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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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Introduction
Diversification through the use of intercropping systems is known to enhance stability. Intercropping can
potentially reduce pests and weeds, increase system production and increase the exploitation of available
environmental resources, compared to monocultures. Ronald and Charles (2012) stated that weeds biomass
decreased in the intercropping of maize and squash due to squash ghosting on weeds. They also reported that the
intercropping of pelargoniums (Pelargonium sp.) and mint (Mentha arvensis L.) decreased weed growth and

biomass.

Materials and Methods

This experiment was conducted in the 2014-2015 growing season based on a randomized complete block design
with three replications at the Agricultural Research Station, Faculty of Agriculture, Ferdowsi University of
Mashhad. Experimental treatments were 1 row lettuce + 1 row alyssum (1:1), 2 row lettuce + 2 row alyssum (2:2), 3
row lettuce + 3 row alyssum (3:3), monocultures of lettuce and alyssum. Alyssum transplants were sown on
08/04/2015, and lettuce transplants were sown on 21/04/2015 in rows with a distance of 50 cm. During the growing
season, the composition of weed species, together with weed density and dry matter, were measurd at 2 times in
randomly sampled 0.6x0.6 m quadrates. Using the species frequency Margalef richness index and several diversity
indices, including Shannon- Weiner and Simpson’s index and species evenness, were calculated for each treatment.

Results and Discussion

At first and second sampling, the highest density of weeds was observed in 2 row Lettuce + 2 row alyssum (2:2)
with 282.4 and 122.03 plants per square meter, respectively. The lowest density of weeds was observed through the
first and the second sampling, respectively, in Lettuce monoculture with 111.11 plants per square meter and in 1 row
lettuce + 1 row alyssum (1:1) with 41.66 plants per square meter, respectively. In the first sampling, the highest and
lowest Shannon-Wiener diversity index were observed in 2 row lettuce + 2 row alyssum (2:2) and 3 row lettuce + 3
row alyssum (3:3) with 0.53 and 0.35, respectively. In the second sampling, highest and lowest Shannon-Wiener
diversity index was observed, in 1 row lettuce + 1 row alyssum (1:1) and 2 row lettuce + 2 row alyssum (2:2) with
0.37 and 0.12, respectively. Also, in the first sampling, the highest and lowest Simpson’s diversity index was
observed, in 2 row lettuce + 2 row alyssum (2:2) and 3 row lettuce + 3 row alyssum (3:3) with 0.66 and 0.44,
respectively. In the second sampling, the highest and lowest Simpson’s diversity index was observed, in 2 row
lettuce + 2 row alyssum (2:2) and alyssum monoculture with 0.46 and 0.05, respectively. In the first sampling, the
highest and lowest Shannon-Wiener evenness index were observed, in 2 row lettuce + 2 row alyssum (2:2) and 3
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row lettuce + 3 row alyssum (3:3) with 0.41 and 0.25, respectively. In the second sampling, the highest and lowest
Shannon-Wiener evenness index were observed in lettuce monoculture and 2 row lettuce + 2 row alyssum (2:2) with
0.31 and 0.11, respectively. In the first sampling, the highest and lowest Margalef richness index were observed in
lettuce monoculture and 3 row lettuce + 3 row alyssum (3:3) with 1.48 and 0.98, respectively. In the second
sampling, the highest and lowest Margalef richness index in 1 row lettuce + 1 row alyssum (1:1) and alyssum
monoculture with 1.63 and 0.53, respectively.

Conclusion

The results showed that the ecological characteristics of ecosystems, such as diversity and density of weeds,
were affected by row intercropping patterns. In almost all cases except the Margalef species richness index,
intercropping 2 row lettuce + 2 row alyssum was better compared to other patterns of cropping. It can be concluded
that the most important advantage of intercropping is the stability of canopy structure in terms of weeds and crop
population and therefore enhancing the competition ability of the crops.

Keywords: Planting pattern, Shannon-Weiner diversity index, Simpson’s diversity index, Margalef species richness
index.
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Table 1- Scientific name and Functional groups of weeds observed in row intercropping patterns and monoculture of lettuce
and alyssum in different sampling dates

13 paiges Jol dl> 5o
The first sampling date

&g5 w8 oL &s5 ole o aslgils Js S Fhmwgd yamno “ 2
Persian name of the The scientific name of the Famil 9, Photosynthetic W29
species species y Life form direction Life cycle
. Sroke
34} . . i Pl e
o7 Xanthium strumarium L. Asteraceae Broad Cs -
Common cocklebur | Annual
eaves
gf .
K] o955 ROk S
ol e Amaranthus retroflexus L.~ Amaranthaceae Broad Cs *
Red-root amaranth Annual
leaves
o yidolus : : S Al
; Chenopodium album L. Chenopodiaceae Broad Cs -
Lamb's quarters | Annual
eaves
5L8 S pSub dlo
o* Sorghum halepense (L.) Pers. Poaceae FR Cs =
Johnson grass Grasses Perennial
P R
The second sampling date
X S ok
5 . . ; Al
o7 Xanthium strumarium L. Asteraceae Broad Cs i
Common cocklebur | Annual
eaves
o3ltus) ywg 3zl S ok TS
) Amaranthus retroflexus L. Amaranthaceae Broad Cs Ny
Red-root amaranth | Annual
eaves
o yidokus _ _ Srov oSy
. Chenopodium album L. Chenopodiaceae Broad Cs ;
Lamb's quarters | Annual
eaves
5L8 S pSyb dlods
i Sorghum halepense (L.) Pers. Poaceae s Cs “b
Johnson grass Grasses Perennial
S
_d" o Convolvulus arvensis L. Convulvulaceae Broad Cs »
Field bindweed | Perennial
eaves
i s S e
- oS
> Portulaca oleracea L. Portulacaceae Broad CAM iy
Common purslane | Annual
eaves
S
iy . RO o
e Datura stramonium L. Solanaceae Broad Cs -
Jimson weed | Annual
eaves
Ascan cale . S o sy
Polygonum aviculare L. Polygonaceae Broad Cs
Common knotgrass | Annual
eaves
j .
e Malva sylvestris L. Malvaceae Broad Cs »
Common mallow Perennial

leaves
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Table 2- Weeds relative density (%) in row intercropping patterns of Lettuce and Alyssum in different sampling dates

a0y bbb CuiS sagSI
Row intercropping patterns

& 28 1 2 3 100 0
Lettuce
s 5 1 2 3 0 100
Alyssum
85 ol pl 1 piges Jgl als yo
The scientific name of the species  The first sampling date
Xanthium strumarium L. 5.66 18.66 2.66 11.33 6.66
Amaranthus retroflexus L. 19.33 29.66 19.66  33.66 16.66
Chenopodium album L. 13.33 8.33 7.66 11.66 6.66
Sorghum halepense (L.) Pers. 59.66 42 68.66  42.66 68.66
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The second sampling date

Xanthium strumarium L. 1.66
Amaranthus retroflexus L. 8.33
Chenopodium album L. 4.66
Sorghum halepense (L.) Pers. 73.33
Convolvulus arvensis L. 3.66
Portulaca oleracea L. 1.66
Datura stramonium L. 3.66
Polygonum aviculare L. 1.66
Malva sylvestris L. 1.66

1.33 - 2.66 1.33
15.33 8.33 2.33 11.33
0.66 1.33 2.33 -
75.66 82.33  80.66 85
5.53 2.33 1 1
0.2 3.33 0.66 -
- 0.66 8 -
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Table 3- Variance analysis (mean of squares) of effect of row intercropping patterns of lettuce and alyssum on weeds density
and dry weight in different sampling dates

Syl2paiged Jgl Al po
The first sampling date
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(§ 3125185905 293 dl> 50
The second sampling date

S.O.V. d.f s cblde oS5 g sbdle WS 39 a0 gbadle o515 5 sbdile SUES g
Weeds density Weeds dry weight Weeds density Weeds dry weight
)|)g, . 2 10887 608.8™ 1174.2" 543.6™
Replication
et 4 13548" 732.1° 2957.8" 901.7
Treatment
s
8 2213 181.5 600.2 154.4
Error
et 20.99 30.07 29.95 39.54
CV (%)

2oy gy Jleinl a3 )b e g duoyd o Jlain] gaws )3 45 gae ) e pé i g NS
s, ** and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.
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Fig. 1- Effect of row intercropping patterns of lettuce and alyssum on weeds density in different sampling dates
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Fig. 2- Effect of row intercropping patterns of lettuce and alyssum on weeds dry weight in different sampling dates
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Table 4- Variance analysis (mean of squares) of effect of row intercropping patterns of lettuce and alyssum on weeds
Shannon-Weiner diversity index and Simpson’s diversity index in different sampling dates
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Error
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CV (%)
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ns, ** and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.
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Fig. 3- Effect of row intercropping patterns of lettuce and alyssum on weeds Shannon-Weiner diversity index in different
sampling dates
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Fig. 4- Effect of row intercropping patterns of lettuce and alyssum on weeds Simpson’s diversity index in different sampling
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Table 5- Variance analysis (mean of squares) of effect of row intercropping patterns of lettuce and alyssum on weeds
Shannon-Weiner evenness index and Simpson’s evenness index in different sampling dates
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Fig. 5- Effect of row intercropping patterns of lettuce and alyssum on weeds Shannon-Weiner evenness index in different
sampling dates
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Fig. 6- Effect of row intercropping patterns of lettuce and alyssum on weeds Simpson’s evenness index in different sampling
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Table 6- Variance analysis (mean of squares) of effect of row intercropping patterns of lettuce and alyssum on weeds
Margalef species richness index in different sampling dates
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Fig. 7- Effect of row intercropping patterns of lettuce and alyssum on weeds Margalef species richness index in different
sampling dates
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Means with the same letter(s) have no significant difference at 5% probability level, according to Tukey Test.
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Introduction

The ecological footprint (EF) is an area of biologically productive land capable of meeting all human needs
(food, clothing, and construction) and accommodating their production waste. Therefore, the application of
ecological footprint in combination with social and economic impact assessment can provide the basis for measuring
triple sustainability indices (social, economic, and ecological). Universities worldwide are among the institutions
that are increasingly focusing on promoting sustainability and often use ecological footprints as a good indicator for
measuring their sustainability. Universities are considered to be one of the largest consumers of paper, energy, and
water. Because they utilize these resources for education and research activities, it is expected that a sustainable
university should minimize adverse environmental, economic, social, and health impacts and help society move
towards a sustainable lifestyle. However, the ecological footprint of Iranian universities is not documented.
Therefore, the purpose of this study was to calculate the ecological footprint of students of the Ferdowsi University
of Mashhad ,the third biggest university in the country.

Materials and Methods
In this study, EF on the campus of Ferdowsi University of Mashhad (FUM) was calculated by using two
standard international methods, including Ecological Footprint Network (EFN) Questionnaire and Ecological
Footprint Analysis (EFA). In the EFN method, the questionnaire designed by Global Footprint Network was used.
In the EFA method, the university information (energy consumption, food, and construction) was obtained from the
relevant departments, and finally, the total footprint was calculated using the standard EF accounting method.

Results and Discussion

The results showed that the total ecological footprint of the campus was 1.51 g/ha, which is less than reported
values for the world (2.80) and national (3.20) footprints. This is due to the fact that students use public
transportation services and produce less waste. On the other hand, due to the recycling of a significant amount of
waste produced at the university, the energy footprint of university students has decreased, which has ultimately
reduced the total footprint of students compared to the national and global levels. The EF in this study consists of
three components i.e. energy, food, and build up. Among the components, food with 57.3% had the highest share of
total footprint and therefore had the most significant impact on increasing the total EF. After the food footprint, the
energy with 0.35 g ha (23%), had the highest share of total footprint. While the Build up with 19.7 g ha, had the
least significant impact on increasing the total EF. There was no difference between the EF of males and females
students. However, the footprint of bachlor students was higher than Msc and PhD students. Architecture students
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had the most (1.77), while theology students had the lowest EF (1.30 g/ha). Finally, the results of the present study
show that Ecological Footprint is one of the appropriate indicators for measuring the sustainability of universities
and can help managers and decision makers in universities to move towards sustainability goals.

Conclusion
The EF is an accurate index for evaluating environmental sustainability, and since reconsideration of the current

lifestyles should be started by academic societies, planning for a detailed accounting of EF for university campuses
over the country is required.
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Fig. 1- Total ecological footprint (EF) and its components using EFN and EFA methods
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Table 1- Ecological Footprint of students of FUM for different faculties
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Introduction

The continuation of agricultural operations, based on conventional ploughing along with the removal or burning
of plant residues, can lead to soil degradation and erosion. The increase in environmental pollution and the
exploitation of new technologies in the direction of sustainable agriculture should be taken into account seriously.
Along with conservation tillage, maintaining or adding plant residues, especially wheat mulch, on the soil surface
can also be emphasized. Increased yield, stimulated soil microbial activity, improved soil structure and reduced
water erosion are among the beneficial consequences of wheat residues on the soil. Determining the effects of crop
residue and tillage systems on productivity is essential for sustainable land management. Therefore, the current
experiment was carried out to investigate the effect of different tillage systems and wheat residue levels on growth
indicators, yield, and yield components of wheat.

Materials and Methods

In order to study the effect of tillage systems and residue management on yield and yield components of wheat, a
field study was conducted as a split block experiment in a randomized complete block design with three replications.
The experiment was implemented at the experimental site of the Ferdowsi University of Mashhad, Iran, in the 2013
growing season to evaluate the impact of tillage systems and wheat residue application on growth parameters, yield,
and yield components of wheat. For this purpose, four different tillage systems (disk, mouldboard plough + disk,
sweep plough + disk, and chisel plough + disk) as were employed vertical factors in combination with five different
crop residue applications (0, 25, 50, 75, and 100% wheat residue) as horizontal factors. The number of ears per
plant, seed number per ear and plant, 1000 seed weight, grain, and biological yields of wheat were determined.
Experimental data were analysed considering the analysis of variance using SAS 9.3. In order to determine the
statistical differences between treatments, the least significant difference (LSD) was performed at the p < 0.05.

Results and Discussion
According to the results, the highest leaf area index and crop growth rate of wheat were observed in 167 and 151
days after sowing. These times were equal to the beginning of seed filling. The chisel plough + disk tillage system
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increased the leaf area index and crop growth rate by 14 and 21%, respectively, compared with the
mouldboard plough + disk tillage system. In addition, the lowest and the highest ear number per plant and seed yield
were observed when disk and chisel plough + disk tillage systems were applied, respectively. In general, the chisel
system creates relatively deep furrows in the soil, but unlike the mouldboard plough, it does not cause overturning.
As a result, at the same time as a decrease in the loss of moisture and nutrients, slight changes in the soil structure
are caused. The results showed that by increasing wheat residues up to 75%, the leaf area index and plant growth
rate considerably increased. For example, at the level of 75%, these traits were registered up to 35 and 60%,
respectively, more than the control treatment. Moreover, ear number per plant and seed yield significantly increased
with increasing crop residue application. In a general statement, providing as much organic matter and nutrients as
possible is considered one of the main benefits of applying wheat residues on the soil surface. Hence, an increase in
the leaf area index, growth rate, and seed yield of wheat following the application of straw residues may be due to
the gradual decay of plant residues during the growing season and, subsequently, the availability of nutrients
required for plant growth.

Conclusion
Application of wheat residue and reduced tillage (based on disk and chisel plough) as an ecological approach can
be recommended in arid and semi-arid regions of Iran to increase wheat yield and promote sustainable production.

