW) aib Jlia o455 s
Gigi ol eonlpl 2Bl o puS G )3 5 5l (sl S
Lo g 0950 L (58] i (i SO By LY 08 e
L ol 5y900 cnl 09 48,5 )54y 5 4l 2V Jeiliy
wloly U o oS5 oty |y (Mool sl o5l janl 51 rpmwg aiald
oS g dasgs & xie & i yn dgu (U pAS )3yl g5 ]
S 655l b puS > pB )l Mol g ol p)) (Sif by

A lgd (o bty 4

References

5 35 o
Slae Joraliy b o 5 95 o oz S slasly
JoBe byly b ay gy o)l ouinpen L0g oYL «b
L ol 5 (oS5 5)le) S5 Amd slobages > i
Srgleer slodlf o il cul o 25005 (L (9) b (Sis
oS ol Ll g )3 (St 4y oo blod ), piS ot
Seid byl a4 olaolp wasly g pdges (oUj) pad g
Lol cglite oLblhs claolfivls 4 dng b aitun Josso
pS s l5 e slranalie LML (¥ J9i2) wed (el
owyd95 90D i gl sl Ll 1) 1) 5y sl i3S g
9y > b 0, Slas g9y p Kjglgd Cho (e Olysa
e plyed ASl5 o0 Cgi puS sladl )55 (0 Sl Ll

Ajmal, S.U., Minhas, N.M., Hamdani, A., Shakir, A., Zubair, M., and Ahmed, Z., 2013. Multivariate analysis of genetic
divergence in wheat (7riticum aestivum) germplasm. Pakistan Journal of Botany 45: 1643-1648.
Bartual, R., Carbonell, E.A., and Green, D.E., 1985. Multivariate analysis of a collection of soybean cultivars for

southeastern Spain. Euphytica 34: 113-123.

Belay, G., Tesemma, T., Bechere, E., and Mitiku, D., 1995. Natural and human selection for purple-grain tetraploid
wheats in the Ethiopian highlands. Genetic Resources and Crop Evolution 42: 387-391.
Bhatt, E., 1976. An application of multivariate analysis to selection for quality characters in wheat. Australian Journal



RO L. Ol ol (LSl 2 Soliwls I b puss o sBolF s tlgy (wyp

of Agricultural Research 27: 11-18.

Broich, S.L., and Palmer, R.G., 1980. A cluster analysis of wild and domesticated soybean phenotypes. Euphytica 29:
23-32.

Blum, A., 1997. Crop responses to drought and the interpretation of adaptation. Plant Growth Regulation 20:135-148.

Blum, A., Golan, G., Mayer, J., Sinmena, B., Shpiler, L., and Burra, J., 1989. The drought response of landraces of
wheat from the northern Negev desert in Israel. Euphytica 43: 87-96.

Curtis, T., and Halford, N.G., 2014. Food security: the challenge of increasing wheat yield and the importance of not
compromising food safety. Annals of Applied Biology 164: 354-372.

Egesi, C.N., llona, P., Ogbe, F.O., Akoroda, M., and Dixon, A., 2007. Genetic variation and genotype X environment
interaction for yield and other agronomic traits in cassava in Nigeria. Agronomy Journal 99: 1137-1142.

Falconer, D.S., 1981. Introduction to Quantitative Genetics. 2" Edition. London: Longman Group Ltd., pp. 1-133.

Fernandez-Aparicio, M., Flores, F., and Rubiales, D., 2009. Field response of Lathyrus cicera germplasm to crenate
broomrape (Orobanche crenata). Field Crops Research 113: 321-327.

Fisher Box, J., 1987. Guinness, gosset, fisher, and small samples. Statistical Science 2: 45-52.

Holden, JH.W., 1984. The second ten years. In: Holden J.H.-W., Williams J.T., (Eds.). Crop Genetic Resources:
Conservation and Evaluation. London: George Allen and Unwin, pp. 177-185.

Hotelling, H., 1931. The generalization of student's ratio. Annals of Mathematical Statistics 2: 360-378.

Jaradat, A.A., 1992. Breeding potential of durum wheat landraces from Jordan. I. Phenotypic diversity. Hereditas 116:
301-304.

Mead, R., Curnow, R.N., and Hasted, A.M., 2002. Statistical methods in agriculture and experimental biology. 3%
edition. Texts in Statistical Science Series. London: Chapman and Hall/CRC, pp. 406—418.

Mohammadi, R., and Amri, A., 2013. Phenotypic diversity and relationships among a worldwide durum wheat
(Triticum turgidum L. var. durum) germplasm collection under rainfed conditions of Iran. Crop and Pasture Science
64: 87-99.

Mohammadi, S.A., and Prasanna, B.M., 2003. Analysis of genetic diversity in crop plants—salient statistical tools and
considerations. Crop Science 43: 1235-1248.

Mohammadi, R., Sadeghzadeh, D., Armion, M., and Amri, A., 2011. Evaluation of durum wheat experimental lines
under different climate and water regime conditions of Iran. Crop and Pasture Science 62: 137-151.

Nogueira, A.M., Ferreira, M.F.S., Guilhen, J.H.S., and Ferreira, A., 2014. Multivariate analysis in a genetic divergence
study of Psidium guajava. Genetics and Molecular Research: GMR 13: 10657-10668.

Ogunbodede, B.A., 1997. Multivariate analysis of genetic diversity in Kenaf, Hibiscus cannabinus (L.). African Crop
Science Journal 5: 127-134.

Ortiz, R., Braun, H.J., Crossa, J., Crouch, J.H., Davenport, G., Dixon, J., Dreisigacker, S., Duveiller, E., Huerta-Espino,
J., Joshi, A.K., Kishii, M., Kosina, P., Manes, Y., Mezzalama, M., Morgounov, A., Murakami, J., Nicol, J., Ortiz-
Ferrara, G., Ortiz-Monasterio, J., Payne, T.S., Javier Pefia, R., Reynolds, M.P., Sayre, K.D., Sharma, R.C., Singh,
R.P., Wang, J., Warburton, M., Wu, H., and Iwanaga, M., 2008. Wheat genetic resources enhancement by the
international maize and wheat improvement center (CIMMYT). Genetic Resources and Crop Evolution 55: 1095—
1140.

Ortiz, R., Madsen, S., and Vuylsteke, D., 1998. Classification of African plantain landraces and banana cultivars using a
phenotypic distance index of quantitative descriptors. Theoretical and Applied Genetics 96: 904-911.

Ray, D.K., Mueller, N.D., West, P.C., and Foley, J.A., 2013. Yield trends are insufficient to double global crop

production by 2050. PLOS ONE 8: e66428.

Rencher, A.C., and Christensen, W.F., 2012. Methods of Multivariate Analysis. 3" edition. New Jersey, USA: John
Wiley and Sons.

Shannon, C.E., 1948. A mathematical theory of communication. The Bell System Technical Journal 27: 379-423.

Shukla, S., Bhargava, A., Chatterjee, A., Srivastava, A., and Singh, S.P., 2006. Genotypic variability in vegetable
amaranth (Admaranthus tricolor L.) for foliage yield and its contributing traits over successive cuttings and years.
Euphytica 151: 103—110.

Singh, S.P., Nodari, R., and Gepts, P., 1991. Genetic diversity in cultivated common bean: I. Allozymes. Crop Science
31: 19-23.

Taehoon, K., 2015. T test as a parametric statistic. Korean Journal of Anesthesiology 68: 540-546.



VPeo cybmn « Foyloud IF a5 5yglisS bl pgy 4y s FFPF

Tambussi, E.A., Nogues, S., and Araus, J.L., 2005. Ear of durum wheat under water stress: Water relations and
photosynthetic metabolism. Planta 221: 446—458.

Tesemma, T., Tsegaye, S., Belay, G., Bechere, E., and Mitiku, D., 1998. Stability of performance of tetraploid wheat
landraces in the Ethiopian highland. Euphytica 102: 301-308.

Van Hintum, T.H.L.J., Brown, A.H.D., Spillane, C., and Hodgkin, T., 2000. Core collections of plant genetic resources.
Ipgri Technical Bulletin 3: 1-48.

Vidya, C., Oommen, S.K., and Kumar, V., 2002. Genetic variability and heritability of yield and related characters in
yard-long bean. Journal of Tropical Agriculture 40: 11-13.

Villa, T.C.C., Maxted, N., Scholten, M.A., and Ford-Lloyd, B.V., 2005. Defining and identifying crop landraces. Plant
Genetic Resources 3: 373-384.

William, G.H., and Mackay, T.F.C., 2004. D.S. falconer and introduction to quantitative genetics. Genetics 167(4):
1529-1536.

Yan, W., and Rajcan, 1., 2002. Biplot analysis of test sites and trait relations of soybean in Ontario. Crop Science 42:
11-20.

Yan, W., and Frégeau-Reid, J., 2008. Breeding line selection based on multiple traits. Crop Science 48: 417—423.

