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Introduction
The growing global population, coupled with the scarcity and limitations of food resources, has prompted
researchers and agricultural professionals to seek more effective solutions for feeding millions of people,
particularly in developing countries. Guar (Cyamopsis tetragonoloba L.) is an annual legume known for its
tolerance to salinity and drought, making it a promising alternative crop for low-water plains. Determining the
appropriate planting date and optimal plant density are crucial factors that contribute to the efficient use of
environmental resources and achieving high yields.

Materials and Methods

This experiment was performed in the form of split plots based on a randomized complete block design with
three replications in 1398 in Mohammadieh Agricultural Research Station, Birjand. Experimental factors include
planting date in four levels (May 10, June 10, June 25 and July 10) as main plots and plant density in three levels
(distances of 10, 20 and 30 cm between plants in a row) as plots Guar cultivar was a Pakistani mass that was
prepared from Pakan Bazar Isfahan Company. For planting, the land was plotted after preparation so that each
plot consists of 4 ridges 60 cm wide and 3 m long, and on each row of two rows was planted manually at a depth
of five centimeters, and irrigation was carried out immediately. After reaching the final height of Guar plant and
physiological maturity before final harvest, taking into account the marginal effect of five plants from each plot,
they were randomly selected and the characteristics of plant height, number of sub-branches per plant, pod
length, number of pods per plant, number pods per plant, 1000-seed weight, initial plant weight, plant weight
without pods and pod weight were measured. The number of pods per square meter, plant yield, and biological
yield were calculated after removing the marginal effects based on plants harvested from one square meter in the
middle of each plot. Data were analyzed using SAS software (V9.1) and comparisons of means were performed
by Duncan method at 5% level and graphs were drawn with Excel.

Results and Discussion
One of the most important fields of research on legumes is the study of different environmental conditions
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affecting their quantitative (biological) yield and economic performance. Therefore, studying and obtaining the
best growing environment conditions that can lead to crop production with the highest economic yield is one of
the most important goals in research related to the cultivation of legumes. The results of the present study
showed that seed yield and its components were affected by planting date and with delay in planting, the amount
of studied traits was significantly reduced, so that this decrease was more in the planting date of 10 July because
the planting date late exposure of guava plants to adverse conditions such as lower temperature, more humidity
and less day length at the end of the growing season and causes a decrease in grain yield. Also, in this
experiment, planting density levels on the studied traits were significant, and according to the results of the
experiment, it can be stated that with increasing plant density, the distribution of sources such as light, nutrients,
and moisture between plants was more favorable. It led to an increase in grain yield and biological yield per unit
area, so that the highest grain yield and biological yield were obtained at the highest density (10 cm distance
between plants per row). Therefore, planting at higher plant densities will probably be economically justified.

Conclusions
Based on this research, it can be concluded that planting guar in early June with a spacing of 10 cm between
plants yields the highest productivity and optimal crop components.

Keywords: Legumes, Biological yield, Grain yield, Planting time, Plant spacing
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Introduction

Medicinal plants play major roles in human health services worldwide. Many people in both developing and
developed countries are turning to herbal medicine. Iran has a long medical tradition and a traditional learning of
plant remedies. Besides serving medical and cultural functions, medicinal plants have also played an important
economic role across the country. The planting area of medicinal plants is about 166,527 ha, which is nearly 1% of
the total planting area in Iran. Marigold (Calendula officinalis) is a medicinal plant of the Asteraceae family. It is
popular for the verdant color and an aromatic perfume which is provided by this plant. It grows in sun or partial
gloominess and is effortless to grow, requiring little cultivation.Borage is from the Boraginaceae family and has the
proper name of Borago officinalis. Borage is also known as the Bee plant and Bee Bread because the blue, purplish,
star-shaped flower attracts bees all summer long. Throughout history, Borage has been used to treat a multitude of
ailments and to improve overall health. The Romans would mix Borage tea and wine prior to combat, most likely to
fortify themselves for the battle. The leaves are robust and have medicinal properties, and the topper of the plant is a
striking blue star-shaped flower, hence the name. The flowers are edible as well and are often used for cake
decorations or sweet syrups. Black cumin (Nigella sativa) belongs to the Ranunculaceae family. It has been used as
a herbal medicine for more than 2000 years. It is also used as a food additive and flavor in many countries. Black
cumin volatile oil has recently been found to contain 67 constituents, many of which have the potential to induce
beneficial pharmacological effects in humans. Intercropping involves the integration of various elements of
organism interactions in ecosystems and can be categorized as a pro-ecological approach to plant cultivation. This
method aims to minimize harmful human interference in the environment, particularly the use of chemicals.
Additionally, intercropping enables the attainment of high yields, superior quality, and enhanced economic
productivity. The relationship between the intercropped components has garnered significant interest among
researchers, particularly in terms of environmental resource management and its impact on productivity and
economic indicators.
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Therefore, the objective of the present study was to quantitatively determine the yield of black cumin (Nigella
sativa L.), borage (Borago officinalis L.), and marigold (Calendula officinalis L.) in replacement intercropping.

Materials and Methods

An experiment was conducted based on a randomized complete block design with three replications at the
Agricultural Research Station, Ferdowsi University of Mashhad, in the growth year of 2013-14. Treatments included
50:50 ratio of black cumin-marigold, black cumin-borage, and marigold-borage, and 33:33:33 ratio of black cumin-
marigold-borage and monoculture of each of the three species. Economic and biological yield, harvest index, and
yield components of three plants and LER were studied. For statistical analysis, analysis of variance (ANOVA) and
least significant difference test (LSD), Minitab 16.0 was used.

Results and Discussion

The results showed that, except for HI, applied treatments have a significant effect on the number of branches
per plant, number of folliclesper plant, number of seeds per follicles, the percentage of hollow follicles, grain
weight, and partial LER of black cumin has been affected by intercropping. Treatments also affected the number of
flowers per plant, biological yield, flower yield, and flower harvest index of marigold, and they also had a
significant effect on the number of flowers per plant, number of sub-branches, biological and flower yield of borage,
but HI was not affected by the treatments. The highest biological and economic yield of the three plants was
observed in monoculture of the studied plants, but theirs partial LER increased in all of the intercropping treatments.
It could mean the improvement in land use efficiency and other economic resources for more production of biomass
of the plants. According to these results, the highest total LER based on biological and economical yield, 1.3 and
1.41, were gained in triple intercropping treatment, respectively. Therefore, it seems that triple intercropping of
black cumin-marigold-borage in the ratio of 33:33:33 can be beneficial in terms of ecological management.

Conclusions

Intercropping is an effective strategy for optimal use of available environmental factors for plants and can be
very useful, especially in times of land limitation. The results of this experiment clearly showed the synergistic
effects of intercropping species on each other. According to the findings of this experiment, in general,
intercropping of three medicinal plant species has been able to improve the growth conditions, increase the
efficiency of these plants in using land and other available resources, and increase the production of these plants,
while ensuring the sustainability of production in these plants. Therefore, according to the results of this study, it
seems that in order to maximize the biological and economic performance of black seed, European borage, and
perennial ryegrass, along with benefiting from the health of the produced product and sustainability in the
production of these species, it is recommended to consider the triple intercropping of black seed, European
borage, and perennial ryegrass.
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Table 1- Physical and chemical propertices of farm’s soil

Salinity Organic C Organic matter 1) Total P Total K
Texture pH (ds.m) (%) N (mg.kg (mg.kg}) (mg.kg)
Silty loam 8.76 644 0.78 15.5 12.2 321
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Fig. 1- Swing pattern of plant seeds in different treatments of monoculture and double and triple intercropping
Curves and dots indicate seed bed and the place of the seed swing.
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Table 2- Analysis of variance for characteristics of black cumin in monoculture and double and triple intercropping
with marigold and borage

Mean of squares
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= 3 > 83 i g g
2 = 2 $3 S S @
3 2 3 < = .
Treatments 3 5 1577 124.97**  2857**  0.099**  3380.2** 560.6** 1.99m
Replication 2 0.08m 1.08"™ 2.33ns 0.45ns 0.001ns 3.7ns 1.25m 0.15m
Error 6 0.75 0.86 5.22 0.48 0.003 6.3 1.75 0.59
CV (%) 12.67 7.95 471 11.33 2.57 2.72 3.32 1.92
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# %% and ns: means significant in probability level of 1 (p<0.01) and 5 percent (p<0.05) and not significant, respectively.
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Fig. 2- Means comparisons for the effect intercropping rations with marigold and borage on A- Sub branches per
plant, B- Follicules per plant, C- Seeds per follicules, D- Percentage of hallow follicules, E- 1000-seed weight, F-
biological and seed yield of black cumin
N, B and C indicate black cumin, marigold and borage, respectively.

Monoculture: Monoculture of black cumin, N:B: Black cumin in intercropping with borage, N:C: Black cumin in
intercropping with marigold, N:C:B: Black cumin in intercropping with marigold and borage.

In every series of columns, the columns that contain at least one letter in common with each other, had no significant

difference.
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Table 3- Analysis of variance for characteristic of marigold in monoculture and double and triple intercropping with
black cumin and borage
Mean of squares

SOV

—

d. Flowers per plant Biological yield Flower yield Flower H.1.
Treatments 3 56.08™ 8271.1" 500.2™ 15.58"
Blocks 2 2.25™ 1.4 3.69™ 1.48m
Error 6 0.58 5.5 3.84 1.66
CV (%) 2.44 17.5 3.43 4.29
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** *and ns: means significant in probability level of 1 (p<0.01) and 5 percent (p<0.05) and not significant, respectively.
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Fig. 3- Means comparisons of the effect of monoculture of marigold and its double and triple intercropping with
black cumin and borage on: A: Flowers per plant, B: Biological yield, C: Flower yield, D: Flower harvest index of
marigold
N, B and C: indicate black cumin, marigold and borage, respectively.
Monoculture: Monoculture of marigold, N:C: Marigold in intercropping with black cumin, C:B: Marigold in intercropping with
borage, N:C:B: Marigold in intercropping with black cumin and borage.
In every series of columns, the columns that contain at least one letter in common with each other, had no significant difference.
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Table 4- Analysis of variance for characteristic of borage in monoculture and double and triple intercropping with black
cumin and marigold

Mean of squares

SOV d.f Flowers per plant  Sub branches per plant  Biological yield  Flower yield Flower H.I.
Treatments 3 28.83" 5.25** 46280** 117.6** 0.2*
Blocks 2 0.23™ 0.35ns 18ns 0.08ns 0.002ns
Error 6 4.36 0.28 25 0.24 0.038
5.44 8.45 14.2 2.93 4
CV (%)
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** *and ns: means significant in probability level of 1 (p<0.01) and 5 percent (p<0.05) and not significant, respectively.
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Introduction

Rainfed farming plays an important role in the food production of many countries in the semi-arid regions of the
world and includes 80% of the total usable agricultural land. Barley is cultivated in most parts of the world in areas
that are threatened by moisture stress, the lack of which affects different stages of plant growth from germination to
seed set, and finally affects the grain yield. Studies show that the stress caused by the lack of water in plants is one
of the important factors in crop reduction in semi-arid regions. Application of biofertilizers improves yield by
improving the physical properties of the soil, increasing soil fertility, and increasing the availability of nutrients for
plant uptake, among which mycorrhizal fungi are considered the most important microorganisms. Mycorrhizal fungi
are effective in nutrient uptake, including phosphorus, water uptake in dehydrated conditions, hormone production,
modulation of environmental stresses, improvement of root growth, and effect on soil granulation. Since not much
research has been done on the application of mycorrhizal fungi on dryland barley in the country and especially in
llam province, the present experiment was conducted to investigate the effect of mycorrhizal fungi on yield, yield
components, and gas exchanges of dryland barley.

Materials and Methods

In order to investigate the effect of mycorrhiza inoculation on yield and yield components and gas exchange of
barley cultivars under rainfed conditions, a field experiment was carried out in factorial analysis based on a
randomized complete block design with three replications at the farm of Sarablah Agricultural Research Center
station during the 2019-2020 cropping season. Experimental treatments include barley cultivars (Mahali, Mahour,
Khorram, and Fardan) and fertilizer sources treatment, including control (no fertilizer source), 50% phosphorus
fertilizer, mycorrhizal fungi (Glomus mosseae, Glomus etunicatum, and Rhizophagus irregularis), and Mycorrhizal
fungi were +50% phosphorus fertilizer and 100% phosphorus fertilizers. In this study, the length of each plot was
four meters, the number of rows in each plot was eight rows, and the distance between the rows was 20 cm. The
measured traits were: yield and yield components, as well as gas exchanges, including photosynthetic rate,
transpiration rate, photosynthetic water consumption efficiency, mesophilic conductance, co,, and leaf temperature.

©2023 The author(s). This is an open access article distributed under Creative Commons
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The effect of the treatments on yield and yield components and gas exchange of the barley cultivars in the field was
assessed using SAS; software, means were compared by Duncan's multiple range test method, and graphs were
drawn using Excel software.

Results and Discussion

The results of this study showed that the interaction of cultivarxfertilizer sources on yield, grain yield
components, as well as gas exchange characteristics, including photosynthetic mesoton, transpiration rate,
photosynthetic water consumption efficiency, mesophilic conductance, substomatal carbon dioxide concentration,
and leaf temperature in rainfed barley was significant. So that the maximum number of seeds per spike (32.3 seeds),
1000-grain weight (38.5 @), grain yield (4238.3 kg/ha), biomass yield (10123.3 kg/ha), photosynthesis rate (5.7
umol Co? m2s?), transpiration rate (4 mmol H.0 m?s?), mesophilic conductivity (0.019 mmol co, M2S?) and water
use efficiency Photosynthesis (umol co, molH,0) was obtained in Fardan cultivar xMycorrhiza+50% of
phosphorus fertilizer compared to the control (no fertilizer source was used).