Keywords: Chisel plough, Leaf area index, Mouldboard plough.
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Table -3- Mean comparisons for Effects of tillage and levels of residue on yield and yield components of wheat
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Experimental treatments No. of ear per plant Seed no. per plant Seed weight per plant (g) Harvest index (%)
KisSk
Tillage
S 10.93 1398.53 42.94 34.23
Disk (D)
D+ il wy 12.83 1578.20 52.19 38.98
Sweep + D
D+ oS 11.87 1610.27 52.47 37.42
Mouldboard + D
D+ b 15.18 1958.07 66.20 40.52
Chisel + D
LSD=0.05 1.318 104.700 3.097 4.234
L gl
Levels of residue (%)
0 10.29 1399.33 40.63 36.78
25 12.71 1559.92 50.68 37.41
50 13.75 1675.58 55.23 35.56
75 14.19 1852.33 64.27 41.06
100 12.58 1694.17 56.44 38.12
LSD=0.05 1.473 117.060 3.463 4.281
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Table 4- Interaction effect of tillage and levels of residue on seed weight per plant and 1000-seed weight of wheat
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Tillage method  Levels of residue (%)  Seed weight per plant (g)  1000-seed weight (g)
0 35.58 29.71
25 36.20 28.22
Sgd 50 43.29 29.96
Disk (D) 75 54.08 33.16
100 45.56 31.77
0 35.08 26.29
qe o 25 54.43 34.43
D+ isjle oy 50 55.43 34.96
Sweep + D 75 61.99 34.19
100 55.00 34.45
0 39.80 28.71
. 25 51.24 34.96
D+ obsy 50 58.33 34.98
Mouldboard + D 75 61.03 35.01
100 51.94 31.09
0 52.05 30.85
. 25 60.82 31.95
D+ b 50 64.87 33.86
Chisel + D 75 79.98 36.04
100 73.26 35.56
LSD (0.05) 3212 2.658
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Fig. 4- Effect of tillage treatments on grain and biological yields of wheat
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Fig. 5- Effect of levels of wheat residue on grain and biological yields of wheat
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Introduction

Rice, as the second most strategic crop, is the most important cereal after wheat. In Iran, rice is so essential that
people consume it as part of their main meal at least once daily. Due to the increase in consumption inputs in
conventional paddy systems, chemical control of rice diseases, and consequently, increase in consumption costs,
irreparable environmental damage of these systems always adds to the need to pay attention to alternative systems.
Prediction of agricultural energy output and environmental impacts play the most important role in the conservation
of the environment as well as energy management. A wide range of methods tapping into environmental
performances related to agricultural activities has been proposed, among which the known life cycle assessment
(LCA) method is deemed mostly employed. As a standard method that aims for holistic evaluation of the
environmental resources and impact, LCA measures the process of a product's entire life cycle, or in other words,
the analysis of the possible environmental impacts any product bears during their life would be assessed by LCA.

Materials and Methods
This research was conducted in rice fields located in Mazandaran province in Babol, Fereydounkenar, and Amol
counties as the main rice paddy center of Mazandaran province, in the 2019 cropping season. Each of the systems
was examined in terms of energy components and environmental impacts. In this study, to classify and quantify the
environmental effects of rice production in various cropping systems using the LCA method and also the energy
components and energy efficiency in these systems are addressed. Therefore, in order to evaluate the emission of
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greenhouse gases and energy in paddy fields, the required information was randomly collected from some farms
through direct interviews with the rice growers of Mazandaran. In this regard, the sample size is calculated by using
Cochran's formula.

Results and Discussion

The findings of this study showed that the maximum amount of input energy is equal to 60225.42 MJ / ha in
conventional systems, and the minimum values of 18662.14 MJ / ha were allocated to the organic system. Diesel
fuel input energy had the largest share of total input energy. The highest energy efficiency of 0.17 kg per MJ and
energy ratio of 2.57 was allocated to the organic system. Also, the evaluation of the life cycle in rice production
showed that in the global warming group of environmental impact by CML2 baseline method, for each ton of paddy
produced in conventional, low-input, and organic systems, respectively, about 2408.90,1777.85 and 1193.79 kg of
carbon dioxide equivalent to the atmosphere are released. Direct emissions from on-farm activities in all three
studied systems have played a major role in increasing global warming. The source of these pollutants is the
combustion of diesel used in agricultural implements and machinery, as well as the emission of nitrogen dioxide,
nitrogen oxides, and other nitrogenous compounds resulting from the use of nitrogen fertilizer.

Conclusion

According to the results of this research work, from the environmental perspective, the organic system has
highly the best potential of being recommended followed by a low external input system in order to reach
environmentally friendly agriculture as sustainable cultural operations in comparison with conventional cultivation
practices. Farther, the results showed that the conventional system had the highest amount of total emissions, and
then the low input system was in the next position. Obviously, the organic system is the most environmentally
friendly system, and the conventional system has the highest amount of emissions. In order to give a broader
evaluation of the organic and some low input systems, studies on such issues should be highly continued.
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Table 2- Energy equivalent of consumption inputs
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Inputs and outputs Unit (lv%lpgr unit) Reference
y. Lhdbs)g
Inputs
- k 147 Kazemi et al. (2015
Seed g ( )
o 298 kg
Chemical fertilizer
Ojlil)@ 66.14 Banaeian & Zangeneh (2011)
)"’;‘é 12.44 Ozkan et al. (2011)
"";2[" 11.15 Nabavi-Pelesaraei et al. (2018)
oo dlge kg
Agrochemicals
w&.d; 238 Banaeian & Zangeneh (2011)
Herbicide
ek 216 Banaeian & Zangeneh (2011)
Fungicide
"'ﬁ’“’ 101.2 Banaeian & Zangeneh (2011)
Pesticide
J L 56.31 Erdal et al. (2007)
Diesel
Yl pdle 9 clgdl MJ.kg!
Agricultural machinery
5515 93.6 Ovtit-Canavate & Hernanz (1999)
Tractor
s 515 Salami & Ahmadi (2010)
Transplanter
Sl 62.7 Ovtit-Canavate & Hernanz (1999)
Sprayer
U‘l“"( 87.63 Ovtit-Canavate & Hernanz (1999)
Combine
dr e KWh 11.93 Nassiri & Singh (2009)
Electricity
Sl 950 h 1.96 Nabavi-Pelesaraei et al. (2018)
Human labor
Vol agys
Outputs
Sl :
k 14.7 Kazemi et al. (2015
Paddy g ( )
G 5 o8 kg 12.5 Kazemi et al. (2015)
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Energy ratio (%)
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Net energy gain

Energy Input

NE = Energy output — Energy Input

Nabavi-Pelesaraei et al. (2018)

a5 Grain Out t : R
X (12) EP= % Nabavi-Pelesaraei et al. (2018)
Energy productivity nergy /mpu
. 5 Energy Input i .
°%9 sy (13) SE = L Nabavi-Pelesaraei et al. (2018)
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Fig. 1- The share of each input in the total energy consumption in the production of paddy in the conventional system in Mazandaran
province
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Fig. 2- The share of each input in the total energy consumption in the production of paddy in the low input system in Mazandaran province
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Fig. 3- The share of each input in the total energy consumption in the production of paddy in the organic system in Mazandaran province
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Table 5- Energy parameters in paddy rice production systems in Mazandaran province
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Total input energy

L.s"~>9)5 L5))"l Jf )Lﬁ" MJ.ha_l
Total output energy

S5 St - 257 1.79 1.13
Energy ratio

SiAl s kg.MJ 0.17 0.12 0.08
Energy productivity

3 53 MJ kgL 571 8.23 13.05
Specific energy

L)“H$ 4_55)5] ) MJ.hat
Net energy gain
5 )5 ©956 J ) elione 5551

(At ySI MJ.hat
Direct energy (diesel, labor and
electricity)
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fertilizers, pesticides, manure and
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Renewable energy (seeds, manure
and labor)
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Non-renewable energy (diesel,
pesticides and chemical fertilizers,
machinery, electricity)
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48004.76 60503.58 67838.15

29342.62 26645.36 7612.72

15211.64 19304.40 30928.43
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Table 6- Impact categories of life cycle assessment in Mazandaran paddy rice systems based upon CML2 baseline
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Impact categories Unit Organic Low input Conventional
(Pt Slge 4155 kg Sb eq” 2.25 3.87 6.45
Abiotic depletion
08 ] kg SOz eq 24.25 32.44 30.37
Acidification
S kg PO42 eq 6.41 9.13 11.46
Eutrophication
Sl pale kg CO: eq 1193.79 1777.85 2408.90
Global warming
ot Y el kg CFC-11 eq 0.00004 0.0009 0.0004
Ozone layer depletion
[P ww kg 1,4-DCB eq™ 272.83 651.20 1151.11
Human toxicity
b lewl_%ﬂw N kg 1,4-DCB eq 56.19 15017.06 22985.92
Freshwater aquatic ecotoxicity
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Fig. 4- Share of each input and on-farm emissions in the environmental pollutants impact categories in the conventional paddy production
system in Mazandaran province
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Fig. 5- Share of each input and on-farm emissions in the environmental pollutants impact categories in the low input paddy production
system in Mazandaran province
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Fig. 6- Share of each input and on-farm emissions in the environmental pollutants impact categories in the organic paddy production system
in Mazandaran province
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Introduction
The sustainability of production in agricultural lands is directly related to soil fertility management. In this regard,
the application of livestock manure is a very important method for improving soil fertility without adversely affecting
the environment. Although the efficiency of these manures could be sustained for several growing seasons, however,
their efficiency in the first year is principally more important due to the direct relationship with the production of that
year. Therefore, the present study was conducted to evaluate the effect of the source and amount of manure on the
growth and production of thyme.

Materials and methods

The experiment was performed as a split-plot design in time and in the form of a randomized complete block with
three replications at the model cultivation site of medicinal plants of Koohrang Agriculture-Jahad in 2018 and 2019.
Experimental treatments included three levels of poultry manure (100, 143, and 250 kg N/ ha; PMaoo, PM143, PM2s0),
three levels of sheep manure (100, 143, and 250 kg N/ ha; SM1o0, SM143, SM2s0)), three levels of cattle manure (100,
143 and 250 kg N/ ha; CM 190, CM143, CM2s50) and chemical fertilizer (CF) and no fertilizer application (C) as positive
and negative controls, respectively, which in two cutting were compared. The measured traits included photosynthetic
pigments, leaf area index, aerial biomass, essential oil content, and essential oil yield. Data were analyzed by SAS
software, and means were compared by LSD test.

Results and Discussion

In both cuttings, the amount of chlorophyll a in plots that received a medium and high level of animal manure
were similar to the plot that received chemical fertilizer. Except for CMaso treatment, chlorophyll b in all manure
treatments was similar to CF treatment. In the first cutting, the leaf area index in PMaso, SM143, and SMasg treatments
had a significant advantage compared to CF treatment, but in the second cutting, manure treatments (except SM1qo)
did not show a significant difference compared to CF treatment. Thyme biomass obtained from PMgso, SM143, and
SMyso treatments had a significant advantage compared to CF treatment in the first cutting, but in the second cutting,
there was no significant difference among manures and CF treatments. In the first cut, the essential oil content of
medium and high levels of poultry manure and also high levels of sheep and cattle manure were significantly higher
than the CF treatment. However, in the second cutting, the amount of essential oil under all levels of poultry manure
and medium and high levels of sheep and cattle manure were higher than the CF treatment. In the first cutting, the
essential oil yield of medium and high levels of poultry and sheep manure and high levels of cattle manure was higher
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than that of the CF treatment, but in the second cutting, only high levels of poultry manure had a significant advantage
in comparison with CF treatment. The fertilizer application efficiency regarding biomass production was similar for
all fertilizer treatments except SMauss. The highest fertilizer use efficiency in the production of essential oil was
obtained with SM143 and PMua3, respectively.

Conclusion
Applying a medium amount of sheep manure could be more effective in the crop ecosystem due to its superior
efficiency in comparison with other levels of this fertilizer and other studied animal manure and chemical fertilizers.
However, if the essential oil yield of the thyme is the gold of the farmer, the high level of poultry manure has priority
over the balanced level of sheep manure, although the efficiency of this level of poultry manure is 35% lower than the
balanced level of sheep manure. Therefore, in addition to producing essential oils, the efficiency of fertilizers could
also be considered an important factor in achieving sustainable aspects in medicinal plant's ecosystems.

Keywords: Thyme, Organic manure, Fertilizer efficiency, Essential oil, Aerial biomass
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Table 1- Chemical properties of livestock manures used.

Folyl ey £ 35 NS 295 $9b 355
Parameter Unit Poultry manure Sheep manure Cattle manure

pH - 6.71 7.92 7.9
EC dS.m? 4.75 4.38 1.98
oC % 31.2 17.5 19.5

N % 4.5 2.64 2.32

P % 1.71 0.59 0.56
K % 0.98 1.25 0.62
Fe mg.kg* 1475 3812 1718
Zn mg.kg* 425 120 206
Cu mg.kg* 117 28.12 51.72
Mn mg.kg?! 493 331 220

stlhond 365 Jlogi )3 45 pla o talojl &8 1m car ol 68
Voo g0yl 395 @ite jlolS 5l 3)90 ()g5k8 dmoyd Vee ull
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Table 2- Soil properties of experimental field

oS S o esed S i

el EC o> 6
Textre (@s.mt) OrganicC  Total N Availabe Ps A\‘/':ig; e K (n:MI’( -_l)
(%0) (%) (mg.kg?) 9.kg
) 7.75 0.76 0.76 0.08 8 320
Clay
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15,5 dewbxe
Chla (ng.ml)=12.25 Assa2— 2.79 Assss (1) askes
Chly(ug.ml™t)= 21.21 Asses — 5.1 Ace32 (¥) ahsleo
Total Chl (ug.m1)=7.15 Agss2 +18.71 Assss (¥) dokeo
Carotenoid  (ug.ml?) = (1000(A470)- (F) dokeo

1.8(Chla) -85.02(Chlb))/198
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3- Ground surface
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Table 3- Analysis of variance (mean of squares) the effect of fertilizer treatments on photosynthetic pigments of thyme during
two cuttings

Sl o (1o
% o NEEESE . Mean of squares
S.O.V. df a Judg IS b Judg l5 JS Judg s By, 5
Chlorophyll a  Chlorophyll b Total chlorophyll  Carotenoids
S 2 0.79" 0.36" 2.09" 0.06™
Replication
>3 10 3.50™ 0.40™ 5.49™ 0.62™
Fertilizer
ool sl 20 0.40 0.10 0.41 0.05
Error a
il 1 1.64" 252" 8.21" 2.69"
Cutting
oSS 10 1.05" 0.50™ 2.08 0.26™
Cutting X fertilizer
Rxom 2 0.34 0.07 0.32 0.02
Replication X cutting
ol st 20 0.30 0.12 0.39 0.06
Error
CV (%) 7.9 135 6.5 12.0

o )d S5 g i Jlein ] mdaw )3 5 e )y pixe s ol gy *F o * NS
ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.

gl (5 gt S5, 2 (e 9 (5395 Lo Jilie 1 (1iSle duamliio —£ Jgua
Table 4— Mean comparisons of fertilizer and cutting interaction on photosynthetic pigments of thyme

o 555 a Judg s D Judg i JS Jadg 5 sl )5
Cutt“ivng Fertilizer Chlorophylla Chlorophyll b  Total chlorophyll  Carotenoids

(ug.mlh) (1g.ml™h) (ug.ml™) (1g.ml™h)
PM1oo 4.4 1.9 6.4 1.2
PMaa3 7.9 2.8 10.8 2.2
PM2so 8.0 2.2 10.2 1.6
=y SMioo 6.7 2.4 9.1 1.9
'13 E SMu43 7.8 2.8 10.6 2.3
- 3 SMaso 7.2 1.8 9.0 1.3
R CMao0 6.6 2.7 9.4 2.2
[ CMus3 6.3 2.3 8.6 1.7
CMz2s0 7.0 2.6 9.6 1.9
CF 7.1 2.6 9.8 2.1
Control 5.7 2.2 7.9 1.6
PM1oo 6.4 2.3 8.7 1.8
PMua3 7.5 3.0 10.6 2.3
o PM2so 7.9 3.3 11.2 1.8
£ SM1o00 6.4 2.6 9.0 2.3
Q) § SMu43 6.8 2.5 9.2 2.2
g SMaso 8.2 3.3 115 2.6
<5 CM1o0 6.4 3.1 9.5 3.1
o CMus3 6.8 3.0 9.8 2.1
@ CMaso 7.3 2.0 9.3 1.8
CF 7.9 3.1 11.0 2.4
Control 6.7 2.6 9.3 2.2
LSD (a=0.05) 1.27 0.82 1.44 0.57