Zhang, H., Zhang, D., Wang, M., Sun, J., Qi, Y., Li, J., Wei, X., Han, L., Qiu, Z., Tang, S., and Li, Z., 2011. A core
collection and mini core collection of Oryza sativa L in China. Theoretical and Applied Genetics 122: 49-61.



Journal of Agroecology — $39LaS (ol pgr 4 pi
Vol. 13, No.4, Winter 2022, p. 653-668 Xy SOY-55A o IFer b F oo Y >

Study on Relationships among Bread Wheat Landraces from Geographical
Origins across Iran under Supplemental Irrigation and Rain-Fed Conditions

H. Hatamzadeh', S. Golkari®, I. Bernousi’, and R. Mohammadi* and S. W. Singh®

Submitted: 07-09-2020
Accepted: 30-12-2020

Hatamzadeh, H., Golkari, S., Bernousi, 1., Mohammadi, R., and Singh, S. W., 2022. Study on relationships among
bread wheat landraces from geographical origins across Iran under supplemental irrigation and rain-fed conditions.
Journal of Agroecology 13(4):653-668.

Introduction

Wheat is one of the most important crops worldwide and one of the most essential commodity in the global
market. Many studies showed that it is necessary to increase global wheat production double before 2050 in
order to meet the growing demands of the population, changing diets and consuming biofuels. In recent decades,
climate changes have complicated the prediction of drought frequency and extent in the Mediterranean Basins.
Therefore, more genetic sources are needed to identify lines carrying genes for tolerance and adaptation to
drought conditions. One of the most important factors limiting growth, development, and productivity of crops is
drought. Landraces breeds have become particularly important as genetic resources adapted to local conditions.
An appropriate level of genetic variability in breeding materials and parental germplasm is vital for generating
improved germplasm with desired traits that help to increase crop production and thus improve human nutrition.
Landraces may facilitate to capture genetic recombination required for creating new genotypes tolerant to biotic
and abiotic stresses. It is necessary to comprehend well the available genetic variation in primitive wheat, wild
species, and landraces.

Materials and Methods

A core collection of 249 bread wheat landraces throughout Iran which belong to six different geographic
origins were studied under supplemental irrigation and rainfed conditions at Sararood Agricultural Research
Station in Kermanshah during 2016-17 growing seasons. Phonological, morphological and physiological traits
were scored including days to heading (DTH), days to maturity (DTM), plant height (PH), peduncle length (PL),
relative water content (RWC), number of seed per spike (NSPS), 1000 kernel weight (TKW), harvest index (HI),
and grain yield (GY). Phonological, morphological and physiological traits were analyzed based on unbalanced
combined completely randomization design. Two environments of supplemental irrigation and rain-fed were
compared based on Hotelling T square test for the measured traits and multivariate analysis was also used to
compare geographic origins in each environment separately. Shannon's index is employed to investigate
diversity in germplasm and was utilized GT-bi-plot technique in order to depict relationships among diversity
pattern for investigated traits and geographical origins of Iranian landraces.

Results and Discussion
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The results of unbalanced analysis of combined variation and multivariate analyses revealed significant
differences among geographical origins of Iran. Multivariate analysis showed significant differences among
genotypes with different geographic origins in terms of Wilks’ lambda (0.69, 0.39), Pillai's trace (0.33, 0.81),
Hotelling-Lawley trace (0.41, 1.1), and Roy’s greatest root (0.32, 0.57) for all traits at 1% probability level in
supplemental irrigation and rainfed conditions, respectively. It means that the present population had high
variegation. The results of bi-plot depicted significant differences between south geographic origins landraces
and other geographic origins landraces for GY, HI, and TKW under the both supplemental irrigation and rainfed
conditions. GT bi-plots revealed that the south landraces were early in flowering with high GY potential and also
they indicated more compatibility to unpredictable situations in medium drought (supplemental irrigation) and
severe drought (rainfed) conditions. The results indicated earliness (short DTM) as the most important
phonologic trait affecting GY under rainfed conditions. South landraces can be suggested as highly valuable
resources for using in breeding programs to develop new high yielding cultivars under unpredictable harsh
environmental conditions. The examined Iranian wheat landraces showed high variations for important traits
including GY, H, TKW and earliness.

Conclusion
Our finding indicated that the explored variation play an important role in developing new cultivars and may
be used in breeding programs aiming for adaptation to drought conditions. It is necessary to use a wide range of
breeding strategies in order to gain present diversity in bread wheat which will lead to the expansion of the
genetic basis of current cultivars and improvement of new wheat cultivars adapted to dryland conditions.

Keywords: Bi-plot analysis, Breeding, Genetic resources
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Table 2- Methods and functions of Defuzzification of questionnaire's questions

oo &
Method References
(VAT 5 (55 Sg) (torizr SlocS b (e slinl (sl (elos (538 (o515 aluds 2218 5 (5B i b9 3,8
L+ M+ (V) o g gu) 00 gy 455 (698 (i35 5> (o (53 (5o ek 2S5 (g8 (A 29, 2,8
5= - 3 application of the Fuzzy Delphi Method and the FuzzyAnalytic Hierarchy Process for the Managerial Competence of
Multinational Corporation Executives (weng- kun Liu, 2013)
The application of Fuzzy Delphi Method and Fuzzy AHP in lubricantregenerative technology selection (Hsu et al., 2010)
L+ =M + 1T, (VY ohlfon 5 Sila) 090 255 slagsysbd (bl sl 38 (A sy
= Fuzzy Delphi method for evaluating hydrogen productionTechnologies (Chang et al., 2011)

Ol (53;9U88 (5,535 Cadyb (b)) (812 0and ]l o pad L 15 9 B pad L Y Jgaa
Table 3- Indicators and sub-indicators for evaluating agritourism development potential in Iran

oW 559 sl &le
Indicators and sub-indicators References
C a2
Cost
Cn Ji g Jo> 0 (Ochterski & Roth, 2008)
Transport cost
. LMS - V > .
Cn 02975 Y game Sy 45 (Ochterski & Roth, 2008)
The cost of buying agricultural products
Cis Caiecs (Ochterski & Roth, 2008)
Accommodation cost
Cu e m (Ochterski & Roth, 2008)
Feed cost
C ]4"7“’ 94e))e
Farm and environment
Car o9 sbags ol 1] o bawgs oads adlsl
Endemic species Added by the research group
S5 gyl5e dlaas
Cn =0 By A (Santucci, 2015)

Number of organic farms
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Continuation of Table 3 Y Jgaa aoldl
Can eass” gL sl 1] o bawgs oads adlsl
Number of home garden Added by the research group
26 &,l50 sy
C e (Santucci, 2015)
Number of active farms
Cos i Y gz £5l5e dlaws 1] o bawgs oads adlsl
Number of ornamental orchard Added by the research group
.‘ ¢‘ r
Ca6 il (Miandehi & Masrouri, 2013)
Landscape
Cy7 i (Kidd, 2011; Bakhtiari & Bakhtiari, 2013)
Climate
Cs el 2
Infrastructure
Can o S (Blancas et al., 2011)
Health centers
Cs2 w8 Joe g Bl 515 Added by the research group
Camping site
Css i 4 (gt (Maruti, 2009)
Hotel
.- -\‘ .-
Cas plo> 5 =8lite a0 (o id (Srikatanyoo & Campiranon, 2010; Park & Yoon, 2011)
WC and bathroom
Css : : (Srikatanyoo & Campiranon, 2010; Park & Yoon, 2011)
Bedroom
Cio o908 JB 5 Jo> & (o> (Blancas et al., 2011)
Access to the public transportation
Cyr Slowy Ca e e (Page & Getz, 1997; Tsaur & Wang, 2007)

Waste management system

.t e ‘ - .‘ LJ ‘ - .
Css e e (Blancas et al., 2011; Kidd, 2011)
Communication facilities like the Internet

" i -
Cso OR 9t & (e (Page & Getz, 1997, Blancas et al., 2011)
Water and electricity
c &S b g Ol ji0 ¢ yled
4
Rules, regulations and policies
- SighiS 5 58,5 Sljie dgg 2! o b 025 48151
Existence of agritourism regulations Added by the research group
Car de)je GBS dmsgi (slp (i )3 slaply Lol o bawg oad 2L
Government loan Added by the research group
- SigliS 5 ,583,5 mgp sloasly 2! o b 005 48151
Agritourism promotion programs Added by the research group
. L“S g z . ‘ - ‘f LO
Cus gl )R85 dnwgi sl (> IS Lepe (Miandehi & Masrouri, 2013)

Government investment for the development of agritourism
Olpse anels 0800 9 olys

Cs
Attitude and ability of the host community
C EigliS igm Jlab Cmar Ll s Loy o dlsl
51
Active agricultural sector population Added by the research group
dabaie oLl dlass
Cs Ol 3 (Blancas et al., 2011)
The number of young people in the village
;Lo T)5 mlis 4 ))55liS 5L
Css ke ed @te & gk S (Santucci, 2015)
Need for surplus income sources
. L“S a - :1 .
Csa SighiS i e gl (Mearns, 2012)
Education level
. 55,5 Jo 0 IS 5 sglore 2] 5 o 02 4L
Hospitality and willingness to accept the tourist Added by the research group
5y9liS (6, K53, o WIWINY ;
Css ShaghiS S5 A Sl o3 LRgel B oy (Mearns, 2012; Miandehi & Masrouri, 2013)

