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Introduction

The disadvantages such as vulnerability to destructive factors and instability in dimensions create limitations
in wood consumption. Various methods for improving wood properties using heat treatments have been utilized,
with the basis being the chemical alteration of wood through heat. Treatment with hot oil can enhance
undesirable wood properties by ensuring uniform heat penetration throughout the wood structure, limiting
oxygen access to reduce fire risk. Environmentally friendly heat treatments use natural and renewable oils
without toxic substances. This study aimed to determine changes in biological resistance, physical, and
mechanical properties of beech (Fagus orientalis) wood samples subjected to hot oil treatment using a warm-
cool method, comparing results with control samples.

Materials and Methods

Beech wood specimens were prepared from defect-free air-dried logs, cut to standard dimensions for
physical, mechanical, and biological tests. Wood samples were treated with sunflower oil, rapeseed oil, and a
mixture of both using a warm-cool method. Tests for water absorption according to ASTM D4446-05 standard,
three-point bending test and modulus of elasticity per ASTM D143-94 standard, and impact resistance per
ASTM D256-04 standard were conducted. Both selective and non-selective termite feeding tests were performed
under controlled laboratory conditions following AWPA-E1:06 2008 standard.

Results and Discussion

Control samples showed the highest weight loss in both tests compared to treated samples, significantly
attracting termites. No significant differences in termite feeding percentage were observed among samples
treated with different oils. Hot oil treatment significantly increased beech wood density compared to control
samples. Samples treated with sunflower oil had significantly higher density than those treated with rapeseed or
mixed oils. The increase in density may be attributed to the replacement of air within the cells with oil. The key
factor contributing to this phenomenon is the heating of the air inside the wood cells using hot oil, which initially
saturates the wood and subsequently creates a vacuum due to cold treatment. The vacuum created and the rapid

©2024 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, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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contraction of air during cold immersion enhance the suction of oil into the wood cells. A significant difference
in volumetric swelling was observed between the control samples and those treated with the mixture of the two
oils after two hours of immersion. After 24 hours of immersion in water, the volumetric swelling of the control
samples was significantly greater compared to all treated samples. Furthermore, impact resistance decreased
following the heat treatment; however, no significant differences in impact resistance reduction were observed
among the samples treated with different oils in this experiment. Additionally, the heat treatment did not have a
significant effect on flexural strength and modulus of elasticity.
Conclusion

Sunflower oil, rapeseed oil, and their combination significantly influenced beech wood characteristics by
reducing termite feeding across all treated woods noticeably. Hot oil treatment altered wood chemistry by
degrading hemicellulose and increasing cellulose crystallinity while oils acted as barriers against moisture
absorption, enhancing biological resistance in wood. Oil treatment increased beech wood density significantly
depending on the density and viscosity of the oils used during treatment. The absorbed oils reduced empty
spaces within the wood structure affecting weight and consequently density positively. Blocking moisture
reduces the amount of water entering the wood structure, improving dimensional stability. Warm oil treatment
significantly affects impact resistance but shows minimal changes in properties like modulus of elasticity and
flexural strength compared to control samples. Research results indicate a decrease in mechanical properties of
wooden samples at higher temperatures during laboratory testing, intensifying with treatment temperature
increase. High temperatures affect cell wall components, potentially damaging materials like hemicelluloses,
leading to reduced mechanical strength, especially impact resistance. Lower temperatures have less effect on
strength reduction. With a maximum treatment temperature of 130 degrees Celsius considered in this study,
which is not high compared to other heat treatments, less significant decreases in mechanical strength were
observed, showing no significant difference between control and treated samples. Based on the conducted
studies, the treatment of wood with heat-treated oil from rapeseed and sunflower, as well as a mixture of both
oils, significantly increases the resistance of beech wood against termite attacks. On the other hand, the results
indicate that the heat treatment can control and improve certain physical properties of wood, such as the degree
of swelling, while it leads to a reduction in some mechanical resistances of the wood, including impact
resistance.

Keywords: Durability, Rapeseed oil, Sunflower oil, Wood modification
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Introduction

Two-spotted spider mite Tetranychus urticae Koch and European red mite, Panonychus ulmi (Koch) are the
most important pests of apple orchards in different parts of Iran. Spider mites suck leaf fluids and chlorophyll,
resulting in "bronzed" foliage. Slightly damaged leaves cause little or no adverse effect to crop. Extensive leaf
bronzing results in decreased photosynthesis, often causing reduced fruit size, premature drop and reduction in
fruit set the following year. The most serious injury occurs in early summer when trees are producing fruit buds
for the following season. The spider mites are associated with characteristic webbing on the under surface of the
leaf.

Materials and Methods

The combination of winter, spring and agricultural control was implemented in the apple orchards of Tehran
(Firuzkuh), Isfahan (Semirom), East Azerbaijan (Maragheh) and West Azerbaijan (Urima) provinces in the form
of several treatments. In the winter control, when the tips of the buds turn green, by observing the moderate to
heavy infestation of red mite eggs in tree branches (80-100 per 2 m), by using (Abamectin (0.5 mL L1,
Clofentezin (0.5 mL L1), Tetradifon (2 mL L*), Hexythiazox (0.5 mL L1))+Volck oil (2%), Hexythiazox (0.5
mL L)+ Dayaban (2 mL L) and Volck oil were used. In separate treatment, without using winter control,
spring control will be used. Spring spraying was done by observing three to five active mites (spider mite or red
mite) stages on the surface of each leaf. We used Envidor speed 0.4 mL L, Danisaraba 1 mL L* and Abamectin
0.5 mL L™ for spring treatments. The percentage of mite mortality after treatment was analyzed separately in

different regions. In this research, the effect of early spring or winter plowing on the population of spider mites

©2024 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, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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was investigated in different provinces. The meteorological data in the year of the experiment (air temperature,
air humidity, air precipitation, soil temperature and soil humidity) were analyzed separately.

Results and Discussions

Abamectin, Clofentezin, Tetradifon, Hexythiazox + Volck oil, Hexythiazox + Dayaban and Volck oil caused
significant reduction of red mite eggs. The time of using acaricides in winter in Tehran, Isfahan, West
Azarbaijan and East Azarbaijan provinces was March 16, March 18, March 5 and March 11, respectively. The
mean mortality percentage of mites in Isfahan,Tehran, West Azerbaijan and East Azerbaijan province were 84,
59, 66, 77%, respectively. The time of using acaricides in spring treatments in Tehran, Isfahan, West Azarbaijan
and East Azarbaijan provinces was Jun 3, Junl7, Junl9 and Jun 26, respectively. In Isfahan province, the
mortality percentage of mites with Envidorspeed, Cyflumetofen and Abamectin were 72.28, 82.46 and 74.88%
in European red mites and 68.18, 79.44 and 77.88% for two-spotted spider mite. In Tehran province, the
mentioned pesticides caused 75.78, 76.54 and 73.27% mortality for European red mites and 68.75, 80.56, 79.37
% in two-spotted spider mite in thirty days after treatment. In West Azarbaijan province and East Azarbaijan
province has been a significant decrease in the mite population, the percentage of red mite mortality in these
provinces were 85.39 and 92.00% when used Envidorspeed 0.4 mL L and the percent mortality were 92.27 and
85.20% when used Cyflumetofen 1 mL L. The percentage of spider mite mortality in these provinces were
81.29 and 89.00% (used Envidorspeed), 92.27 and 87.23% (used Cyflumetofen). In East Azarbaijan province,
the acaricides were used the pest management program (codling moth and Powdery mildew) and Envidorspeed
and Cyflumetofen were used to control mites.