9 VFY Ve Loluoly (gdiiwsS 365 i iay :SM2so SMi143 SMi0o €l (5 5505 p,5 LS YO+ 5 VY N ev Loluly (850 365 s dy PMaso PMiaz PMioo
355 (553 CONION « slawss 38 :CF 1S )3 59555 p,SehS YO+ 5 VY Voo Lolulyy (695 365 o5 5 CM250 CMugz CMio0 S 3 (g i p,S'5kS Y0
PM100, PM143, PMa2so: Application of poultry manure based on 100, 143, and 250 kg N.ha?, respectively; SM1oo, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.ha'%, respectively; CM1go, CM143, CM2s0: Application of cattle manure
based on 100, 143 and 250 kg N.ha™, respectively; CF: Chemical fertilizer, Control: No fertilizer.
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Table 5- Analysis of variance for the effect of fertilizer treatments on leaf area index, arial biomass and essential
oil of thyme during two cuttings
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ns and **: are non-significant and significant at 1% probability level, respectively.
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Table 6- Mean comparisons of fertilizer and cutting interaction on leaf area index, aerial biomass, and essential oil of thyme
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Cuttiﬁg Fertilizer Leaf areaindex  Aerial biomass Essential oil content (%) Essential oil yield
(kg.hat) (kg.hat)

PM100 0.6 564 2.26 12.7
PMu43 0.8 656 2.74 18.0
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CMzso 1.41 1163 2.25 26.1
CF 1.34 1198 1.96 234
Control 0.46 987 2.08 20.6
LSD (a- 0.05) 0.24 1433 0.22 4.42
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PM10o, PM123, PM2so: Application of poultry manure based on 100, 143, and 250 kg N.ha%, respectively; SM1oo, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.haa, respectively; CM100, CM143, CM2s0: Application of cattle
manure based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer, Control: No fertilizer.
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Fig. 1- Means comparison of fertilizer efficiency in the biomass production of thyme during two cuttings
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PM 100, PM143, PM2so: Application of poultry manure based on 100, 143, and 250 kg N.ha%, respectively; SM100, SM143, SM2s0:

Application of sheep manure based on 100, 143, and 250 kg N.ha'%, respectively; CM1oo, CM143, CM2s0: Application of cattle manure
based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer. Bars indicate the amount of LSD (a= 0.05).
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Fig. 2- Means comparison of fertilizer efficiency in the essential oil production of thyme during two cutting
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PMu100, PM143, PM2so: Application of poultry manure based on 100, 143, and 250 kg N.ha%, respectively; SMioo, SM143, SM2s0:
Application of sheep manure based on 100, 143, and 250 kg N.ha?, respectively; CM1oo, CM143, CM2s0: Application of cattle manure
based on 100, 143 and 250 kg N.ha'%, respectively; CF: Chemical fertilizer. Bars indicate the amount of LSD (a= 0.05).
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Introduction

Today, agriculture faced various challenges, such as the inadequate agricultural products for growing human
needs, in other words, step down of food security, reduction of productivity, economic justification, the
competitiveness of agriculture, etc. On the other hand, the excessive use of agricultural inputs, especially water,
fertilizers, and pesticides, excessive pressure on natural resources along with the consequences of climate change
has affected the sustainability and stability of agroecosystems. Intercropping the agricultural practice of growing
two or more species on the same farm at the same time has been emphasized by many researchers around the world
as one of the ecological approaches for crop production as an effective technique for achieving sustainable
agricultural goals. Therefore, the objective of this research was to agronomic and economic evaluation of
intercropping patterns of three different crops.

Materials and Methods

To compare sole cropping and intercropping systems of barley, fenugreek, and garlic, a field experiment was
conducted in 2016-17 at the Research Farm of Gonabad University based on a randomized complete block design
with three replications. Experimental treatments consisted of sole cropping of barley, fenugreek, and garlic; and 4
replacement intercropping series as barley + fenugreek, barley + garlic, fenugreek + garlic, and barley + fenugreek +
garlic. Studied traits included dry forage yield, plant height, 1000-seed weight, biological yield, seed yield, and
harvest index in barley, dry forage yield, plant height, pod number per plant, seed number per pod, 1000-seed
weight, and seed yield in fenugreek, plant height, leaf number per plant, clove length, clove diameter, clove number
per plant, and bulb yield of garlic. In this research, intercropping advantage indexes included land equivalent ratio
(LER), actual yield loss (AYL), system productivity index (SPI), intercropping advantage (IA), and relative value
total (RVT) were calculated. Analyses of variance were carried out at p<0.05 using SAS 9.1 software. The means
were compared using Duncan's multiple-range test.

Results and Discussion
The results indicated that the highest values of dry forage yield (8523 kg.ha), seed yield (3494 kg.ha), and
biological yield (14111 kg.ha) of barley were achieved from the sole cropping system. Among intercropping
treatments, the highest dry forage yield (6109 kg.ha!) was achieved from barley + fenugreek. While the highest seed
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yield (2709 kg.ha*) and biological yield (11081 kg.ha) were obtained from barley + garlic intercropping. There
was no significant difference between sole cropping and intercropping systems about yield components such as the
plant height, 1000-seed weight, and harvest index of barley. The plant height, the number of pods per plant, and the
number of seeds per pod showed the highest value in the sole cropping system, although there was no significant
difference between sole cropping with fenugreek + garlic intercropping. The seed yield (1145 kg.ha?) and dry
forage yield (5100 kg.ha*) of fenugreek in sole cropping were significantly higher than intercropping patterns. The
garlic +fenugreek intercropping treatment with 4090 kg.ha dry forage yield and 569 kg.ha? seed yield had the
highest values among intercropping patterns. Yield components of garlic included the plant height, number of leaves
per plant, clove length and diameter, and number of cloves in the plant had the highest value in sole cropping;
however, there was no significant difference between sole cropping and fenugreek + garlic intercropping. The
highest value of bulb yield (7194 kg.ha™) was obtained from sole cropping and garlic + fenugreek intercropping
with the value of 3381 kg.ha! ranked in second place. Among intercropping advantage indexes, the highest value of
the land equivalent ratio (1.16), actual yield increase (0.30), and system productivity (8414) was achieved from the
barley + garlic intercropping system. The highest value of intercropping advantage (0.02) and relative value total
(1.27) was obtained from fenugreek + garlic and barley + fenugreek, respectively.

Conclusion

According to our findings, intercropping systems of barley + fenugreek and fenugreek + garlic can be selected as
an appropriate approach for planting these crops to produce more forage than sole cropping. The results also indicate
the better utilization of barley from intercropping advantages than other species and its competitive superiority in the
use of environmental resources and economic yield enhancement. Based on the findings of this research,
intercropping barley with garlic and fenugreek is an appropriate approach for the increase of land use efficiency and
economic profitability that . Overall, among cropping systems, the barley-garlic intercropping system had more
advantages.

Keywords: Advantage, Forage yield, Land equivalent ratio, Seed yield, System Productivity
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1- Actual yield loss
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Table 2- Analysis of variance (mean of squares) of measured traits of barley under the influence of intercropping

patterns
5 . 3 ,Shos ol
) gl > W g5, Al e
S5 ole . P EW, S Ol 413 5 ySlos e
»Swoc\-’/ !5 Suiis Plant 1000-seed Bﬁ”’_”l seed yield :""’*t
SV . height weight lologica arves
df Dry forage yield g g yield i dex
Rep;'i’;tion 2 7041713 307.02" 96.13" 48123313 6265118  45.63™
cuiS g5
Cropping 3 14593865™ 85.951 15.17" 23222131 1684305 2.06"
pattern
EurarZr 6 835933 47.16 28.33 33182604 379343 14.49
"'Cf\*;‘ (j;)”’ ; 153 8.8 16.8 14.1 241 16.1
0

Ll go 40 gize s (glimedy NS fho > S g do > iy Jloin] s )3 (09 510 gize 00020 LS iy sk g %
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 3- Mean comparison of measured traits of barley under the influence of intercropping patterns

cuiS 5551 M.&aé,lca,_ﬁos Q,,J,ya,ﬂw maa,s_.u
. Dry forage yield Biological yield Seed yield
Cropping pattern (kg.ha) (kg.ha) (kg.ha'))
52 el s 8523° 141112 34942
Sole barley
M+ g gl S5 6109 9050 2331%¢
Barley + fenugreek intercropping
st by S5 605" 11081 2709
Barley + garlic intercropping
o bt ¢ g2 byl ci8 3134¢ 2709° 1702¢

Barley + garlic + fenugreek intercropping

ol 2oy gy Jlosin] aws 53 (65l I ixe gl dgzg pae osimdlis (SO g0l il cygi sb 4> wlie by
Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 4- Analysis of variance (mean of squares) of measured traits of fenugreek under the influence of
intercropping patterns

s gl @R Syl Wy U sl PR &1 L5 &5 adgle 3,Slos 515 5.5
"S“ o V &3l Plant No. of pod per No. of &y 1000-seed Sis Seed yield
T d.f height plant seed per pod weight Dry forage yield
)l’&) 2 10.96™ 0.58™ 0.16™ 0.03™ 30033" 156.3™
Replication
culS g6
Cropping 3 425.3™ 22.37" 15.72™ 0.71m 12996315™ 597835™
pattern
s
Error 6 7.48 0.91 0.94 0.28 222339 1535
Syt - 8.0 12.9 17.3 4.3 16.7 7.4
CV (%)

il oo o pze puf (slimedy NS o> S g duoyd oy Jlain] o )3 (091 )5 gixe oiad )Ll i ey e g %
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 5- Mean comparison of measured traits of fenugreek under the influence of intercropping patterns

2iS 5551 Qg gliiy)  Aigr M AMEdaal S b dlanl SiS adgle dSles Al 3 Slos
Cropoing pattern Plant height No. of pod per No. of seed per Dry forage yield Seed yield
ppINg p (cm) plan pod (kg.ha'L) (kg.ha'l)
Akid el i 46.9° 9.42 7.1° 5100° 11450
Sole fenugreek
Al + g2 byl el 24.3" 5.20 3.9 1206¢ 250°
Barley + fenugreek intercropping
At byl 25 41.7° 10.1° 8.0° 4090° 569°
Fenugreek + garlic intercropping
o+ ALLLS + > bl cuiS . i i d
Barley + garlic + fenugreek 23.7 4.9 3.4 928¢ 156

intercropping

el o> gy Jleis] pdaw )3 (gylel I ime iglis dgag pas osimd L5 S ygeil elel g e ya pd alie gy
Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 6- Analysis of variance (mean of squares) of measured traits of garlic under the influence of intercropping

patterns
- o . _ . . 90 A LKeY)
ool qolia 2P Gyl SppSpalad g Jsb d e skl oy 38es
SOV L1 Plant No. of leaf per Clove Clove : Cow
e Df height plant length diameter No. ng;?]\t’e PEr Bulb yield
)l)& . 2 69.8™ 1.04" 4.08" 14.43™ 0.01" 671607"™
Replication
OFLPRI]
Cropping 3 410.8* 6.30" 59.88" 75.8" 477" 14474302
pattern
s
6 24.8 0.35 231 13.44 0.87 182040
Error
el - 129 8.2 6.6 21.6 8.9 125
CV (%)

Al go I pixe e (Glimedy NS Lo > S g duoyd gy Jloin] s 3 (050 0 gime 0did yLiid G ey s g
*and **: significant at 5 and 1% levels of probability, respectively; ns: not significant
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Table 7- Mean comparison of measured traits of garlic under the influence of intercropping patterns

3D Sy dland

JLE YW IKEY)

S oSl Wy g . 4 e Jgb oyl . Cow 255os
s . &g . EXPY .
. Plant height : Clove length  Clove diameter : Bulb yield
Cropping pattern (cm) No. of leaf (mm) (mm) No. of clove (kg.hat)
per plant per plant
e el 8 45.5° 8.72 27.3 22.3 7.72 6494°
Sole garlic
st 2 bglo S 29.4° 5.70 19.3° 12,5 5.9b 2372¢
Barley + garlic intercropping
Al 4w bglbre cuis
Fenugreek + garlic 40.92 8.12 26.0° 20.18 8.32 3381°
intercropping
o+ Allis + g bglse cuss’
Barley + garlic + fenugreek 28.7% 6.1° 18.7° 12.8b 5.8P 14394

intercropping

Gl 3o > iy Jlain) daws )3 (ko] Hlo ixe Coglis dgg pae osimdyLis (Sl gel ywleol p cygim y2 3 aliie g >
Means followed by similar letters in each column are not significantly at the 5% level of probability based on Duncan's test
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Table 8- Land equivalent ratio (LER) of intercropping patterns

bgls CulS 55!

Intercropping pattern

LERb LERs LERy LER

Al + g bl s’
Barley + fenugreek intercropping
oo+ 9> bl cusS
Barley + garlic intercropping
Fenugreek + garlic intercropping
o+ A + > bl cuss
Barley + garlic + fenugreek intercropping

0.64 0.22 - 0.86

0.79 - 0.37 1.16

- 0.50 0.52 1.02

0.48 0.14 0.22 0.84

s 9 4blid > (S5 e s plp G 54 :LERg 5 LERF LERb
LERs, LERy, and LERg: Partial and equivalent ratios of barley, fenugreek, and garlic, respectively.
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Table 9- Actual yield loss (AYL) of intercropping patterns

byl cuiS 5551 AYLo AYL: AYLy AYL
Intercropping pattern
Sk + g gl 5 027 056 -  -029
Barley + fenugreek intercropping
st g byle 57 057 -  -027 030
Barley + garlic intercropping
Aded e byl S5 - 00l 004 003
Fenugreek + garlic intercropping
st Al g bgbo i 044 059 -033 -0.48

Barley + garlic + fenugreek intercropping

AYLb, AYLy, and AYLg: Actual yield loss of barley, fenugreek, and garlic, respectively
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Table 10- System productivity index (SPI) of intercropping patterns
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Table 11- Intercropping advantage (IA) and relative value total (RVT) in intercropping patterns
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1A, 1Ay, and 1Ag: intercropping advantage of barley, fenugreek, and garlic, respectively
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Introduction

Following climate change, drought stress has become the most important limiting factor for crop production.
Plants become dry when the water available to the roots is limited or the water loss through transpiration is very high.
Decreased photosynthetic active radiation absorption, impaired light consumption efficiency, and reduced harvest
index are the most important factors reducing yield in soil moisture deficit conditions. On the other hand, the adverse
effects of the use of chemical drugs in recent years have led to much attention to the cultivation of medicinal plants,
which with the increase in their use requires the development of cultivation, management, and proper planning. Bio-
fertilizers as an alternative in some cases and in most cases as a complement to chemical fertilizers can help to ensure
the sustainability of agricultural production systems.

Materials and Methods

The study aimed to evaluate the effect of nitroxin biological fertilizer on the ecotypes of black seed under drought
stress. The experiment was conducted as a split-split plot with three replicates at Ilam University during the growing
season of in 2018. Drought stress levels including no stress (Irrigation based on 100% of plant water needs), moderate
stress (Irrigation based on 50% of plant water needs), and severe stress (Irrigation based on 35% of plant water needs)
as the main plot, nitroxin fertilizer treatments including no nitroxin (control) and application of 1 liter ha nitroxin as
subplot and ecotype treatments including Neyshabour, Mashhad, Semirom and Isfahan Sub-plots were considered as
sub-plots. Measured traits included plant height, number of sub-branches, yield, grain yield components (number of
follicles and number of seeds per follicle), relative leaf water content, ion leakage, and photosynthetic pigments.