Trained workforce
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Continuation of Table 3

Cor GBS sy Jlb slag p3ye slaglejls
NGOs active in the agricultural tourism sector
c sloin! (glao Sl
58
Social motives
Ce By oS

Fun and shopping
$iiS sl o eS)lis Sl

Cel
Ability to participate in agricultural activities
c Canl i Kal o 3 02lgls 8l oS placdld e lie Kl
62
Participation in Activities that allow for family participation
Ca ik sacdlad gl cus )b
Opportunity to train agricultural activities
C ShgiS Y 5 Sl
64
Agricultural goods purchasing opportunities
Cos  SHoirend aiile (65,giS b Lo po i ()85 (slacled o Sl 1Sl
65
Participation in non-agricultural activities such as horseback riding
. ‘ . e ‘
C, (2! 9 e
Security and safety
iate ool
Cn o
Area security
[oppa
Cn [SP R T
Safety of farms
C DS sl
8
Tourist attractions
Can LGS o 35k adaie jl wYle oS SIS S slaws
Number of tourists who visited the village
Car e 9 s5gliS slae lpiler
Agricultural and local festivals
Ces b Sl
Natural parks
Ces Syl g Sz yd glaadls
Cultural and historical attractions
C RSN Wile (65,0LiS i (slac s
85
Traditional farming activities like catching rosewood
c adaie rubo claadls
86

Natural attractions

Y Jgaa aldl
G Jgl 593 53 S8 B Loy oad LS

Added by the experts panel in the first round of Delphi method
> Jgl 593 53 53 B Loy o LS
Added by the experts panel in the first round of Delphi method
(Artuger & Kendir, 2013)
(Srikatanyoo & Campiranon, 2010)
(Maruti, 2009; Srikatanyoo & Campiranon, 2010)

(Dubois et al., 2017)

(Srikatanyoo & Campiranon, 2010)

(Tsaur & Wang, 2007)

(Maruti, 2009, Srikatanyoo & Campiranon, 2010)

(Blancas et al., 2011)
(Maruti, 2009; Park & Yoon, 2011)
(Blancas et al., 2011)
(Miandehi & Masrouri, 2013)
(Miandehi & Masrouri, 2013)

(Srikatanyoo & Campiranon, 2010)
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Table 4- Results of the first round of Fuzzy Delphi method

Sl ool elosn! slao 351 5 (6K )5 isy jo Jlad alys
015 glgiinl oSl & 55 o g K05 Jp3

S5 (&> Jol 590 mli-£ Joun

GiB 6d ylaie Cumsg sl xo 4>
Defuzzify value Status Consensus percentage

Cn 3.35 25 220 53
Accepted

Ci2 3.04 25 22 27
Accepted

Ci3 3.75 25 2 47
Accepted

Cus 3.36 25 22 40
Accepted

Ca 2.78 w2 P 47
Rejected

Cx 420 25 220 60
Accepted

Cas 417 25 2 53
Accepted

Cas 423 o 67
Accepted

Cs 3.79 o 47
Accepted

Cx6 3.55 o5 22l 33
Accepted

Cx 3.66 25 220 47
Accepted

Cai 342 25 2 60
Accepted

Cx 3.07 25 2 53
Accepted

Cs3 2.70 w2 P 27
Rejected

Css 3.05 25 220 40
Accepted

Css 3.64 25 2 40
Accepted

Cso 413 25 2 53
Accepted

Cxr 331 25 22 40
Accepted

Cs 3.02 o 47
Accepted

Co 3.41 o5 22l 53
Accepted

Car 3.10 o 40
Accepted

Ca 2.68 w2 P 27
Rejected

Cis 331 25 22 33

Accepted

Ld adls!
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Cu 3.00 e 40
Accepted

Csi 3.96 25 2 33
Accepted

Cs2 232 w2 P 40
Rejected

Cs: 3.40 0 53
Accepted

Css 3.75 o5 32l 47
Accepted

Css 419 28 22 67
Accepted

Cso 4.05 o 53
Accepted

o 3.05 25 220 40
Accepted

Ca 3.0 25 220 47
Accepted

Ces 3.02 25 22 53
Accepted

Ces 3.04 25 2 53
Accepted

Css 3.05 25 22 47
Accepted

Cn 3.46 25 220 53
Accepted

Cr 3.02 25 220 47
Accepted

o 2.67 w2 P 60
Rejected

C2 4.10 o 47
Accepted

Css 272 w2 P 27
Rejected

Caa 3.25 25 220 53
Accepted
ol Aol

Css 3.15 53
Accepted

Cso 2.82 w2 P 33
Rejected
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Table 5- Results of the second round of Fuzzy Delphi method

GiB 6d ylaie Cumsg sl xo 4>
Defuzzify value Status Consensus percentage

Cn 3.42 25 20 53
Accepted

Ci 3.4 25 22 33
Accepted

Ci3 4.16 25 2 60
Accepted

Cus 3.51 25 22 53
Accepted

Cx 42 ob 2l 60
Accepted

Cx 4.13 25 220 53
Accepted

Cas 423 25 2 67
Accepted

Cs 3.85 25 2 60
Accepted

Cas 3.69 25 22 40
Accepted

Cx 3.69 25 320 53
Accepted

Csi 431 25 220 73
Accepted

Cx 3.07 25 2 53
Accepted

Css 3.46 25 2 53
Accepted

Css 3.64 25 2 40
Accepted

Cs6 4.09 25 220 53
Accepted

Cx 3.42 25 2 53
Accepted

Cs 3.38 25 2 60
Accepted

Cxo 3.41 25 22 53
Accepted

Car 3.02 25 22 47
Accepted

Cis 3.44 25 220 53
Accepted

Cas 3.02 o 53
Accepted

Csi 3.49 o 53
Accepted

Cs3 3.78 25 22 53

Accepted
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Csa 3.48
Css 4.19
Cse 3.82
Co1 3.47
Ce2 3.09
Ce3 3.03
Coa 3.08
Ces 3.11
Cn 3.52
Crn 3.09
Cs2 3.74
Csa 3.24
Css 3.48
Cs7 3.55
Css 3.28

o .ML
Accepted
ol Aol
Accepted
PXWRWY
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
PXWRWY
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML
Accepted
o .ML

Accepted

53

67

53

53

47

60

67

60

53

53

53

60

53

60

53
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Table 6- Results of the third round of Fuzzy Delphi method

GB 6d ylaie Cumsg ol no 4>
Defuzzify value Status Consensus percentage

Cn 342 25 22 53
Accepted

Cix 3.39 25 22 53
Accepted

Ci3 4.16 25 220 60
Accepted

Cis 3.51 25 2 53
Accepted

Cx 42 25 22 60
Accepted

C 413 25 2 53
Accepted

Cas 423 25 220 67
Accepted

Cs 3.85 25 220 60
Accepted

Cas 3.73 25 2 53
Accepted

Crr 3.69 25 2 73
Accepted

Cai 431 25 2 67
Accepted

Ca 3.07 25 220 53
Accepted

Cs 3.46 25 2 53
Accepted

Css 3.68 25 2 47
Accepted

Cso 4.00 25 22 53
Accepted

Cxr 342 25 2 53
Accepted

Cis 3.38 25 220 60
Accepted

Cio 341 o 53
Accepted

Car 3.02 25 22 47
Accepted

Cis 3.44 25 22 53
Accepted

Cas 3.02 25 220 53
Accepted

Csi 3.49 25 320 53
Accepted

Cs3 3.78 o 53
Accepted

Css 3.48 25 22 53

Accepted
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Css 419 28 22 67
Accepted

Cs6 3.8 25 2 53
Accepted

Car 3.47 25 22 53
Accepted

Cex 3.09 e 47
Accepted

Cos 3.03 25 22 60
Accepted

Ces 3.08 28 2 67
Accepted

Css 311 o 60
Accepted

Cn 3.52 25 220 53
Accepted

Cn 3.09 e 53
Accepted

Ce2 3.74 o5 22l 53
Accepted

Css 3.4 28 22 60
Accepted

Css 3.48 25 22 53
Accepted

Cs7 3.58 25 220 60
Accepted

Css 3.62 o 53
Accepted
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Introduction

Tourism is still based on the significant role of human resources, regardless of technological development in
the world, so that this industry leads to direct employment in sub-sectors of industry and indirect employment in
many activities. Tourism is one of the most important industries in the contemporary world. Despite the growth
of tourism, the agriculture industry is facing a growing number of challenges, such as intensifying market
competition, limited access to lands, increasing cost of inputs and lower commodity prices, which has led to
lower incomes for small-scale farms around the world. Therefore, in order to survive, agriculture has to find a
way to add value to its products and create reliable sources of income. Agritourism provides many economic,
educational, and social benefits to producers, consumers (tourists) and society. Besides, agritourism motivates
farmers to stay in this job. Agritourism is a job that farmers and ranchers do during agricultural, horticultural or
agricultural business activities, intending to create entertainment, leisure and gain experience for visitors and
educate them, without replacing service activities with productive activities, this also raises farmers' incomes.