Conclusion

The results of this study showed that under rainfed conditions, yield and yield components, photosynthesis rate,
transpiration rate, mesophilic conductance, and photosynthetic water use efficiency in all cultivars of barley were
significantly reduced. However, the use of mycorrhizal fungi in dryland conditions improved grain yield and gas
exchanges. In this study, Barley Fardanxapplication of Mycorrhizal fungi caused a significant increase in yield and
grain yield components by increasing photosynthesis and increasing photosynthetic water use efficiency, as well as
decreasing leaf temperature.

Keywords: Mesophilic conductivity, Photosynthesis, Photosynthetic water use efficiency, Transpiration, 1000-
grain weight
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Table 1- Barley cultivars characterstics in this experiment

el3 T O
Clamate Release year Drought stress  Source  Cultivars
sasfied g s 1386 oo ICARDA
Warm and semi-warm Tolerant Mahoor
Warm and semi-warm Tolerant Khorram
et 3 mar? 1397 Jooxie ICARDA  ©P#
Warm and semi-warm Tolerant Fardan

VAN -8 ol Jlw 50 Al pwo (65,9liS OB 55 w0 (Tl ds )30 40 Cugby g (wi,b clod dildle lawgio p3lio -Y Jouo
Table 2- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons

obo o JBlas lod SiSlas 093 o)l Cugb, Jilas  Cogb, SSTas
Month  Min temp. (°C) Max temp. (°C) Precipitation (mm) Min. RH (%) Max. RH (%)
olete 13.2 37.2 15 18 41
Oct.
ot! 0.8 27.2 44.6 33 73
Nov.
! 0.2 19.6 134.4 53 83
Dec.
< -2 16.4 374 47 84
Jan.
ook -85 19.5 60.3 43 79
Feb.
k] 1.7 248 267.1 47 84
Mar.
02972 26 26.6 335 40 80
Apr.
Catid)] 48 36.5 113 24 64
May
b5
16 39.7 0 12 31
Jun.
Eyoze 7.6 21.9 603.6 35.2 68.8

Total
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Table 3- Soil physical and chemical properties of experimental area
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o2l I Hud By ojese oS Sy & !
el S J Ind
Texture Fe Zn Cu Mn Mg Ava:)lable Ava:l(able Total N Orgémlc EC pH
(mg.kg™) (%) (ds.m™)
"y 10 14 52 12 216 6 280 0.13 15 0.40 7.1
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Interaction between cultivarzdifferent fertilizer sources
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Fig. 1- Intraction of cultivar x fertilizer sources on photosynthesis rate in barley
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Fig. 2- Intraction of cultivar x fertilizer sources on transpiration rate in barley
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Fig. 5- Intraction of cultivar x fertilizer sources on leaf temperature in barley
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Fig. 6- Intraction of cultivar x fertilizer sources on grains.spike™! in barley
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Fig. 7- Intraction of cultivar x fertilizer sources on 1000-grain weight in barley
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Means, in each column, followed by similar letters are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Introduction

Excessive use of pesticides in agriculture creates many consequences for public health and environmental
pollution. Numerous measures have been implemented in pest management and pesticide use to minimize the
harmful effects of pesticide products. The Environmental Impact Quotient (EIQ) has been developed to quantify
the risks of pesticides to humans and the environment. We can identify the most detrimental pesticides by
measuring such a quotient and then enhancing society's biological health through replacing them with safer
alternatives. The environmental effects of pesticide application by using that the environmental impact quotient
were considered in this study. This study investigated the environmental effects of pesticides used in wheat and
barley fields in Aliabad Katool county, Golestan province.

Materials and Methods
This study was conducted in wheat and barley fields in Fazel Abad of Ali Abad Katool County during 2021-
2022. For this purpose, 22 wheat fields and 12 barley fields were randomly selected. The information related to
pesticide spraying, field area, crop rotation and crop yields was collected from farmers as questionnaires. Then the
amount of environmental effect of pesticides per hectare (EIQ-FUR) was obtained from the product of their EIQ
value in the amount of effective substance and the consumption amount per hectare.
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Results and Discussion

According to the results of this study, the highest amount of damage to farm workers is in the group of
herbicides related to Bromicide, in the group of insecticides related to Dursban, and in the group of fungicides to
Altocombi, Raxil and Folicur determined. Also, Raxil, Folicur and Altocombi fungicides showed more damage to
consumers and leaching risk. In addition, two insecticides, Diazinon and Dursban, were introduced as the most
dangerous pesticides to environmental organisms. Also, Pumasuper, Altocombi, Folicur, and Raxil were known to
be harmful pesticides on ecological components. In general, based on the EIQ index for each pesticide, Altocombi,
Pumasuper, Dursban, Diazinon and Folicur were introduced as the most dangerous pesticides. Based on the EIQ
index for each pesticide, Altokambi, Pumasuper, Dursaban and Folicor were introduced as the most dangerous
pesticides in the fields. Considering the average consumption of pesticides per hectare and the amount of their
effective substance in addition to the EIQ index, Inovor (18.48), Durshan (17.83), Bromicide (17.01), Diazinon
(16.66), Malathion (13.68), 2,4-D (13.44), Bazagran (13.44) and Artea (13.25) were considered as dangerous
pesticides in the region and therefore more planning should be done in using or replacing them.

Conclusion

The classification of the environmental impact of pesticides used in the study area indicated that environmental
damage was greater in wheat fields than in barley fields. Barley fields fell into the very low to low damage
categories, while wheat fields were classified as having moderate damage. This suggests that wheat farmers relied
more heavily on chemical pesticides. Considering the necessity of planning for the use of pesticides and informing
farmers about the risks of consumption and paying attention to the use of low-damage pesticides, it is suggested that
this index be calculated for all pesticides used in the region and the selection of pesticides in integrated pest
management programs should be done according to this index.
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Table 1- Characteristics of wheat and barley fields of Fazel Abad district in Ali Abad Katool county, Golestan province

UTM Olaiske

Colwe o ol sl

Jypazme 4 )50 0 lond . 5,5os
Crop Field number Coordinate Area System Number of Yield (ton.ha™?
X Y (ha) sprays
1 293896 4094105 2 1 4 4.5
2 295423 4093374 3 1 2 4.1
3 300577 4088260 5 1 4 5.0
4 301394 4086079 12 1 4 4.5
5 301435 4088624 20 1 5 6.8
6 301913 4093171 2 1 3 49
7 301654 4094982 2 1 3 4.3
8 302357 4096316 2 1 4 6.0
9 294595 4093751 3 1 4 4.5
10 293748 4099632 7.5 2 4 2.8
paS 11 303086 4083008 3 1 3 4.1
Wheat 12 295348 4090044 3 1 3 5.0
13 296686 4102287 11 2 3 2.0
14 300768 4097052 2 2 3 2.5
15 294484 4096791 3 2 3 35
16 301897 4086498 3 1 3 4.6
17 303035 4084450 4 1 4 5.0
18 302439 4085051 3 1 4 4.0
19 296450 4088983 3 1 1 4.0
20 298293 4089741 4 2 2 2.3
21 301583 4082991 5 1 5 5.0
22 301312 4082093 2 1 3 4.8
1 295940 4095244 2 2 4 4.5
2 301435 4088624 5 2 3 6.0
3 297537 4098155 2 2 1 2.3
4 302812 4083281 2 2 3 4.0
5 303846 4089521 2.5 2 2 3.0
» 6 296119 4093644 4 2 1 35
Barley 7 295228 4093166 4 2 3 2.2
8 300484 4093569 1.5 2 3 35
9 301897 4086498 4 2 2 4.0
10 300043 4089738 2 2 1 2.7
11 298624 4094164 3 2 0 4.7
12 302070 4084348 2.5 2 0 4.5

M) R1 9 u’] PU&J :)
1: Irrigated, 2: Rainfed
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Table 2- List of pesticides used in wheat and barley fields of Fazel Abad district Ali Abad Katool county, Golestan province

Jyaze ossedl o 4c 530 0 lowd ossedl o 4530 0,lowd
Crop Pesticide Field number Pesticide Field number
Yoo VO AT s g)le colos
Sy elie ol Setlogs Al Tilds exceapt 2, 15, 15
Raxil Al fields Bromicide oo
. ;\Yllsxf'nk:. . ‘Yt}z?‘b.l;)‘;;oif e 1.2.3.5,6,10,12, 13,14,
Atlantis ¢ sexce2p2 11, 20 2L, Tilt 16,21, 22
oS5 4,5,6,9,11, 12, 15, 16, 20 S 7,9,10, 16, 17, 18, 20
) Altocombi Diazinon
pS : .
Wheat 9508 3,7,10,13, 14, 15, 17 Ay ] 5.6, 16
Folicur Acetamiprid
o 1,34 9% 11,12, 17
Decis Inovor
Oyl 8 Ll 8
Cypermethrin Artea
A 22 Csle 20
Othello Malathion
el S 5)S Vgl oled als 1.3.56.7.9
Carboxin Tiram Al fields except 7 Tilt R
etlogs 1,7,9,10 e 7.8,9
Bromicide Puma super
. @59“” ) 2,3 $2)9%9 2
Barle Altocombi 2,4-D
d R . 5 .
Basagran Granstar
oSy , R :
Raxil Dursban

[(DTx5)+(DTxP)]+[(CxPxSY)+(L)]+[(FxP)+(TxPx5)+
(ZxPx3)]}/3

(%) aslo
{C[(DTx5)+(DTxP)]+[(Cx ((S+P)/2)
xSY)+(L)]+[(FXR)+(Dx  ((S+P)/2)  x3)+(ZxPx3)+
(BxPx5)}3
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Jeily i L ale (sl Cumns iF (397 Sntan SY (3030
S (B s oo D ¢ xdaw il il R ps
bt sl Conmm B Juus 355 (sl Cnmms Z S jae d0
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Ol 1y (F adolas) (65,8 g (g3l 0 Shogage Jold Cony
acgozme EIQ Jao ccuiy opl 4 (Kovach et al., 1992) sas
ygaods 45 ol (ESCSl B pan Jasmecuw; @l jl SleMb
30,5 o duwbro 15 5 0dddl)l (g pun dbilee 3, jldas S
(Kovach et al., 1992; Bazrgar et al., 2013; Gios (& alsl)

etal., 2022)
EIQi= (X1 + X2+ X3) /3 (V) Wsleo
X;=C [(DTx5) + (DTxP)] (V) doleo
Xz = [(CxPxSY) + (L)] (V) 4o
X3 = [(FXP) +(TxPx5) + (ZxPx3)] (¥) abslo
(@) Wbl

EIQi={C
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Table 3- Components of Environmental Impact Quotient (EIQ) for pesticides used in wheat and barley fields of Fazel Abad

district in Ali Abad Katool county, Golestan province

o 3 o wG L2 WS sl
Components of pesticide environmental

83, Cd;‘?” 'fl" | o9es ol impact guotient EIQ
ommerica .. & ) value
Class name Common name as,i0 5,6 bsiiS Gpe bl pyg
Farm i
Consumer Ecological
worker
ol dpunles s Lt o PPl an 24.00 9.00 52.00 28.35
Bromicide MA Bromoxinil + MCPA
oSl ) FO998lmgse
Herbicide o0 24 Ohe +opgs58gmad; 8.00 8.00 67.00 27.67
Atlantis Mesosulfuron
+ lodosulfuron + Mefenpyre
o it 09598 gmg s + e (49,98l gug 30
St Jsl o0 gk e + Sdslas +
Othello lodosulfuron Methyl Sodium + 291 3.06 13.56 6.50
Mesosulfuron Methyl + Mefenpyr
Diethyl 1.2 % OD
> &2 8.00 8.00 40.00 18.67
U46D 2,4-D
ssS ek 12.00 3.00 30.00 15.00
Granstar Tribenuron-Methyl
sipoloss Jsl o0 ply e + Ul o oy plussid
Fenoxaprop P Ethyl + Mefenpyer ~ 12.00 4.00 115.00 43.67
Puma Super -
Diethyl
ot o 16.00 9.00 31.00 18.67
Basagran Bentazon
st S 6.90 2.45 120.85 43.40
Basudin Diazinon
sy w’@*fls 18.00 4.00 108.55 43,50
Dursban Chlorpyrifos
o Grpelds 6.00 3.00 68.15 25.70
OiS o i Decis Deltamethrin
Insecticide o epule nele 9.00 4.00 69.00 27.30
Cypermethrin Cypermethrin
OM*“_"” sl 6"_““’! 6.90 9.35 64.40 26.90
Mospilan Acetamiprid
S ope 9.00 450 58.00 23.83
Malathion Malathion
”g‘_’)’g AY0 Js3ksS 95 20.00 31.00 70.00 40.30
Folicur Tebuconazole 25%
lal Rl ] s ple 2012 29.44 89.64 46.40
Altocombi Cyproconazole + Carbendazim
e . Joiisasn 8.10 15.15 59.28 27.51
Fungicide Tilt Propiconazole
Phe oSl Phe oS58 9.25 4.25 25.83 13.12
Vitavax thiram Carboxin Tiram
JeuS) AY J5jisS 55 20.00 31.00 70.00 3.22