Results and Discussion
The results showed that the main effect of drought stress, nitroxin, and ecotype on all treats was significant
(p<0/01). The highest plant height and the first sub-branch height of the Mashhad ecotype were obtained under
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Irrigation based on 100% of plant water needs conditions under moderate stress. The highest number of branches per
plant of the Neyshabur ecotype was obtained under nitroxin under drought stress conditions. The highest number of
capsules per plant was obtained from Mashhad ecotype treatment with no nitroxin and Irrigation based on 100% of
plant water needs. The highest number of seeds in the main capsule, seed yield, and harvest index were obtained from
the Semirom ecotype under nitroxin under Irrigation based on 50% of plant water needs. The highest biological yield
was obtained in Isfahan ecotype, nitroxin consumption, and Irrigation based on 50% of plant water needs. The results
of this study showed that drought stress caused a significant reduction (p<0.01) in the values of chlorophyll a, b and
total chlorophyll traits and relative moisture content of leaves Meanwhile, the use of nitroxin biological fertilizer in
most cases improved these traits in different ecotypes, which can be due to the positive effects of biological fertilizer
in helping to better absorb water and nutrients under drought stress and reduce the negative effects of water deficiency
on Physiological traits of the plant.

Conclusion

Since better absorption of nutrients depends on the existence of an extensive root system, it seems that the lack of
expansion of the plant root system under drought stress and the lack of use of chemical fertilizers is the ground for the
activity of microorganisms. This has led to the improvement of the root system and consequently better absorption of
water and nutrients needed by the plant in conditions of moisture stress. In general, the results of this study indicate
that the application of biological fertilizers may have had a positive effect on improving the yield and quantitative
properties of the herbicide under drought stress conditions, however, this issue needs further investigation. From the
results, it can be concluded that moderate drought stress can be applied in weather conditions in Ilam province in
addition to reducing water consumption will lead to better outcomes.
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Table 2- Results of soil physical and chemical characteristics
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Table 4- Analysis of variance (mean of squares) of physiological pigments of Black seed ecotypes affected by drought stress
and nitroxin biological fertilizer

Olayo (il
Mean of squares
5 qalia 2 Cdg Il Spolamd glyte A didg)ls bady 5 IS Judg S
“S” o V &l Electrolyte Relative water Chlorophyll  Chlorophyl Total
T d.f leakage content a I'b chlorophyl
Bi)fk 2 3.9 2.28™ 0.00037 " 0.00018" 0.00005 "™
sﬁs 2 3417.24" 2813.8™ 1.53016™ 0.73988" 4.29733™
‘S >< e
St * Xl;w K 4 0.34m 1.42 0.00017"s 0.00016 " 0.00052 "
ress ocC
Nﬁ’j‘t'““‘ 97 1 21.77" 251.37" 0.73812™ 0.14134™ 1.52543™
1troxin
S‘t”““s ’i"" " o 2 26.59™ 134.92" 0.00343* 0.01133" 0.02282™
ressx nitroxin
J X . -
N.(tuw)_ X’tl ‘;“(“;i’” | 6 0.51" 0.58 0.00074" 0.00014 0.00063"™
1troxin 0oC ress
wa ! 3 464.94™ 196.41" 0.141256™ 0.17283" 0.61625™
cotype
sl X i - - - - -
Ecotpexat 6 64.15 83.77 0.02539 0.02235 0.07239
cotypeXxstress
S g yis X i gS|
e i t ol _t* ’§ 3 280.9™ 121.09" 0.0009 ™ 0.00541* 0.00347™
cotypexnitroxin
C5eST X - W X ne
P38 X S o 6 134.04™ 82.07" 0.0141* 0.00136™ 0.01445"™
Ecotypexstressxnitroxin
EUb 36 0.53 1.21 0.00041 0.00018 0.00057
rror
Q'”"”C'“MV*”"” - 2.39 2.41 4.62 3.13 2.92

S1d Sx0 BWE] pus g o ) K g i Jlods] g 3 (5,15 o i Sy INS FF F

*,** and ns: are significant at the 0.05 and 0.01 levels of probability and no significant, respectively.
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Table 6- Mean comparisons of drought stress and nitroxin biological fertilizer on physiological characteristics of Black seed ecotypes

. . . e gy Sl
Joss a Judg i b Jedg 5 JS Judg i gy ki Sy
Treatmert Chlorophyll a Chlorophyllb  Total chlorophyll Electrolyte Relative water
(mg.g™?) (mg.g?) (mg.g?) Leakage (7) .
content (%)
)5?"‘:":‘. c* c c | c
0.768 0.563 1.331 18.073 55.489
Neyshabour
et 0.673¢ 0.455¢ 1.127¢ 19.961% 52.156¢%
S gy Mashhad
Nitroxin P 0.953¢ 0.717° 167 17.492' 73.2872
Semirom
e olede! 0.864° 0.677° 15410 23,130 64.113"
ool 5 pas Esfahan ' ' ' ' '
No stress i
9 0.541¢ 0.453¢ 0.994f 19.549k 50.373¢
Neyshabour
pie et 0.459° 0.351° 0.809" 20.588" 47.844f
S 0y Mashhad
Non- f o 0.864° 0.667° 1.53° 28.002" 46.321%
nitroxin Semirom
e 0.655¢ 0.554¢ 1.209¢ 17.912' 64.68°
Esfahan
o9l 0.531¢ 0.445¢ 0.976' 22.762i 45.778%
Neyshabour
ke 0.3439 0.34° 0.683' 32.116' 41.623
oS g i Mashhad
Nitroxin frees 0.549° 0.552¢ 1.101¢ 33.828° 45,9956
) Semirom
by 23 o] .
i © 0.449" 0.449° 0.897° 22.491i 52.341°
T Esfahan
Moderate Lis _
stress 9 0.251" 0.34° 0.59i 27.622" 44.365"
Neyshabour
pas et 0.131 0.145" 0.276" 23.421i 42.445
S 9y Mashhad
Non- e 0.335¢ 0.45¢ 0.785" 30.7579 41.796'
nitroxin Semirom
olede! 0.236" 0.343 0.579! 24288 46.8921
Esfahan
)}?u‘:j Kl e Im
0.319 0.17° 0.479 34.643 37.936
Neyshabour
et 0.256" 0.241' 0.497* 48.329° 31.577°
Oy gy Mashhad
Nitroxin P 0.45' 0.346° 0.796" 47 475 39.8005
Semirom
T oss 45 olede! 0.326° 0.14" 0.4654 39.07¢ 30.657°
ool s A Esfahan ' ' ) ' '
Severe Lis .
stress 9 0.254" 0.125' 0.379" 50.867° 30.939°
Neyshabour
pas et 0.101 0.133" 0.234° 27.028" 35.503"
S gy Mashhad
Non- Posoe 0.112 0.339¢ 0.45' 64.546° 38.636~
nitroxin Semirom
olede! 0.102 0.134" 0.235° 37.987¢ 36.122m
Esfahan
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Introduction

Water stress is one of the most important factors in reducing the yield of agricultural products worldwide. If the
stress is intensive and continuous, plant growth and productivity are severely diminished.

Water superabsorbent polymer can absorb and retain extremely large amounts of a liquid relative to its own
mass. They have a wide range of applications because of their high water-absorbing capacity, biodegradability, and
low cost. Humic acid is an organic compound that is derived from the decomposition of organic matter and
contains carbon, hydrogen, oxygen, and nitrogen. This acid plays a key role in increasing the fertility of the soil and
feeding the plant when added to the plant, it helps to increase its growth through its effect on photosynthesis, and
respiration increases the plant's resistance to harsh environmental conditions and stimulates many of the vital
interactions within the plant. Salicylic acid, a naturally occurring plant hormone, acts as an important signaling
molecule and enhances the tolerance of treated plants against biotic stresses. Salicylic acid also has a vital role in
plant growth, ion uptake, and nutrient transport within the plant. Factor analysis is a technique that is used to reduce
a large number of variables into fewer numbers of factors. This technique extracts the maximum common variance
from all variables and puts them into a common score.

Materials and Methods

In order to evaluate the effects of different irrigation levels and nutritional treatments and determine factors
affecting the water use efficiency of maize (Zea mays L.), a split plots experiment based on RCBD design with three
replications was conducted during the 2015-16 growing season, at Research Field of Ferdowsi University of
Mashhad, Iran. Irrigation levels in two levels (50 and 100% of water requirement) and nutritional treatments in five
levels (1- Nitrogen+Superabsorbent, 2- Superabsorbent+Humic acid+Salicylic acid, 3- Humic acid+Salicylic
acid+Nitrogen, 4- Humic acid+ Salicylic acid+Nitrogen+Superabsorbent and 5- Control) assigned to main and
subplots, respectively.

Results and Discussion
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The results showed that all of the nutritional treatments affected water use efficiency, but in both conditions of
50 and 100% of water requirement, the highest water use efficiency was obtained in the treatment of Humic
acid+Salicylic acid+Nitrogen+Superabsorbent. The highest seed yield (17542 kg.ha'*) was observed in the treatment
of nitrogen+superabsorbent+humic acid+Salicylic acid and supplied 100% of the water requirement and the lowest
seed yield (12515 kg.ha*) was obtained in the treatment of control and supply 50% of water requirement. Factor
analysis results showed that variables were analyzed to two factors. The first factor included 51% of variables
variance, respectively. The first factor included variables of seed yield, biological yield, plant height, leaf area index,
crop growth rate, soil nitrogen, phosphorous, and pH, and variables of seed weight per plant, soil EC and water use
efficiency were in the second factor. In the first factor, important variables such as soil nitrogen, and phosphorous
were included, so this factor describe soil conditions and second factor which had the highest impact on water use
efficiency was called as water use efficiency factor. It has been reported that application of water superabsorbent
increased seed yield of maize compared to control. In another research, the highest seed yield of maize obtained in
treatment of simultaneous application of 120 kg.ha™* water superabsorbent and 8 kg.ha! humic acid. Application of
salicylic acid and humic acid enhanced seed yield of maize 24.5 and 24.2% compared to control, respectively.

Conclusion
In general, based on the results of this research, it seems the simultaneous application of nitrogen and ecological
inputs can improve yield, growth characteristics, and water use efficiency. Factor analysis and high correlation
among variables in the same group showed that the change of variables that are in the same group of water use
efficiency, can increase water use efficiency and decrease damages of drought stress.
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Fig. 1- Eigenvalues and factor analysis of effecting factors in water use efficiency of maize in response to nutritional
treatments (Nitrogen, Superabsorbent, Humic acid, and Salicylic acid)
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Fig. 2- Loading plot of measured variables on two extracted factors in maize affected by different irrigation levels and
nutritional treatments (Nitrogen, Superabsorbent, Humic acid, and Salicylic acid)
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SY: Seed Yield, BY: Biological Yield, SW: Seed Weight per Plant, LAI: Leaf Area Index, CGR: Crop Growth Rate, Soil N: Soil
Nitrogen, Soil P: Soil Phosphorous, EC: Electrical Conductivity, pH: Acidity, WUE: Water Use Efficiency
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Table 7- Factor loading and communalities of effecting factor in water use efficiency of maize in response to nutritional
treatments (Nitrogen, Superabsorbent, Humic acid and Salicylic acid) after varimax rotation
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Introduction

Milk thistle (Silybum marianum) is one of the most popular medicinal plants in most developed countries. In the
past, milk thistle leaves have been used to treat biliary and gastrointestinal diseases. It has valuable effects on the
prevention and treatment of long-term complications of diabetes, renal failure, and nerve cell disorders. Silibinin is
the most important flavonoid in the plant that plays an important role in prostate cancer treatment. Humic Materials
are part of the organic matter of humus soils resulting from the physical, chemical, and microbiological deformation
or homophication of biomolecules in the soil. This study aims at investigating the effect of organic and biological
fertilizers including humic acid, vermicompost, and two species of mycorrhizal fungi on the physiological and
morphological traits of Silybum marianum.

Materials and Methods

This study was conducted in the spring in Gorgan. This study was conducted as factorial experiments using a
Completely Randomized Design (CRD). Treatments included four levels of vermicompost (0, 25, 50, and 75%),
four levels of humic acid fertilizer (0, 25, 50, and 75 mg.I"Y), and two species of mycorrhizal fungi (Glomus mosseae
and Glomus intraradices). Yield, 1000 - grain weight, leaf area, capitule number, chlorophyll a, chlorophyll b, total
chlorophyll, carotenoids, soluble sugars, and protein were measured in the plant. All measurements were carried out
in three replications, and mean comparisons were made through the Duncan test (P<0.05) using an SPSS-22
software package.

Results and Discussion
The results of the data analysis of variance showed that all the studied properties are affected by the interaction
of the applied treatments. The highest Silypbum marianum yield was obtained in Glomus mosseae third level
vermicompost and first humic acid level equal to 2296 kg.ha. Also, the lowest grain yield was obtained in the
control treatment (435 kg.ha*). The reason for the increase in yield can be attributed to the supply of nutrients, water
supply, and improving the respiratory status of the plant due to the use of organic and biological fertilizers. Also, the
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presence of mycorrhiza fungi and vermicompost has improved the physical condition of the soil and increased the
ability of the plant to use soil water. The highest leaf area (3.96 cm?) was observed in the fourth level of humic acid
(75 mg / L) and vermicompost (75%) in both types of Glomus mosseae and Glomus intraradices. The highest
amount of total chlorophyll in the plant (15.26 mg / g fresh weight) was related to humic acid 50 g / | + mycorrhizal
fungus Glomus mosseae at 25% vermicompost level. Mycorrhizal fungus improves nitrogen uptake, which plays a
key role in plant chlorophyll structure. On the other hand, nitrogen is the most important element in protein
synthesis, which is in favorable condition with the increase of mycorrhizal fungus and leads to an increase in the
amount of protein and soluble sugar. The results have shown that the use of humic acid has positive effects on the
studied plant characteristics. The highest protein (3.65 mg / wet weight) was obtained in the third level of humic
acid and Glomus intraradices and the lowest protein (0.92 mg /wet weight) in the control treatment.

Conclusion
The use of organic compounds as fertilizer improves the physical, chemical, and biological properties of soil.
Also increases plant growth by providing the plant with the necessary elements. In general, the results showed that
the use of organic and bio-fertilizers can improve the status of Silybum marianum and these compounds can reduce
the use of chemical fertilizers to prevent the adverse effects of these fertilizers on human health and the
environment.

Keywords: Bio-fertilizers, Capitule, Carotenoids, Milk thistle, Mycorrhizal.
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Table 1- Results of analysis of variance of treatments applied on morphological traits of Silybum marianum

| = QWI;\;?&%
SR JOVEL I - 3 .
Sov 3!yl kS Slan 5 15,15 o)
S.O.V. g Jols Sl Sy o a3 415 39 3 ,5los
' No of Capitule  Leaf areaindex  1000-grain weight Yield
"’Sf" . 2 6.64" 5.45" 145.54" 4532.34"
Repetition
ot 32 0.159™ 3.73* 321.31™ 4316.56™
Treatment
S %<
e XSS . 98 0.006™ 0.12 429.46™ 8673.67"
TreatmentX Repetition
s 65 0.20 0.131 76.53 3457.52
Error
u"“g\;”)‘o - 3.10 12.15 17.56 14.32

D gime Sglds pis g Mo yd gy 5 S s 53 D Gxe gl ey NS g s e
** *and ns: significant at 1%, 5% probability levels and non- significant, respectively.
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Introduction

Medicinal plants are used in all civilizations and cultures and are one of the most essential defensive lines to
protect human health and fight human diseases in the world. From the distant past to now, plants have long been
considered a source of renewable medicines.Perilla (Perilla frutescens var. crispa)is an annual plant native to East
Asia, which is used as a medicinal plant due to the presence of active metabolites, especially rosmarinic acid. The
medicinal organs used in this plant are its leaves and flowering branches. Growth, drug yield, as well as quantity and
quality of secondary metabolites of medicinal plants are affected by ecological factors. The present study was
conducted to evaluate the agro-morphological and phytochemical traits of Purple Perilla grown in three different
locations of Sari, Rasht, and north of Tehran.