Materials and Methods

After choosing the Fuzzy Delphi method, we formed the implementation, guidance, and monitoring teams.
Then, the initial indicators and sub-indicators were extracted to develop a preliminary questionnaire. In the next
step, the questionnaire, whose questions were based on those sub-indicators, was designed. Then, the
questionnaires were validated and sent to the elected specialists in different Delphi rounds. After the experts'
answers were collected, the desired indicators were selected. For picking the indicators, the fuzzy value of each
question was calculated and converted to a defuzzification value and later compared to the threshold value.

Results and Discussion

After three rounds of Fuzzy Delphi method, indicators and sub-indicators were chosen. In the first round of
the Fuzzy Delphi method, seven sub-indicators were removed from 43 extracted ones. In addition, at this stage,
two sub-indicators of non-governmental organizations active in the tourism sector and farmers' social incentives
to accept tourists were added to the extracted indicators. At the end of the second round, 38 sub-indicators had
defuzzification value above the mean range. At this stage, these indicators were not removed or added, but since
some of the questions did not include the consensus of experts’ opinions, Fuzzy Delphi process entered the third
round. After the third round of Fuzzy Delphi and reviewing its results, we found that the defuzzification values
of all research questions in this round are greater than the mean range. Therefore, all the indicators of the third
questionnaire are valuable. On the other hand, in the previous round, no new indicators have been proposed by
experts, therefore, based on these results, we have reached the research goal to identify effective indicators in the
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process of assessing the capacity of agritourism in Iran. There is also a condition of consensus or agreement for
all questions, which represents the Fuzzy Delphi method completion and the indicators' selection.
Conclusion

The results of this study represent that eight indicators and 38 sub-indicators should be considered to evaluate
the development potential of agritourism in Iran. The indicators are as follows: cost, farm and environment,
infrastructure, rules and regulations and policy, attitude and ability of the host community, fun and shopping,
security and safety and last but not least, tourist attractions. There are few studies on agritourism in Iran, and
since the agritourism industry plays an important role in rural development in the world, it needs to be given
more attention in Iran. Therefore, in future studies, it is recommended to weigh these indicators and study and
compare the potential of Iranian villages based on the indicators extracted in this study and the weight assigned
to each indicator.

Keywords: Agricultural festival, Fuzzy Delphi, Rural development, Rural tourism
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7- Acid Detergent Fiber (ADF)

8- Neutral Detergent Fiber (NDF)

9- Crude Ash (CA)

10- Arthur H. Thomas, Philadelphia, PA
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3- Time Domain Reflectometry (TDR)
4- Dry Matter Digestibility (DMD)
5- Crude Protein (CP)
6- Crude Fiber (CF)
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1- Fiber Analyzer, Ankom 200, Ankom Technology
Crop, Fairprt, NY, USA
2- ANKOM F57
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Table 2- The results of ANOVA testing for quantity traits of snail medic

e85 glie Ghilarys Sdsddgle dlo b oy W SSpjy SRS gy DM S gl a8
S.0.V. d.f Dry matter Stem dry weight Pod dry weight Leaf dry weight No. pods Leaf area index
B‘_lfsbk 2 145086.47 50315.89 14091.83 1565.63 71.65 0.089
ocl
il ) 1 156480.26" 61964.16" 12097.7° 1344.08" 6.02" 0.001"
Sowing date (S)
A glas 2 15633.03 1618.59 4257.49 472.93 420.15 0.001
Main error
WL{&’& 1 1771557.64™ 548305.07™ 196153.88™ 21794.17" 1912.69™° 0.98"
Sowing depth (D)
CulS gas xCublS o, . - -
SxD 1 76157.34 29576.02 6082.43"* 675.9"™¢ 4820.02™° 2.28
rae o 3 5364527 1565750.55™ 639341.61" 71038.33" 4197.41™ 8.08"
Seeding rate (R)
3 b Xl b
e SR & 3 7214.29" 2593.52m 1722.57 191.37" 234.69" 0.09"
uj)*‘-‘)];iR e 3 133723.33" 52922.43 11981.41™ 1331.43" 1083.35 0.42
3 3 X3 U
SraerXGe g 3 108266.3™ 35242.89™ 11579.13" 1286.67™° 385.69" 0.07"
SxDxR
blas
. 28 11223.27 962.97 4534.36 503.84 1604.49 0.001
Minor error
et - 16.07 13.22 11.49 11.49 10.83 1.65
C.V (%)

200 Ky dioyd gy 5 ieS e )0 )5 gixe g 41 pine puE iy s g 1S
n.s: not significant; (*) and (**): represent significant difference over control at p<0.05 and p<0.01, respectively.
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Table 3- The effect of sowing date and sowing depth on the some traits of snail medic

e L T Coils Gos
Wy e s Sig Sowing date Sowing depth
Surveyed traits o » Y (cm) ¥ (cm)
5 July 21 July
< %
ol 1588.5%" 1851.7% 1936.9% 1552.6°
Dry matter (kg.ha™")
5l S5
< it 827.3° 999.2° 1070.1° 856.4°
Stem dry weight (kg.ha™")
S S g 570.2° 632° 650.05% 522.2%
Pod dry weight (kg.ha™)
B Kid
RS 09 191.08° 220.6° 216.7a 174..06"
Pod dry weight (kg.ha™)
S 3L
» g 23 3.65" 3.96° 4.1° 3.8°

Leaf area index
5,05l ime M| o> iy gebans 5 SIS 903l a3l ks Cindy S e By y> 45 ooliel ipdy pm p3
* In each row, there is no significant difference between treatments with common letters according to Duncan test at <0.05.
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Fig. 1- The triple effects of sowing datexsowing depthxseeding rate on A) dry forage, B) stem dry weight, C) number of
pod and D) leaf area index of snail medic
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U
ols Cio (glyy S cuils Gos X CuilSFu,l AilEed il )il
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Table 4- The results of ANOVA (mean of squares) testing for quality traits of snail medic

) Jil Sis o3le P ooyt SUI auigesd 0 Jokoro SUJI
5 ol KR wa:-'sﬁ ‘al& S ﬁb,mﬂ: . 1 o
R A Crude Crude fiber Crude ash > Sl D g <
S.0.vV. d.f :
protein (CP) (CF) (CA) Dry mater Acid detergent fiber Neutral detergent
digestibility (DMD) (ADF) fiber (NDF)
S5k 2 13.21 21.14 1.4 3.28 0.97 0.92
Block
cusls g, N o N o N N
. 17.64 1.06 1.3 0.07 0.07 0.06
Sowing date (S)
a dUai
: 2 9.54 83.5 0.11 0.13 0.99 0.98
Main error
Sowing depth 1 0.83 7.14 0.49 13.01 2.39 2.4
(D)
x@&é,t
Cubl o 1 1.59"¢ 16.9"° 1.01™¢ 0.01™ 10.12™¢ 10.1™¢
SxD
rae 3 3.26' 8.57" 41.6" 59.5% 44.06™ 44.03"
Seeding rate (R)
x@&é,t
Sranyly 3 2.07" 22" 0.008" 0.09" 1.08™ 1.08"
SxR
XS gos
Sranyly 3 0.73" 1.13™ 0.47" 0.86" 0.73" 0.77"
DxR
X Gos X6
Spanyly 3 1.02™¢ 3.52" 1.003™* 0.97" 217 2.14"
SxDxR
].Jdu 28 0.94 5.41 0.59 1.13 4.53 4.49
Minor error
N - 5.72 7.13 7.06 3.22 6.67 3.52
C.V (%)

Dsine pf g 2o )d S oy gyl ieS e )0 I3 pxe oy s g 1S
n.s: not significant; (*) and (**): represent significant difference over control at p<0.05 and p<0.01, respectively.
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Fig. 2- The effect of seeding rate on A) protein percentage and B) fiber percentage of snail medic
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«oxlply (Nakhzari Moghadam, 2017) sb (158l 50 mass
e CuiS o j0 pB B s sl pB S b
{0 Jgis) 540 yidas (123 VV/VA)
s o> i 3983505 (530l Jgona 5 Jo 5 3L
5 0352 b oy > (sboson (slittule) S 5 Pobo 1ol
0555 ol I3 oS gl Ly dhsle i b 5 ol
J BB SIS (g jl g o awlS ddgle pan b
9039 Pl bawgs dgle Bpae Jouily oaimalis (5 Joloro )
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Table 5- The quality traits of forage of snail medic affected by sowing date and sowing depth

Cils &b Cuils Gos
ey 290 B S Sowing date Sowing depth (cm)
Surveyed traits ;:5 Yo ):5 ¥y 1 2
5 July 21 July
2 B s ool .
i B S 0 32.06° 33.09° 33.55% 32.5b
Dry mater digestibility (DMD)
(L
£ oo 1757 17.36° 17.39° 16.83
Crude protein (CP)
s G . .
3141 32.78% 32.02 33.25%
Crude fiber (CF)
15 Sk
ot 10.72° 11.55% 10.07° 11.18*
Crude ash (CA)
| 0 g ¢ Ul
el 0253 3 ploneé S 3117 32.94° 31.08 323
Acid detergent fiber (ADF)
e Ul
G okiapd 3 Syl I, 43.46° 46.51° 42.5° 4413