Conclusions

Difference in the outbreak time of the two-spotted spider mite and the European red mite was due to
different weather conditions in the studied areas. The difference in the percentage of mortality of the mite pests
was due to the change of weather conditions in the winter of the previous year in the investigated areas. The time
to use acaricides in winter and spring treatments depends on the region and its weather conditions. In winter,
control was done earlier in West Azarbaijan province than in other regions, which was due to the warmer winter
in the year under review. The amount of rain and wind also affects the control time. In spring, in Tehran
province, the time to use acaricides was earlier than in other regions, the reason being that this region is warmer.
Winter control showed an acceptable effect to control of European red mite and spring control showed a similar
effect to control of Two-spotted spider mite.

Keywords: Acaricide, Mortality, Pest mite, VVolck oil. Winter control
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1- Tetrodifon 7.52% EC (Tedion®)

2- Petrolium oil (Volck® 80% EC)

3- Hexythiazox (Nissorun® 10% EC)

4- Dayabon®

5- Clofentezine 50% SC (Apollo®)

6- Envidor speed 24% SC

7- Cyflumetofen 20% Sc (Danisaraba®)
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Table 1- The tested treatments for winter and spring control of European red mite and two-spotted spider in Isfahan, Tehran, West
Azerbaijan and East Azerbaijan provinces

Provinces

Compounds for winter control

Compounds for spring control

Isfahan (Semirom)

Abamectin (0.5 mL L) + Volk oil (2%)
Volk oil (2%)

Envidorespid (0.4 ml.I"%)
Cyflumetofen (1 ml.I"%)
Abamectin (0.5 mlLI)

(Fffuhzfﬂh) Abamectin (0.5 mL L%) + Volk oil (2%) Envidorespid (0.4 ml.I")
Volk oil (2%) Cyflumetofen (1 ml.I"%)
Abamectin (0.5 mLI)
Tetradifon (2 mL L) + Volk oil (2%) Envidorespid (0.4 ml.I"%)
Tetradifon (2 mL L%) + EC oil (2%) Cyflumetofen (1 ml.I%)
West Azerbaijan Hexythiazox (0.5 mL L%) + Volk oil (2%) Abamectin (0.5 mLI%)
(Urima) Hexythiazox (0.5 mL L) + EC oil (2%)
Hexythiazox (0.5 mL L'1) + Dayaban (2 mL L)
Hexythiazox (0.5 mL L'1) + Dayaban (4 mL.L™?)
East Azerbaijan Clofentezin (0.5 mL L+ Volk oil (2%) Envidorespid (0.4 ml.I'%)
(Margheh) Volk oil (2%) Cyflumetofen (1 mlI'Y)

B bl g i lmlydl ol el sl gliol 5 el plol o =Y Jg
Table 2-Time to do the tests in Isfahan, Tehran, West Azerbaijan and East Azerbaijan provinces

Provinces Time of plow  Time of wimter test  Time of spring test
Isfahan Early June 18 March 17 Jun
(Semirom) Early Augest
Tehran Early June 16 March 3Jun
(Firuzkuh) Early Augest
West Azerbaijan Early June 5 March 19 Jun
(Urima) Early Augest
East Azerbaijan Early June 11 March 26 Jun
(Margheh) Early Augest
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Figure 1- Air temperature changes (°C) in several regions (Semirom (Isfahan province), Firuzkuh (Tehran province), Maragheh (East
Azarbijan), Urima (West Azarbijan province) in 2022
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Figure 2- Air humidity changes (%) in several regions (Semirom (Isfahan province), Firuzkuh (Tehran province), Maragheh (East
Azarbijan), Urima (West Azarbijan province) in 2022
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Figure 3- Air precipitation changes (mm) in several regions (Semirom (Isfahan province), Firuzkuh (Tehran province), Maragheh
(East Azarbijan), Urima (West Azarbijan province) in 2022
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Figure 4- Soil temperature changes (°C) in several regions (Semirom (Isfahan province), Firuzkuh (Tehran province), Maragheh

(East Azarbijan), Urima (West Azarbijan province) in 2022
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Figure 5- Soil humidity changes (%) in several regions (Semirom (Isfahan province), Firuzkuh (Tehran province), Maragheh (East
Azarbijan), Urima (West Azarbijan province) in 2022
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Table 3-The average number of European red mite eggs in treatments and different times of sampling on the branches of apple trees
in the winter of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan provinces

Provinces Compounds Before treatment  After 30 days of treatment
Isfahan (Semirom) Abamectin (0.5 mL L) + Volk oil (2%) 39.04+0.65? 0.50+£0.05°
Volk oil (2%) 39.29+057°2 0.55+0.02°
Tehran Abamectin (0.5 mL L) + Volk oil (2%) 43.25+£1.102 0.87 £0.25°
(Firuzkuh) Volk oil (2%) 39.10+1.18¢2 0.61+0.65°
Tetradifon (2 mL L) + Volk oil (2%) 34.00+0.35% 16.33+£0.05"
Tetradifon (2 mL L) + EC oil (2%) 33.00+1572 0.55+0.02°
West Azerbaijan Hexythiazox (0.5 mL L1) + Volk oil (2%) 30.67+1.102 19.00 £1.25°
(Urima) Hexythiazox (0.5 mL L) + EC oil (2%) 41.67+1.182 21.33+2.25°
Hexythiazox (0.5 mL L) + Dayaban (2 ml.I'%) 51.33+1.48¢% 29.66 + 2.65°
Hexythiazox (0.5 mL L) + Dayaban (4 ml.I'%) 41.00+2.652 28.33+3.05"
East Azerbaijan Clofentezin (0.5 mL L1) + Volk oil (2%) 102.00 +3.57 2 11.33+£2.02°
(Margheh) Volk oil (2%) 105.00+ 1.10 2 15.00 + 4.25"
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Table 4-The compare of mean mortality percentage of European red mite eggs in treatments with different compounds on the
branches of apple trees in the winter of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan provinces

Provinces Compounds Mean mortality percentage
Isfahan Abamectin (0.5 mL L) + Volk oil (2%) 82.23+1.552
(Semirom) Volk oil (2%) 85.67 +0.712
Tehran Abamectin (0.5 mL L) + Volk oil (2%) 70.64+7.282
(Firuzkuh) Volk oil (2%) 47.28+11.69°
Tetradifon (2 mL L) + Volk oil (2%) 75.00+3.522
Tetradifon (2 mL L) + EC oil (2%) 7440 +4532
West Azerbaijan Hexythiazox (0.5 mL L) + Volk oil (2%) 70.50+3.212
(Urima) Hexythiazox (0.5 mL L) + EC oil (2%) 60.17 +3.29°P
Hexythiazox (0.5 mL L1) + Dayaban (2 mL L) 54,24+ 4.21°¢
Hexythiazox (0.5 mL L) + Dayaban (4 mL L) 65.32+3.81°
East Azerbaijan Clofentezin (0.5 mL L) + Volk oil (2%) 83.21+8.222
(Margheh) Volk oil (2%) 70.25+7.33"
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Table 5- The average number of European red mite and two-spotted spider mite nymph and adults in treatments and different times
of sampling on the leaves of apple trees in the spring and summer of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan

provinces

Provinces Compounds Before treatment  After 30 days of treatment
Isfahan (Semirom) Envidorespid (0.4 mL L) 9.28+0.99% 1.61+0.32°
Cyflumetofen (1 mL L) 9.24+0.602 1.33+0.14°
Abamectin (0.5 mL L) 10.09 £0.952 2.04+0.21°
Tehran Envidorespid (0.4 mL L) 10.75+0.472 1.80+0.20°
(Firuzkuh) Cyﬂumetpfen (ImLL?) 8.70+0.512 1.80+0.20°
Abamectin (0.5 mL L?) 10.50+0.64 @ 1.87+0.38°
West Azerbaijan  Envidorespid (0.4 mL L) 10.00+1.352 1.33+0.05°
(Urima) Cyflumetofen (1 mL L) 9.00+257¢2 2.55+0.02°
East Azerbaijan Envidorespid (0.4 mL L) 10.00 £3.57+¢ 1.33+1.02°
(Margheh) Cyflumetofen (1 mL L) 8.00+1.10% 1.00+0.25°
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Table 6- The compare of mean mortality percentage of European red mite nymphs and adults in treatments and different times of
sampling on the leaves of apple trees in the spring and summer of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan
provinces
Compounds