Materials and Methods

The experiment was conducted as a completely randomized design (CRD) with three replications. Purple Perilla
was planted as seedlings in early spring in the trial field with a density of 25x50 cm (inter-plant space x inter-row
space) in three locations including Sari, Rasht, and north of Tehran in 2018. Plants were harvested at the flowering
stage in late September. Argo-morphological and phytochemical traits including plant height, inflorescence length,
number of branches, stem diameter, internode length, leaf length, leaf width, plant fresh weight, stem fresh weight,
leaf fresh weight, flowers fresh weight, plant dry weight, leaf dry weight, flower dry weight, total phenolics, and
flavonoids as well as rosmarinic acid content were measured. The total phenolic contents of extracts of Perilla plants
were determined according to the method of Ciocalteus Reagent (FCR) Folinthe aluminum chloride method was
used for the determination of the total flavonoid content of the extracts. The rosmarinic acid content was estimated
with the method HPLC. Data sets were subjected to variance analysis using SPSS statistical software (version 19).
Also, Duncan’s multiple range test was used to compare treatment means at p<0.05.

Results and Discussion
Results of variance analysis showed that almost all morphological traits (except stem fresh weight, plant dry
weight, and plant fresh weight) and all phytochemical traits were significantly (p<0.05) influenced by locations.
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Mean comparisons of the effect of different locations for morphological traits showed that the maximum plant
height (137.67 cm), leaf length (15.28 cm), fresh weight of leaf (108.3 g), dry weight of leaf (41.63 g) were
observed in Sari, while the minimum plant height (87.34 cm), leaf length (10.8 cm), fresh weight of leaf (69.74 g),
dry weight of leaf (26.13 g) were detected in the north of Tehran. The Rasht had the highest flower fresh weight,
flower dry weight, and the number of branches with an average of 108.67 g, 25.99 g, and 33, respectively. The
lowest flower fresh weight, flower dry weight, and the number of branches were observed in the north of Tehran
with an average of 47.07, 12.71, and 22 g, respectively. The results revealed that the highest internode length,
inflorescence length, and leaf width belonged to the Sari with an average of 9.12, 13.17, and 98.8 mm, respectively,
while the Rasht had the lowest internode length, inflorescence length, and leaf width with an average of 6.28, 9.8,
and 6.97 mm, respectively. Also, the maximum and minimum stem diameter were observed in the north of Tehran
and Sari (8.95 and 7.65 mm), respectively. Mean comparisons of the effect of different locations for phytochemical
traits showed that the maximum total phenolic contents and rosmarinic acid produced in the Rasht with an average
of 49.03 and 52.20 (mg/g dry matter), respectively, while the Sari had the maximum flavonoids content (14.8 mg/g
dry matter).

Conclusion
Drug yield (leaf and flower fraction) of the plants grown in Sari, Rasht, and north of Tehran was 41.63, 32.05,
26.13 and 12.71, 25.99, 18.47, respectively The highest total phenolics (49.027 mg/ g dry matter) and rosmarinic
acid content (46.99 mg/ g dry matter) were observed in Rasht region, while the highest total flavonoids were
observed in Sari (14.8 mg/ g dry matter). In terms of agro-morphological and phytochemical traits, Sari and Rasht
were suitable places for the growth of purple perilla.

Keywords: Medicinal plant, Rosmarinic acid, Total phenolic and flavonoids, Essential oil.
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Table 1- Climate parameters of different cultivating regions

P Cudy s old Jled 2l
Parameter Rasht Sari North Tehran Unit
. = °C
o slod 1o (5L 212 21.34 2291 .
Average of annual maximum temperature SRl d >
R “ e °C
S (slod Jol pSile 111 11.97 13.33 .
Average of annual minimum temperature Sl axp
R e °C
Wl slod (ke 159  17.66 17.3 o
Average annual temperature Sl axp
et . mm
Uk e 14552  789.2 395.5 :
Precipitation mean Heoke
m
k2 g €5 125 59 1190 '
Altitude 7
Yl lasy s, 2% 34 47 dbay
Annual frost days 39
e o2 38°27 36°32  35°48' .
Latitude
il Jsb 48°34' 53°07"  51°2% -
Longitude
U (g plalS (1) sl Shy p wlgi oo oS oo o g g

Olas wis ol LY Jgds 3 a8 assS len bl ausl

L coplel bbd 5l s cilisen 3blio ) (g 3350 (S55)g85
Slas ;o M| o0 cel a8 LYs alos 1ol M o
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Table 2- Analysis of variance (mean of squares) of morphologic traits in different locations

©liw @il aa Ol (ke 81> (S2e
traits d.f Mean squares F Sig.
Sy 55 6248722  32.429 0.000*
Plant height
ol Jsb 28113 21.258 0.000*
Inflorescence length
b sl 2 1073.681 13.488 0.000*
Number of Stems
SrotE 2 16448019.922  1.004 0.003*
Leaf width
Srd 2 56.656 24,767 0.000*
Leaf length
Sl 5 ojs 4645382 2.918 0.0711s
Stem fresh weight
Cn PO 25046.159 2.54 0.0971"
Plant fresh weight
SrF ok 178 1.006 0.016"
Leaf fresh weight
&5 ol ) 10021.988 8.664 0.001"
Flower fresh weight
Sy S 0 628.724 2118 0.004*
Leaf dry weight
S g 466.858  6.935 0.004°
Flower dry weight
o S 0 34.990 224 0.801"
Stem dry weight
Sy Sl 039 626360.199  2.462 0.1041ns
Plant dry weight
2 ole alolé 102443.923 10.885 0.000*
Internode length
o )3 2 4510 3.339 0.049

Stem diameter

Ay e L 1y (lal oline BB pac NS .as s g Jlain! gaws 53 joline VS osima L5 *
*: a significant in the level 5 and, ns: Non-significant
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Table 3- Mean comparison of some morphologic traits in different regions

ol daly Sylw Cody Ol Jlowd
Traits Unit Sari Rasht North Tehran
. Sae ‘
g £ Cm  137.67+519a  105.35t2.9b  87.43+501c
Plant height
G
ol Job Cm  13.17+041a  12.15+0.23b 9.8+0.44 b
Inflorescence length
o S N 2214234b  3327+382a  1255+08¢
Number of Stems
S L
e s mm 7.65+0.35 b 7.9+0.22 ab 8.95+0.52 a
Stem diameter
25 olee Aol mm  9.12+035a  6.28+045b  653+041b
Internode length
S o cm  697+03a 55240.16b  5.92+0.36 b
Leaf width
Srdi Cm 15.28+0.4 a 11.54+0.3 b 10.8£0.71b
Leaf length
©95 0% g  22043+3537a 293.93:1832a 200.12+19.05a
Plant fresh weight
o 099 g 64.41+15.9 a 65.56+11.3 a 63.23+9.26 a
Stem fresh weight
S 0¥ g 108.30+15.38a  78.32+6.59 b 69.74+95.9 b
Leaf fresh weight
S5 s . g 470748.7b  108.67+1147a 74.08+11.77b
Flower fresh weight
C9 S 09 g 73.9+7.6a 81.324553a  60.88+31.6a
Plant dry weight
BRI P iy e i 33.05+4.92a  33.18+356a  29.79+2.96 a
Plant fresh weight to plant dry weight ration
Sr SIS s g  4163:28la  32.05£314b  26.13+2.83b
Leaf dry weight
g § I
S )9 g 12.71+b2.76 25.99+2.43 a 18.47+2.56 ab

Flower dry weight

505 003 B s (D (I3 xe gl U1 yg0jl bl it S e Gy gl gt 0 &S ol Sike
Mean values with the same letters are not significant in 5% level according to the Duncan test.
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(Ghajar Sepanlu, 2018
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CuiS adlin dw 4> Perilla frutisence o\womignd Oluo (il Jlg 41355 -€ Jgda

Table 4- Analysis of variance of phytochemical traits in different regions

ol @33 4y ©layo (eSSl 12 (o e
Traits d.f Mean squares F Sig.
L 2 39.566 181.23 0.000*
Total phenol
J5 g 2 11.202 65.85 0.000%
Total flavonoid
el Sz lel) 2 415.990 91.44 0.000*

Rosmarinic acid

Sl oy 9 S Jloint pdaw p3 )y pme BMS e g ¢ e OS] pas NS
* ** and, ns: a significant in the levle 5 and 1 percent and Non-significant, respectively.

=l OLils b s s oy g Jd )] e ditlaie 9 S
P35 33 )5 e YO/ 1) el Siplojy lise ooy o8 0y (L
5y Slas 3y90 40 ol Candty Jd,l sguie adlate ;> (i ool
2 (@apeie 2 £y VIRPY) jlacde (p i j Al S loj
g Cyw oy ddbaie 4 G 45 ol Conddy Jd,) dg e adlaie
ol obewdgnd 3JUT (Ghane, & Ghajar Sepanlu, 2018) 54
by s (s9lidge (5ystex ;3 PUIPULASCENS aiyly My (o950
el Ssizlesy e 9 JS 38599 S i3 Slgiee Slas oS

39 Suid o3l p)5 2 )5 Jeo YVEA g WWIVA VXY o iy
OLSen g bl lawgs aS” aass )> (Ciocarlan et al., 2014)
O 6 me M) iy ploul 4 (Sharma et al., 2012)
2 iy BnS T 5T bl g ol glyime (JS' Jib yulie
oilS calisee (slolKis g, ,o 4l s, (Withania somnifera)
(Crataegus Oxyacantha) g & yw oS w53 Cuwl 0
YL olelis)) 3 as jasde g 3)b gy me il 453 Me
g e Ay oS )3 (g iy 1S9 5 S8 LS 5 e
cle ooybolS slewignd )y, (Hemati et al., 2003)
Jle—is ailais 45 ,> (Solidago virgaurea L.) oLyl oMb
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Fig. 1- Effete of different areas on phytochemical traits in Perilla frutescence
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Fig. 2- The HPLC-UVchromatogram of the Perilla frutisence extract at 320 nm
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Introduction

Cultivation of medicinal and aromatic plants has had long a special rank in the traditional agricultural systems of
Iran and these systems have played an important role in creating diversity and sustainability. Management of soil
nutrients using organic fertilizers is among the major pillars of sustainable agriculture. Peppermint (Mentha piperita
L.) is a medicinal plant, in which proper nutrition and absorption of mineral elements play an important role in
increasing its quantitative and qualitative performance. The high cost of fertilizers in farming systems, soil pollution,
and degradation of soil are factors that caused to full use of available renewable nutrient sources of the plant
(organic and biological) with the optimal application of fertilizers in order to maintain fertility, structure, biological
activity, exchange capacity and water-holding capacity of the water in the soil. The global approach to balance
nutrition and the production of medicinal plants, towards the use of sustainable agricultural systems and the use of
management methods, such as the application of biofertilizers, is improving the gquantitative and qualitative
performance of these plants. So, the use of natural inputs such as organic and biological fertilizers seems to be a
good way to move towards a sustainable production system. Accordingly, due to the possible effect of organic
fertilizers such as biochar and vermicompost and biological fertilizers like mycorrhizal fungi and plant growth-
promoting bacteria on the quantity and quality of peppermint essential oil, this research was carried out under
organic conditions.

Materials and Methods

The present research was conducted as a factorial layout based on a randomized complete block design in three
replications at Sari Agricultural Sciences and Natural Resources University in 2017. The experimental site is located
at 36° 39'42" N latitude and 53°03°54" E longitude with -11 m above sea level. Soil samples were taken from depths
of 0-30 cm before land preparation. Treatment consisted of biochar on two levels (0 and 10 ton ha') and organic and
biological fertilizers on five levels (no fertilizer, vermicompost (10 ton ha), Pseudomonas fluorescens, Azotobacter
and Arbuscular mycorrhizal (Glomus mosseae, G. intradices and G. etunicatum. Weeds and pests were controlled
mechanically or by hand and no herbicides or pesticides were used. The measured properties also included the
peppermint yield, essential oil, and essential oil compounds.
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Results and Discussion

The results of the analysis of variance showed that the simple effects of biochar and organic and biological
fertilizers had a significant effect on the shoot fresh weight at 1% of probability level, while the interaction effect of
experimental treatments on this trait did not have a significant effect. According to the results, the application of 10
tons ha of biochar, caused a 42.96% increase in shoot fresh weight compared to no application. In the study of the
simple effect of organic and biological fertilizers on shoot fresh weight, the results showed that the highest and
lowest ones were obtained with mycorrhiza application and control (no application of organic and biological
fertilizers) with an average of 667.95 and 418.08 g m, respectively. The highest shoot dry weight with an average
of 89.08 g m was associated with the combined use of biochar and mycorrhiza and the lowest one belonged to the
control (no application of biochar and organic and biological fertilizers) with an average of 61.76 g m2. The results
also showed that the interaction of biochar and organic and biological fertilizers on essential oil compounds such as
Menthone, Menthol, a-Pinene, Cineol-1,8, iso Menthone, Pulegone, Piperitone oxide, Menthyl acetate, and
Menthofuran was significant.

Conclusion

In general, the results showed that the use of biochar and biological and organic fertilizers can be effective in
both the quality and quantity of peppermint essential oil when the highest percentage of essential oil and the most
peppermint essential oil compounds were obtained in treatments with an application of biochar and biological and
organic fertilizers. Where, the use of the bacterium Azobacter and Pseudomonas with biochar had the greatest effect
on the quality of peppermint essential oil, especially in Menthol and Menton compounds. Finally, it can be
concluded that the combined use of biochar with biological fertilizers has a significant impact on the quantitative
and qualitative increase of peppermint essential oil in ecological or low-input agriculture.