Neutral detergent fiber (NDF)

505 b ime BB soyd gty prbans 53 SO 903l Ha3 515 s,y y3 Syite g ys a5 ooliel
* In each row, there is no significant difference between treatments with common letters according to Duncan test at <0.05.
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Fig. 3- The relation between protein percentage and fiber
percentage in snail medic
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Table 6- Pearson’s correlation coefficients among measured traits: dry forage (TDM), stem dry weight (SDW), pod dry weight
(PDW), leaf dry weight (LDW), number of pod (NOP), leaf area index (LAI), crude protein (CP), crude fiber (CF), crude ash
(CA), dry mater digestibility (DMD), acid detergent fiber (ADF) and neutral detergent fiber (NDF) of medicago scutellata

9 T™DM SDW PDW LDW NOP

CP CF CA DMD ADF NDF

Traits

TDM 1

SDW 0.99” 1

PDW 0.99" 0.96" 1

LDW 0.98" 0.96" 0.98" 1

NOP 0.43" 0.39" 0.46" 0.47" 1

LAI -0.66”  -0.65"  -0.667  -0.66"  -0.18"*
CP -0.11™  -0.14"  -0.08™  -0.08"  -0.05"*
CF 0.13%¢ 0.13%¢ 0.14"¢ 0.13%  -0.12"°
CA 0.71" 0.7 0.71" 0.74™ 0.37°
DMD 0.78™ 0.76" 0.79" 0.79" 0.49°
ADF -0.537 0.2 0547 0547 -033"
NDF 0.53" 0.52" 0.54" 0.54" 0.33"

1
-0.59" 1
-0.12"  0.08"™¢ 1
-0.15™ 0.22"¢ 0.85" 1
0.09™  -0.08™ -0.817 -0.77" 1
-0.09"  0.08™  -0.877 -0.717  -0.92" 1

Lopd S5 g gyl S paw )0 5 dme (S Sy 9w > dxe e ms
n.s: not significant; (*) and (**): represent significant difference over control at p<0.05 and p<0.01, respectively.
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Introduction

Given recent droughts, Medicago scutellata Var. Rabinson has taken an important position in crop rotation,
especially in semi-arid regions. Therefore, agronomy management factors play an important role in improving its
growth. Also, regarding its short growth period length, its quantitative and qualitative forage yield has been high,
and it can be sown through dry-farming in regions with 300-500 mm of rainfall. On the other hand, given the
importance of forage cultivation in agriculture and water shortage in Iran, we can try to cultivate fallow lands.
The aim of this study was to evaluate the effect of different agronomic management methods on the quantitative
and qualitative snail medic forage yield and to compare the relative contribution of components to increasing it
under the climate of Arak.

Materials and Methods

In this study, two sowing dates (July 15 and 22, 2017) as main plot, two sowing depths (1-2 and 2-4 cm), and
four seeding rates (2.5, 7.5, 12.5, and 17.5 kg ha'! equal to 20, 50, 80, and 125 plants m?) as subplots were
investigated. The experiment conducted in split plot factorial based on randomized complete block design with
three replications. It is noteworthy that due to seed hardness, the average number of germinated seeds was low.
The measured traits in this study included forage dry weight, stem dry weight, pod dry weight, leaf dry weight,
number of pods per n?, leaf area index (LAI), dry mater digestibility (DMD), crude protein (CP), crude fiber
(CF), crude ash (CA), acidic detergent insoluble fiber (ADF) and neutral detergent soluble fiber (NDF) in the
final stages of forage harvesting. Finally, using the statistical software SAS, we performed analysis of variance,
comparison of means using Duncan’s multiple range test at 5% probability level and correlation analysis.

Results and Discussion

The results showed that the highest dry forage weight and dry stem weight (2884.13 and 1361.71 kg.ha'!,
respectively) were observed in the treatment of seeding rate of 12.5 kg ha!, at sowing depth Icm and on the
sowing date of July 21. Accordingly, the amount of dry forage obtained from the sowing date of July 21 and the
sowing depth of 1 cm was 10.77 and 19.84% more than that of the sowing date of July 5 and the sowing depth of
2 cm, respectively. The portion of dry stem weight in the sowing date of July 21 and sowing depth of 1 cm was
53.96 and 55.24% of the dry forage weight, respectively. Furthermore, the portion of the pod and dry leaf
weights from the dry forage for sowing date of July 21 were respectively reported as 34.13 and 11.91%, and for
sowing depth of lcm were, respectively, 33.56 and 11.18%. As the amount of seeding rate increased, the CF
increased, and the percentage of CP decreased. By taking into account the absolute value of the slope value of
the equations of these two traits, it was found that the effect of density on the CF is more than the effect of this
treatment of CPP. According to the obtained results, the sowing date of July 21, the sowing depth of 1 cm, and
the consumed seed of 12.5 kg ha! showed an appropriate quantitative and qualitative yield. Also, according to
the results of the correlation test, it was determined that the dry forage produced had a positive correlation with
the stem dry weight (0.99""), the pod dry weight (0.99""), the leaf dry weight (0.98), the number of pods per m?
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(0.43%), the CA (0.717), DMD (0.78) and NDF. On the other hand, a negative correlation was found with LAT (-
0.66") and ADF (-0.53").

Conclusion

Regarding the absolute value of the slope in the equations pertaining to these two properties, it was found
that the susceptibility of fiber percentage to density was higher than the susceptibility of crude protein
percentage in this treatment. In deeper sowing, the obtained protein percentage was 1% lower, while the lowest
fiber percentage occurred in shallow sowing. Generally, we can say that this crop has a high sensitivity to high
densities. Based on the results, there were the relation between regression and correlation results.

Key words: Drought, Fiber percentage, Protein percentage, Summer sowing.
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Table 1- Soil physical and chemical properties (0-30 cm soil depth)
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Clay  Sand Silt Available K Available P
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Sand 14 62 24 142 14.1 0.04 0.4 7.1 0.6
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Table 2- Chemical properties of the farmyard and vermicompost used for the experiment
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Table 3- Percentage of compounds in humic fertilizer used in the experiment
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Trace elements (%) K20 (%) P205(%) TotalN (%) Organic mater (%) Fulic acid (%) Humic acid (%)
1.4-1.5 10 2.5-3 2.5-3 20-25 4-5 10-12
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Fig. 1- Means compression of basil plant height under organic fertilizers application
(LSD value = 3.05)
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Fig. 2- Means compression of basil lateral stems namber under organic fertilizers application
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Fig. 3- Means compression of basil lateral stems lenght under organic fertilizers application
(LSD value = 2.76)
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Fig. 4 Means compression of basil flowering stems number under organic manure application
(LSD value = 4.31)
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Table 5- Comparison of means of different levels of humic acid on some traits of basil
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Fig. 5- Means compression of basil leaf number under organic manure application
(LSD value = 12.44)
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Fig. 6- Means compression of basil leaf chlorophyll meter reading under organic manure and humic acid application
(LSD value =5.35)
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Introduction

Medicinal plants are rich resources for traditional medicines and in this regard play an essential role in the
development of human culture. Basil (Ocimum basilicum L.) belongs to the Laminaceae family and can be found
in tropical Asia, Africa, Central America, and South America. Basil is traditionally used worldwide as a
medicinal herb to treat numerous ailments. The leaves and flowering tissues are traditionally used as
antispasmodic, carminative, digestive remedies, to treat abdominal cramps, fever, poor digestion, migraines,
insomnia, depression, dysentery, etc. Application of chemical fertilizers in order to eliminate residues of this
chemichal substances from crop to ensure consumer health and environmental protection is one of the major
challenges in sustainable production of medicinal crops. The application of organic fertilizers such as farmyard,
vermicompose, and humic substances as an alternative to chemichal fertilizers to improve soil fertility in
sustainable agriculture is currently being discussed. Application of organic fertilizers in addition to modifying
soil physical and chemical properties, provides nutrients for the plant in long-term. Various studies have also
shown the positive effect of organic fertilizers on increasing the quantitative and qualitative yield of medicinal
crops. Therefore, the present study was conducted to investigate the effect of cow manure, vermicompost, and
humic acid on some morphological traits, dry matter yield, and production of basil essential oil.

Materials and Methods

The experiment was conducted as a factorial based on a randomized complete block design with three
replications at a farm in Oshnavieh city in the West Azerbaijan Province in 2014. The treatments included
organic fertilizers (20 tons ha'! farmyard, 7.5 and 15 tons ha'! vermicompost, and control) and humic acid
application (soil application, foliar application and not application as control). The measured traits included plant
height, lateral stems number, lateral stems length, flowering stems number, leaf number per plant, leaf
chlorophyll index, dry matter yield and essential oil percentage. Data analysis was done using MSTAT-C
statistical software and means were compared using LSD test at 1% or 5 % probability levels based on the
significance level in each trait.