Provinces Mean mortality percentage

Isfahan (Semirom) Envidorespid (0.4 mL L?) 78.28+ 5.68 2
Cyflumetofen (1 mL L) 82.46 £2.13°2

Abamectin (0.5 mL L) 74.88 £ 3.67 @

Tehran Envidorespid (0.4 mL L) 78.75+ 4.292
(Firuzkuh) Cyflumetofen (1 mL L) 74.56%4.15 @
Abamectin (0.5 mL L?) 73.27+6.61%

West Azerbaijan  Envidorespid (0.4 mL L) 85.39+8.40¢2
(Urima) Cyflumetofen (1 mL L) 9227 +7.872

East Azerbaijan Envidorespid (0.4 mL L 92.00£3.02°
(Margheh) Cyflumetofen (1 mL L) 85.20 +3.502
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Table 7- The compare of mean mortality percentage two-spotted spider mite nymphs and adults in treatments and different times of
sampling on the leaves of apple trees in the spring and summer of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan

provinces

Provinces Compounds Mean mortality percentage
Isfahan (Semirom) Envidorespid (0.4 mL L) 68.18+2.682
Cyflumetofen (1 mL L) 79.43 £1.14°
Abamectin (0.5 mL L) 77.88 + 3.67 2
Tehran Envidorespid (0.4 mL L) 68.75+ 1.44 2
(Firuzkuh) Cyflumetofen (1 mL LY 80.56+1.36 2
Abamectin (0.5 mL L) 79.37+7.75%
West Azerbaijan  Envidorespid (0.4 mL L) 81.29+7.352
(Urima) Cyflumetofen (1 mL L) 92.27 +7.87°2
East Azerbaijan  Envidorespid (0.4 mL L?) 89.00+1.022
(Margheh) Cyflumetofen (1 mL L) 87.23 +2.50°
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Table 8-The average number of two-spotted spider mite nymph and adults in treatments and different times of sampling on the
leaves of apple trees in the spring and summer of 2022 in Isfahan, Tehran, West Azerbaijan and East Azerbaijan provinces

Provinces Time Control Plowed field
Isfahan Early June 61.97+£0.682 10.23+1.10°
(Semirom) Early Augest 93.25+2.20% 8.25+0.99°
Tehran Early June 61.25+2.342 10.21+3.10°
(Firuzkuh) Early Augest 83.18+4.352% 12.26+4.2°
West Azerbaijan ~ Early June  25.34+3.352  9.35+2.48°
(Urima) Early Augest 32.43+4.57% 10.35+1.36"
East Azerbaijan ~ EarlyJune  22.37+4.38% 8.39+2.80°
(Margheh) Early Augest 29.83+2.822 9.81+3.20°
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Different letters in the row indicate a significant difference between the treatments at the 95% probability level.
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Introduction

Pollen grain is an important food alternative and supplementary food for the reproduction of different
predators, including predatory bugs. Today, Orius laevigatus Fieber is a commercialy biocontrol agent against
various pests of greenhouse crops, especially western flower thrips Frankliniella occidentalis (Pergande). This
species does not enter reprodctive diapause allows it to successfully suppress thrips populations all year round, it
can be an important factor in the integrated pest management of greenhouse pests. The first step in the
implementation of a successful biological control program is the basic study of the biology of the biological
agents, in order to better understand the behavior, biology, and ecology of insects and improve pest management
strategies. It is necessary to study the effect quality of food on the growth, survival and reproduction of
predators. These effects could be evaluated by calculating the demographic parameters, especially the intrinsic
rate of increase (r) on predatory bug, reminded that the demographic parameters are affected by the quality of
artificial diet and are very useful indicators for evaluation the suitability of diet. This research was conducted to
study artificial diets on developmental time, fecundity, survival rate, and life table parameters of O. laevigatus
and choosing the best suitable diet to optimize the mass rearing of this predatory bug.

Materials and Methods

The primary colony of O. laevigatus was obtained from the released buges in the sweet pepper greenhouse
located in Flavarjan city, Isfahan Province. Insects reared on five diets including (eggs of Ephestia kuehniella,
eggs of Sitotroga cerealella, Canlola pollen, eggs of E. kuehniella + Canola pollen and eggs of S. cerealella +
canola pollen), in the growth chamber at 25 £ 1 °C, 55 + 10% RH and a photoperiod 16: 8 h (L: D) and the
parameters of age-stage, two sex life table of the insect were determined. The life table study was done with 100
identical eggs of the same age. After hatching, instar nymphs were fed on the mentioned diets every day. The
data of Life table were analyzed according to the theory age -stage, two sex life table and statistically significant

©2024 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, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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differences between different levels of diets were performed in the same software using the Paired Bootstrap test
method at a five percent probability level.analysis of statistical differences between different levels of
competition were performed in the same software using the Paired Bootstrap test method at a probability level of
5%. It should be mentioned that sex ratio was analyzed on five diets based on the Chi-Square test in SAS 9.4
software.

Results and Discussion

Analyses showed that the type of diet significantly affected the duration of all nymphal periods of O.
laevigatus. Total developmental time was significantly faster for O. laevigatus that fed on Ephestia kuehniella
eggs + canola pollen compared with the other investigated treatments (8.85). Also, the longest development time
was recorded when individuals fed on Canola pollen-only, showed a lag of about 8 to 9 days for females and
males. Analysis of age-stage specific survival rate (Sy) of O. laevigatus reared on different diets showed that the
curves were similar among the artificial diets and overlapped with each other. The survival rate of immature and
adult stages was highest when fed with E. kuehniella eggs + canola pollen. The highest lifetime fecundity (89.75
eggs/female) was recorded for females fed E. kuehniella eggs + canola pollen and was significantly better than
all other diets. The next best was Sitotroga cerealella eggs + canola pollen at 54.23 eggs/female. The poorest
diet was Canola pollen alone (22.88 eggs/female). The intrinsic rate of a natural increase (r), net reproductive
rate (Ro), and gross reproductive rate (GRR) were greater E. kuehniella eggs + canola pollen with than other
diets. Research has shown that the reproduction and survival rate of natural enemies (predator/parasitoid)
changed significantly by feeding on pollen from different plants and this is because of the protein in pollen,
which is high in canola pollen.

Conclusions

The most obvious finding that emerged from this study is that E. kuehniella eggs plus Canola pollen is the
most appropriate diet due to its acceleration the development, high immature stages survivorship, and high
reproduction rate. Canola pollen is an accessible and cheap food source that indicated alone was not accepted as
suitable food and can be well included in the diet and as a supplementary diet and can also reduce the costs of
mass production of the predator.