Keywords: Azotobacter, Menthol, Menthone, Mycorrhizal, Pseudomonas, vermicompost.
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S9) ik ) (mgld GlalS 2 Sles g Ab) W59 5 (S
By ms 45 13,8 sdalin (Ocimum basilicum L.) oy, olS
g2 syl Gl 9o sl pmsmnil o 45Tyl Slns St el
(Makizadeh et al., 2012) 15,5 sals

Olidl g o0y ud s oS b ib b (65,6500 slag B
rolis g Ol oin ) Glals oLl i) Ol o po g daw
c2ge 9 GRSl e 9 59y ind S SRS polic ofga olie
aS wsb )l_Q‘.BI iz iy Jo ek o l.b:"j A5y D9k
039 9 pid yiiy ol (el Bo)b ) 15)5Se I eslitl
sl o o1l L oS bl alsiie sljnl 51 48 oy bawes
(Mohammadi et al., 33,5 o uslawl 3o iul3 8l Cngo
o] €S 5 CuaS gy s sbdgS i | dlail, 5 .2018)
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(Lehmann & Sawy e slad 4y oa i d g sl oy S
sanliie 0B 2,0 ) Jodo jo )] Slasuie a5 Joseph, 2009)
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2o dagd B gy
b ool slailgial (il 4o (be) Sl Hleran Mg sl
Slgo jlaan agi (ol ll 5 (Lehmann & Joseph, 2009)
Ao g ad oh; bS5 o sble Jals (silsks s
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Table 1- Biochar properties used

o Lo ) oyhie 2 L e sl Shs
g &b Cispd P JER{ES H s ¢ e aethylene b lodine Jeyw
Grading N 1 o Ash P MOISturOe blue number ASTM surface area number Biochar
(9kg™) C (@) y content (%) (mg.gY) according to standard (mg.gY) -
(%) . ASTM (m2.gY) . properties
0.1> 18-20  48-50 4-5 5.8 3-4 150-250 950-1100 950-1100

a5l oilejl clal cas a5 cul S5 4 p3Y Nad S
)] U.»‘.\_c )_;.oL& Cuxidg (ow )y )9]4..94., RWARS P d‘dul.: .)95
5 ol ol 45 s (6 S aiges o3l 390 JT sladgS 9 S

Gl onlie JBY Jodo j0 ajo0

o) wlipagipw o 55Lugijl sl ySLe g 1)s-Sem )3

Slidss isu I (VeF CRUMIT Ll cbale b gySee (oudls
4S5 iy oy A el U glalis ol dtudd ddyy b cuils
godly jly 8 oSl 5 2B ol Bgyls j0 addd FO e 4y Ll

CawgraS 509 9 Olejl Joxo S Cluoguad - Jgsa
Table 2- Soil and vermicompost characteristics

il L*’” S&d K P Nooc EC
oam an mg.kg mg.kg! % % ds.m?
Texture %) %) (mgkg) (mgkg?) (%) (%) ( )
Sk Lr“’)_Lr"9J
Sl Loam- 45 14 132 495 008 075 174 737
o clay
oS stss - - - 1.47 174 177 227 336 825

Vermicompost

2o (il U olS bl ps 390 )5V eg 5 bl (s

o ol ol o (oo 00 +) Ol jebaii (39,41 9 (585 (380
by (il i gl sl celu Hlae @aods z06lS 5l edlaiwl b
e ey ol i 5 18 655 Ol ol s s il
390 _wilwl .(Pharmacopoeia, 1998) .s i)l55 (VIW) Jje
(GCIMS) 31,5 5Lag,S ;LS ol 4 (gjluwodlel I L ks
ey b SoS L bl 0luS 5 g5 lolid 08 )5

s pall La S ao)d gy o (Jloj g 48 0y93 (b
auils Bls | s by s b plosl gwd Oygody cudl
Gy 93 |yt e Bl iman g odilof] O Byl 93
38des (glad ey & &S 5l e jl gy ()5 p (Jsbo
O Jgarme Had S og 0dd 485 i 3 (gye e )
0 JUil 5 ey g 8,8 8 il oSl 5 6Bl by
A (Sl g pesie 5 StS g 5 (g olSitles]
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S sine Colis @rpoio 3 p)S FYION (1Silio b CuwgeoS (5059
gl p gl o b CamgraS' o0yg Jloss (2 iznen 9 CudlS
(F Jg) ais oanlie (gl e
aS 5 cdlas oyl (sboS Woaly Luilyly i | ol gl
038 isme GIB cams tss o  sl2S b Jlse Jlito
lon plul S Gy n e (1 J9i2) 28 (algs plul Sas
Ao Pl s & gy po ayayio 13 5 VA (50lia b oS
55 9 s Byan pas) wals 4y Glate (5208 5 152550
93 O () JS8) 392 @peyie )3 £ FINVE (o b (s
Orxed 9 )L 30 lulpd )3 CuwgraS 09 9 1ysSe slos
2 olisegiss g ((hj 5 JI 55 5 Jlagm Bpae pas) als >
JS) A saltie gle5 (gyle] bod 4y Jlagn Bpme pus byl

it

L ol dmlio g Loyl (oyloj (as i o9l cwdas 9 b ST
b dulie g Adams oS o aad (5,155 (o )b Lasls
LS )3 39290 ooy b b il il ISy 2 (o2
5 ool Uy iz iy plool GCIMS )58ls 5 Willy
(Adams, 2001) s s uilaol GluS 5 asyd GC oKiwd
SAS (ver- (g,lal slalzsle s 5l aodly Judoo g 4350 jglatods
Jlais o 3 LSD (g0l Lawss baosls (5:5le duglio 5 9.2)

285 plsl oy iy

wilsa plusl Sd 9 505
3 st ool 31 48 31 s iy 0§ ol gl
2 2l plas] 15 5y s slne b (s g N slaogS
sleyles i S,y aS sy cuh dop S s waw
lodly (pSle dunlie (¥ Jgdo) i HId e o ol p iulojl
J92) 35 o] Bpae pis b auglio )3 alom pliil 5 (59 (0
ol lsS @l ) 5 Al sleass ol Bl oy o (F

S Ls SS9 5 (0359 32 el S loi T el yly 3o gl Y Jgoe
Table 3- Analysis of variance (mean of squares) of the effects of the experimental treatment on the fresh and dry weight of

peppermint
Ol ys golie @il as ST S ois
S.0.V. d.f Fresh weight Dry weight
S
) 2 468. 16.4
Block 85468.80 516.40
sase 1 20634519  1208.15™
Biochar
)9§ s *k
7 4 55976.30 231.93
Fertilizer
ke 4 5412.88"  37.39”
Biochar xfertilizer
Rl sl 18 3680.76 6.21
Error
Ol yuss o
v () 10.79 3.33

oy gy 5 S Jleisl o (3 I ize g 45 gime juE iy i g e NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 4- Mean comparison of the experimental treatments effects effects of the experimental treatment on fresh weight of

peppermint
Sos? » s
Treatment Fresh weight (g.m?)
S Jals 462.68
Biochar Control
10 (ton.ha'?) 661.46
LSD 5% 46.54
3¢5 Lpas pis 418.08
No fertilizer
Vermicompost
S 9 ‘_;ﬂ dlzm?f uwb'}ag.)}w 528.68
Organic and biological fertilizers Pseudomonas
2L 565.98
Azotobacter
529590 667.95
Mycorrhiza
LSD 5% 73.59

ol bl ad jaud s 1 eslanul loj I s (IS 03 o
pobis Gin g nglie (158 Bk 31 155 6 oS S
(Liuetal, >33 0 LS 0355Cuun 3)Slos gty o (olde

2014)

el ws o

ol 31 S ol s uiliyly o0 Jado 5l Jols ls
Pine 20)> S gdaw ) il 10> 59y (s 355 9 Jbrow
1m0y yr ()lastne BT G 398 5 Slrsm S why Bl i3S
ple d Cowd uolwl dopd sl cely jlogu 5,8 a8 i
S 53 )lzsm 05 Ve Bpmmo el (5 Joaz) a5 o] 0,8
2 098 Jald 4y Caus uilwl 2oy YA (i3l Coge diuwilys
Oy 45 40355 polre sty g 355 0ol (Sl duylie
lisogdzw 9 1385 WungeeS (00)9 sloss & bgrpe il Aoy
4o bgye o5 (V) il do > (g yieS izmos F Jgi) 392
D9 Jald

ol OlsSe My Syme glag Sl (o8 L dlayl)
sby8oilw 3oyb 5l by Sy e oSl as cub
999 ke M5 olS 8y S e slagygesen Mg aler I il
lom 3l s (595 ot 0l baog aud Gl i3l
e 158l L (Stajkovic et al., 2011) wgb o oLS
Ogmen lelge B2)b I g &5 (kS gl 0fage Laygey9n
Sy b ,lS Mo walats g iy JUil 2 5B g o 5l
L Uilgs o jiiwgid &5 ad o5 .(Johnson, 1984) 544 .
SiasSee OLalS )3 0395k g Gl Cow A3y S0
2 el Olhndig 5 (omld D90 (owyp b GRBgR oy 29
«s585 Lo, 20,8 L (Cymbopogon citratus) g eJcale olS
SLis (59 48 29 ol ) S @l ealmn’ 5 152055 @58
5l 8,0 Glomus aggregatum 1 ,eKe 56 G pno b a8l
lals y> (Ratti et al., 2001) codl isls 8l clawd b pae
Glomus 15,540 g8 (i joo 200l o Lis e 8iote 00
(Glycyrrhiza )l y i oS L G. intraradices 5 mosseae

o ) g Bl ddyy S ) vl -3l cuw glabra)
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Fig. 1- Influence of the effects of the experimental treatment on dry weight of peppermint (g.m2)

S U bl oy g e lojl (5o 51 (il ly @ 55 gl -0 Jgua
Table 5- Analysis of variance (mean of squares) of the effects of the experimental treatment on essential oil (%) of

peppermint
Oy wolio @il as ool Aoy
S.0.V. d.f Essential oil (%)
S
: 2 0.014
Block
g o
: 1 7.60
Biochar
> 4 2.11™
Fertilizer
595% ) lgu
. . 0.38™
Biochar xfertilizer
> 18 0.17
Error
Ol
W 17.21
CV (%)

o i 9 S Jlain] maw )3 I gime g ) Sxe yuE s ik g e NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.

2B Losd Bpas CungueS g CungpaS a9 gyl 1) s g
bl 3, Slas g o> Gl el jaud g (g s Cl> )
5y Slos 9y ¢ idg3 ,> (Gupta et al.,, 2002) 45,5 o
5l =sb 1, (Artemisia pallens L.) 4o 9,5 olS 3 uslu!
4535 ()5 CamgraS (0yg Bpan jl Jol Suts odle il
L5l o bwlyed o Sidg} wlhe gols b a5 (Pandey, 2005)

(Anwar et al., 2005; Liuc & Pank, 2005)

Ll ) sgapr L SIS 4 CgeaS’ (s0)9 9 CuwgeeS’ (13938

sl ey S obml e SB Sl o] f g (S
eddglio zoxd 9 4g Glaljdl il g cogw la STy @ s
Oladss guls Ded o Guilwl 3 Slas 5 0o )d 3o «olpd 53 g
355 a5 g o bl &l o3 (S iy
O3 el (s polis 4 (6950 3l B ol okijls (slasly g 035,
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Table 6- Mean comparison of the effects of the experimental treatment on essential oil (%) of peppermint

s oolul duo
Treatment Essential oil (%)
o aals 1.91
Biochar Control
10 (ton.hah) 2.92
LSD 5% 0.32
355 Gy pis 1.47
No fertilizer
CawgaeS (o039 2.92
Vermicompost
i 5 I sleoss bigegdgus 2.49
Organic and biological fertilizers Pseudomonas
5Lyl 23
Azotobacter
3055 2.49
Mycorrhiza
LSD 5% 0.5

SialS | baagS o olie polic (o 5 Lialil ) olS ealizl
Pl cd b ( bls clajl plidl czge pimen a3
(Laird et 25,5 o SB gpls jogase js Ll Sesls
593 A iled Lo o 8,1 5l al, 2010; Liang et al., 2006)
o sloatlp g (S0 bl b (SB ] oo e
5 (Eastman, 2011; Herath et al., 2013) s a3 o s |, S&
Gl J50 SLS Lol clals,y g Glvgas o o
[(Lehmann et al., 2011; Masto et al., 2013)
Gl el o @I85 YU oy golaw olagn Jdse )l L
CoSs (sl |y smolio Jomo (ane Slgo g )5 ¢ Jloxe 1 S5
5 LaCunagniST o gyt Loguasio lag] iS5 9 43 dacog Sen
b Jl58l carge 9 35l 0 pmld Y gSulyl 152)5Se (slag B
(Lehmann etal., 555 0 SB35 3550 05y S oo (sla 6 ,5SL
I s sla)lS g3l 3o jlad) S yoee slags pS1 2011)
Ol 999 dw A5 0lS AS) S yome sl (19098 Mg alar
pmobis i Gl 5 (3t Cens ol g jiud s
P Uicby dawgi g Sty Cullad (il el BpaeeS
U g culd il (Abou El-Yazeid, 2007) Lo oo

ot et L b e plgiee |y (2l polis Gl Sl

Jgiee

e &5 b et el Cunddts (V Jodo) zuls & a5 b
5 i) slaagS ool 1 b cou als Ly uilal 5 Joiie
2 B3 Jele 9 (iSen g 2o S Jlatsl aw 53 )lgn
Ui 395 3l 1y (o) ime il g 8,8 JLE wo s g Jleis! prdaws
b

S (A Jsiz) ob ol el slajlos ey Jolie 3
o S Lpiil 68 o )3 (303 OFIVY) Jgie Glise oy
Wals )3 (32> Y8/+0) Jgite (lise (0338 9 5l2gm o5 Ve olpen
ol 33 Jgitie (sdumpd DVAY iol58] onims s aS” oolidl 5las]
byl b yd S canl S5 4 p3Y (A Jodo) dib o dald 4 cod
orolisegrse 5 SL 9 13)5See @38 slesd 93 O Jlorom Spae
3,55 odalie (g lol Ll 5l Slus eglis

0Ply g 039 (L L il e3> (g 5 ol (ygiie 9 oo
o ol S o Lisee cpiw Ao ¥ LSVl e e
(Abdolmaleki, 2011; Heidari, 2008; Mehrafarin, <.l
3L w515 g0l o3us e b &y ylage 2011; Izadi, 2010)
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(Sifola & Barbieri, 2006) 55,5 .

Olidl L aS g)abds cuih S b w0lS 55 0108 gt
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Table 7- Analysis of variance (mean of squares) of the effects of the experimental treatment on essential oil compounds of

peppermint
Clwsi glie Sl g 355 255% Jlrgm s Ol coyd
S.0.V. Block Biochar  Fertilizer ~ Biocharxfertilizer Error  C.V. (%)
ool Sles 5 S5 as
Essential oil T 2 1 4 4 18 -
d.f
compounds
Jye - 5.72 237.44™  129.75" 23.22" 6.30 5.72
Menthol
oy - 315  70.71%  95.92™ 8.92" 2.39 6.55
Menthone
i — )] wx x ox
o W - 0.0003 0.09 0.42 0.005 0.0005 4.17
a-pinene
”“‘L“’ - 0.001 0.07" 0.05" 0.002"s 0.0009 5.63
Sabinene
"“ = - 0.0006 0.17 0.13" 0.012m 0.005 6.55
B-Pinene
oeple - 0.001 0.07 0.04™ 0.002" 0.001 9.35
Myrcene
. B - 0.0002 0.19™ 0.48™ 0.02m 0.005 5.77
Limonene
AV g - 006  1095™  0.057® 0.28" 0.76 741
Cineol-1,8
09 53 - 216  29.44™ 9347 3.06" 0.82 5.89
Iso menthone
ojsk - 0.082 9.47 6.83" 0.32" 0.079 5.73
Pulegone
| e *x *
_ *“‘fs o - 0.0001 0.4 0.001™ 0.003 0.001 4.97
Piperitone oxide
Sl Jete - 0.00003 0.40™ 0.102™ 0.13" 0.008 10.92
Menthyl acetate
ohebse - 0052  9.06™  0.079™ 0.53™ 0.044 2.61
Menthofuran

o i 9 S Jlain! maw )3 5 gime g ) Sxe uE ad s ik g s NS
ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.

sl 8L jles 45 3)90 (ol )3 i plw Sl b)15S
olels  pulsl (Jool Olas 5 ol Gl 3l sl 6 yhmgin)
(Origanum o550 50 Jio dlodi> g Hlouy Joo sy (o)l
(Maricel et al., 2011; »)b ccalas g5 o Majorana)
.Banchio et al., 2009)

sy s3gS l odlitl oS sl ] 5l Sl e )5S

L ool 2ol 5 (palni’ s 5Laiil Jto S)0la 50, sb)
938y LS hg d9ae )3 (Sgimas by Glrod S e Lol
1, (Salvia officinalis) 5w 0 LS uilul slacuS 5
Cowl 0ad (yo)155 cpicmen [(Youssef et al., 2004) >l YL
s sy i e Lo S el o bl 833 ol 3l 45
L 8" (Banchio et al., 2010) 1l ls el gl oo
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Table 8- Mean comparison of the effects of the experimental treatment on essential oil compounds of peppermint

Sy el Seom S
Compound name Biochar 10 (ton.ha™) Biochar 0 (ton.ha™) '})SO /E)
T1 T2 Ts Ta Ts T T2 Ts Ta Ts