Raxil

Tebuconazole 2%




YYA s £ )l50 50 sl 3 )0 sl S T oo § &1 ol 3l oyl )50 5 olso

; J’{'“’iﬁ’”f 12.00 12.23 63.90 31.63
L)l Propiconazole
L 33.14
Artea a3l 2025  25.88 67.95 38.03
Cyproconazole
JoslisSse 12.00 12.23 63.90 31.63
Propiconazole
. . - I
99! Ot elofS 8.10 4.05 68.87 27.01 28.00
Inovor Pyraclostrobin
Sus el 5l 6.00 10.00 32.00 16.00
Fluxapyroxad
L WS Cl gt § o Ol 31 pdlio RS givaib-£ Joua
Table 4- Qualitative classification of environmental effects of pesticides
S Sds, E1Q-FUR values
Quality rating
oS s 25~
Very low
i o+ -Y0
Low
bwgie 50-100
Middle
3L 100-150
High
e <150
Very high
O S Sl slacale o (Veronica persica) ol juw Cou g i

o)d9-> g (Phalaris spp.) ., YLs (Avena spp.) isg &Yy
(¥ JS5) ol 0 o3lazwl (Hordeumspontaneum)
E55 St IS E)lje 0 Bpas oS dl e
VY) a5 el (oled )3 - 0390 Lo i) 09,5 4 Lo pgens
) oSy IS8 b o Jlo)dy 5 oS 15 (slaydy as)50
Gl dmiine byl 0 el 8l ol culS (cuslS i
Fusarium ) a-sgs poljsh Jd j) (2,L5 slagslowr o1
5,5 S (Erysiphe SPP.) Saa s (SPP.
5 (Puccinia recondita) ¢los3 S5; (Pucciniastriiformis)
olais ¢ (Ustilago tritici) 5 sl slacSalw sblo 5y o
Gaeumannomyces ) oyl (s, _ow o (Tilletia tritici)
2 b iS7,B Gpas ]38l 4 e (graminis var. graminis
05558 oS 5 ks o 51 ala S B sl 03 50
DF/OF 1> ey lojad jboas b g lizee g L)l g 590
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- Lo YY/VY cdhio )0 wwyp 3y50 pAiS dcyie YV
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A gy 5 S e 5 o S Gy il e
V= o/ smeds daunlog p iScale 5| (as 30 YA) Lo pd AVAY
0y5lategd (i Scale jl (4 )50 V) o> VYIVY 5 LS j5 sl
sy glacide oo Cap S 53 I V2V o0y e
S5 Sinapis arvensis) isg o, 5 b il Sy
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Fig. 2- Distribution of the abundance of pesticides used in wheat fields of Fazel Abad district in Ali Abad Katool county,
Golestan Province
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Fig. 3- EIQ value of pesticides used in wheat fields of Fazel Abad district in Ali Abad Katool county, Golestan Province
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Fig. 15- The average consumption of pesticides and EIQ-FUR values per hectare of barley fields of Fazel Abad district in Ali
Abad Katool county, Golestan Province
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Introduction

The increasing global population and food scarcity, particularly in developing nations, have underscored the
significance of fodder legumes in supplying livestock feed and related products (Shabani, 2012). Leguminous fodder
plants are crucial in producing necessary livestock feed, reducing soil erosion, enhancing soil texture, utilizing low-
yield areas, and transitioning rainfed agriculture toward sustainability (Alizadeh et al., 2017). Among these, Vicia
panonica stands out as a key legume in cold regions due to its adaptability to environmental stresses and diverse
applications, such as rejuvenating degraded pastures, providing high-quality and palatable fodder, improving soil
structure, and supporting crop rotation (Dong et al., 2016; Tigka et al., 2016; Abbasi et al., 2014; Fircioglu, 2014;
Kim et al., 2015). Significant variations in performance and tolerance to environmental stresses have been observed
among vetch species (Abdi et al., 2023; Karimzadeh Negari et al., 2022). Determining the optimal planting density
and timing is crucial for maximizing productivity (Ezueh, 1982). Shabani and Asadi (2024) investigated the effects
of planting dates and plant density on vetch vyield, revealing that these factors significantly influence yield and
agronomic traits. The objective of the present study was to identify the optimal planting time, density, and row
spacing for white flower vetch under rainfed conditions.

Materials and Methods
The study utilized a split-plot design within a complete randomized block design, with three
replications, conducted at the Seraroud Agricultural Research Institute in Kermanshah during the
cropping years 2020-2022. The main factors investigated included planting line distances (25 cm and 30
cm), planting dates (early November, mid-December, and mid-March), and seed densities (100, 150, 200,
250, and 300 plants/m2). Traits assessed were days to 50% flowering, days to pod formation, forage
yield, dry fodder yield, days to physiological maturity, biomass yield, seed yield, and 100-seed weight.

©2023 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
BY

distribution and reproduction in any medium or format, as long as you give appropriate
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Data were analyzed using combined and simple ANOVA, mean comparisons with Duncan's test, and
variance homogeneity with Hartley's Fmax. SAS 9.4 and MSTAT-C software facilitated the analysis.

Results and Discussion

Composite variance analysis revealed that the year significantly impacted all assessed traits,
necessitating separate analyses for each year. Row spacing influenced plant height, days to maturity, and
fresh and dry fodder yields in both years, with 30 cm spacing outperforming 25 cm. Planting dates also
significantly affected all traits; autumn planting consistently produced higher yields of fodder, dry matter,
seed, and biomass compared to spring plantings. Autumn planting also resulted in taller plants, greater
100-seed weight, and a longer ripening period. Seed density per square meter had a significant impact on
all the traits studied. The highest fodder yields were obtained at seed densities of 250 and 300 seeds per
square meter in the first and second years, respectively. For seed yield, the optimal densities were 250
seeds per square meter in the first year and 200 in the second. However, very high densities—above 250
seeds per square meter—resulted in reduced fodder and seed yields due to increased competition for
nutrients, which also led to a decrease in 100-seed weight.

Due to the significant interaction effects in various traits, different planting densities were analyzed
based on planting dates. A comparison of the means of two years revealed that for autumn planting, a
density of 250 plants per m? is preferred. This density demonstrated higher fresh forage content, greater
dry matter, increased biological yield, larger grain weight (100-grain weight), and greater height
compared to other densities. Conversely, densities of 100 and 300 plants per m? exhibited the lowest
performance in these traits and are therefore considered unsuitable for autumn planting. For both the
waiting and spring planting dates, densities ranging from 150 to 250 plants per square meter are more
advantageous than either 100 or 300 plants per square meter, as they show higher performance traits and
shorter ripening periods. Overall, the best performance for fodder production was achieved in autumn
planting and densities of 200 to 200 seeds per m?, while for seed production, densities of 150 to 250 seeds
per m?were recommended.

Conclusion

Vicia pannonica performs better when given more time to grow in favorable autumn weather
conditions. Planting in autumn leads to a longer lifespan and greater resilience to environmental factors.
Rainfall during autumn has a significant impact on yield, while planting in spring may decrease yield due
to a lack of rainfall. It is recommended that Vicia pannonica be cultivated in autumn. Increasing planting
density leads to higher fodder and plant biomass yield, while medium planting density results in higher
grain yield. A reduction in planting density can elongate the duration of flowering, podding, and
physiological ripening. Based on the obtained results, a row spacing of 30 cm, an autumn planting date,
and a seed density of 200 to 2500 seeds per square meter are recommended for fodder production. For
seed production, a density of 150 to 250 seeds per square meter is suggested for cultivating white-
flowered vetch in cold and semi-arid regions.

Keywords: Autumn cultivation, Fodder legumes, Rainfed agriculture
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Table 2- Composite variance analysis of different line spacing, planting dates and densities on phenological traits, yield, and

its components in Vicia Pannonica
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Planting line distances (A), planting dates (B) and seed densities (C),

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 3- Analysis of variance of different planting dates and densities on phenological traits, yield, and its components in
Vicia pannonica in the first year
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Planting line distances (A), planting dates (B) and seed densities (C

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 4- Analysis of variance of different planting dates and densities on phenological traits, yield, and its components in
Vicia panonica in the second year
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Planting line distances (A), planting dates (B) and seed densities (C

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 5— Mean comparison of different planting dates and densities on phenological traits, yield, and its components in Vicia
panonica in the first year
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W5 e b oS3 gl Gosbo 3l o g e 3 )b ine Sl Aes Synde B Sy Pl gl o olanSibe sl 055 18 53 9 (g 2
In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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Table 6— Mean comparison of different planting dates and densities on phenological traits, yield, and its components in Vicia
pannonica in the second year
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1) 1) ) podding @
Aol Line 25 5110a  1114a 428a 844a 99.9a 107.5a 144.3a 46.7a 4.2a
@3, &"(E?ﬁ; 30 5560a 1198a  406a 826a 99.4a 106.7a 143.9a 46.7a 4.1a
&5 Plantin Autumn  7260a  1548a  589a 1191a 124.5a 132.6a 177.4a 56.2a 4.4a
- data g Waiting  5116b  1104b  418b 837b 99.0b 106.2b 141.6b 47.3b 4.2b
el Spring 3629¢c 816¢ 243c 475¢c 75.5¢C 82.5¢ 113.2¢c 36.5¢ 3.9c
oS1y3 100 3939d 796d 322¢ 654 ¢ 100.6a 108.3a 146.0a 438a  4.38a
., Density 150 5119c¢ 1077c  432b 850 b 101.0a 108.5a 145.7a 48.5a 4.3b
7 of seed 200 5702b 1235b 500a 1021 a 99.2b 107.0b 143.7b 49.2a 4.1c
Ko per m? 250 5798b 1284b  411b 822 b 98.6¢ 105.9¢ 142.6¢ 46.9b 4.0d
&y 300 6117a 1389a 418b 825b 98.7¢c 105.8¢ 142.3c 448b  3.95d
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In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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Table 7- Mean comparison of the different planting densities based on the planting dates on phenological traits, yield, and its
components in Vicia Pannonica
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100 3648.2¢ 866.8c 292.5a 514.7a 142a 147.2ab 192b 43.5a 3.1a
150 4322.5bc  1040.7bc  264.2ab 358.8b 139.5b 145.2b 192.8b 45.2a 2.8b
b Autumn 200 4120.7bc  1129.3ab  192.5bc 395.5ab 139b 147.8a 192.5b 45.8a 3.2a
250 5374.8a 1282.2a 147.7¢c 395.5ab 139b 147ab 192.8b 43.4a 3.2a
300 4683ab  1086.2abc  127.7c 298.8b 139b 148.5a 194.2a 43.3a 3.0a
100 2823.3b 728b 129.2a 422.3a 127a 133.5a 141.3bc 28.7b 3.0a
150 3708.8a 934.5b 284.3a 378.4a 125.5b 134.2a 140.3c 29.7b 3.0a
ksl Waiting 200 3225.8ab 3837.2a 170.9a 364.2a 126ab 133.7a 142.2ab 26.9b 3.2a
250 2759.2b 747.8b 247.2a 419.7a 126ab 134.2a 141.2bc 34.0a 2.7a
300 3405.5ab 1006.8b 149.8a 475.4a 125b 133.0a 142.7a 27.9b 3.1a
100 2873.5¢c 2427 .8ab 212.8a 344.3a 97.3a 105.8ab 144.5b 22.0d 3.0b
150 3782.3b 4014.5a 154.0a 317.8a 96.5ab 104.7b 145.0ab 27.9a 2.8¢c
o)l Spring 200 3384.5bc 3921.2a 185.1a 313.1a 96.2bc 105.5b 145.2ab 26.0b 3.2a
250 4831.2a 2501.3ab 167.9a 305.0a 96.2bc 106.2ab 144.7b 20.0e 3.2a
300 1992.7d 1051.2b 177.8a 347.7a 95.3c 107.3a 145.8a 23.9c 3.2a
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In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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Introduction
Cowpea (Vigna unguiculata) an annual legume, originated in Iran. It is one of the main sources of protein, amino
acids, vitamins, minerals, and energy, and therefore is important for a well-balanced diet with good nutritional
value. In recent years, the application of organic fertilizers has increased tremendously in agricultural production.
Humic compounds such as HA is one of the organic-mineral fertilizers, which is commonly used for the production
of crops. In order to increase the quantitative and qualitative traits of plants, the extract of some plants, such as green
tea extract and coffee extract, can be used.

Materials and Methods

In order to investigate the effect of biofertilizers, including humic acid, green tea extract, and coffee extract, on
the improvement of pigments and physiological traits of cowpea, an experiment was designed and implemented in
2023 at a private farm in Semnan city. The experiment was a factorial format based on a randomized complete block
design with three replications. The test treatments include seed priming at five levels (control, distilled water, humic
acid (750 mg/liter), green tea extract (10% concentration) and coffee extract (10% concentration)) and foliar
spraying at four levels (control, humic acid (750 mg/liter), green tea extract (concentration 10%) and coffee extract
(concentration 10%). Pretreatment of seeds with desired concentrations was done for six hours, following the
principles of seed aeration. Foliar spraying was done at the beginning of flowering. Seeds were sown on June 25 (as
the second planting). Before planting, all the seeds were disinfected with benomyl and then in each plot, four rows
of five meters were planted with a distance of 25 cm between the rows and 8 cm within the row at a depth of 5 cm.

Results and Discussion
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The results showed that pretreatment of seeds with humic acid, green tea extract and coffee extract led to an
increase in the traits of relative leaf water content, membrane stability index, leaf surface index, photosynthetic
pigments, protein yield, and grain yield. In plants grown from pre-treated seeds, the amount of malondialdehyde and
soluble carbohydrates in leaves decreased to a significant level. Foliar spraying with these substances led to the
improvement of leaf surface index, the amount of photosynthetic pigments, protein yield, and seed vyield.
Application of foliar spraying also reduced the amount of malondialdehyde and soluble carbohydrates in leaves.
Finally, within the scope of the research, the use of humic acid at the rate of 750 mg/liter and green tea at a
concentration of 10% is recommended as seed pre-treatment and foliar spraying in the field. More research is
needed on the recommendation of seed pretreatment and coffee extract foliar spraying. When seed yield was
considered as a dependent trait, the traits of leaf surface index (0.6076), carotenoid (0.7265), membrane stability
index (0.6501), leaf soluble carbohydrates (-0.6678), and Malondialdehyde (0.6096) entered the model as main
variables. The results of this research showed that carotenoid (0.3764) and membrane stability index (0.2950) had
the most positive direct effect on grain yield.