Keywords: Biological control, Life table, Mass rearing, Optimal diet
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6- Age-specific survival rate
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Table 1- Mean (t SE) duration of different development stages of the Orius laevigatus male and female fed by different diets

sta;;f;sex Feeding diet* Egg period Nymph period Adult Lifespan
= E.k. eggs 3.1320.042* 10.66+0.11b 10.151£0.91b 23.92£0.91»
S & S.c. eggs 3.140.03 10.8%0.1b 8.21+0.91b¢ 21.56+0.44¢
é 2 Canola pollen 3.1240.042 16.89£0.41a 7.6710.43¢ 27.67£1.01bc
g 3 E.k. eggs + canola pollen 3.19£0.042 8.85+0.07b 17.06+1.01a 29.26%1.152
£ < S.c. eggs + canola pollen 3.11£0.042 9.8510.09> 11.15+1.07> 24.0411.08»
8 E.k. eggs 3.09£0.052 10.5£0.15b 10.9441.24b 24.53%1.23¢
Té S.c. eggs 3.0940.042 10.65£0.17b 8.6310.62bc 22.3710.634
“‘E Canola pollen 3.18%+0.122 16.64%0.622 7.821+1.42¢ 27.641+1.72
::j E.k. eggs + canola pollen 3.06£0.072 8.8210.1¢ 17.36%1.32a 29.24+1.31a
< S.c. eggs + canola pollen 3.031+0.032 9.9£0.11bec 11.79%1.32b 24.7211.31¢
" E.k. eggs 3.0520.072 10.850.15P 9.15%+1.35b 23.15+1.36
< S.c. eggs 3.0940.042 10.98+0.09b 8.57%0.55¢ 22.641+0.57°
E Canola pollen 3.1240.122 17.25£0.492 6.75%1.19bc 27.12%1.47»
< E.k. eggs + canola pollen 3.09£0.082 8.8910.1¢ 16.63%1.622 28.61%1.61»
< S.c. eggs + canolapollen 3.060.062 9.78%0.13bc 10.11£1.84b 22.941+1.89>

ol 2o yd iy Jloin] gaws )3 b Skeo (o Jb e Solds L SOLES g yo > Sglate gy ¥

* Different lower-case letters in each column indicate significant differences between means at P < 0.05.
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1- Adult preoviposition period
2- Total preoviposition period
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L Orius laevigatus ;5,55 cy (Mx) oy &5 5 (X)) (555 alo o = oo 025 6391015 (M) (oo 0329 (6191315 () (oo 029 (Soosj &3 =Y JSWo
Sitotroga s ((C) 1515 »3,5 «ils + Ephestia kuehniella 55 (B) Sitotroga cerealella 55 (A) Ephestia kuehniella s jl 4,35
(E) ;15 05,5 «ils (D) 135 055 4il> + cerealella
Figure 2- Age-specific survival rate (Ix), age-specific fecundity (mx), and age-specific maternity (Ix.mx) and female age-
specific fecundity (fxj) of Orius laevigatus fed by Ephestia kuehniella eggs (A), Sitotroga cerealella eggs (B), Ephestia

kuehniella eggs + canola pollen (C) and Sitotroga cerealella eggs + canola pollen (D), canola pollen (E)
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Table 2- Mean (x SE) of APOP, TPOP, oviposition periods and fecundity of Orius laevigatus fed by different diet

31 4385 L Orius laevigatus suws auilis w50 d1uad 9 (659 3059 89 ¢ 533055 31 i 0590 JS (8325059 31 (i 893 (3, 1liun! glad £) (1Sl -F Jga>

Adult

. . L Total Preoviposition Oviposition period Fecundity Sex ratio
*
Feeding diets P;g?i\gg(zzlggn Period (day) (day) (egg.female) (female:male)
E.k. eggs 3.08+0.25*" 16.73+0.29° 8.08+1.10° 48.81+7.13% 55.7: 44.3
S.c. eggs 1.5+0.13° 15.27+0.21° 6.08+0.50°¢ 44.06+5.28°¢ 53.5:46.5
Canola pollen 2.88+0.55% 22.88+1.012 4.62+0.84¢ 22.88+1.01¢ 57.9:421
E.k. eggs + canola pollen 1.69+0.41° 13.75+0.40° 10.75+0.962 89.75+9.242 59.1:40.9
S.c.eggs + canola pollen 1.85+0.3° 14.69+0.35" 7.69+1.60% 54.23+12 57° 55.5:44.5

awl do > gy Jloin ] o )3 (ke o S ixe glds [0S g b 40 Cglite Cigys *
* Different lower-case letters in each column indicate significant differences between means at P < 0.05.
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. . . . . - Birth Death Survival
Feeding diet* GRR (offspring) RO (offspring) r (day 1) A (day ) T (day) rate (b) ratea( d rate (s)
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Ek e%%suznca”o'a 67.71£9.712 38.456.212 0.19+0.01 1.2120.01° 18.49+0.25P 023 121 0.85
Sc. egp%s";ncam'a 25.19+8.11¢ 8.81+2.98 0.1120.01¢ 1.1120.02 19.43+0.56° 019  3.24 0.78
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* Different lower-case letters in each column indicate significant differences between means at P < 0.05.
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Figure 3- Life expectanany (ex) of Orius laevigatus fed by Ephestia kuehniella eggs (A), Sitotroga cerealella eggs (B), Ephestia
kuehniella eggs + canola pollen (C) and Sitotroga cerealella eggs + canola pollen (D), canola pollen (E)
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Introduction

Almond (Prunus amygdalus Batsch.) is a plant native to Iran, and Iran is one of the most important almonds
producing countries in the world. Phytoplasmas are prokaryotic cells that lack a cell wall and are restricted to the
phloem of their host plants and are mainly transmitted by leaf hoppers. One of the most important diseases of the
almond tree is witches' broom disease, which is caused by phytoplasmas. This disease has caused great damage
to almond trees in Iran and Lebanon, leading to the death of more than a hundred thousand almond trees.
C.Phytoplasma phoenicium, which belongs to the pigeon pea witches' broom phytoplasma group, has been
reported as the causative agent of almond witches’ broom disease. Almond witches' broom has been reported
from almonds, peaches, nectarines, bitter almonds and apricots in the Iranian provinces of Chaharmahal and
Bakhtiari, Isfahan, Kerman, Fars and Kurdistan. Symptoms of the disease are yellows, small leaves, witches’
broom and dieback. Almond witches” broom disease has been reported from Khorasan Razavi province, but
different symptoms were observed on almond trees in different locations of this province. In this study, almond
tree orchards in Khorasan Razavi province were examined for the symptoms of almond witches” broom and
etiology of the disease was determined.

Materials and Methods

In 2022, the samples were collected from almond orchards of Khorasan Razavi province and grafted onto
healthy almond seedlings and periwinkle plants. The DNA extraction from the main vein or bark of the stems
was performed using CTAB method. Nested polymerase chain reaction was performed with universal
phytoplasma primers (P1/P7 followed by R16F2n/R16R2), and the PCR products were electrophoresed and
sequenced. After blasting in the NCBI database, phylogenetic trees were constructed using the maximum
likelihood method in MegaX software with 1000 replicates in the bootstrap test.