Jsiie 38,53 4253 47.13 5473 50.21 36.05 40.69 4049 43.05 4472 3.04
Menthol

ygiie 19.28 2050 2998 28.70 27.26 18.14 19.78 26.30 2186 2426 1.88
Menthone

oy~ 049 051 065 0.76 0.65 042 046 053 056 054 0.03
a-Pinene

A=Y gt 404 426 445 466 4.28 3.18 3473 313 279 3.09 1.06
Cineol-1,8

o5 93] 1158 1230 1725 2293 18.01 10.74 11.70 1491 18.75 16.07 1.10
Iso Menthone

ik 403 429 682 6.09 6.09 330 361 553 427 500 0.34
Pulegone

deST 95y 075 075 073 082 0.76 060 065 0.64 060 0.62 0.04
Piperitone oxide

eS| ko 096 124 109 0.62 0.82 062 080 052 070 091 0.11
Menthyl acetate

oygdgiie 8.09 919 892 820 851 679 749 736 7.69 8.08 0.25
Menthofuran

1555550 :T5 i5La7i T4 o polisogdpw (T3 cCusgmaS oyg 112 el :T1
Ta: No fertilizer, T2: Vermicompost, Ts: Pseudomonas, T4: Azotobacter, Ts: Mycorrhiza

el 2liE slge g O Qi o )3 g Ay Ay g 25y 33
bl (pliod Gl 5 )3yl oS )3 5 (e bl s
(Santoro et al., 2011; Prasad, 2011) 15,5 .
oS ) S sy oSl B o Siteg,
S U058 )5S 5 eyt il Lo olS uilol des oS 5
A S 5 Blocun; GlEl eel uiu sl pulsegigw slos
» (Santoro et al., 2011) 455 (s 9 (H5-Ngy) (yuilws!
LBy Sy Gyhaginy Sl il e K00 iagh
il polisssonil 9 sl olisesdpe il ly pob uss))
iz olS il (plond LS 5 o |y ((udspl oligogru +

S (T slse s jLaser sl 5 08 3b5 Slyime

doup g e yolic ad > 10 wlul il 095 45T a0 yiul3dl
S plasbls 5 63 Cubls olS (sl oyid b o lis
e lises glail e Jld L. (Steinbeiss et al., 2009) sl
S S i wte (§)ygliS pb ST SB ooy S
(Warnock et al., 2010; Anderson et al., 2011 ) .l
Yl 152)6500 (slag )l g by S oo (5 gy sl S
A5 (5t s il ke ke (SlaesilSe ok ]
OpmibionS] dnlind Ml (ol 5 (S g e e
LS g0 5] g 5 aly s o piwd bl (il38l ) gilgu
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o3l cly 5l als a s s pn (Y Jods) 03,5 b bixe o yd gy
LS 5 53 385 (s 395 b slogm Jlie Sl g (w395 5 jlgn
3l Lt 595 5l 6yls —ime 5l za Limonene 4 Sabinene
Br ClaSy 2 i 355 5 slaom o3l SISl a3 (Y J5i2)
Oy yg0 0ol S 43 a8 W )5 asuie Myrcene 4 Pinene
5 edal Coday 1S )3 Jloge o5V 0 Jlosd )0 S5 93 58 e
VF/EY ioli8l con g0 B-Pinene Sy j> cuuilys jlogm B pas
Smo d YYIAY Lol 38l Conge Myrcene Sy )d 5 (gdio)d
395 o3k 3l 53 (pizmen (A Jg42) 398 Jlrgn Bpas pie Cuns
> Myrcene 5 B-Pinene oS’y 93y (ylise (o yidin 3 (i)

(3 J2) ol Casdty 1539500 o sl

aS Wy aaS S )18 s )y (Tagetes minuta) jlaso
Lol 028,55 1,5 oo oS g 585 o (Jgagm 5 Sl
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2o FF VY ety S5 dn (98l sl g (uilel S 5
—ul olaS 5 pllidl eel ob i )pl Juligogip a5
55 sl 9 4B (iged 9 0980 — sl (emmg] =35 ¢ ytonussl
(Cappellari 15,5 yo53e LS 5 Lial38) oyt el 5 bagy

etal., 2013)
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Cineol- Myrcene $-Pinene «w-Pinene cwluS 5 65y )l ou
Menthyl [Piperitone oxide Pulegone .iso Menthone (1,8

b b bz o S Jleis! #aw > Menthofuran 4 acetate
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Table 9- Mean comparison of the experimental treatments effects on essential oil compounds of peppermint

Sl Ol oonle
Treatment B-pinene (%) Myrcene (%)
oW aals 1.04 0.42
Biochar Control
10 (ton.ha-1) 1.19 0.52
LSD 5% 0.05 0.02
365 Gyas pic 0.87 0.34
No fertilizer
CargeeS 039 1.21 0.43
Vermicompost
T s olisogdgw 1.16 0.51
Organic agnu;éfoflogdicaﬁertilizers Pseudomonas
S5 bgis! 1.09 0.49
Azotobacter
52950 1.25 0.57
Mycorrhiza
LSD 5% 0.09 0.04

JUss a5 oml, 5 olS (sl (g ytdir Of la paws iy ol
(Auge, dg-b o win i (s yuim (21e dlge ¢y Ol Lis
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Introduction

Food security has been the most important human concern on the planet. Food security and future changes in food
prices and crop development undeniably depend on the average yield of crops. Rice is the second largest crop in terms
of area under cultivation and provides food for more than half of the world's population. Due to the importance of rice
production, it is important to monitor its production on a large scale. Remote sensing and geostatistical methods play
an important role in the spatial and temporal evaluation of climatic, soil, living factors, and management methods.
The study of the amount of yield obtained in the province of Guilan can provide appropriate information in
advancing/pursuing goals such as the study of the amount of yield gap in this region; therefore, this study was
conducted to evaluate the yield of rice using two methods of geostatistics and remote sensing approach in 2016 and
2017 in Guilan province.

Materials and Methods

In this study, different methods of preparing vegetation maps to determine rice yield maps were evaluated. To
compare methods based on satellite imagery and geostatistical procedure models to estimate the rice yield of rice
cultivated lands in Guilan province, a study was conducted in 2016 and 2017. For field operations, 320 fields were
surveyed to record grain yield (the total of 238,000 hectares of rice-grown fields) during the physiological maturity
stage. In this study, 33 statistical procedure models were used to interpolate the amount of grain yield, and then the
accuracy of interpolation methods was evaluated using various statistical criteria. Satellite-imagery-based methods
using Landsat 8 satellite Operational Land Imager (OLI) sensor images related to the dates of June 18, August 9,
August 21 in 2016, and July 23, August 8 in 2017 and the images of the Sentinel-2 satellite on June 30 and September
13, 2017, were used. Eight satellite-derived vegetation indices were calculated and the relationship between them and
the yield variable was extracted using the regression relationship, and the yield map was prepared and evaluated. By
fitting the peak logistics model between yield values and vegetation indices and selecting the superior index, the yield
map was prepared with the help of remote sensing and the obtained yield maps were compared with different statistical
criteria.
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Results and Discussion

The results of the evaluation of geostatistical interpolation methods showed the superiority of the ordinary stable
kriging procedure model over other models. In this study, the RV vegetation index was selected as the superior index
to predict actual yield throughout the Guilan Province. Comparison of geostatistical procedure models and satellite-
imagery oriented models based on the determination coefficient of regressed equations and root mean square error
(RMSE) to estimate grain yield in Guilan province showed that both procedures had acceptable accuracy, however,
due to the ability of remote sensing to distinguish the pointwise optical reflection of phenomena and to predict yield
with high spatial resolution, this method achieved higher accuracy in yield estimating.

Conclusion

A comparison of geostatistical and remote sensing methods in predicting farm yield indicated that the remote
sensing method was more accurate. Early harvest forecasting based on the information extracted from this study
showed that the use of image/images obtained in June and August and the OLI sensor of Landsat-8 satellite in Guilan
province can be used as a basis for forecasting the yield of this plant in the coming years. Such studies in Guilan
province, by considering the share of Guilan province in the country's rice supply, will play an effective role in
managerial decisions regarding rice supply and demand at the macro level. The results also showed that sampling in
the study area based on a regular (systematic) spatial pattern can increase the accuracy of geostatistical methods in the
estimation of regional yield. The results of this project can provide suitable basic information for other studies such
as the yield gap, the reasons behind it, the relationship between land suitability and the obtained yield, and forecasting
and estimating yield in different time periods.
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transformed soil-adjusted vegetation

index
S90S a3l
Perpendicular vegetation index
odd Jloy ol Jolis jasls
Normalized difference water index
2l oad Jloy gl adls

Normalized difference vegetation index

ol Juolis asls
Difference vegetation index

a X (byr —a X bggp — b)

TSAVI
aXbN[R+bRED—aXb
PV byir —a X brgp — b
V1+ a2
NDWI (bnir-bareen)/( byir+
bGreen)
NDVI bnir — brep
bnir + brep
DVI bynir — brep

Ren et al. (2018)

Ren et al. (2018)

Zolekar & Bhagat (2015)

Mohammadi Ahmad Mahmoudi et al.
(2015)

Mohammadi Ahmad Mahmoudi et al.
(2015)

0 aile Vg /D HlaEe 93 glyls oS Aib o BLS ibe 59y SB B rals gl s Jole th (uw 1L Doreen « 55 50,8593l 33b ONIR o8 15L DrED

(Huete, 1988) w5 b8 L5 1> +/0 S uomas Jole o5T508 (a8 (ider b gblia (slp ) g bowgio (aLS e w51y (sl
brep: Red band, bnir: Near infrared band, bereen: Green band, L: Adjustment factor to reduce the effect of soil on vegetation, which
has two values of 0.5 and 1. 0.5 for medium vegetation density and 1 for areas with low vegetation density. Soil adjustment factor
was considered 0.5 (Huete, 1988).

b S8l 0 glo,lanle wglad Wlasuin -Y Joua
Table 2- Details of received satellite images

8,92k LRV S &b o @y, Sl o
Satellite Sensor Date Path Row Cloud percent
(Landsat 8) A cusul oLl (June 18, 2016) sl > ¥4 166 034 2.38
(Landsat 8) A cuod OLlI (August 9, 2016) »l> 0 VA 166 034 0.24
(Landsat 8) A cuod OLlI (August 21, 2016) »l>,0 ¥ 166 034 0
(Landsat 8) A cuwsd oLl (July 23, 2017) sls 0 ) 166 034 0.02
(Landsat 8) A cusl OLlI (August 8, 2017) sls,s VY 166 034 0
5 lgale &b chw Dodyosloms ( SUpl ooy
Satellite Date Platform Tile number  Cloud percent
(Sentinel 2) v- Jus MSI (June 30, 2017) ,54 SENTINEL-2B T39SUB 0

(Sentinel 2) y- Juziw  MSI

(September 13, 2017) ;4,5 ¥Y  SENTINEL-2B

T39SUB 1.24
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Table 3- Characteristics of bands used in satellite imagery

S 0)lowd T Jsb 5L 0, Lo T Jsb

K4 0,lgalo ; 2,lgab .

’ v 9‘5. Band Band number il ).9‘5 Band Band number il
Band Satellite number (um) Reference  Satellite (um) number (um) Reference
. A e 3 0.533-0.590 Yot 3 0.533-0.590

Green (Landsat 8) (Sentinel 2)
o2 A cuaid 4 0.636-0.673 Yo 4 0.636-0.673 (b)
Red (Landsat 8) (Sentinel 2)
ppople A cuwd 5 0.851-0.879 i 8 0.851-0.879
Infrared  (Landsat 8) (Sentinel 2)

(a): https://landsat.usgs.gov/sites/default/files/documents/LSDS-1574_L8 Data Users_Handbook.pdf
(b): https://sentinel.esa.int/documents/247904/685211/Sentinel-2_User_Handbook

(Y JSs) s edmlie (i jd p,56lS YARY) il i b
by (ABly 5, Sl cestio Jao bl 5 WAF Jlo 53 uisxed
Mo oy 5 iy &S Cawl 0390 JS 53 p,50LS FYVY B YYY. atels
@ lde (pyieS g (S 5 p)Sels YYVF) LAl Gl 4

7 JS.3) s 3L (1550 5 p,55hS FYF 1) ki gl

JLeTimey higy 3 ouldliesl L (2819 8 jSlas ooy o

A odly Lyl ledly &4 Jae oy Scaolio Ll conlaiwl 350 (slaodls
IR a0 s dy glaskad Sl oy S g 9 (P JS3)
sl Jla 390 yuiie Al 203 VO 5 208" s (] 5By 085
S il Wosls ail doyd YO B YA e STyl (668 Sl
stund S il 0l do YO 5 i a5 Sloj 5 5,0 lawgie
2 i & glasbad 31 cuns (Cambardella et al., 1994) .l
(Y% 5 WA slaJls o cuspas YV 5 51) ab 5 Slas puio
1 Jpie) ool it ol sl g Lawsio SIS (Stuon Sl
Jlo 33 5L 13l aiely 5 il 4 (glaalad 31 s 5aS e
odly gy (Sl (Siwod 0422yl VWAD Jlo &y s VTAS
Fomb laskad 3l ooen (F JSG F Jods) cunl VYA s
etﬁ 5 d,,fo)'lxl sballad g 5ol odiad lis WWAF Jls p
o VA0 Jlo b &y s 5iSasS Jolgp 3 SIS
(¥ JSo 5 Jy)

3 ookl b Sy s (Siyal et al., 2015) o, Kan 5 Jbo

ETM + otizeis dlls Cuin 0y9 psbad j| Jols RVI asls
S5y Jde 93] (30038 VW Jlo 3 1) @i 5Shes jlade
sl yasls lade g ord iy Jgame jlade oo bl (ooloidn
O3S Sl I gne (e o pd b olS (S jew 093 29l 2 RVI
3,8 dwsiar (gl RV (2dls 5,8 0 a8 )3 )54y 5 ,Slos
- = 4layly (Yaghouti et al., 2019; Wang et al., 2019) ¢z,
(Kimetal., pu5 alS ide ol clszee L RVI [asls s
L@y 5 puS Sy 035 o om Vb (Siwen 2013)
o3lizl b 4y jbg 5,Skes 351, (Zhu et al., 2008) RVI jasls
o2l YL Siwwen (Gutierrez etal., 2012) RVI 2515 ]
3,5 5 (Balasundram et al., 2013) &L 4, 5,Kee L RVI
(Saccharum  Sis 3 Sdas g Ady wyp 4 RV 23ls
(Simoes et al., 2005) )b _sxe oyusd o po L OFficinarum L.)
0db (sl 9 03b Cud 3 Slee (g )S) dlaily Cunl 0 ()15
abis A ¢ WYAD Jlo jd 9050 da Ae p RVI e ls SeSL
38k 5 RVI [asls oy I ine dbaly 35 3YR5 o 5 90l
odd dygly (Bly 3, Slee o S (Y JSK3) ol plis |y g il
Jlo 55 e lis i Jae (ol 1y oS il (gl
T S o)y (ABly 3,Sles RVI [adls olul 5 VY40
Oy oS Cawl 039 S 5y p,SolS FFO b YVOO aials gl
2 ol S g (e 53 p)SelS FIVO) Lkl (s jed 5 ¢
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Table 4- The linear relationships between the vegetation indices and yield in 2016

s . oS e
Juw o oylele bl 295 88 ol ol OB RS s ey oibe
Year Satellite No_. of Imagede;ctcgumng Index Function ge(t)s]:frlr?ilﬁgttig; RMSE U Sl yo
points (percent) (Eg'\fgﬁ)
309 (June 18) sls 5 Y& NDVI  1098.5x + 3619.1 0.06** 5.72 270.0456
309 (June 18) sls )5 ¥4 NDWI  1135.1x + 3676.6 0.05** 5.71 270.6862
309 (June 18) sls,5 Y& DVI 14.953x + 4036.6 0.07** 5.72 270.0139
2016  Landsat 8 309 (June 18) sb 5 va TVI 2001.1x + 2160.7 0.06** 5.72 270.0135
A 309 (June 18) sls,5 Y& PVI 1098.5x + 3619.1 0.01ns 5.70 271.3446
309 (June 18) sls,5 Y& RVI -962.43x + 4472.2 0.06** 5.72 269.9875
309 (June 18) sls,5 Y& SAVI 1652.6x + 3619.8 0.06** 5.72 270.0503
309 (June 18) sbys Y& TSAVI  13.044x + 3594.5 0.02* 5.69 271.9201
309 (August9) sb,e N2 NDVI  2655.7x + 3154.3 0.36%* 5.98 254.4204
309 (August 9) sb,e V4 NDWI  3142.4x + 3254.5 0.35** 5.98 254.3260
309 (August 9) 5,0 )& DVI 25.864x + 4049.2 0.34** 5.96 255.5671
Landsat 8 309 (August 9) s« & TVI 4765.2x - 306.44 0.36** 5.98 254.1094
A 309 (August 9) s« & PVI -17.775x + 4111.3 0.04* 5.72 269.8164
309 (August 9) sls s 14 RVI -2244.4x + 5171.4 0.37** 5.99 253.7387
309 (August 9) ss,s 14 SAVI  3995.7x +3154.8 0.36** 5.98 254.4223
309 (August9) sbye .  TSAVI  34.342x +2481.6 0.27** 5.90 258.9876
309 (August 21) s ¥\ NDVI  1720.5x + 3588.5 0.14** 5.78 266.6810
309 (August 21) s, ¥\ NDWI  2516.7x + 3527.4 0.20** 5.82 263.8540
309 (August 21) sls 5 ¥\ DVI 15.369x + 4101.6 0.12%* 5.75 268.1043
Landsat 8 309 (August 21) sls 5 ¥\ TVI 2774.4x + 1527.6 0.18** 5.87 261.2683
A 309 (August 21) sls 5 ¥\ PVI -14.447x + 4108.8 0.03** 5.68 272.5188
309 (August 21) sls e ¥ RVI 29.701x + 2700.8 0.18** 5.88 260.7151
309 (August 21) sy ¥\ SAVI  2323.4x +3542.6 0.17** 5.86 261.6838
309 (August 21) sy, ¥\ TSAVI  -1306.9x + 4718.3 0.18** 5.86 261.7527