Conclusion

The results of this research showed that the photosynthetic pigments, protein yield, and grain yield of cowpea
increased to a significant level by using humic acid, green tea extract, and coffee extract as seed pretreatment and
foliar spraying. Seed protein percentage, yield components, and grain yield of cowpea increased to a significant
level with the application of humic acid, green tea extract, and coffee extract as seed pretreatment and foliar
spraying. Finally, within the scope of this research, the use of humic acid at the rate of 750 mg/L and green tea at a
concentration of 10% is recommended as seed pretreatment and foliar spraying in the field. More research is needed
on the recommendation of seed pretreatment and foliar spraying of coffee extract.

Keywords: Antioxidant, Biological fertilizers, Foliar spraying, Pretreatment
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Fig. 1- Mean comparison of the effect of seed pretreatment on RWC of Cowpea
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Fig. 3- Mean comparison of the effect of seed pretreatment on the membrane stability of Cowpea
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Fig. 4- Mean comparison of the effect of foliar spray on the membrane stability of Cowpea
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Fig. 5- Mean comparison of the effect of seed pretreatment on leaf area index of Cowpea
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Fig. 6- Mean comparison of the effect of foliar spray on leaf area index of Cowpea
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Fig. 7- Mean comparison of the effect of seed pretreatment on Chl a of Cowpea
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Fig. 8- Mean comparison of the effect of foliar spray on Chl a of Cowpea
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Fig. 10- Mean comparison of the effect of foliar spray on Chl b of Cowpea
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Fig. 13- Mean comparison of the effect of seed pretreatment on carbohydrates of Cowpea
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Fig. 14- Mean comparison of the effect of foliar spray on carbohydrates of Cowpea
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Table 4- Path coefficient analysis of grain yield under the influence of leaf area index, carotenoid, membrane stability,
carbohydrate and Malondialdehyde, (grain yield is a dependent trait).

el C']Mf’” v Mgy, Sk u.»w Ol gy yS a2l 65 o9lle Js el
Sy slis
Traits Leaf area index Carotenoid Memt.’r.a”e Carbohydrate Malondialdehyde Total
stability effects
S g “DL“ 0.1191 0.2029 0.1439 0.1281 -0.0107 0.6076
Leaf area index
,\;,;:9)\5_ 0.0718 0.3764 0.1606 0.1288 -0.0114 0.7265
Carotenoid
i gylul padls
Membarane 0.0580 0.1654 0.2950 0.1046 -0.0127 0.6501
stability
g -0.0775 -0.2465 -0.1568 -0.1968 0.0100 -0.6678
Carbohydrate
el 2 osle -0.0710 -0.2388 -0.2081 -0.1095 0.0181 -0.6096
Malondialdehyde
r-square 0.6581
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Introduction

Water stress is one of the main limiting factors for global crop productivity in arid areas. A strategy to mitigate
the pronounced water stress levels may entail the application of plant growth-promoting rhizobacteria (PGPRs),
organic matter, and intercropping systems in arid regions. Among PGPRs, Pseudomonas and Azospirillum bacteria
stand out for their remarkable capacity to enhance the availability of soil phosphorus (P) and nitrogen (N),
respectively. Sufficient P and N uptake has been documented to improve plants' resilience to water stress through
several mechanisms and, therefore, increase dry matter remobilization, grain yield in late-season severe water stress.
The application of organic matter and intercropping systems emerges as alternative solutions for mitigating severe
water stress levels, and consequently improving dry matter remobilization and grain yield of the intercropping
members. Despite the above knowledge, there is a lack of information regarding the interaction between biological
fertilizer, organic matter, and the triticale-chickpea intercropping system in mitigating the detrimental effects of
water stress on triticale (x Triticosecale Wittmack). Therefore, this research was conducted to evaluate the impacts
of PGPRs, sheep manure, and intercropped triticale with chickpea (1:1) on assimilate accumulation and
translocation of triticale as two main traits for determining the triticale grain yield under the late-season deficit
irrigation (water stress) in southern Iran (Fars province -Darab).

Materials and Methods
A split-factorial experiment based on randomized complete block design with three replications was
implemented at the research field of the College of Agriculture and Natural Resources of Darab - Shiraz University
in 2019-2020 growing season. Treatments were two levels of irrigation (Ir): [1- normal (IRy): irrigation based on the
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plant water requirement up to the physiological maturity stage (ZGS92) and 2- deficit irrigation (water stress - WS):
irrigation based on the plant water requirement up to the milking stage] as the main plots. Three fertilizer sources
(Fs) [1- chemical: ( 50 kg P ha + 150 kg N hal), 2- integrated: (25 Kg P ha + 75 Kg N hal + 20 tons sheep
manure ha* + inoculation with Pseudomonas fluorescens and Azospirillum brasilense) 3- bio-organic: 40 tons sheep
manure ha* + inoculation with P. fluorescens and A. brasilense] and two cropping systems (Cs) [1- monoculture of
triticale, 2- intercropped triticale with chickpea (1:1)] were subjected as the sub-plots. The aboveground dry matter
of the whole plant organs at the anthesis stage and the dry matter of the vegetative organs at maturity were
measured, and the dry matter remobilization and its attributes were calculated as Barati and Ghadiri (2017)
mentioned. Data were analyzed using SAS 9.1 software, and means were separated using the Duncan multiple range
test at 5% probability level.

Results and Discussion

The results showed that the highest amount of assimilate remobilization occurred in integrated (2271.9 kg ha™)
and intercropped triticale (2188.4 kg hal) under IRy condition. Assimilate remobilization and assimilate
remobilization efficiency decreased by deficit irrigation. However, these decrements were different in the two
cropping systems. Intercropping triticale, as compared to its sole, showed a lower decrease in these traits (16.5% and
4.3%, respectively). Furthermore, the smallest reductions in assimilate remobilization and assimilate remobilization
efficiency due to deficit irrigation were observed in the bio-organic (16.0%) and integrated (2.3%) treatments,
respectively. Grain yield showed a positive and linear relationship with assimilate remobilization in IRy and WS
conditions (R? = 0.65 and R? = 0.95, respectively).

Conclusions
As a result, to enhance assimilate remobilization and subsequently increase triticale grain yield, triticale—
chickpea intercropping combined with integrated fertilizer application is recommended under IRN conditions. In
contrast, when deficit irrigation (water stress) is anticipated, a bio-organic fertilizer system and intercropped triticale
are advisable.

Keywords: Contribution of pre-anthesis assimilate, Dry matter remobilization efficiency, Grain yield, Harvest
index
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth.
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Fig. 1- Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures (Tmin and
Tmax, respectively) and relative humidity (RH) during 2019- 2020 growing season
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Table 2- Physical and chemical characteristics of the sheep manure
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Table 3- Analysis of variance for the effect of irrigation regime, cropping system and fertilizer system on grain yield, harvest index,

dry weight of the shoots at anthesis, dry weight of the vegetative parts of the shoots at maturity, dry matter remobilization, dry
matter remobilization efficiency and contribution of pre anthesis assimilate to grain of triticale

©laryo ke
Mean of squares
-plal SSs 59 Celul SWis 59 e L
4, Se, e sase JUH T, Age &5 Lo
O kS ol o 3 Slos peals  Petn s oy 53 (g Slg 300 U1 2 et 05,0
&3l . 5 als s 03,9 3 T
SXOAY) df &l Cuils il h’“ " “s_"*‘"’ 8359 Dr”r);ati;r Contribution
Grain Harvest D|:y melg to Dry Welght of the Dry matter remgbilization of pre-anthesis
yield index the shootsat  vegetative parts  rgmgpijization O assimilate to
milking stage  of the shoots at efficiency grain
maturity
‘ .
)_’S\) i 2 23001™ 1.24™ 357749.53™ 418960.21™ 3988.22" 6.00™ 12.26™
Replication
&bl w255
Irrigation 1 82716296™  1108.33"°  27680751.56™ 1245325284 3032822.25" 89.93™ 499.52™
regime (Ir)
) glas
() 2 252273 12.30 2326742.24 22953.22 35953.18 0.49 9.31
Error (a)
cusls d?ijl
Cropping 1 15000516™ 140.77" 24132492.50™ 9174941.97™ 3513000.49™ 122.10" 166.84™
system (Cs)
5395 alolw
Fertilizer 2 5751212 240.68”  34953126.66™  32746200.08™ 1438600.11™ 268.51" 352.23"
system (Fs)
Ir x Cs 1 1029108" 57.08™ 2408652.27™ 817487.22™ 431649.00™ 47.38" 55.50"
Ir x Fs 2 5141185™ 142.47™ 730649.13™ 823071.96™ 440590.34™ 52.24™ 79.76™
Cs x Fs 2 247121 2.03™ 1490615.75™ 921385.12™ 73297.57™ 0.52™ 19.53™
Ir x Cs x Fs 2 116314" 5.25™ 299444.04" 225804.96" 23858.15"™ 4.57™ 7.56"™
o) slks
() s 20 139990.1 5.00 1670745.3 553239.9 31887.03 8.42 8.46
Error (b)
UIM cere 7.40 5.83 13.55 9.48 10.53 16.18 8.51
CV¢ (%)

Oy pi € 6 sino i NS ko) Sy 5 doyd gty Jloin] gl )3 (I3 sine agi s % o F
*and **: significant at the 5% and 1% probability levels respectively, ns: Non significant; €: Coefficient of variation
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Table 4- Effects of cropping system and fertilizer system on dry weight of the shoots at the anthesis and dry weight of the
vegetative parts of the shoots at the maturity of triticale

gy g gLl SWds 3

gy g laelail Subs 3

Sl (6 Al po 5 Sy > 5o )3
Treatment Dry weight of the shoots at Dry weight of the vegetative parts of the shoots at the
the milking stage maturity stage
_ <_£)L:J.| #23) (kg.ha)
Irrigation regimes (Ir)
ol ! 10412? 8429°
Normal irrigation
illes 8658° 7253
Deficit irrigation
cusls 69§-"
Cropping system (Cs)
oAl i 8716° 7336
Sole cropping
bsle cuis 10353 8346°
Inter cropping
865 lobw
Fertilizer system (Fs)
“f
e 101872 8824
Chemical
w ot £F
Sl 10819* 8765°
Integrated
T . ¥
I et 7898" 5934
Bio-organic

15 do ) gy o] s 53 (I ime gl ¢SSl (glasals Wi yg05T olalyy gty 53 Ao LB b (gla uSilie
oSl b gudls + Sy (GhusS 28 (5 Vg JUSm 1 59,05 2SS VO S 2 jhud p S VD) Eidls 398 EE ¢ (JiSay (59,55 p TS N0+ 5 S 1y pS5LS ) liasd 255 £
(rtlealss ol sl g iyl olipagise SloisySl b glls QS jy (saiduosS 398 (5 Fr) I st 395 ¥ ¢ (uthols polppmonl g putarjslb yolisog g
* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan multiple range test.
£: Chemical (50 kg P .ha* and 150 kg N .ha), ££: Integrated (25 kg P .ha, 75 kg N .ha* and 20 ton.ha* of sheep manure + inoculation with Pseudomonas
fluorescens and Azospirillum brasilense), ¥: Bio-Organic (40 tons sheep manure ha* + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)

039 4S5 2 G puS o8 Jlaz g9y (gl il ebelCunddy s
g oplas (lal lalyd 95 12 ) (S als e o aBls S
S5 ey (sl G Jla 3 S (e Lol il s o i
Bijanzadeh et ) ;L Sen 4 0315 50 (Ahmadi et al., 2004)
) L A ol s S 5 o9, (g} o (al., 2019
il e i Sis oole aJg gy Juad cles!
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S oy 5l say Do el i ol iglefl gmls Y,
ay oS 2 oo A 5 50 0395 dlge dazme Jlaml iulj8l & e
Ojg pielS 4 yodie e JUil Glise Gl cpl sy e sl
ol Gialail 5 Ll il o Aty 5 odusy loplil Sz
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Ll el Gall (USe s p)SelS WAY) Lalls cusS 4
VAYY) by lia €S > o ) e (s 35 6 leS
CiS Ay Caud duo)d MDA 4 3 oanlin ([l s p SolS
25 0 Jpi) cadls (5,5 (Lo o 55 LS WAY) Ll
(Latyrus sativus L.) , 15 5 o> bgle i 59y —idrgh
A Caud 52 bgbre culS a5 sl L (Biswas et al., 2019)
3y Gial38l any yote g llas (g)lol bl o o alls cuss
W5 g2 0359 dlge daome JWl 5 (v,
3aoe JLasl oo )d VOB g FYIA LialS 4 e o WleS
Ab by e S g palls ciS jlass 53 o ia 0dy9 dlge
otalS 5 S e ptalS &b il ol 50 Jsie)
0395 oo J! 15 5 oud i o3lo Moy ol Cunw Fiiwgid
ol o imgy ) 5 5 o Sl 5] S 51 5 0o
=) i 4Bl ialS glaw 53 6359, dlge dame Jlsl 45" wlools
Movludi et ) pas ] (a5 4 Cans |y (55008 ialS Sl o
JUas) yieS JialS 55 pols islel p3.amy olis (al., 2015
ceitS baulyd o ()laleS) ol G5 dlawlyay 03,95 dlse duore
ol LIS S 4 s (10,3 15/0) 2956 b Sty 5 boglove
masdyy Bos g (SO5wS 0558 3 OoliS & g |) (4o YY/A)
s el glay (ol b cund S F 3 0l 90 ol sl
ons Jlasl Az 5 adyy L Bies &8 SB odaw Y j T oS
by lie cois ulyd p Ay iy o)l 2gde ol
03592 ga daoxe JU! oyl ply S o 055 1y (g8 ol S5
Ol (] palls sS4 s 3955 L bgle iy St 5
O dsly e )3 aimd o Lt o] A5 alalgay |y (68
S9) —ibo} ,d (Bijanzadeh et al., 2019) l,LSen 4 00l
sazme JUasl (alS 4 ot o (15 &5 A5 aoes Sty 5
ciS 3l 59y Ao ygodny 45 oting el A5 039 Slge
bl 4oy 03)9 dlge sa0me JWI p Slges g Al 5 bolse

s el

e sladdny (655,18 Bos 0 Cgldy Jdday cbglre cuis” jo
Mazaheri, ) 38’ o law 39400 ol By (590,00 «bge> o
ol ileg] 3 Lolsia 28 Caja il dugise A5 4 o (1998
Sty dloye 3 gy slaplil K25 (559 (55 2 st T
b by dlyo )3 0594 Ol quie Cydgizme 4 dag b Sty
Olsi oo g g e bl cuiS (sblje ,500 5l .ol atils
(sngy My Slgicee & 3,8 o) LBl S 5> (g it Con il 4
odlo 3 Sdas i3l Cuw 5 15 5,50 55 1) Slges b ol o olS
(Mazaheri, 1998) 35  Suuwy dl> yo 1 ol yo ol5 Siis