Results and Discussion

The results showed that application of organic fertilizers significantly increased plant height, lateral stems
number, lateral stem length, flowering stem number, and leaf number. The highest essential oil yield (2.94 g m?)
was obtained using 15 tons ha! vermicompost. Both foliar and soil application of humic acid treatments had the
highest lateral stems number (13.1 per plant) and essential oil yield (2.75 g m?) and humic acid foliar treatment
had the highest flowering stem number (22.9) and essential oil percentage (0.59%). All treatments of organic
fertilizer and humic acid increased leaf chlorophyll index compared to control. Application of 15 tons ha!
vermicompost combined with or without humic acid produced the highest dry matter yield (with an average of
538.6 g m?) that showed 99.6% increase compared to control (not application of organic fertilizers and humic
acid). It seems that the application of humic acid and organic fertilizers increased the absorption and transport of
nutrients such as nitrogen, phosphorus, potassium, calcium and magnesium as well as water absorption by the
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plant and by this way, the morphological and growth traits of plant increased. On the other hand, application of
organic fertilizers not only increased the available nutrients to the plant, but also improved soil physical
conditions and biological processes and provided a suitable environment for root growth. Consequently, organic
fertilizers increased dry matter production and essential oil content and yield.

Conclusion

The findings of this study showed that organic fertilizers and humic acid application had significant effects
on morphological traits, yield, and essential oil content of basil. So that, these treatments significantly increased
the value of morphological traits. The highest dry matter yield was obtained by application of 15 tons ha’!
vermicompost combined with or without humic acid. The treatment of foliar application of humic acid had the
highest essential oil content. The highest essential oil yield was obtained by the application of 15 tons ha’!
vermicompost. Finally, the application of organic fertilizers could be used in sustainable agriculture to improve
of quantitative and qualitative yield of basil and reduce the application of chemical fertilizers.

Keywords: Dry matter, Effective substance, Farmyard manure, Humic substances, Vermicompost.
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Free-living nitrogen-fixing . . Sulfur oxidizing bacterit
bacteria bacteria

Bacillus subtilis Paenibacillus polymyxa

NCBI Accession No. NCBI Accession No.
MT102419 MT102424

Enterobacter cloacae Bacillus pumilus

NCBI Accession No. NCBI Accession No.
MT102416 MT102425

Bacillus cereus

NCBI Accession No. -

MT102418

Enterobacter hormaechei Bacillus subtilis

NCBI Accession No. NCBI Accession No.
MT102420 MK968145
Enterobacter sp. Paraburkholderia fungorum
NCBI Accession No. NCBI Accession No.
MT102421 MK968146

Paenibacillus sp.
- NCBI Accession No.
MT102427
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Fig. 4- Effect of fertilizer treatment on crop growrate rate of chickpea during growth season.
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Introduction

Leaf area index, radiation absorption and radiation use efficiency are important ecophysiological
characteristics, which is useful in assessing the amount of light absorbed for dry matter production.
Understanding how and managing the effects of ecological factors on plant reproduction is essential for
achieving sustainability in agricultural production systems. On the other hand, the use of efficient crops in
utilization of resources, especially solar radiation, is one of the fundamental approaches towards achieving this
goal. The purpose of this study was to investigate the effect of sulfur and biofertilizers applications on growth
indices, radiation absorption and use efficiency of chickpea.

Materials and Methods

In order to determine the growth indices, radiation absorption, and radiation use efficiency (RUE) of
chickpea, a field experiment was conducted in 2019 at the Agricultural Research Station of Ferdowsi University
of Mashhad based on a completely randomized block design with ten treatments and three replications. The
experimental treatments including: 1-Spa, 2-Spo, 3-Spa+SOB, 4-Spa+SOB+NFB-+PSB+KSB, 5-Spo+SOB 6-
Spo+SOB+NFB+PSB+KSB, 7-SOB+NFB+PSB+KSB, 8- NFB+PSB+KSB, 9-SOB and 10-Control. Sampling
was started 20 days after planting by taking six destructive samples. The plant was sampled two weekly intervals
to determine the growth parameters of chickpea including leaf area index (LAI), dry matter accumulation (DM),
crop growth rate (CGR) and radiation use efficiency (RUE). For calculations of radiation use efficiency, it was
necessary to estimate daily LAI and daily absorbed, the RUE was calculated based on g MJ-1 through the slope
of a linear regression between total dry weight accumulations (g m?), and cumulative absorbed the total daily
solar radiation.

Results and Discussion

The results showed that the highest leaf area index was obtained in Spa + SOB + NFB + PSB + KSB and
Spo + SOB + NFB + PSB + KSB treatment which was 29 and 26 % more than control, respectively. The
application of pa + SOB and Spo + SOB treatment, which increased 12 and 7 % compared to control,
respectively. In this study, sulfur was more important than other fertilizer treatments. The highest dry matter
accumulation was obtained in Spo + SOB + NFB + PSB + KSB and Spa + SOB + NFB + PSB + KSB treatment
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which was 31 and 27% more than control. SOB and NFB + PSB + KSB treatments had the lowest amount of dry
matter after control. The results showed that the highest crop growth rate observed in Spo + SOB + NFB + PSB
+ KSB treatment, which increased by 14% compared to control. The maximum absorbed radiation coincided
with the highest leaf area index of chickpea. Then, Due to the decrease in leaf area index until the end of the
growth period, the absorbed fraction of light absorbed a decreasing trend. The estimated RUE levels in different
treatments were significantly different (P<0.01). The highest radiation use efficiency was in Spa + SOB + NFB +
PSB + KSB treatment (R? = 0.91") which was 18% more than control. Also, increasing leaf area can increase
the plant's photosynthetic potential and increase dry matter, at finally to increased RUE.
Conclusion:

The results showed that treatments (Spo + SOB + NFB + PSB + KSB) and (Spa + SOB + NFB + PSB +
KSB) with higher leaf area index resulted in more efficient use of canopy light absorbed by chickpea leaves as a
result of increased radiation and dry matter efficiency. High slope radiation use efficiency indicates the high
efficiency of a plant using sunlight and converting it to dry matter. Giving attention to a more frequent
application of biological fertilizers could be considered as an essential agro-ecological approach, which results in
healthier soil and water resources.

Keywords: Crop growth rate, Dry matter accumulation, Free-living nitrogen-fixing, Leaf area index, Sulfur
solubilizing bacteria.
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Table 2- Analysis of variance (mean of squares) for effects of tillage, nitrogen fertilizer level and mycorrhiza on yield, yield
component and harvest index in mung bean (Vigna radiataL.) during 2017 and 2018
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S.0.V. 83! 1000.-seed No. of seeds per No. of pods per Seed yield Harvest index
da.f weight pod plant
Ju 1 241.80" 10.20" 101.30™ 190381.69" 60.46
Year (Y)
Sshx Jlo 4 29.72 39.79 12.62 23780.44 18.28
Y x block
Tillage system 2 567.54™ 78.76™ 98.62™ 445876.78"™ 174.84™
(T
YxT 2 16.72 0.98™ 6.46™ 648.65™ 1.02m
UL?‘ ol 8 41.35 3.95 11.00 9742.26 15.17
Main error
oy9l 358
Nitrogen fertilizer 3 109.65" 19.50 28.64" 233180.86™ 160.46™
(N)
Y xN 3 9.220s 0.084"s 11.17 6221.23™ 6.86"
TxN 6 9.80"¢ 0.73"s 5.12m8 18933.09" 7.85n8
Yx T xN 6 2.12" 0.28" 496" 6254.27" 5.98"
b sl 36 34.85 1.052 6.63 18727.61 4.03
Sub error
g 1 25.01™ 14.18" 27.93" 95997.21** 397.14"
Mycorrhiza (M)
Y xM 1 0.36" 0.26" 0.10" 54.50 "¢ 0.18"s
T xM 2 1.14" 0.07"s 0.86" 120.28 30.12°
YxTxM 2 5.30™ 0.28" 0.04"¢ 158.91™ 0.40"™
NxM 3 6.941s 0.26" 0.25" 4838.31™ 2.94ns
Y xNxM 3 0.98" 0.21" 1.008™ 2028.60™ 5.85m
TxNxM 6 5.99ms 0.20" 1.41" 6337.18™ 2.59ns
Y xTx N xM 6 1.33" 0.034"s 1.35" 1972.32"¢ 5.42ns
spepuls g 3525 1.88 6.73 6829.74 6.44
Sub-sub error
bl 10.97 14.73 4.34 3 7.35