Results and Discussion

In the northern, central and southern regions of Khorasan Razavi province, random sampling was carried out
in almond plantations. In the northern region, symptoms of almond witches’ broom were observed only in
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Chenaran. In the central region, symptoms of witches’ broom were found in Mashhad and Nishapur. However,
in the southern region, the symptoms of almond witches’ broom were more frequent and observed in Kashmar,
Koohsorkh, Torbat-Heydarieh and Sabzevar. The symptoms of infected almond trees in the northern region were
small leaves, mild witches’ broom and dieback. The symptoms in the central region were severe small leaves,
yellows, severe stunting, witches’ broom and decline. Infested almond trees in the southern region showed
severe small leaves, severe witches’ broom and proliferation, and dense growth of thin branches from the trunk.
The disease symptoms in the northern areas of Khorasan Razavi were moderate and in the central and southern
areas were severe. In addition, there were significant differences in the type of symptoms in the central and
southern regions. In the nested polymerase chain reaction, a fragment of 1250 base pairs replicated from the
infected samples. Sequencing and BLAST analysis revealed that the amplified fragments were similar to the
phytoplasma 16S rRNA. Two months after inoculation, disease symptoms appeared on the inoculated almond
seedlings. Almond seedlings inoculated with the northern strain showed symptoms such as terminal bud dieback,
dieback of lateral branches and necrotic spots on the leaves. Almond seedlings inoculated with the isolate from
the central areas showed symptoms such as yellows, severe witches’ broom, stunting and small leaves. The
symptoms in seedlings inoculated with the strain from the southern area of Khorasan Razavi province were
severe proliferation, severe stunting, small leaves and necrotic spots on the leaves. In periwinkle plants, isolates
from the northern and southern regions induced mild yellows and phyllody; however, isolates from the central
region induced severe yellows and phyllodes. The sequence blast results showed that the Chenaran isolate from
the northern region of Khorasan Razavi had 98.34% similarity with 16S rRNA strain Ei1090 of C. Phytoplasma
phoenicium. The 16S rRNA sequence of the Kashmar isolate from the southern region was most closely related
to the Khafr isolate (Khafr, Iran) of almond witches' broom phytoplasma. These two phytoplasma strains belong
to the 16S rRNA (16SrIX) group of pigeon pea witches' broom phytoplasmas that can cause almond witches'
broom. However, Ei1090 is a mild strain and the Khafer isolate is a severe strain of C. Phytoplasma phoenicium.
The similarity of the isolates from Chenaran and Kashmar with other members of the 16SrIX group ranged from
98.79-99.33 and 98.48-98.95%, respectively. The 16S rRNA sequence of the Mashhad isolate from the central
region of Razavi Khorasan was 94.99% similar to the CPh strain of Clover phyllody phytoplasma, a member of
the Aster yellows phytoplasma group (16Srl). The similarity of the isolate from Mashhad with other members of
the 16Srl group was between 90.99-95.98%. In the phylogenetic tree, the isolates from Chenaran and Kashmar
were located in the same branch together with the reference strain of the pigeon pea phytoplasma group (16SrXI
group). In addition, the isolates from Chenaran and Kashmar were placed in the same branch with subgroups B
and A of the 16SrXI group. In addition, the Mashhad isolate was classified in the aster yellows phytoplasma
group (16Srl group) within subtype C, which is a new strain of subgroup C that causes almond witches' broom
disease.
Conclusion

Almond witches” broom is a devastating disease in almond orchards in the Khorasan Razavi Province.
Symptoms include yellows, small leaves, witches’ broom, growth of many thin branches on the main trunk,
decline and death of the almond tree. Symptoms of the disease were moderate in the northern regions and more
severe in the central and southern regions of Khorasan Razavi province. The results indicate that different strains
of C. Phytoplasma phoenicium and Clover phyllody phytoplasma are associated with almond witches’ broom
disease in this province.

Keywords: Iran, Phylogeny, Phytoplasma, Prevalence
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Table 1- Sampling regions in Khorasan Razavi province and symptoms of witches’ broom disease on almond trees of each region

Symptoms Number of infected Number of Geographical Cit
ymp samples samples coordinates Y
- 0 5 37.060/58.340 Quchan
Mild little leaf, dieback 2 5 36.394/59.063 Chenaran
_ 0 5 37.252/59.042 Dargaz
Severe yellowing and little leaf 4 5 36.132/59.381 Mashhad
Yellowing, internode 3 5 36.120/58.524 Neyshabur
shortening
_ 0 5 35.425/59.471 Fariman
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Severe witches' broom 5 5 35.285/58.272 Kuhsorkh
Severe witches' broom 5 5 35.135/58.251 Kashmar
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Heydariyeh
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Figure 1- Symptoms of almond witches’ broom disease and little leaf in various regions of Khorasan Razavi Province. A: northern
areas, B: central areas, C: southern areas and H: indicate leaf of healthy almond
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Figure 2- Electrophoresis of products of the nested PCR using R16F2n/R16R2 primer pair from the almond samples collected from
different regions of Khorasan Razavi province. M: 100 bp molecular size marker (Thermo Fisher Scientific, USA), Lane 1: negative
control (distilled water), Lane 2: healthy almond, Lines 3, 4 and 5: samples collected from Koh-Sorkh, Kashmar, and Torbat-
Hydariah in the southern area, Lines 6 and 7: samples collected from Mashhad and Neyshabur in the central area, Lane 8: sample
collected from Chenaran in the northern area.
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Figure 3- Symptoms in almond seedlings inoculated with different isolates of almond witches’ broom phytoplasma from various
regions of Khorasan Razavi province. A: healthy plant, B: suppression of the terminal bud growth and dieback as a result of
inoculation with isolates from the northern area, C: yellows, witches’ broom and shortening the internodes caused by inoculation
with isolates of the central areas and D: severe witches” broom, stunting and little leaves generated by the isolates from the southern
areas.
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Figure 4- Symptoms of almond witches” broom in periwinkle plants inoculated with isolates from various regions of the Khorasan
Razavi province. A: healthy, B: pale yellows and phyllody caused by inoculation with isolates from the northern areas, C: severe
yellowness and phyllody as a result of inoculation by isolates of the central areas and D: Phyllody induced by inoculation of isolates
from the southern areas
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Figure 5- Phylogenetic tree constructed from the 16S rRNA sequence of Chenaran, Kashmer and Mashhad isolates of phytoplasmas
associated with almond witches’ broom in Razavi-khorasan province along with the 16S rRNA sequence of the reference strains of
the reported phytoplasma groups using the maximum likelihood method in MegaX
Spiroplasma chrysopicola is used as outgroup .The isolates from this study are marked withe
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Figure 6- Phylogenetic tree drawn using the 16S rRNA sequence of Chenaran and Kashmer isolates of C. Phytoplasma phoenicium
together with the 16S rRNA sequence of the reference strains of the members of the major subgroups of the pigeon pea witches’-
broom phytoplasma group using the maximum likelihood method in MegaX. Spiroplasma chrysopicola is considered as outgroup.
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Figure 7- Phylogenetic tree drawn using the 16S rRNA sequence of the Mashhad isolate of almond witches' broom disease and the
16S rRNA sequence of the reference strains of the major subgroups in Aster yellows phytoplasma group using the maximum
likelihood method in MegaX. Spiroplasma chrysopicola is used as outgroup. Mashhad isolate is marked withe
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Introduction

Tomato (Solanum lycopersicum) is the second most valuable agricultural product after potatoes. Early blight,
caused by Alternaria solani, is a major disease affecting tomatoes, damaging stems, leaves, and fruits. This
disease significantly reduces photosynthesis and can lead to leaf drop in severe cases across tomato-growing
regions in Iran. Common control methods often involve chemical pesticides, but their excessive use can result in
environmental pollution, pathogen resistance, and the emergence of dangerous strains, exacerbating the damage.
As a safer alternative, researchers have increasingly focused on using natural compounds, or phytometabolites,
for pest and pathogen management. Plant biocides offer numerous advantages, including rapid decomposition,
specific toxicity, reduced bioaccumulation, and minimal harm to beneficial insects. This study aims to evaluate
the effectiveness of thyme extract in managing tomato spot disease as a substitute for chemical pesticides,
alongside an assessment of morphological and physiological characteristics in infected versus healthy plants.