Jlein! maws 53 (6358 dilols a8 oy L5 il ylg 4500 ol
Mome (S o yo 3 (g plil SWiS (g 3 o> S
k> o ) (g Pl St (g Hlae (it (Y Jgi2) 292
o (LS 1 p S o kS MYYF) pbend (6365 aibelo ) (S,
Sglds (LKoo p,SohS AVSD) adli 365 Hlows b a8 del Cawd
Al 255 )lasd )3 15 ko (a8 g Cublis (gl ime
i oldngh (F Jgia) 15 edalie (JUSa  p)Sols 0ATY)
by a8 aslacsb oL (Barker, 2016) S, dles I (gylesd
oilafl 2 i e o 8T 0595 0,08l GlalS g,
A8 9y idizie @l 1 ()98 20 4 Cute Fely 55 p5l
gy slaplsl Suid oy Glall «oled ) 9 IS0 5 (g,
S e 5T e o ol 1 (S oy A2 5
slasblo 15U ()5 ol pinlejl U5 b Kg,en cmizxen
2l ) (g 4y pr () 9 (2lond A S (il
Niazi Ardakani et al., ) o)L 5 5l dlos j o, Siing}s
039 e s 89 o 3 Lagl 43S (5)l3S (2020
el 395 )lad )3 1y (S dlspo 3 (g slaplil Sis
(Lo st snT 555 Ly sl + lims s 355 20,3 0)
W28 odaliie

0uy 92 ol go vuae JLEIAI
L odle bwgh oddio pdd (395w 9 Sis odle dizee !
el 5l laslmse 5, 6 L (clomg] 3 a3 5 ds e
Sy Jlanl s (ol s b aily 5 ySlae 1y el loy05 0 oYL
3 (S a5 Caway (23S 5 B eadd s 039,
LS ol islejl )3 (Papakosta & Gagianas, 1991)
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Table 5- Effects of the Ir x Cs interaction on dry matter remobilization, dry matter remobilization efficiency, contribution of pre-
milking assimilate to grain, harvest index and grain yield of triticale

Sl 3050 JUESH dusxe JWS! (1,8 51 a8 095 g0 5 Hlike sl
W8 5. 23958 83,95 dlgo Ald 3 (g s Al o cudls
IrxCs Grain yield Dry matter Dry matter Contribution of pre- Harvest
remonbilization remo_bl_llzatlon milking ass_lmllate to index
efficiency grain
---------------- T — %)
oAl cuis 6092° *1782.6° 18.81° 29.54° 43.18°
ollas Sole cropping
Normal byle cuis 70452 2188.4° 20.20° 31.36° 44.62°
Inter cropping
Glls oAl cuis 27230 983.1° 13.359 34,510 29.57¢
D) f " Sole cropping
efici S
irrigation bsl 4352¢ 1826.9° 19.33° 41.30° 36.04°

Inter cropping

35,5 20> gy Jlesol prdaw 53 (65 dime gl SOl (laals bz yg05] bl gt yb )3 altie Cgys b gl Silost
* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan multiple range

OFar (leewd 365 Jl &5 (anlyd p> o ol (L e 5 69,
s ) G 5By s odlil (S 4y p,SshS V04) YU lskedy
s JUih ¢ jaagd dlge Gljne 2ad (il b (23S Al yo
oials g daled ol jor dily 3, Slae yialS oS j3 g 03595 dlge
S b duwlio jd a8l (slaylowd 13 039y dlge dazee Jlanl yieS
o wolas o)lul bl 4 s o 5 dawlgdy olond
Niazi Ardakani et al., ) 3= oL3 (59, o Sdivg}y plo bawgs
bl > (i3 5 (il 355 (5550 ol 05 55 (2021
blos ol 3 ol G35 (S0 s Sl glgices |y ol o
byl 50 oS g plaw 0 Caws Slas 365 34k 5l S
O e ialS )3 ST lge g sy oaiiS mabats sla 6 iSL cuto
5y Sles .a5le3,8" 5,155 (Niazi Ardakani et al., 2021) 1,
g Coto s abyly (ol 05 g s b) Csllas buylyd s il
Sloo 305 Ll Uy (R2= 0.95 5 R = 0.65 o i) psiians
Niazi ) ol )LSen g SLS>) (g5l (VY JS5) oly i 039,
g 0 aild > Slas 8" widl > Lidgh ) (Ardakani et al., 2021
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355 Jless 3 jlade (yieS 9 (JiSB 2 p)T5hS YYVI/A) gllas
Cwd dy (1S 51 p)55LS ADDID) (o)l Ll 53 g (o
9 (el ¢ olar D 355 gladilln » e ian gkl Lol
Joda) b (shuoyd Vo 9 VAN OFIY jialS & oo (-
355 )lass 13 03)90 dlge duome JUI ialS Moyd gyt &S (7
Ly (JolS Oygiods slend 355 205 .0 odalidie olosid
6955 laailobw plw 4o cows |y A 5 gy slaplul
i3l ATl (wloss ealy L Laodls) Amd o (g piin Lial 53]
Lagl 5l ol s olie b Sy 05290 0lS oty cslaplul 1)
b s O j5es Gl bl (l 53 0> erdtis ol
Syl g 03,8 455 S ) ST 53 39290 Cagbs) Sy aBly
Barati & Ghadiri, ) 595 e yiuiw oS (59, (o L5 hie
JUisl e (il s (o o slo i Ay (2016
{(Barati & Ghadiri, 2017) 545 s <Me )3 035 dlgo daoxe
JL5 a1y 0359 Slge saome i) Lials O was cusgise Ll
diwly e y> (Bijanzadeh & Emam, 2012) c.oily A algs
(Barati et al., 2021) -,LSen o Sl idgiy 5l Jols s
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Fig. 2- Relationship between grain yield and dry mater remobilization of triticale

B U5 51 JaB 03,95 g0 8 jline 039 1 g0 duomo JULS! (31,15 03,9,y 390 duzme JESI i 6355 dilobw x (g byl LS Ry J1-T Joua
A, 7 &> 5 Sdos g Cuild o sl ild
Table 6- Effects of Ir x Fs interaction on dry matter remobilization, dry matter remobilization efficiency, contribution of pre-
milking assimilate to grain, harvest index and grain yield of triticale

Slge dusme JWS! 2,8 51 a8 3595 dge Sy Wi
83952 3lge daso JWE! 8395 EHERJOONS &13 53 (5 Al> g0 Cuild py ol
Dry matter Dry matter Grain Contribution of pre- Harvest
remobilization remobilization yield milking assimilate to index
efficiency grain
Ir x Fs (kg.ha!) (%)
stbeoni® b b b d a
i 1870.50 16.81 6970 26.68 43.00
Chemical
s ols EE
sl Al 2271.90 18.98% 7449 30.40° 43.48
Normal Integrated
C oy
“_A‘ ) 1814.25b 22,712 5287¢ 34.28° 45.232
Bio-organic
+£
sthes 855.50¢ 8.85¢ 2758 29.21¢ 24.231
. Chemical
SolleS o s £E
Deficit (el 1836.05° 18,53 4190¢ 43212 34.38°
Lo Integrated
irrigation Lo ¥
# ) 1523.60° 21.65%® 3663¢ 41.282 39.80°
Bio-organic

105 o) iy o] s 53 (I ixe gl ¢SSl (lasals Wi ygeil bl gt ya 40 e g ys b (la Sl
(S5l e+ 55t 53 355 5 Vg 550 1 0 S VO K 1 i S Y0) s 255 EE L ([ (3355 £y Ve 5 550 1 i 55k 01) (sl 35 &
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* Means in each column followed by the same letters are not significantly different at 5% probability level using Dancan multiple range test.
£: Chemical (50 kg P ha™ and 150 kg N ha'), ££: Integrated (25 kg P ha%, 75 kg N ha* and 20 tons ha'* of sheep manure + inoculation with Pseudomonas fluorescens and
Azospirillum brasilense), ¥: Bio- organic (40 tons sheep manure ha* + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Introduction

Safflower, scientifically known as Carthamus tinctorius L., is an annual plant belonging to the Asteraceae
family. Today, with the development of high-yield varieties that produce substantial quantities of high-quality oil,
safflower is recognized as one of the world's important oilseed crops. Given its strong resistance to salinity and
ability to grow under rain-fed conditions, it is considered a drought-tolerant plant—an attribute that significantly
enhances its value. Additionally, humic acid, as an organic compound, poses minimal harm to the environment.
Additionally, through its hormone-like activity, it has many positive effects on various traits, including performance
characteristics. The presence of micronutrients, especially Fe, enhances the plant's resistance to various biotic and
abiotic stresses.

Materials and Methods

This study was conducted at the Ardabil Agricultural Research Center to evaluate the effect of two types of
fertilizers (iron fertilizer and humic acid) on the yield and phenological traits of two safflower cultivars. This
experiment was conducted as a split-plot design based on a completely randomized block design with three
replications. The main factor included two safflower varieties named "Chini" and "Goldasht," while the sub-factor
consisted of nine fertilizer levels. These fertilizer levels included one control level, two levels of 95% humic acid
(two milligrams per liter and four milligrams per liter), two levels of 12% EDTA chelated iron (one milligram per
liter and two milligrams per liter), and four combined levels of iron and humic acid fertilizers.

Results and Discussion
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The results revealed a significant difference in performance traits between the two varieties, Chini and Goldasht.
Observations showed that the Goldasht variety produced a significantly higher seed yield of 1,462.5 kg per hectare,
compared to 1,403.3 kg per hectare for the Chini variety. Additionally, the second level of iron + second level of
humic acid treatment showed significantly the highest yield, resulting in a 49% increase in seed yield compared to
the control. Overall, the combined use of these two fertilizers is recommended. The Goldasht variety requires a
shorter time for flowering and maturity compared to the Chini variety and matures earlier while also having a higher
yield, making it preferable in this regard. For the traits of plant height and antioxidant activity, there is no significant
difference among the cultivars. However, among the fertilizer levels, the second level of humic acid resulted in a
height of 68.3 cm, and for antioxidant activity, the combination of the second level of humic acid and the second
level of iron exhibited the highest activity at 84.5%. Overall, among the cultivars, 'Goldasht' and among the fertilizer
levels, the treatment combining the second levels of iron and humic acid had the highest biological yield, the highest
harvest index, oilseed yield, and seed yield. Humic acid, due to its nitrogen-like effects and its richness in organic
materials, leads to increased seed filling and higher thousand-grain weight. On the other hand, the application of iron
helps to cleanse reactive oxygen species and improves the plant's sink performance, providing more seeds for filling.

Conclusion

The studies indicated that the Goldasht variety matures earlier and yields more than the Chini variety. Due to its
longer growth period, the Chini variety is more susceptible to late-season challenges such as heat stress, pests, and
bird damage, which can negatively affect yield. Therefore, the cultivation of the Goldasht variety is preferable in
this context. In terms of physiological traits, the application of iron and humic acid fertilizers was found to enhance
the stability and resilience of both varieties. The interaction between humic acid and iron proved beneficial for
safflower health, promoting greater nutrient uptake, improved growth parameters, increased seed vyield, and
enhanced stress tolerance.

Keywords: Antioxidant activity, Chinese cultivar, Goldasht cultivar, Grain yield, Micronutrients, Oil yield
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Table 3- Analysis of variance (mean of squares) of the measured traits

. ay® _
% gle e ©lrpo pSbe
S.0.V ddaf) Mean squares
. HEeY
ol Al ‘3
ob; W, adaw Cullzd ;-”‘9 5,5dos 5,50es 5,5dos oW
Sy Sy Sy oSl 2 SRR «ls o9 Sojdem Sy
Ripening  Plant Leaf  Antioxidant &b Thg:;gnd Seed Seed oil Biological =~ Harvest
time height area activity Seed - yield yield yield index
. weight
index per
head
BB
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ns, * and **: non-significant, significant at the probability level of p<0.05 and p<0.01, respectively.
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Table 4- Mean comparison of the main effects of cultivars and fertilizer treatments on safflower
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level using duncan
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Fig. 1- Mean comparison of interaction effects of cultivars and fertilizer treatment levels on the safflower leaf area index trait
at a 5% significance level
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Fig. 2— Mean comparison of interaction effects of cultivars and fertilizer treatment levels on the safflower ripening time at a
5% significance level
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Fig. 3— Mean comparison of interaction effects of cultivars and fertilizer treatment levels on the safflower seed per head at a
5% significance level.
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Fig. 4- mean comparison of interaction effects of cultivars and fertilizer treatment levels on the safflower thousand-seed
weight at a 5% significance level
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Introduction

Intercropping is one of the most economical and accessible methods for increasing crop production.
Intercropping increases the quantity and quality of yield by reducing intraspecific competition and supporting plants
mutually. Research on organic mulches relates to plant residues such as straw, leaves, and various types of manure.
In sustainable agriculture, mulches can improve conditions for growth and environmental stress tolerance. The use
of mulch and mixed cropping can affect environmental factors (such as temperature, humidity, water and soil
salinity, and light intensity and quality) and biological factors (such as fauna and flora inside and outside the soil
surface, pest, disease, and weed populations, and reduced intra- and inter-specific competition) at the microclimate
scale, improving quantitative and qualitative Yield. Iranian borage (Echium amoenum) is a herbaceous, perennial,
long-day plant, and stevia (Stevia rebaudiana) is a bushy, perennial plant sensitive to cold. In this regard,
intercropping stevia and Iranian borage in new regions can create opportunities for employment and profitability.