O e i g 70 g 7Y Jlein g )3 Iy dme s 4 NSI gFF X
#% % and ns: significant at the level of 1% and 5% probability and non-significant, respectively.
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Table 5- The linear relationships between the vegetation indices and yield in 2017

o . . ooyl (ke jda
Jw  aylele bl ol Ry )b sl dsleo o TS i Olap s Ol
Year  Satellite Num_ber Image acquiring date Index Function Coefflc_lent_ of RMSIé RMSIé
of points determination
(percent) (kg.hat)
350 (June 30) ,s4 NDVI 313.73x + 4045.9 0.04** 3.95 198.4866
350 (June 30) ,s4 NDWI 462.64x + 4018.5 0.06** 4.00 195.7066
350 (June 30) ,s4 DVI 9.6155x + 4332.2 0.02** 3.93 199.8453
2017  Sentinel-2 350 (June 30) ,54 TVI 637.87x + 3566.9 0.04** 3.96 198.2976
Y- St 350 (June 30) 54 PVI -3.942x + 4240.6 0.001ns 3.92 200.4158
350 (June 30) 54 RVI -361.2x + 4329 0.05** 3.96 197.9668
350 (June 30) 54 SAVI 474.06x + 4051.9 0.05** 3.96 197.8531
350 (June 30) 54 TSAVI  -7.0839x + 4225.2 0.001ns 3.92 200.5732
350 (September 13) 5 o VY NDVI 36.548x + 4217.9 0.001ns 3.92 200.46
350 (September 13) ¢ 50 VY NDWI -5.656x + 4232.2 0.001ns 3.92 200.31
350 (September 13) g 5o VY DVI 1.0101x + 4230.7 0.001ns 3.92 200.58
2017  Sentinel-2 350 (September 13) 5 58 ¥V TVI 65.075x + 4170.9 0.001ns 3.92 200.4839
V- it 350 (September 13) s, 0 YY PVI  7.5764x +4189.2 0.03** 3.97 197.4
350 (September 13) ¢ 50 VY RVI -30.266x + 4245.9 0.001ns 3.92 200.51
350 (September 13) 5 o VY SAVI 148.71x + 4164.5 0.001ns 3.92 200.55
350 (September 13) 5 o VY TSAVI  3.5276x + 4176.7 0.03** 3.99 196.26
350 (July 23) b5 50 ) NDVI 584.22x + 3893.5 0.15** 4.05 192.1951
350 (July 23) »l550 ) NDWI 777.99x + 3877.4 0.15** 4.05 192.3069
350 (July 23) »l550 ) DVI 2.3753x + 3859.1 0.18** 4,12 188.1027
2017  Landsat 8 350 (July 23) »l5 50 ) TVI 1155.4x + 3034.9 0.15** 4.06 191.8223
A ot 350 (July 23) »l5 50 ) PVI 3.2348x + 4062.4 0.10** 3.99 196.314
350 (July 23) sl5 50 ) RVI -622.18x + 4405.9 0.16** 4.07 191.2944
350 (July 23) »l5 50 ) SAVI 878.31x + 3893.3 0.15** 4.05 192.1861
350 (July 23) »l5 50 ) TSAVI 7.2577x + 3427 0.16** 4.13 187.1347
350 (August 8) sl>,0 VY NDVI 1549.3x + 3761.1 0.32** 4.18 183.4421
350 (August 8) 5,0 VY NDWI 1951.4x + 3757.9 0.31** 4.19 183.0952
350 (August 8) 5,0 VY DVI 16.667x + 4274.2 0.32** 4.18 183.8923
2017 Landsat 8 350 (August 8) 5,0 VY TVI 2731.9x + 1785.8 0.32** 4.19 183.2481
A o 350 (August 8) sl s \Y PVI  -15.275x +4314.5 0.08%* 3.94 199.1917
350 (August 8) 5,0 VY RVI -1254.3x + 4909.5 0.33** 4.19 183.0367
350 (August 8) sl ,0 VY SAVI 2332.4x + 3761.2 0.32** 4.18 198.4866
350 (August 8) sl>,0 VY TSAVI 22.443x + 3332.1 0.21** 4.13 195.7066

b e il g /0 o Z) Jleisl paws p3 )5 me s 4 NSI K X
#% % and ns: significant at the level of 1% and 5% probability and non-significant, respectively.
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Fig. 2 - Regression relationship between recorded and predicted grain yield a) with the help of RVI index at 80 test points in
2016 and b) with the help of RVI index at 86 test points in 2017
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Fig. 3- Actual yield map of Guilan province based on the selected model based on the RVI in 2016 and 2017
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a) 2016

= Model * Binned < Averaged distance (Meter), h 104

b) 2017

= Model ¢« Binned «< Averageddistance (Meter), h 1074
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Fig. 4- Experimental semi-variograms and the model fitted to them by the ordinary kriging stable method-model for grain
yield in a) 2016 and b) 2017
ol gl 315 5] oS sl Campn 4 S35 bls 1SSke ol cute slaceMe 0l (¢yglaen bl 1,8 blis dblis oas o3l 351y led piipens o (of b %
# The blue line of the semi-variable model of the fitted points, the red dots represent the collected points, and the positive signs are

equal to the average of the points close to each other to prevent the results from interfering.

IFAT 9 VY0 sl lw 43 & 3 Sdos slaodly SISe JUa Lo ow ) 5] 9 addllae 4 03lw] dyg0 (sLdlos pnti i (sLDANE0 - Jou>
Table 6- Parameters of semi-variograms used in the study to investigate the spatial structure of rice yield data in 2016 and

2017
Jlw Jxe Slazkad 1 B U el i 4y glankad 31
Year Model Nugget effect Sill Range Nugget Effect to Sill (percent)
2016 (Stable) ol 56744 39261 350 69
2017 (Stable) <.t 39803 10692 20249 27

piS gl3e 2Skes Sllugi 39ln )3 (Jsane Sim S ogllas
S opl il sas 5,155 (Nasiri Mahalati et al., 2016)
Syely 5> (Azhirabi et al., 2019) oy Kas 5 lpsl & ol
i) glae s p MGl (5] Wigad 450 53 pa5 3 Slos
9 Rgaland 03905 (IS 1) (Jgeme Siom)S 4 Conid Sl
Sizw)S 65y cle (Tesfahunegn et al., 2011) ;Ko
e @l e S (2ligr® sbohs) ple 4 Cund Jgone
G blE S il Sl 4 g 0ads (S E90 Jolgd (2bgy
S 3)Slas (Sgw Sy daly 0390 (B 2bogy @B )
A Jgome SiomyS o9y 52 b oo b odd (o 9 oM
dal) 35 VYRl 5 s da AS 4 VYR8 Lo > s abai
by 3 Slas g Sz )5 gy ) 08 (2l Mo Gm sl sixe
sl o 390 (Bly 5 Slas & S5 (0 JS2) ol Lt |, gy

A3 oo Ui Gite Jhom sy bl 2 1y oS b

by Gl copd g cpad o g wlol Casdds s by,
OsSbe o (508 bl 2 WWAD Jlo )b 03l (L V- Jga>
S Jaom s focins s e 3 (F21/00) s ol
Dy b 2ySles obygyd 3 Jlemhgy cpyine J-Bessel- aolw
Sz )S Jlo— gy 5l asuie Mg, salie pie Jdoay Ll
(V J5A>) A8 edlawl .))g\Lo& u‘flﬁdﬁ)) S Stable—gw
s lye (1 ke Yl (peS elol 2 WA Jlo 3 uiones
—Jgere S S Jhem gy ol dme (el o ps g (V0)/00)
Cawl a3l g5 ally 0,Slae Sbyeyd 0 1y € o5 ke Stable
(A Jg)
~ U9y sl 4 Cand Jgere Siom S (550 plegh ol B
A Hlis 1y ool Kz S 5 Sl Kiow S Jols b yey0 o
dSles (2biygp d (Joere Ko, 35 55 500 Glidsd
5,)5 g (Liuetal, 2014) o s SB Sluogas 5z p
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Table 7- Results of evaluation of 33 model-methods used for interpolation of rice grain yield variable in Guilan province
[Ordinary (OK), Simple (SK) and Universal (UK)] based on the root mean square error (RMSE) in 2016

o jia . ole jd
g o9 ods,) Jue aalze O b s las bl ol s ol

Year Interpolation Model Function Coef'flc_lent_of o Num_ber of a
method determination RMSE points RMSE

(percent) (kg ha™)

oK (Stable) ot Oé%%sl%;;‘; 0.057%* 3.74 320 319.66
oK (3-Bessel) O o 0.057%* 3.77 320 323.93
OK (K-Bessel) O o 0.042%* 2.90 320 295.42
2016 oK (Ho'éﬁiﬁ;” A O o 0.058%* 3.65 320 300.91
OK (rOtiO”;l'J ;ﬁ‘*‘}cﬁ par 0L 0.055** 373 320 324.47
oK (Gaussian) s Oé%%slc_’g;;‘; 0.057** 3.74 320 317.13
oK (Exponential) L Oé%%%?;;g; 0.031%* 2.70 320 209.93
OK (Pheﬁ ;Si‘;] :n’éz ) s 0.030%* 2.69 320 299.78
oK , G ;’Sﬁeﬁ’; ) O s 0.030%* 2.69 320 300,54
oK (Spherical) ;. Oé%%%%’;gs* 0.030%* 268 320 301.12
oK (Circular) slo yls 03%%%%1;5 0.030%* 2.67 320 301.77
sK (Stable) b Oé%%%%zgg; 0.095%* 2.58 320 302.42
SK (3-Bessel) O o 0.12% 265 320 301.05
SK (K-Bessel) O 0.004%+ 257 320 3025
SK (Hoiﬁig” A O e 0.11%* 2.72 320 299.83
2016 SK (rOtiO”:L $ par O e 0.086** 2.42 320 303.84
SK (Gaussian) s 05%39%%2;2; 0.095** 2.58 320 302.38
SK (Exponential) L Oé%%%%gf 0.082%* 244 320 304.52
SK (Pﬁ ;Sf;] ;:é; ) O 0.091%* 2.58 320 302.98
SK ( Ti; ;;ﬁeii): b 05%38355’;23‘; 0.092%* 2.59 320 302.88
SK (Spherical) (5.5 Oé%%f 4*11‘8* 0.093%* 2.60 320 302.74
sK (Circular) slo yl> 05%3;‘552;9* 0.004%* 2,61 320 302.5
UK (Stable) cub 05%233?5;;‘; 0.045%* 281 320 204.06
UK (3-Bessel) T 0.060%* 3.77 320 323.65
UK (K-Bessel) Oé%‘;%%’;;; 0.044%* 287 320 200.17
UK (Hoiﬁig” A Oé%%%’;;(; 0.058** 3.65 320 309.61
UK (rotional hie 53 x> 0.0084 * x + 0.030%* 2.65 320 297.59

quadric) 3955.4801
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0.0979 * x +

2016 UK (Gaussian) 5 S o 0.057* 3.74 320 319.44
UK (Exponential) s 020" X 0.033%* 275 320 296.58
. *
UK (PL;; ;Sf[-;‘;] ;I’C’; ) Oé%%?sz;‘f 0.030%* 265 320 297.89
*
UK ( TU; ;’Sﬁeﬁ’é N %%%77?50;‘; 0.030%* 2.65 320 298.084
UK (Spherical) s, 05%0577?5355 0.029%* 2,65 320 208.24
UK (Circular) sl s Oé%%%(.’;;jf; 0.029%* 2,65 320 208.04

b e il g 70 g 7Y Jleisl e 3 ) xe ud 5 4 NSI KX
#% ,% and ns: significant at the level of 1% and 5% probability and non-significant, respectively.

23l (OK) (Jgore Sy ;5] WS (yliawl 3 g5y 41 3ok yukio (39,3 (81 3Lkl 3,90 Juo—ywg,; ¥ (b5, gl -A Jgua
VAT Jle 43 (RMSE) U Glay o onilie yd (bl 52 [(UK) Sl 5 (SK)
Table 8- Results of evaluation of 33 model-methods used for interpolation of rice grain yield variable in Guilan province
[Ordinary (OK), Simple (SK) and Universal (UK)] based on the root mean square error (RMSE) in 2017

. b i oo o yde
Jle w09 0o Jae dslze o Siro s clay PR
Year Interpolation Model Function Coefficient of o Number of al
method Determination RMSE points RMSE
(percent) (kg.ha™)
OK (Stable) e 0'323%%46;:3(; 0.127%* 238 340 22751
*
oK (3-Bessel) O e 0.117% 2.40 340 22276
oK (K-Bessel) 0'323%95’;;9" 0.138%* 247 340 22321
2017 oK (Hoiﬁd“‘g” A 0'3%‘;49’;;4* 0.118%* 241 340 229.4
ec .
oK (rotional u‘”‘“"d _')” @ 0'323%813926‘; 0.12% 241 340 226.27
quadric -
oK (Gaussian) s 0'313%%716;(; 0.117% 241 340 225.68
oK (Exponential) L %é%?;;;; 0.125%* 243 340 218.82
A9 & S9 0.1988 * x + s
oK ) o o 0.123 242 340 218.54
ele 95 0.2014 * x + -
oK ) o o5, 0.122 241 340 218.66
*
OK (Spherical) 5 O2007 Xt 0.122%* 2.41 340 218.88
oK (Circular) (gl ls 0-323%1151;;_)‘0" 0.121%* 241 340 218.97
SK (Stable) .ot 0'317%‘2'592’3; 0.123%* 151 340 227,68
SK (3-Bessel) O e 0.105%* 123 340 230.95
*
sK (K-Bessel) 0'317ﬁ°232‘0+ 0.121%* 1.46 340 228.1
SK (Hoiﬁd“‘g” A 0'317%6230’;;‘1" 0.105%* 117 340 23157
ec .
S N
2017 SK (rotional @Jud : )’° 2 OLF0S Xt 0.103%* 153 340 226.23
quadric -
*
SK (Gaussian) .5 o 0.101%* 131 340 230.05
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