Materials and Methods

Five fungal isolates were collected from tomato fields in various locations of West Azarbaijan province.
Extraction and isolation of A. solani followed the Rigotti method (2003), while DNA extraction and PCR were
conducted using Ji Cho's method (2016), with the amplified fragments subsequently sequenced. A phylogenetic
tree was created using Mega 8 software, positioning the Iranian isolate alongside Asian A. solani isolates. Thyme
extract's effect on fungal colony growth was tested in the lab, and pathogenicity was assessed on tomato variety
4129. Morphological traits, including plant and root length and biomass, along with physiological traits such as
chlorophyll content and the expression of defense genes (CAT, APX, POD), as well as phenol and flavonoid
levels were measured for UrmiaB isolate, as the most virulent among the collected isolates.

Results and Discussion
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All concentrations of thyme extract tested in this research exhibited significant inhibitory and antifungal
effects at both 1% and 5% probability levels compared to the controls. Additionally, thyme extract showed
moderate to high antifungal activity against A. solani, both in laboratory and greenhouse settings. In laboratory
trials, thyme concentrations of 50, 100, and 150 mg mL* markedly reduced fungal growth, particularly at higher
concentrations (100 and 150 mg mL™), which also corresponded with a decrease in pathogenicity affecting
tomato fruits of cultivar 4129. Morphological and physiological assessments indicated that thyme extract
improved traits in tomato variety 4129, including root and shoot lengths, biomass, chlorophyll content, and the
expression of defense-related enzymes (CAT, APX, POD), as well as phenolic and flavonoid levels under
greenhouse conditions. These findings demonstrate that thyme extract effectively mitigates early blight disease
in tomatoes by inhibiting fungal growth.

Conclusion

The results indicated that thyme extract effectively reduced the activity of the pathogen responsible for
tomato early blight in both laboratory and greenhouse conditions. Its antifungal properties make thyme extract a
promising candidate for commercialization in agricultural pest management, particularly when used in
combination with other compounds.
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Figure 1- Alternaria solani colony on PDA and conidia
morphology.
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K7441469.1, A. altrenata, USA, Potato.
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Figure 3-Phylogenetic tree of fungal ITS region fragments, constructed using the Maximum Likelihood method (MEGAQ0.8) and
compared to gene bank isolates.
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Table 1- ANOVA of Alternaria solani-UrmiaB pathogenicity on tomato fruit

L Loy (%) G slow s (ko
Control treatment (distilled water + healthy plant) 0
Control treatment (distilled water + healthy plant) 66/9615.12
50 mM thyme extract and inoculation of 50 CFU/ml Alternaria solani isolate UrmiaB 28/32+1.25
100 mM thyme extract and inoculation of 50 CFU/ml Alternaria solani isolate UrmiaB 18/21+1.63
150 mM thyme extract and inoculation of 50 CFU/ml Alternaria solani isolate UrmiaB 11/32+1.14
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Figure 4- illustrates the inhibitory effect of thyme extract on tomato fruits inoculated with A. solani. Treatments: A) Healthy control

(distilled water only); B) A. solani control (108 spores/mL); C) A. solani (108 spores/mL) + 50 mM thyme extract; D) A. solani (102
spores/mL) + 100 mM thyme extract; E) A. solani (108 spores/mL) + 150 mM thyme extract.

Ol Ly Sy ay a8 (:Ske LBl I8 (S5)b5L e
40) T2 o slso VW/A0) T1) ciily als cytng) ojlae cdale
9 (oo YAOA) 20l jlos 53 g (e ke VIAY) T3 of o i
Oinlejl claosly) edly ials8l gl ojlas  S35)55L doyd
ol 3 l)ly 4 UL LBl e 1SS (il s s
dlio g @ <o/ vl olbd Sl b (gin slagialejl il
sop iyl S glbs Jloinl b (S5 gl slise s oSl

(& S5 ¥ Jgia) (3d dple

JS S g ols sl giae (ot

Giliseo (gelalé o Jlacl 5l da G5 IS b IS (slyione
zo Jlon ! gdaws ;3 VY AP, (Y0 Juo VO+ g Voo o) cpdugl
olels) (iie JyiS GlalsS 4 cons oadles oS ) so)
Jido )5 slgimo iy 22 yloline (oo ol b oAb il 5 ol
oylas L syl 9 A solani L sasosgll olals ) «igy IS
Jags Jlasl 51 ax WY g, 50 Vg oo V0 e 4y bigyyo (gl
S QLS > G Jsbo o yieS 292 o3 iy Jleto] o >

F JS5) 1 sanlie A, sOlANI b baid ond 039l b ke

Laatan 31376 slass (903

S59,S5 asd 03l oy yuio UrmiaB alis iolojl opl j
Slaas) 1 Sile Ly 5 03,5 Lol |y (e b V)
Joda) il 1y ol glen @ud (il wldaln] K9 ,SS
sladle i splo! dLmL)Z)“La}T sl o asSol @ as g b ()
4y dhd . Sle o glae)ie dols miy Jols ladd dgn g0
UrmiaB a;lis .3gs (o SlwV/A) (55,345 65 0500 (59 Suig, S5
K= dl_mu..ul.a)i lnlqd] dl)_g U_.s.l)'_'d)l_gﬁ.g S oy i b
ogre e s b 1S5 5 9 515 s b Galejl) 45 oslizl Gl
(F ~JS8 - Jy22) (35 ol

iy ) S gla pu gl o pluas (Sujlails 5
ol&le 3T yu A solani g8 oo galiwss
De §) cying] olae clalé b3l 45 ols oL talej] ol
ke O e 5 45 ooy 05 oanbie Gilise elacdalé |
clale 29 (—\_a.o).) YA/‘\Q) uf—\_:)].))l; o yd uJ)*oQg s(Tl) )Yy
(T3 (o> AVAR) 5 T2 (1moy> YVAIS)) Y go o VD+ 4 )+



£ L5l ool b (Alternaria solani) (K yiasoF (g0 aSI Hleo o]y 50 g 00l oM

(¥ Js>

Oyl o jlas calizes claclale 5,8 L Alternaria solani jl sl slew s g ol ke o5l 7,6 A5, 5| (S8yl55k 0oy =¥ Jou
Table 2- Inhibition of fungal growth, disease frequency, and severity after thyme extract treatment.