Materials and Methods

©2023 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
BY

distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source.
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The experiment was conducted as a two-year factorial with two factors based on a randomized complete block
design with three replications at the Agricultural Research and Education Center of Arak during the 2020-2021 and
2021-2022 growing seasons. Treatments included wheat straw mulch at three levels (no mulch - zero, furrow mulch
coverage - 3 tons per hectare, and complete furrow and ridge mulch coverage - six tons per hectare) and
intercropping ratios of stevia and Iranian borage using replacement method (100% Iranian borage, 75% lranian
borage - 25% stevia, 50% Iranian borage - 50% stevia, 25% Iranian borage -75% stevia, and 100% stevia).

Results and Discussion

The lowest weed biomass (60 g/m?) and highest volumetric moisture content in the first year (12.07) and second
year (12.7) were observed in pure Iranian borage cultivation with complete furrow and ridge mulch coverage. The
highest weed biomass (296 g/m?) and lowest volumetric moisture content in the first year (2.5) and second year
(2.03) were found in pure stevia cultivation without mulch. The highest canopy temperature in winter (3.86°C) was
obtained with furrow and ridge mulch coverage, while the lowest summer canopy temperature (32°C) was observed
in intercropping ratios of 50% stevia-50% borage, 75% borage-25% stevia, and pure Iranian borage cultivation with
complete furrow and ridge mulch coverage. The highest stevioside content in stevia (3.74) was achieved with a 75%
stevia-25% lIranian borage ratio and furrow mulch application. Analysis of Iranian borage fatty acids showed the
highest gamma-linolenic acid percentage with furrow and ridge mulch coverage, differing by 1.2% from the lowest
percentage observed without mulch. The highest unsaturated fatty acids, oleic acid (21.8%) and linoleic acid
(24.7%), were obtained in the planting ratio (25% stevia and 75% Iranian borage and pure Iranian borage
cultivation) with furrow and ridge mulch, while the lowest oleic acid (17.9%) and linoleic acid (18.8%) were found
in the ratio (25% stevia and 75% Iranian borage without mulch). The highest saturated fatty acid, palmitic acid
(10.5%), was found in the intercropping ratio (25% stevia and 75% borage) without mulch, and the highest stearic
acid (4.95%) was obtained in the ratio (75% stevia and 25% Iranian borage and pure cultivation) without mulch. The
lowest saturated fatty acid palmitic (9.92%), and the lowest stearic acid (4.05%) were obtained in the treatment
(75% stevia and 25% Iranian borage with furrow and ridge mulch). The highest dry flower weight of Iranian borage
(837 kg/ha) was obtained with the use of mulch in rows and ridges and an intercropping ratio of 50% stevia and
50% Iranian borage. The highest stevia plant height was observed in the 100% stevia and complete furrow and ridge
mulch coverage. Results showed that applying mulch in-furrow and ridge and intercropping with a higher
percentage of stevia leads to better quality in Iranian borage oil.

Conclusion
The furrow and ridge mulch coverage treatment resulted in the highest levels of measured traits in this study,
including soil volumetric moisture content, unsaturated fatty acid linoleic acid content, the highest gamma-linolenic
acid content, as well as maximum winter canopy temperature and lowest weed biomass. The planting ratio (75%
stevia - 25% borage) with furrow mulch application achieved the highest stevioside content.

Keywords: Canopy Temperature, Fatty Acid, Glycoside, Soil Volumetric Moisture



S$399LS (wliclh p gy 4 g

Homepage: http://agry.um.ac.ir
pag p:/fagry R

FENTOR Lo Vet Bleul oY oyled IV Al

bglsue oiS 55 Jgmame iS5 50 slacile lee » N @l S ) p

>

(Echium amoenum) gl u! 0L 58 Jf 9 (Stevia rebaudiana) b gw!

°‘5;LJ J» d&H &;.ol Ji‘_;jJ:_,f Lp,o}\.& ard.'odi Oy Saea {M‘_;.Lg..i.e JLL.J l«o,;.l.o “o:‘} o) e
VEY/ A0 1l 55 b

\?'f/'Y/'q 'U;‘JJ-“L- .ca_')l:

2SS

Echium amoenum Fisch. & C.A. ) il Ljs8JS 5 s JwS (canb oS i S (Stevia rebaudidna Bertoni) L gl
:b}..u;L;o GL_M g_ﬁ)_a.m @T)LS Dok L Yo 4 L;QLS uys.a}u .\,Jy Co o dI)J e LngoI) )I o J)M)J @s)lé DL; «5;_‘ (Mey
g VFr o= VFY) dlogd &gy u:a.iLO)'T Dgas oo aBld L (65)sliS slrogls I (SO lgiedy a5 (bl o bolwe culS slapimn | ool
oS @l 3,8 gl Jole 15 plos] ST it 3 S5 a3 5 (3ol JolS slacSsh b B 13 Joy5iSTs g0y 5 (IYRAVY-
g laser 59y @lo Lidgr (LS 1 o aw) laser (59, @lo Liudgr (aals) glo 5,8 pac Jolis (Triticum aestivum L.) a8 28,
0+ L3l IS o> YO + Lgtwl duo > YO b giw] allb cuiS) (il (og,d balswe cudS Jols pod Jole o (i )0 (o i) aaidy
0395 j p bolws cutS 5 gl Joliio 51009 (L3585 S LRl cudS (L3985 duopd YO + Lgiwl duoyd YO L5585 JS o yd 0+ + L gias]
Hlale 0 )b ire Gl ) ((Rdzl) @l slod 5 QLU @iz ol g bgiul (slanyj5SlS (SB oo Cugh) 0 ladile
0365y § oy ks A pAS S 90l 55 30 Led ulial el Sl sile G aSle glle ke cidly liuse jd ezl (gled p lo gixe
J5 Al S 3 (pperie g p)S 1) sypdile 039 (npinS 5 @l Bpan pie g Lgtul (allb CuiS )3 (@peyio g p)S V51 jacile
IS 2oy YO + Lgiol duo pd VO S s ) (a0 )3 YIVE) Wy 5g0 0l (500 (30 5 YL o osaliio gdlo bawgs dily g (g9 JolS Liudiey 9 59l
dlimogas iy 5 S5> Gidsn 5 QLSS LANE CutS )3 (803 WIY) oz Cush e ey ol Cusd 4 g5z 1> 0 @le 5 olglS
9 S da 9 QLIS alld S )3 (10 VIIV) Siddgid g (100 VIA) Syl bl il 0 ol (e i 23 Juol> e
5 i VL A Sl (S it e (S 3 o5 ) iy 5 s 2 @le 208 b o1 ssbty ol s 2 e gt iy
Seal Gy dn ol Lo d B g Ligiwl doyd B S Coms g Ay g (59> ) @lo 3,8 L (Hka 13 o, FolS AYY) Slpl oljelS S
2 olS 93 ya Jouase Mo )l ool Cuwdds w5 bolswe cutS slajlass )3 gl adgs o Jol Sl ;0 (LjslE S Wdg pie & dngi b (picmon
5 Lgiwl 1o yd YO boloes S jlad s g Jol 45 50 Lgiwl doyd B+ g L5055 duo pd 0+ gl cuitS jlows a5 100)8 asuio g b
ABle bl i slacuus o poalio (Ll S 203 YO

J.;ﬁi.lf Sk o> A.A)9]9) 403&%55 dLo.) > Saol L;..\,“JS dub}‘s

Ol sI83le sl s e o 5 (532905 pole ISl 5 oSl (AL S5 5 i piae 09,5 5D gy )
Ol oMo (g5l yliwjed b wlio g (65)9UiS pole oIl ¢ g5 yolisS ouStily ¢ alS S5 g g3 wdige 09,5 bl —Vo¥

Ol SHEG S o il (b @lie 5 (55)5ltS Slidod S pe ety =¥

Ol (Mo (g9l (bwjor omb mlio 9 (6579UiS pole olily g5l 0 a8l ¢ BLS S5 9 Mg (wdige 09,5 jluiils 0
(Email: alirezaabdali@asnrukh.ac.ir e ki g —3#)
https://doi.org/10.22067/agry.2025.91101.1224


http://agry.um.ac.ir/
mailto:alirezaabdali@asnrukh.ac.ir
https://doi.org/10.22067/agry.2025.91101.1224

VP Gliwl Yo lods Y ol ((6559Lis ol gy 4y y YYY

O=en (Basereh et al., 2015) csl> 31w (oleracea L.
byl ciS )3 glodlpd oy sl yolie a5 o0 )5S
;| yui (Glycine max L. Merrill) Lgw — (Zeamays L.) >
a0 JoB slagdle (Yang et al., 2017) 54 alls cuss
WSS by i il lacyie s Sy g ol ale st
Lacsslon 9 5y sbacile 1d) 5l (gSole SB (alo b ials
2 eddplos] wliadss iy J(Feldman et al., 2000) s
1Sy (S5l 5 oS (sLles & bisyyo (T (slagdle aivo;
2Bl e el sladgS glail g g 03,5 g0yl SB o
(Triticum aestivum L.) pa8 sLla 51 oolawl il

s250 Slslll dlge 50, 51 S5 o (5 et 3 pogaday
oaalS cel Wdgin 5 g (Jeid dlge « Slgid glaiwl wils ‘j 5
i badle L Log <y )08 ialjdl g jym lacile o515
S23d bl dgu 53 pAS (IS oS S50 LB (pimen 43S
s ol S 5lod ss5 o (g i i ) S
5w 1S JialS g babsSs ksl s400 « S I dlg
.(Shahbyki et al., 2017) »4 (Phaseolus vulgaris L.)
»LS Stevia rebaudidna Bertoni _ale s L Lgiul
ol o) sl 1, Ko algls 4y a8 sl dlois ¢ L o slass
aS el US.'>5_< dl_hj)_s dl)l.) 9 Cwl Lo)_w LY u.ul.w alﬁf
5 S « Sz ol oS )l )18 Bl (59) glite g0
Slabg Gpgods g diud S5)eS Sy SO)d Sle Cuond
Luly oy (Al et al., 2010) 5g5 o Ll 4l g,
4> YO U slad UL olyon Coloyo sly o dbgiuwl Jose
yieS sljgy 45 Lgiwl olS il S5 byl )l pogde cuwl (gl
Olie 0 pSaddy G G (2S5 g 48y J5 4 col W
2b dalgs i joSUIS a5 (o (b 6 5 Sy Jaee
slaS, s o Lacy e YU slge (Ramesh et al., 2006)
oS ol cppaid 050 ole (2o Vo /¥ 2905) L gl o Siis
oS 50 Jargiwl (slaa 5585 (Cacciola et al., 2011) scs
s ((Bla gley sl 59,8l ln ol Glysa byl
..\J}.M)L;o oalawl u)‘.)_)b L;Lbuf.b_my )I d).:.iw 9 (19> )L.d

EVRUT)
I s g0t 153 p3ye 2o )3 A 3gin b )15 bl
5 (Davis & Choisy, 2024) siS' o osliiwl gyl lals
ol a9y lasgS i byl (slacuiS 4 blos 503 (g9
i sbdile WS o Mg it 035 bl (pl Cul
) ol 03,3 Spslana |y i ()3g s 03905 o6 |y 6yt
S yidn ) S Giedan WS (o bds yiin S
g gyl g dimd o ]38l 1y gdm Y suaze 035l cled o
Florence & ) us)b 555 (i8S SS Lkiar 4y Cows (YL
S el (555l K5 <Ky bogle S (McGuire, 2020
5 By o CdS s 30 Sy )3 o b Y guases Sl (gl ol
sy adgle g 1ie g )3 5905 dgete 2 ol bl o
Sl (55,98 gy ol sl 4B S 18 10 250 03 1S
Lo iy &Y gammo Ly yslogs Jyammo Sy Sl 2l plé]
o)l a8 o ol f blite glis 4 olitwd |y glose
ookl pials ide Jyame 4 oliwd gy byl cuis
2 ofgin ol Bpmo LS (hl38l g dedgS g lard Slgo
Toker ) couwl ciglite Siddog g Suid (gl yaiS Coww bayly
eSS (e oyte (55y0liST aie &S5 (et al., 2024
by oo j site Sl gjysliS lagne) (e £55 %) O
SigiS ik 5 2lie ol 8 sl plliipg 5 Slos g Cunn
S3o9aS Sy Cgl sl () ble cutS ST 0 g )
53 E95 9 450 (9> =) SleaisS Gl By 5l b
85 de Ko 4 (i o Jlo o b S iyl
e (3l gl (ol plysan ol5)5laS 5 lolides e
lagile 4 (St @l 1S 5 @lgls cutS (lagtue
Sl 5o cbg I S pllss (YU et al., 2025) cuol ()58
» 1y (Arachis hypogaea L.) —ue; pbly <gy Saall
pllas a S oly s g ol pals ol Lalls e b acwlie
ly Sestally oasdgldl oy dssl lie Wl bglve i
Rezapour ) aisy sge ) (—iwej pbls €4y cutsS o il
o d 451 €95 Ao yd (o iy (Kavishahi et al., 2021
Lallemantia ) (s s (6550 doyn Ve ]38l balsee cuis
Portulaca ) 4,5 wo,s V- + (iberica Fisch. & C.A. Mey.