CV (%)
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ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively.
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Table 4- Mean comparisons for interaction between tillage and nitrogen fertilizer on yield of mung bean and soil cone index
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Tillage system Nitrogen level (%) Seed yield (kg.ha™") Soil cone index (Mpa)
100 2775.8 >-¢* 1.13¢
Jglaze 66 2811.4° 1.10¢
Conventional 33 2718.1 % 1.09¢
0 2703.7¢ 1.07¢
100 2940.9* 1.46
bl 66 2911.8* 1.61¢
Conservation 33 2804.1 b 1.554de
0 2711.9 ¢ 1.38¢
100 2741.4 ¢ 1.89°¢
de a
$55SB ey 66 2720.8 2.25
No tillage 33 25549 2.11°
0 2581.1°F 2.02°
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*In each column, means with similar letter(s) have not significantly different based on Duncan’s test at 5% probability level.
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Table 5- Mean comparisons for interaction effect between tillage and mycorrhiza inoculation on harvest index of mung bean
and soil moisture
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Mycorrhiza inoculation Tillage systems  Harvest index (%)  Soil moisture (%)
Jghse 30.64 ¢* 12.38 ¢
Conventional
o oilipe Ll 33.39°¢ 14.84 b
Without inoculation Conservation
S O 33.25¢ 15.90 2
No tillage
Jghse 33.58°¢ 14.01 ¢
Conventional
i Bl 38452 1523
With inoculation Conservation
b Do 35200 15.922
No tillage
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* In each column, means with similar letter(s) have not significantly different based on Duncan’s test at 5% probability level.
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Fig. 1- Mean comparisons for interaction effect between years, tillage system and nitrogen fertilizer on soil bulk density

SLs Cogby doys oS ol lis e oolw Jl 15Kk dulio (5
acglio (¥ Jga) 29 Jsl Sl 51 5YL Gtalel pg Jlo 5
SLs cayaby olie cp i a5 0b LiS 09l 358 I 1Sle
g 00 diog 0yl Ao yd Voo By ime jlad I (Ao VEITY)

Hlassb lis Lubyly 4508 mls 1 S1e Cughby aoyd

bzl 5 050l 358 (ol g5 o )d SO Jlain ! paw jd Jlw ool
2 150550 @B b gl g o5l g5 Jlie Sl 55 g 152)55ee )8
Jods) 2 s cixe S Cusby diopd y o )d iy Jloss! o



VF g Sl (S claogad 15595 @8 )15 5 0991 395 Zobuw oty 93 51

DL L medl pae 5 Johizo poi jla 5l S Cogby do s
Wlgi e SB Cugbo) d0yd s S0 Jgaz) dol Cumdety [y y5e
olei 3 S5k olise 5 olej) e bl 51 Slie (g295 b
53 slajles ) Cugby piar a8 033 (Jg sl (64508
ol T olae ilidl g SLs (S5 aals 3155 Yieisl ot
Sl g ohle o9 lae gy Jl 65l (LS Ll Lis
DL dwyioe p a5 By 5l bl e 450 a3 ()L
ol g oS ol e (I3l Jdoay O ol Gl 1508
 SB Cagby (e (glads ) s & Coms lachen il ol
ol 031y i3l

S o ol Luibyly 40 s 1S by dre adls
g oy Sy Mol s > 3g) 355 5 055 g3 Jlo o3l
iz 5155 5 3 iy o) o 53 15255500 5 s sl
LS o)y S Jleisl g )3 09l 3957 9 05 g5
s 03l 1 5ok gl (5 Jy32) 33 o sine S5 oy 5
5 5YL Gtalejl Jsl Sl 3 S5 bgys asls 4 sb ol
395 5 0y9l 95 blite Sl (pSlee dulia (Y Joi2) 392 p9> Jlo
bge Al (Al cuw @S (654 & b LS oyl
YYD Joloe S5 bgyie asls oyt (F Jois) a5 S
Aoy 09l 395 803 FF Bpas g oyl (g e | Sl
5 Jsbito opgl Lot 3 Bl V-V Jolao T 52a 5 00
OhlSan 5 (e (F Jgaz) ael Cday opgl Byimo pae
OQBL? 5leslarwl a s asoly Lis 3.5 (Shirani et al., 2002)
gy sl ialS 4 pria (e (55,5515) oS s
a8 b i [)9See )8 b el 31 eSSlee dugliio 335 oo
YIS Gy SIS by Lasli sl yysSee g5 L pusls
ladusy M & Glgoe ]y of cle (1 Jgaz) amd ialjél so )
5l po Bl K aliold U uiles o )8 (slavdun ) 2 s )8
Foddomiio dSed o iy (nl 4 g 4l (05 ady) pdaw
g oo JSeis oS adylh g SLS g0 (205 laany,
2 lleslS b5 g vdu y 03418 4l (Wilson et al., 2009)
Bedini et al., ) a5l oge (i AShS LS gylul 4 S8
(2009

03w il &S sl lis byl 4jo0 ol (S JT oS
oS @B b el 9 03955 355 «55)9S B sl ¢ Jlo

Aol Cundds oygl Bpan pas Jlai I (doyd WWWY) (] oy jieS
5 L gl 5 ot g5 blito 1 (s gl (¥ Jpi2)
PSS cagby s gaaze 3 aS ol LS 30 15,650
S Jobisie w5 Jlasd 13 9 oy o3ud (o Sba)losd
0 pdd ‘lm"j 4355 g 2LS Llh Laas S o o jd Ll
Yl (S5 o dew Y 50 o) pae g Cugby iy
OHlLSed 5 K sl 04535 SB gy doys ioli8l el
oo Jilis (65,9818 a8 ol jLis ;0 (Singh et al., 2007)
OHLSen g ygwyglle 30, 8 o SIS oy lime iuliel &
852981l eolaul oS Widges 4i)l3S (Halvorson et al., 2000)
5y Slas LialS & ol o SB gy clal yiulisl 4y Jglaie
4 yoxie (6598 oy sl ¢ oldo )3 33,5 o yomie &
39 Slillae )3 55 (o3bj e Wloa S Uy, 5 s ials
Slapivmn xS LS a0 qmd bulyd ) SB cugb) bis Iy
b (39S mS 5 i g cui i) (bl ()
2 Jetus 5 SB o > LS sLlay Lais 1y 5 cilodges dpogs
S cnpj sl ) Cugh) 39800 cage s Yo 260
Sudheesh et al., 2014; Fernandez-Ugalde et ) 55,5 0,55
Slapiuwaw aS0] pogMe (al., 2009; Brenton et al., 2012
)b Js 4y SB o 56 g pall puasd L0005 00 b (65,95
Sl s Sl (o) Copde al @SS 5 ©asjls
Morugan-Coronado ) sgi Gowsre £l)5 (slpimms 5yl0b
$529SLs Sllas (glysl a8 LT 5l ¢ oll ol (et al., 2020
P b b slpiee » SB (558 el cage bl
D9 oo Suiddoss g Suid 3blio ;d il = oLS wiuws b duslio
Gdedidy g waeolisS > sl oyl 48" (Halvorson et al., 2001)
oS ]y pll pogase (g ohrgh SB (S8 Slaogas
52951 e (2l S S5 4 dnsg g gy e ) b
Sk o))sdu C;La u9l]a.a Cupde J.A.A)L) LY )9“5 ‘_;o.AlSI Ja)l).w 5
2 oslidl e Laledl iuliel S cogby s )yd 15356500
O per 456 bdy sl 0395 LSy b ilie (sl g,
Loy Cpyiies (B Jgdo) A5 odmlie Jglite w5 jless )3 l8l
eS8 9 132055 B L il g o3d ot Jlow Sl SB Cogh



Voo limo « Folods AT ol (5 3)9LeS bl p g9 4 it \AD

O35 295 Bymo pie jlass )3 5 I S e ieS
Sb)laly jl (S a5 05,8 (IS laies (1 Jgaz) Ad edaliie
38l L e (15955 355l oalinl Ly 4o e e
Cul p3Y 505 @)le 4 (Singh et al., 2004) cudl Ll 5,
S g YU cldle Vil sl cuslite ()9 525 4 (38 Conn
E3=S50 (e 35 039 Bpas slajleg o S (S
Loy IV 5 S T o yS aoyd 556Ske 25 b pudls ol
Liang et ) 4L, Ken 5 U .(Y Jod) ol Liulidl asyy +/0e &
9 il g olS (8 pun0) ;J 355 Byuas oS Widbh L (al., 2005
h (i sy shg oy 120l L g sheginy GLbI S (uw 268
9 3Bl clojsl slae 51 Clled 5 (RIS S 0355 jhsgy) 5
g 031> a1 0l awgs (glie yolis Cla pimed 5 jUjg e
254t ol i 5 095 ol 0 g 5 b
Sl53l Wity (ol ey S JT 8 doys e
(Kristensen et al., 2003) ,LSen g i )5 .ol azdly
bl asie Glsis a SLE (g Se 35 o il )L
9o Bl (65,0518 18U ot g 0l Cogzme g
SLE 35 02 2 Gos G5kl )9 SE s cnlpogde
2l sl ) 48 w30 )5 58T Cov ) 39t i es
(o oS A ey 5 586 Bjb ) el é g0k
S e O A oL
I sl 5 T 5 i il S (S8 Sloogas
Almagro et al., ) 5,5 o cingo 35 1y (05 aeanSTligd Lzl
Gaa L \19‘*“ OliysliS” 4> ,51.(2016; Simoes et al., 2014
d9ste 3 5y slacile 1) GhalS ol (g pindels (alidl
Sy S o Jleslly 03, id sl g5y SB SB Sluogas
LaasheS B wls jials caojly o ol aldes ol sl
S cowlus (il dl g (o6 il 5y Cuxes ials
Garcia-Diaz et al., 2018; Ruiz-) 5l JUis as 1y (oL,
$59SL5 (6,584 aS! pogMe (Colmenero et al., 2013
s danlgas JTodle ygemslinns o o0 Judsdy Klg3 e 03 i
sSlesd sl Gl g oS Sl ey cnl s5lom
sibles (65,515 (Palese et al., 2014) 53,5 0 g0 1y (1,5
5 ol el i iaas inlS 3 S1 T 8 Sl
9 o el SLS O (o )hnS cod )b jilidl cpioen