O e Flglyd olile gl o,bas (S5 ey

(UrmiaB) Lo X . . o
Sylow () &olow (%) UrmiaB & » (55,
Control (distilled water + healthy plant) 0 02 02
Negative control (A. solani) 16.5+71.96 02 02
Treatment with 50 mM thyme extract + inoculation of A. b b
solani with a concentration of CFU/ml (T1) 30.3241.20 2595 38.95
Treatment with 50 mM thyme extract + inoculation of A. c c
solani with a concentration of CFU/ml (T1) 24.21+1.61 14.16 79.16
Treatment with 50 mM thyme extract + inoculation of A. 16.32+1.18 13.19 81.19

solani with a concentration of CFU/ml (T1)
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Figure 5: Inhibition of Alternaria solani mycelial growth by thyme extract in vitro. Treatments: A, distilled water (control); B, 50
mM thyme; C, 100 mM thyme; D, 150 mM thyme.
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Table 3- Average effect of thyme extract on total chlorophyll content in Alternaria solani-infected tomato plants.
Groups Variable N of groups  Kruskal Wallis  df P
Treatment  Total chlorophyl 5 17.93960 4 0.00127

Total chlorophyl

Health  Infected ThymeS0 Thymel00 Thyme 150

Treatment
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Figure 6- Average effect of thyme extract on chlorophyll content in tomato plants infected with Alternaria solani.
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Table 4- Average Effect of Thyme Extract on Tomato Plant Length Affected by Alternaria solani
Treatment Variable Method Statistic  P.value  Normal?
Health Shoot length  Shapiro Wilk  0.97137  0.84997 Yes
Infected Shoot length  Shapiro Wilk  0.97973  0.90041 Yes
Thymus100 Shoot length ~ Shapiro Wilk  0.97137  0.84997 Yes
Thymus150 Shoot length ~ Shapiro Wilk  0.86337  0.27245 Yes
Thymus50  Shoot length  Shapiro Wilk  0.72863  0.02386 Yes
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Figure 7: Average effect of thyme extract on tomato plant length after Alternaria solani infection
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Table 5- Average Effect of Thyme Extract on Root Length in Tomato Plants Infected with Alternaria solani
Treatment Variable Method Statistic P.value Normal?
Health Root length Shapiro Wilk 0.99291 0.97188 Yes
Infected Root length Shapiro Wilk 0.97137 0.84997 Yes
Thymus100 Root length Shapiro Wilk 0.62978 0.00124 Yes
Thymus150 Root length Shapiro Wilk 0.72863 0.02386 Yes
Thymus50 Root length Shapiro Wilk 0.94466 0.68296 Yes
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Figure 8- Average effect of thyme extract on root length in Alternaria solani-infected tomato plants.
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Figure 6- Average effect of thyme extract on root length in Alternaria solani-infected tomato plants.

Mean.Sq

F.value p

Parameter df Sum.Sq
Treatment 4 54.11500
Residuals 15  3.62500

Total 19 57.74000

13.52875 55.98103 0.00000
0.24167
13.77042
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Figure 9- Average effect of thyme extract on fresh weight of tomato plants infected with Alternaria solani.
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Table 7- Average Effect of Thyme Extract on Fresh Weight of A. solani-Infected Tomato Roots
Treatment Variable Method Statistic P.value Normal?
Health Root fresh wheight ~ Shapiro Wilk  0.94466  0.68296 Yes
Infected Root fresh wheight ~ Shapiro Wilk  0.99179 0.96644 Yes
Thymus100 Root fresh wheight  Shapiro Wilk  0.99291 0.97188 Yes
Thymus150 Root fresh wheight  Shapiro Wilk  0.88691 0.369 Yes
Thymus50  Root fresh wheight ~ Shapiro Wilk  0.62978  0.00124 Yes

root fresh wheight
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Figure 10- Average effect of thyme extract on fresh root weight of tomato plants infected with Alternaria solani.
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Table 8- Effect of thyme extract on dry weight of Alternaria solani -infected tomato shoots
Treatment Variable Method Statistic _P.value  Normal?
Health Shoot dry weight ~ Shapiro Wilk  0.86521  0.27929 Yes
Infected Shoot dry weight ~ Shapiro Wilk  0.72863  0.02386 Yes
Thymus100 Shoot dry weight  Shapiro Wilk  0.62978 0.00124 Yes
Thymus150 Shoot dry weight  Shapiro Wilk  0.82229  0.14857 Yes
Thymus50  Shoot dry weight  Shapiro Wilk  0.77291  0.06185 Yes

shoot dry weight
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Treatment
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Figure 11- Average effect of thyme extract on dry weight of tomato shoots infected with Alternaria solani.
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Table 9- Effect of thyme extract on dry weight of tomato roots infected with Alternaria solani.
Treatment Variable Method Statistic P.value Normal?
health Root dry wheight ~ Shapiro Wilk  0.78211 0.07381 Yes
infected Root dry wheight  Shapiro Wilk  0.62978 0.00124 Yes
Thymus100 Root dry wheight  Shapiro Wilk  0.62978  0.00124 Yes
Thymus150 Root dry wheight  Shapiro Wilk  0.89888  0.42554 Yes
Thymus50  Root dry wheight ~ Shapiro Wilk  0.91068  0.486 Yes

root dry wheight
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Figure 12- Average Effect of Thyme Extract on Dry Weight of Tomato Roots Infected with Alternaria solani
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Table 10- Effect of Thyme Extract on Catalase Synthesis in Alternaria solani-Infected Tomatoes
Treatment Variable Method Statistic P.value Normal?
Health (mg.gt FW) ;Ybls  Shapiro Wilk  0.97137  0.84997 Yes
Infected (mg.g’t FW) ;Y6 Shapiro Wilk  0.86038  0.26157 Yes
Thymus100  (mg.gt FW) ;Yils  Shapiro Wilk  0.92708  0.57735 Yes
Thymus150 (mg.gt FW) ;vuls Shapiro Wilk  0.62978 0.00124 Yes
Thymus50  (mg.g™ FW) ;ybls  Shapiro Wilk  0.79065 0.08649 Yes

CAT (mg/g FW)

Health Indected ThymeS0 Thymel00 Thymel50

Treatment
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Figure 13- Average effect of thyme extract on catalase synthesis in Alternaria solani-infected tomatoes.
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Table 11- Average Effect of Thyme Extract on Total Flavonoids in Alternaria solani -Infected Tomatoes
Treatment  Variable Method Statistic  P.value  Normal?
Health Flavenoid  Shapiro Wilk  0.93927  0.64988 Yes
Infected Flavenoid Shapiro Wilk  0.99291 0.97188 Yes
Thymus100 Flavenoid Shapiro Wilk  0.86337  0.27245 Yes
Thymus150 Flavenoid Shapiro Wilk  0.94466 0.68296 Yes
Thymus50  Flavenoid  Shapiro Wilk  0.62978 0.00124 NO

flavenoid

Health Infected Thyme50 Thymel00 Thymel50

Treatment
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Figure 14-Average effect of thyme extract on total flavonoid content in Alternaria solani-infected tomatoes.
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Table 12- Effect of Thyme Extract on Total Phenol Synthesis in Alternaria solani-Infected Tomatoes

Treatment Variable Method Statistic  P.value Normal?
Health Phenol  Shapiro Wilk  0.88609  0.3653 Yes
Infected Phenol  Shapiro Wilk  0.89495  0.40639 Yes
Thymus100  Phenol  Shapiro Wilk  0.7622  0.04991 NO
Thymus150  Phenol  Shapiro Wilk  0.8494  0.22423 Yes
Thymus50 Phenol  Shapiro Wilk  0.89345 0.39925 Yes
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Figure 15- Effect of thyme extract on total phenolics in Alternaria solani -infected tomatoes.
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Table 13- Average Effect of Thyme Extract on Peroxidase in Alternaria solani -Infected Tomatoes

Treatment Variable Method Statistic  P.value  Normal?
Health POD (mg.g, FW) Shapiro Wilk  0.8211  0.14575 Yes
Infected POD (mg.gt, FW) Shapiro Wilk  0.62978 0.00124 NO
Thymus100 POD (mg.g?, FW) Shapiro Wilk  0.72863  0.02386 NO
Thymus150 POD (mg.g?, FW) Shapiro Wilk  0.97137  0.84997 Yes
Thymus50  POD (mg.gt, FW) Shapiro Wilk  0.86038 0.26157 Yes
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Figure 16- Average effect of thyme extract on peroxidase content in Alternaria solani-infected tomatoes.
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Table 14- Comparison of the average effect of thyme extract treatment on the synthesis of ascorbate peroxidase enzyme in tomatoes
infected with Alternaria solani

Treatment Variable

Method Statistic P.value Normal?