Y¥o

ceebglie Gl )0 Jguaze oS 3 550 acile Hlo » I @llo ST oy sy S0 g 0315

L ydg; 9 2lge

ol lele g3 Ja)sSl ygots g Allgd g0ty hlejl
s il 550 53 S5 L sl oK slacSh o
lomgol Ly yomod oo ailaio) STyl s ;0 (55,98 ligios
Sluasuio g, WA Ly e jl glar)) «Sid e o Sis
=hi Jbw 9 b 3 (sleblype a2 VAN Jobo o YF 550
BT It SN OOV A TR R PN L SRR CA NP A LTS L O
Ola o sl o, Sloe 5009 &y 3y gyl Jol JLw
53 S 68 53 5o slyr Gielafl () 2 0iiis 5ol
5 pasS LilS g0l wdle 3,08 ¢ yialejl Jgl Jole a6 S0l
e pd 5 daw 3,58 aals) gdle 5,08 pas Jolis pdaws dw
P05 Ol g s Gy sl paiS GHS 9ol gl
e 29 iy 5 gy (idy lp paS (S5l gl LS
s gy g Jitie talesl 180 4 5 4 1503 (sl o
Jols pialesl Jole cpngd 03,8 yiso SLs maw (<9,
Ohardm Sl GLejsl S 5 byl by Lo il slacu s
(bjalBaioyd YO — Lgiwl 10> YO dbgiwl dojd Vo v) 05
YO = bgiwl dopd VO (L35 1S s pd B+ = Lgiwl 3o yd A+
P92 (Sl OLjol S5 woyd Voo g (Lol JS oy

Do it a0 SUS (oo 5 (Sub Shoogeas
() Jgie) €855 )13 ()

Echium amoenum ) .l L5458 S .(Goyal et al., 2010)
& Glie g il g, oy (ils alS (Fisch. & C.A. Mey.
Akbarnia et al., ) .sL . (Boraginaceae) ;o5 oslgls
laaul I YL sy oLjslS JS cilisee (sladieS 5, (2009
Baker etal., ) ssb o L 1) 5Ll o ¥ =LK gliil e oy
ool b glslue (6y98 o sl wl 52 (2016
by gy &S Canl cpl oaimdlis Slpl (bjelE U5 slais
e oylgsedy oolawl Caa 0gdlly slisiwl (shly Syl L8 S5
b ¢ yiulojl oyl ¢lal 5l Ban (Hosseinpour et al., 2012)
oS JooS  pulS S90S o b SB- idgy Sl (g0 cofg
D Sl s lw s Gl fwly (sled @ bgtol (6 e ,S
9 byl (sga 9 28y J2lpe g cigd a dng L s
5 Cosles (LSl 0liS 95 ol bgbeo et s e sll bjs5US
9 &b ) s (90 e i bl 53 ;K0S 1 olS
2 SRl oLl 5 el sg2g (slaigS 19,0 <oy ials 55
JLw 0 gl Jaame Cuildy wlS 50 bl cuis o oplply
opl g S bl el 5ygliS (el Wl o (ool Ll 4 ol
Ly Lo ciS g gdlo 3,8 Jols g 30l o bS] b)) i
Egd90 0lS 93 (AS 9 (o G Shy g (e Lulyd (S p

ol o 43y ol a4 Gimgs cpl g3 a8 2 olis

il 48550 SB glhowsd 5 (S 5d Cluogad —) Joso
Table 1- Physical and chemical properties of the experimental farm soil
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Table 2- Analysis of variance (sum of squares) of volumetric soil moisture, the temperature under the mulch and
weed biomass under intercropping ratios and mulch levels

Sl o Egono
Sum of squares
Oyt 2ile NEBIRESE o> Cugb, The t gl ){}tdl“ q
L . etemperature under oo
S.0.vV d.f Volumetric soil moisture the mulch G a?ym,
Jsl Jis g3 Jw il s Weed biomass
First year  Second year Summer Winter
I .
’_’g’ . 2 0.012m 0.011" 0.533"™ 0.577™ 71.2"
Replication
L 4 43.1** 76.5%* 5.46* 0.800" 103**
Planting ratio
o
& 2 366** 368** 261* 61.9%* 615**
Mulch
Do X culS Cos
a‘f] e 8 10.1** 11.1%* 5.06* 0.533"™ 293**
Planting ratio x mulch
s
28 0.277 0.365 4.80 2.75 122
Error
() Slesis o p
1.14 1.26 1.96 13.1 1.32
CV (%)

* %% NS
‘

oy g 5 S Jloin ] pdaws )3 45 Gxe 5 doyd SO Jlein] o 50 Jb xe b dxe p S T
ns, ** and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.
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Jbess an bgye (103 W/HY) Jol Jlo p3 (s> Cagbo) (s
9992 @le dldy 9 S92 Sl Bpman g (Lijgl Al cuiS
S sl d bgje (303 VIB) (oo Cugb (lise (3508
Oty (oam ool s 4y @llo o pis g gl Ll
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Ol (7S 9 39 o didy 9 92 JolS Bpan g (403 VYY)
pis 9 byl palls S Jlo )3 (303 V/+YF) (o> Cagbs,
el Cawd 4 gdlo b yune

Glicsey 4o glle (ldigy ) Sles 5 8o sl
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bwy iy 5 g9 JolS b b (3,8 ol a0 YIAP) &l
9 PS5 a8l 4 glaio Ll oLS (¥ Jgaon) el cuwd 0 glo
Sl e (S g lop (15 Ll 1 9 23k gy
Sy dcjio o w 4SSl ey i) Juad )3 00,5
OIS 9ol8 le by Lo )5 ety ady Juad ()b 53 Lgil
Gle S§ wile glo yiidgy 20,5 Lod Wlind corge Causlys palS
oS calojl > b puiS LISl 05 50 Lo Bl el )l
avg g pS @le 0 3 i a b SB v glod (5
led oy yiin cpioren b sdalin (LSa o o Cuta lude jo
A VYA paS wlo 105 30 culpan e S e w
4> ¥+/Y) (Medicago sativa L.)a > 4 (3,5 5l w
Basereh et al., ) aol cowd au LS 3 o5 coda (31,5 sl
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Table 3- Mean comparisons on weed biomass, temperature under mulch in summer and volumetric humidity
under intercropping ratios and mulch levels

o> Cugb,
e 0395 Cumy § bl b ;5 slod VOI#]Z}?[L':eSO'I
CdlS S Feall P Temperature under mulch in (%)
Planting ratio Mulch Weed biomass summer
o Lo @92 J
(g.m?) C) Js! J Second
First year year
228 pae 260 38.0 2,50 2.03
No application
L
Lyl V-7, s 2 e 197 333 9.32 9.18
100% Stevia Mu!ch on furrow
iy g s> ) gle
Mulch on furrow and 179 33.6 10.9 10.6
ridge
3,8 pas
7¥0 g gl 7 V0 No application 234 38.0 3.21 3.11
b3 Js oz 2 gle 177 333 8.78 8.92
75% Stevia Mulch on furrow
25% lranian + andy g s> gl
Borage Mulch on furrow and 162 33.6 10.3 10.6
ridge
b).g)ls f.,\.ﬁ
7+ g Lgial 7 0¢ No application 204 38.0 5.46 5.70
ol s s 2l 155 333 10.2 11.0
50% Stevia Mulch on furrow
50% Iranian + Ay g 9 gl
Borage Mulch on furrow and 133 32.3 11.1 11.3
ridge
b).g)ls f.,\.ﬁ
. 17 . . 72
ALPITRYAL No application 0 38.0 6.03 6
obiss s s 2l 97 326 11.0 117
25% Stevia Mulch on furrow
75% lranian + ady 9 s> » gl
Borage Mulch on furrow and 81 32.0 11.4 11.8
ridge
25 e 140 38.0 6.15 7.00
No application
ok S V- s p gl
. . . 12.0
100% Iranian Mulch on furrow v 326 11.3
Borage aidy g s o
Mulch on furrow and 60 32.0 12.0 12.7
ridge
(20) oisma colis o 3.4931 0.6925 0.1665  0.1911

LSD (5%)

A2l o 07 Jloinl o 55 5l dine BMS] (glyls w3l (LSD) s gime aMus] Jalis 51 5L lay] M1 a8 o uSileo
Means that differ more than the least significant difference (LSD) are significant at the 5% probability level.
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Table 4- Means comparison temperature under the mulch in winter (2022) under muich levels

Jb Ol )3 Flo 525 slod
Temperature under mulch in winter
Mulch o
G
28 pae 1.00
No application
Mulch on furrow
Mulch on furrow and ridge

(70) s gme cglas J8lus 0.524

LSD (5%)

Al o 07 Jloss] paws 53 I3 gxe 3] (gl w5l (LSD) s sime M3 JBlus 51 5YL Lol V3] oS ol SSleo
Means that differ more than the least significant difference (LSD) are significant at the 5% probability level.

PG yo Lgl_mny_w l_) c&_m;Lan Jr uT d).a.n U.:blf 9 &l .))Slor—
(Chen etal., 2015) 15,5 (gdlo y5)

L s slawsj gsals

ok Jlite j31 a8 3l (i (puib)ly 4528 5l ol @l
43,5 )1 (ime Ligil (sloy j5S5 Cdo pr bgloe iS5 lle
(6-Js>)

Ljggil lie it 5 28 pasule loKike dunli
OLjsl 1o )3 YO — L] o yd YO S G ) (o Y/VY)
e oYL pripan ol Csd oy g9 )3 e Bpae
VO- L giwl 4o )d YO CiS Cannnd 53 (o3 YIVY) A 50335
JOBR) C aigdgn) cnyide g @lle 3 Lok 9 (LIl deo)d
5 il o)y YO — Lgiwl Loy YO S Cad 3 (doyd
byl (S (dapwd 23S Jols atdy 9 g2 > @l Jidg
S Sl Loy 9SS I (lodiomy bole jgis Jidsas
YIN) A 3500l oy A/Y) e sl Jolis bgiwl 5y odes
ool (4o yd +/Y) 15558050 5 (o pd +/5) C asjadley (ao )y
e gl oL 0o | ua (Abdullateef et al., 2011)
slran o 0005 5Sla 5 b IS (g 008 (e
sl pdo (b & (GlrodiS (p

g 00l Wy Jdoa LujelE oL &S oy i jislejl puls

e GRS e o) s Sl gy b Wl e 03,58
CulS )3 48 855 oo 33,5 (> Caghy Gl 5 S o |
PSS s 8 ol ond sl @lo 3,8 pas g Lgzal Lalls
oAl g S Gl cage g (b (g (LS Jeolgd o
9 S pidgr b slajlosd ionen 98 SB 53 (oo Cagb,
sl yLujolS (sladsipy 03ymuS 0y LS )3 5 glo Lawgy anty
0l SIa Cugby bads Coge 9 0000,5 SB maw jo (gjlulasle
o= olalS 5 (Suis 4 plie (lalS (55, & tulel 55
NP 52 5 oo9SLS gl aiile Siidaas § Suts 3blie
S5 oS 5 @lo 5l oalisl (3 ploxil cleigy 5 Ldle sladisS
LY IS s 1 e oo o5 3b ol by ey S
3o 1y ol ol s § GleolisS 0590 S (gl doyd AF
Blo 2,0, ( ds} ,o (Burtetal, 2002) sly jzals s
el coiian LS )3 (510 5 )+ D gshaw )3 pulS S polS
15 SB ey JB O jlude plp VYD VYD MY Lol 8]
L olyen Sty gdlo el 3l ¢ dié>s 45 .(Jordan et al., 2010)
g aib 0y, Sloe s dn )0 (SB cugby Jlade y LilS 40l &l
2350 o > Jl ds Sdody Sltus puiS Ol e IS
o (Sdly gle 0plS a8l (Ui ol ()5 )18
S 3 YO 5 Y0 Liolidl cenge i an (il 50l o olyen
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Table 5- Analysis of variance (sum of squares) of ribodiozide A, steviozide, ribodioside C and height of stevia
plant under intercropping ratios and mulch levels

Olarpo 9000
Ol gty 2slio &3l as y Sum of squares
So.v d.f A i) 2 92 90! C 2je39m, Lyl digy g5
Ribodiozide A Steviozide Ribodioside C  Height of stevia plant
<
’ .’g’ . 2 0.007 0.00028™ 0.00024" 25.3
Replication
55 4 217 2.85™ 0.315™ 3726™
Planting ratio
L . - - -
2 11. .51 .04 7
Mulch 6 9.5 0.048 50
Lo X cudlS o . sk ok *
CJ . 8 6.39 5.07 0.286 49.1
Planting ratio x mulch
s
28 0.183 0.031 0.011 71.2
Error
(1) Sl yeeis
74 1.37 . 51
v (%) 6 3 6.30 3.5

*x %% ns
‘

oy iy 9 Sy el o )3 I gise g o> S Jloin ] pdas 50 )b pixe ld gime s i T
ns, ** and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.

—Gile b ojyle pas &S ad 3155 (6,505 Limgl o H(al., 2017
Dracocephalum ) g b ;3 (bl 5Slas Kl oo 52 sl
Forouzin et al., ) ua> tals a0y - b1, (moldavica L.