90 b ixe SLS I )8 lise p doyd S Jlois! pedaw p
oS a8 ob L Jlo odle 1 1 Ske aulio (5 Jgis)
o (1 Jg22) 332 Jo JLo 1 5L o] g JLo o 5o
09 Slpluns &2 (Ui (5,35 slapiun T (ke
Aoy <Yy 9 «[FA l_) e A ‘_J9|on d)')9g§l$ 9 d)')sgfli
(¥ Jsiz) o b ) SUs I S plise 28 g oot
ollz8la s aoly olis (Wright et al., 2007) o, Kan 5 cul,
o e Bl o 3BT Joltte (65)9S B )3 &S (55,3 s
Lou et ) ol Suimgh (S 305 0 SB JI op)S aoyd ials
S S (T S Gialisl 4 ags lislejl ) (al., 2012
2 5 S il (LS bl bis) S S0 cilis
el b oS 05g odpwy (2L cLldy (o) a4 o0 (S
J513 69 s Sl (B s ) Slgten adlle ol
S9xe 1 (559 S laplunw Jl 45 and o (LIS ()9S
Morugdn-) soib e b ixe iasligs jd SLs (I op)S
Kabiri et ) 4L San 5 (S yirod .(Coronado et al., 2020
oS Sge p 5y bxe il Al ualS ¢5,0S5 (al., 2015
b alcusly Sidans oldl blys 3 SB 5955 9 J
coge JI 298 ¢ blis 65,555 &S Blei o b jIUTL
S ide bis o gsdols (SB a8 Slasgad daus
Oluo gas |>.\><.o oaians yobods g5 o 45 34 0 )] aw (YL
S59S e o yials oplpegde ams 3 45t cou |, S
2 S sy GlBln)S Sl jlazl als 6 35e s5bay
3yl ol e a3 1y S oyians b O (ggime g 9 S
e 00, id 6y S5 (S0 B )b il (Wolffet al., 2018)
s9-biee SIS ()8 gime 8l g Salud Wil 5 o pud
48 ol 03905 3l 5 b wyp o (Chamizo et al., 2017)
e, SLS UJT odlo b JSdme iulisl (g5eS15 gla i
b Oiaris (el g doleie iS5 ]y ()8 Ol & gl oo
Mbuthia et al., 2015; Oberholzer et al., ) s 2> o il5-3l
(2014
O b 48l LS 5e 50 o 03l il (ke dunlie
Josi o il sz (550 203 Ve e s 3 T (8 e
ek B8 )15 09,8 Gy (o)lal s 1 5 ks ko s £F



VOV g S (S cloguad 155950 @8 )05 5 0991 395 Zobuw oty 93 51

S lad S8 5 losd dgy pogMe Slg 0 SB35 o2 o= » ((Almagro et al., 2016; Garcia-Franco et al., 2015)
lyade ld g Cosdl 30 1y o) lptmms b S8 plo o oluids g saiStoles SB clad S8 a8 bl I wlal
wled sy Zornoza et ) asb o SB cuaS 0uiS s g piianewsS | lods

25 oS Bl b (65581508 slapllas glyal (al., 2015

93 b SB olond 9 (508 Sluogas (S 115,050 B b gl 9 0591 395 pied 51 (Slry po (i) (il ylg 423065 -1 Jgo
AV 5114 Jlo

Table 6- Analysis of variance (mean of squares) for the effects of tillage systems, nitrogen levels and mycorrhiza inoculation
on soil physical and chemical characteristics during 2017 and 2018

5 pilio @il ar s (5l (ogate i Cugby 2oy by e pad Lo s
S.0.V. d.f Bulk density Moisture percentage Cone index Organic carbon
Ju 1 0.730™ 35.79™ 0.14™ 0.48""
Year (Y)
Sshx Jlo 4 0.044 5.845 0.006 0.0008
Y x block
e el 2 1.48" 92.450* 11.352* 1.617*
Tillage system (T)
Yx T 2 0.044™ 2.135™ 0.0003™ 0.0012"
wbol gl 8 0.016 3.219 0.0316 0.010
Main error
e 3 0372 61.808" 0.222" 0.195°
Nitrogen fertilizer (N)
Y xN 3 0.055" 0.304" 0.00017m 0.0033"
Tx N 6 0.016" 1.889m 0.0945™ 0.006"
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Mycorrhiza (M)
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Sub-sub error
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CV (%)
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ns and * and **: non-significant, and significant at 5% and 1% probability levels, respectively.
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Introduction

Tillage intensity and tillage system can affect biological, physical, and chemical properties of the soil.
Suitable soil management is essential to achieve sustainable agricultural production especially in drought-prone
regions. More application of machineries in a tillage system will result in more soil compaction which in turn
increases soil bulk density and decreases its air and water permeability. Additionally, it has been well
documented that the compact soil hampers the downward growth of the crop roots. The soil with good physical
quality will provide aeration and water as well as non-impeditive mechanical resistance for root proliferation.
Moldboard plowing is currently applied in around 65% of tillage practices although the agricultural extension
services have tried to convince farmers to apply reduced tillage system by replacing moldboard plow with chisel
plow to mitigate adverse effects of moldboard plowing especially in arid and semi-arid regions. Conservation
tillage practices, especially reduced tillage, have been introduced to Iranian farmers since 1999. Mycorrhiza is
the product of an association between a fungus and plant root that enhance the tolerance levels of plants against
the drought, salinity and high heavy metal contents. The aim of the present study were to evaluate the effects of
tillage systems, nitrogen levels, and mycorrhiza inoculation on yield and yield components of mung bean and
soil criteria.

Materials and Methods

The experiment was conducted in Darehshahr research field in two growing seasons (2017 and 2018). The
experimental layout was split plot based on a randomized complete block design with three replications.
Treatments consisted of three tillage systems as conventional, conservation and no tillage as main plot, four
nitrogen levels including 0% (as control), 33%, 66% and 100% of recommended fertilizer as sub plot, and two
levels of mycorrhiza fungi inoculation (Contains arbuscular mycorrhiza fungi of Glomus mosseae strains,
counting 107 to 103 (CFU / g.) Prepared by Soil and Water Research Institute) (no symbiosis (as control) and
with symbiosis) as sub-sub-plot. Studied traits were yield components (such as 1000-seed weight, No. of seeds
per pod, No. of pods per plant), seed yield and harvest index of mung bean and moisture content, cone index and
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organic carbon percent of soil. For analysis of variance SAS 9.4 was used. All the means were compared
according to Duncan test (p<0.05).

Results and Discussion

The results revealed that the highest 1000-seed weight (57.48 g) was obtained from no-tillage and the highest
number of seeds per pod (10.64 seeds per pod) and the number of pods per plant (61.04 pods per plant) were
obtained from conservation tillage. The highest seed yield was obtained from conservation tillage + application
of 100% N fertilizer with 2941 kg ha'!. The highest seed weight, number of seeds per pod, and number of pods
per plant were obtained from 66% N fertilizer application. Mycorrhiza inoculation increased harvest index, seed
yield and its components. The soil bulk density in the no-tillage system had the highest value. The maximum and
the minimum soil moisture contents were observed for non-tillage and conventional tillage systems, respectively.
The highest soil cone index (2.25 MPa) was obtained from no-tillage and 66% N fertilizer and the lowest (1.07
MPa) was for conventional tillage system+ without nitrogen application. The highest and the lowest soil organic
carbon were related to no-tillage and conventional tillage systems with 0.68% and 0.32%, respectively.

Conclusion

In general, the conservation tillage system+ application of 66% N fertilizer and inoculation with mycorrhiza
had a relative advantage impact on yield and related traits. In addition, the soil physical traits and organic carbon
content were improved affected as declined tillage systems. The long-term field experiment points out the
beneficial impacts of reduced tillage and no tillage systems that, in addition to preserving both soil physical
(such as cone index) and chemical criteria (and organic carbon), fertility and biological activity, could increase
yield and exhibit a comparable yield over a long-term period as in conventional plough. Currently, there is no

mung bean variety appropriate to Iran. Improving some varieties with higher yield which are tolerant to warm
climate and water deficiency seems essential to improve the sustainability of local seed production. Investigating
into the effect of mung bean tillage and fertilizer consumption on the weed type and density is also suggested for
future studies.
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