(2011

L gl 43 g3 143

Lol dg glar)l ciw j cdlS Cus g gl Jolite il
oS Hlea 50 gl aig glasyl oy 3 YL (0 Jgds) s o ize
A8 odalio glle bawgi ddy 5 gor JolS by 9 bgiwl (alls
9 bpiwl 103 VO CulS Cosd > &g g5l (S 4 G &5
Cosly BMs) o) WY @lo B pns pas 5 4L595 duo pd YO
Sy 4 bgiol (VL 5l b axgi b &S sy e S5 & Jga2)
bas L ool o pasS (ilSgolS ale ) s yoyiwd LB
Sde Ly (slaylosd ay s biginl i 05y sl 1)y Lol pd ecugho,
K9, 85, 0o 5V islofl 5 s oal)d llo 28 5 il Lagie
g €L S 5 Ik 5 451 S slagdle 3,05 b ekl
(Manasar et al., 2022) 15 ssalie Jali )

olS A5 g 0,Ses dgm0 crge &S (ola Sy Lily (pren

9 0L2jgB oLS 3929 48 o Hlai 4y ABl 0 d2 g5 390 23,5
oLS udy S0 csl opy S Jad o SB il psis
)_AoL.c 5! )Ju9_.u9£ odla ! 90 LS by My g 04 bwl
3 48 ol ooy i clibss .ol ol bgtwl (sl 55515
3y Slos oy i ;LS jd 5 &) LalSgelS gle 5,87 byl s
4 (3= Y/VY) (Foeniculum vulgare Mill.) 4sbjl, (sl
(303 Y/AY) Lpuiliol 5 Shas cdlo 508" pte Laslyis )3 g ol wd
Lo YO U puomen (Sharifi et al., 2022) 15,8 tals oo
oablS ¢ ilS g0l S allo l eslatwl g balswe cuiS 3 )Ljol5 phuo
Loyd Liulidl as o)y Jleasl 0,3 sanlin jo slacale A,
5 oo J wlis 51 5YLs (90,00 L Ligil 5 oy joSIS
L (295> obS g9y ipgk > Ml barpe ol 03 klys
cel i claaale (5yiuS 4 b, (Mentha piperita L.) s
yolis A l5s L 5y a slacale 9 005,5 olS j0 wd)y ylee (ialS
Gity et ) was Suilwl lie il cel wolys o SB 51 Llie
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Table 6- Mean comparisons on ribodiozide A, steviozide, Ribodioside C and height of stevia plant under
intercropping ratios and mulch levels

Qg gl
S o _ A 2592599, g2 ! C jsd9my b g
L ' Ribodiozide A Steviozide  Ribodioside C  Height of
Planting ratio Mulch (%) (%) (%) stevia plant
(cm)
S s 0.749 1.84 0.162 54.0
No application
bgisl Ve o7 s el
0.495 2.25 0.281 63.3
100% Stevia Mulch on furrow
s s . 1.19 3.06 0.296 68.6
Mulch on furrow and ridge
\ J’”K"‘“ “ti i 2.72 1.87 0.343 49.0
DS TV 5 Ll V0 .
75% Stevia S rE 0.365 3.74 0.424 56.6
. Mulch on furrow
+ 25% lranian Borage ) 2o
A 9 S P E
1.22 2.2 . .
Mulch on furrow and ridge S 0-353 60.3
No ;’”K"‘; :tion 1.30 1.73 0.321 47.0
ObssB IS Zbe g Lgiul 7 0 ppj@u
50% Stevia S rE 0.428 3.44 0.506 53.6
. Mulch on furrow
+ 50% lranian Borage ) o
Ay 9 8> P E
.002 . .091 .
Mulch on furrow and ridge 0.00 335 0.09 58.3
N A’”K"" ”ti i 371 2.68 0517 31.0
Ob3s8 IS 7V 5 gl 7 YO 0app ;?uo
25% Stevia S rE 1.79 3.35 0.418 346
. Mulch on furrow
+ 75% lranian Borage ) o
Ll 9 S P E
2.24 42 . .
Mulch on furrow and ridge 3 0-559 38.0
(B7) Joosinm s S 0.1547 0.0641 0.038 3.04

LSD (5%)

A3l o 07 Jlais] gaw 55 )l ine @S] (glyls w3L (LSD) Sl e 3Mis] Jolus 51 5YL Lol G3Ms a5 la puSilio
Means that differ more than the least significant difference (LSD) are significant at the 5% probability level.

Cicer ) 35506 L paS bglowe culs )3 paiS &gy glas)] 4 s
Linum) s 4 (Brassica campestris L.) 515" (arietinum L.

(Singh etal., 2024) >4 5YL (usitatissimum L.

OLIIBUS i slass
sl Szall Gy elaigsl 1 il s 5 o Jilie il
9 ol Sl sl Sdlgid il Sga il il Syl
dlio ol (V = Jgin) 4,5 ) mine dul Slgillels

oLsS L)) cbglie i 3 Lgtal s (12 L (iizren

5 0AlB culiS )3 i)l op VL S g psboar Bl a5 Lt
Ol 2o > YO g Lgiwl o pd YO i Cond ) gyl op S
o 5 JSCiod LalS den digial Lalls cuiS 3 .05 saalie
2 3L el et (5151, JS5 gl 5 o5 ¢l
S braSy Gl 95 Cdlyd (gl sy gl palls cuts’
Job Ay 4 <8l sl LS g o3g SV LalBL slacuis
pAS LAl cuiS ) puiS Gg gl ¢ uinloj] )3 Nidged (g yidis



vor

ceebglie Gl )0 Jguaze oS 3 550 acile Hlo » I @llo ST oy sy S0 g 0315

¥ o)l Slind p 5 Yoo b plys o5 Olid g Cpyoty
3 (Ao YIYA ) dl Szl e 255 9 ol Canwd
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a S ol ol g o pralS ol jalls e s L aswlie
 Stall oadeldl Cj dl line Sl bglsn ciS pllas
Rezapour ) .o sy ey |y (uej phly 24y cutsS o il
.(Kavishahi et al., 2021
a3 (4o YIVE) sl Sogu il e oyt
VO cLsjel8 o pd YO = Lol do)d YO (L35 L2l cuis
Job @l 20)LS (93 9 0LjglS S5 4e0y> YO = Lol wo )y
slacuus 5 (alb culS o (Sole dl Kol il (5 00,8
395 4 oliee VL @l g o 9 45 o> gl
Cowl oad Cage glo 5,8 pae &S sy oo Ha & Ol olaidl
L Jl 3y bbb 53 oo 25 s ablie sl olojgS ol b
bl Ly ol ol st )53k el sl gy il 15

D)5 e

5 Sl Sl doyn oy &S b L (A Jeds) b 1SSl
5 0Ll U5 aoyn VO = Lgiwl duopd YO bl CuiS Cuus
do)d S b oS sal cawd 4 gdlo 0,87 g g I S
U5 2o )3 YO = Ll o> VO cublS Cans 53 oS dwl Szally
gl ooy S b odalidie dldy 9 692 ) @le 9 L9l
o iy el Syl 203 (p SS9 (e ipen
= Ll 2oy VO S sl s g gdlo 250,87 ey Loyl o
g 4idy 9 92 > @le g palls iS5 (Ljgl 5 e VO
ol Comday 5LjslE 5 o> YO = Lgiwl duo pd YO S s
SIS (gdoyd ¢ /A glas aS
slarul g (9> el Jdda Slnl (LS Wy j Sae
Cezge 45 ola)Sal, Ll (an 0 adlie o] 3 3290 02
Olie dz b oo a5 3)50 3,5 0lS Mg g 3 )Slas 39
S Wl y S dwl S kil 5 dl Szaly Cjp laswl
9 4y 9 92 5 @le 2p)5 453 (U guls el SV
bl a5 5 il G il 2> b bl a2 ina
S )3 33, (e (Lajgl S 295 0 ke kS Cage
5 (doyd Ve /OA) sl Sozadly liie o iy &S A s
Fed pSe LS Ve 0L S g (inej pblo palls s

o gshw 9 bolre CulS (BCumus Cod ljglE S j5 Sid S 3,8Mes 5 2 (il (Ol o g90ome) uilyly 42525 -V Jgsr
Table 7- Analysis of variance (sum of squares) of Echium amoenum fatty acids and dried flower yield under
intercropping ratios and mulch levels

©lr o Egoome
Sum of squares
s e AP . .. . o C g 3 S
| Lo o SHIL SOl Syl S L Sga ,Liwl
AP B Al Sl sl Syl sl Syt T Sl
S.0vV K| KW S| Saw! h . . . ! .
. . . . . Gammalinoleic Alphalinoleic . Dried
Palmitic Stearic Oleic Linoleic acid acid Stearidonic flower
acid acid acid acid acid .
yield
<
)_’g)_ 2 0.0005™ 0.120™ 0.065™ 0.004" 0.003™ 64.0" 0.046" 38.8 "™
Replication
Sl Sl g3 g egrE 0284% 277 4.11% 0.101" 104m 0.099*  85770™
Planting ratio
Mij:::h 2 1.19** 0.865* 74.8** 175** 9.24** 45.3m 89.8** 217434™
o x a3l Cons
Planting ratio 6  0.193* 0.970** 1.19* 5.25** 0.022" 192" 0.097* 35330™
x mulch
Elf:or 22 0.224 0.536 0.810 0.149 0.275 180 0.069 1834
(1) ol s o
CV (%) 0.99 3.30 0.99 0.375 3.75 16.4 1.11 1.26

* *% ns
‘

Loy gy 9 o Jleinl v 3 )b gine g 3oyd S Sl daw )3 5l3 e I3 e i C e T
ns, ** and *: non-significant, significant at 1% probability level and significant at 5% probability level, respectively.
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Table 8- Mean comparisons on palmitic acid, stearic acid, oleic acid, linoleic acid, stearidonic acid and dried
flower yield under intercropping ratios and mulch levels

Sl
oS es g S e S ) el el S 55 S
Planting ratio Mulch Palmitic acid Stearic acid QJejc Linoleic acidStearidonic acid I?rled flower
(%) (%) acid (%) (%) yield (kg.ha™)
(%)
. . 208 P 10.4 494 182 191 7.28 556
7¥0 5 Lswl 2 Y0 No application
chis s 2l 10.0 495 180 215 411 727
75% Stevia  Mulch on furrow
+25% lIranian 4wl 5 s 0 Flo
Borage Mulch on furrow 9.92 4.05 209 24.4 3.65 630
and ridge
. . 208 P 10.0 480 184 190 7.08 588
70+ gLgwlZ 0. No application
ol s s 2l 9.97 477 180 220 4.21 816
50% Stevia  Mulch on furrow
+50% lIranian 4w g s » Flo
Borage Mulch on furrow 9.96 4.45 21.1 24.3 3.66 837
and ridge
. , 208 P 105 470 179 188 7.33 632
7¥b s Lgl Z Y0 No application
ok s s 2 gl 103 470 183 230 4.26 805
25% Stevia  Mulch on furrow
+75% lranian 4y 5 g &b
Borage Mulch on furrow 10.1 4.64 21.6 24.0 3.66 815
and ridge
208 e 10.0 491 186  19.2 7.36 674
No application
olyls s V7 s 2l
100% Iranian Mulch on furrow 985 485 188 236 4.25 776
Borage wly s gsr 2 gl
Mulch on furrow 9.95 4.85 21.8 24.7 3.73 811
and ridge
hsixe wolis Jolus
() 0.1711 0.2644  0.325 0.1398 0.0954 15.4
LSD (5%)

e 07 ozl g y3 3 sime 3R] gyl w5l (LSD) s sime Y] J3las 1 5L bl M) &8 laySibe
Means that differ more than the least significant difference (LSD) are significant at the 5% probability level.

&l 5,5 9 ljsls Gl cuiS g (Ljgls U 0> VO — Lgil
3 85 ol Syl 2o )3 508 b &S el s iy g o>

gl oz sl i 45 sl 0dy plis s

P Bblie jl it 3,0 3blie 13 (Ljgl 5 (S89) claally
35S 9 5 il do s VO = Lgiwl doyd YO cuidlS s (Lajara et al., 1990) 1l .
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Sl 0 4555 e (Basereh et al., 2015) cuily sl
b —yd b bre ciS o glidlie Oy sladwl polis o
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oy Yl S b xe gle 5l Cou sl SgdLE
dol Cwd Ay g o3 b gdlo 5,8 b sl SdgilolS
sdnliio gllo 3,)8" (y93r & sl SdgiJblS o )> (2508 b &S
okl oS ol L gl LA = Joda) cudly Ciglas o yd VY s
09 a3 )b 5l bl anly 5 s by g gle )l
3y 3 Syl (B gl i Jol ki Jomo Ll
5 >4 by Gge 0lS (09iS b (slad hiwi 5 ) lacile
A5l 00,8 eludl e iyl dod ili8l sy
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YO = bgiawl 4oy YO sl Cud 5 gdlo 395 5 5 b505
Al (ghuoyd i glds a8 el Cuwndts b3l Aoy
Fdy G zge bl oy Glasel Gliee 9 YU
Ay g S by Sl ool a5l (Ui gl 33,5 (e (459,
e bl Ll el Slg e gdle 3, pac lie 5 glle
Ol (YL aS sl onds 4155 (slasdllan 40 035 gluilyue
P ) (o) phLy -£9) )3 el Sl bl é 02 s
ol VY sl Gudy s b igoj phl 5 )3 by ke caiS
Seyed Noori et ) 5,5 Iy Sili8l dwej pbl (€5, CutsS 5 0
Seidgid Oya cladnl polie oy el s (al., 2017
Ao Ve Gl 8l bydse St i 5> Sl g Sdlgid
(Lallemantia iberica Fisch. & C.A. Mey. ) s s 55l
» .4 edalie (Portulaca oleracea L.) 48,5 uoyd Voot

2 Sdol s Silgid «Silgid Gy slaswl polds JBlas ¢ filao

Do £bwr Cod 3Ljgl8 U 53 dunw! Sulgilols (5sKilo duglio -4 Jpin
Table 9-- Means comparison gammalinolenic acid in Iranian Borage Under mulch levels

el Sl Sl gl oS
Mulch Gammalinoleic acid (%)
28 e 257
No application

s Pl

3.02
Mulch on furrow
Mulch on furrow and ridge
(70) o gme ciglis J8lus 0.1897

LSD (5%)

sl g 07 Jlein) g )3 Iy ime 35! (glyls a5l (LSD) s xe M) Jolis 5 YL ol M) oS ol Sl
Means that differ more than the least significant difference (LSD) are significant at the 5% probability level.
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