Health APX (mg/g FW)
Infected APX (mg/g FW)
Thymus100 APX (mg/g FW)
Thymus150 APX (mg/g FW)
Thymus50  APX (mg/g FW)

Shapiro Wilk  0.99291 0.97188 Yes
Shapiro Wilk  0.62978 0.00124 Yes
Shapiro Wilk  0.72863 0.02386 Yes
Shapiro Wilk  0.62978 0.00124 Yes
Shapiro Wilk  0.97865 0.89407 Yes
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Figure 17- Average effect of thyme extract on Ascorbate peroxidase content in Alternaria solani-infected tomatoes.
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Introduction

Sophora (Sophora pachycarpa Schrenk ex C. A. Mey) is a perennial weed of Fabaceae family which can
propagated by seeds and through perennial roots. It is one of the invasive plants that can be seen in the most
regions of Iran, especially in the wheat fields, pastures and drylands, of Khorasan. The biology of weeds and its
importance in management has received a lot of attention in recent years. In fact, it is necessary to know the
biological characteristics and key relationships between weeds and crops to control weeds in an agricultural
ecosystem. Also, the role of environmental conditions on weed management is very important. Given this, the
present study seeks to investigate the effects of environmental conditions (salinity and drought stress) on
germination characteristics of Sophora.

Materials and Methods

In order to investigate the effect of salinity and drought stress on germination characteristics and seedling
growth of Sophora, two separate experiments were conducted in germination stage as a completely randomized
design with four replications in the year 2017-2018 in research laboratories at Agricultural College of Ferdowsi
University of Mashhad. PEG 6000 was used for drought stress and NaCl, for salinity stress. The treatments
included drought and salinity stress levels (0, -0.1, -0.2, -0.4, -0.8, -1, -1.2, -1.4 and -1.5 Mpa). Seeds were
disinfected with sodium hypochlorite (1%) solution for 2 minutes, and were then washed with distilled water.
The measured traits were germination percentage, germination rate, average germination time, radicle length,
plumule length and fresh weight of radicle, plumule and seedling. The statistical analysis of the data was done by
SAS 9.1 and Sigma Plot 12.3 software.

Results and Discussion

Analysis of variance results showed that the effect of salinity levels on all traits was very significant (P<
0.01). Maximum germination was observed in control treatment and at the level of -1.5 Mpa salinity, the
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germination stopped. Also, the effect of drought levels on all traits was very significant (P< 0.01) and at the level
of -1 Mpa drought, the germination stopped. Fitting of the three-parameter sigmoid model provided a successful
estimation of the relationship between salt and drought stress levels and germination percentage of Sophora. This
model showed that salinity and drought stress at -1.08 and -0.43 Mpa, respectively, caused a 50% reduction in
maximum germination percentage of sophora, and it can be concluded that the sensitivity of this weed to drought
is more than to salinity, and the existence of salinity and drought stress can decrease growth indices of this weed
at germination and seedling stages.
Conclusions

It was concluded that with the increase in both the drought and salinity stress, all the growth characteristics of
Sophora significantly decreased and the effect of salinity stress on percentage of germination and germination
rate resulted from the toxic effect of ion salts. Whereas, the reduction of seedling growth traits was both the toxic
effect of ion salts and osmotic potential. It seems that sufficient information about this weed is vital for the
selection of the best control method, could help us to come up with new control approaches for this invasive
weed. Considering the increase of salinity and drought in the country's soils due to the decrease of rainfall and
climate change, and with the according to Sophora tolerance to salinity and its relative tolerance to drought, there
is a possibility of expanding the range of presence of this weed in the conditions of salinity and drought of the
soil, but for more accurate evaluation, it is necessary to conduct complementary experiments in the field and in
the greenhouse conditions.

Keywords: Germination percentage, Germination rate, Polyethylene glycol, Sodium chloride
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Table 1- Analysis of variance of different germination traits of Sophora pachycarpa Influence by different levels of salinity
Mean of squares

S.0.V  df Germination Germination e?%?rrmg?i%n Plumul Radicle Zlgr?sl# R;(élsﬂe Sef(?gsl;]ng
percentage rate g time e length length weight weight weight
*
Salinity 8  384.53%%  32.09%* 1187+ 1363 1808~ 1014 158%  11.66%
Error 27 9.13 0.83 3.87 0.34 0.39 0.43 0.088 0.42

Al e diopd K Jlosn] o 5 4l gine pl sdimy L s
** indicates a significant effect at the probability level of 1%.
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Table 2- The effect of different salinity levels on the characteristics of germination and seedling growth of Sophora pachycarpa

Salinity ~ Germinatio  Germinatio ggﬁ{ﬁg&o Seedling Radicle Plumule Radicle Plumule
IE/\I/eIs n n rate . n time fresh fresh fresh length length
(Mpa) percentage  (seed.day™) (day) weight (g) weight (g)  weight (9) (cm) (cm)

0.0 96.25% 8.932 2.54¢ 3.542 0.652 2.892 5.002 3.472
-0.1 91.252 7.42° 2.69¢ 2.66° 0.49 2.17° 5.172 3.15%
-0.2 85.00% 4.10° 3.000¢ 1.60° 0.40° 1.20° 3.97° 3.052
-0.4 82.50% 6.04° 3.23% 1.97¢ 0.52° 1.45¢ 3.65° 3.402
-0.8 71.250¢ 3.61° 4.11° 0.67¢ 0.254 0.42¢ 2.40° 1.82b
-1.0 60.00° 2.53¢ 4.93%® 0.29¢ 0.13¢ 0.16¢ 1.40¢ 1.32¢
-1.2 27.504 1.08¢ 5.172 0.23¢f 0.11¢ 0.12¢ 1.35¢ 1.22¢
-1.4 7.51¢ 0.26f 5.202 0.00f 0.00f 0.00¢ 0.00¢ 0.00¢
-1.5 0.00f 0.00¢ 0.00¢ 0.00 0.00f 0.00¢ 0.00¢ 0.00¢

sl LSD (y905] abo duoyd iy Jloio] o 53 bnjlass p 515 gine ©oglis pie odimd i gty 1> S o by y> dgmrg
* Means followed by similar letters in each column don’t show a significant difference based on LSD test at 5% probability.
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1- Pisum sativum
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1- Vicia villosa
2- Prosopis farcta
3- Gypsophila pilosa
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Table 3- Analysis of variance of different germination traits of Sophora pachycarpa influence by different levels of drought
Mean of squares

SOV  df Germinatio Germinatio Ave_ragg Plumul Radicle Plumul Radicle Seedling
n N rate germinatio e length e fresh fresh fresh
percentage n time length weight weight weight

*
Drought 8  66405%*  42.82% 2397 1328%* 1955%*  §03** LA0% g g3
Error 27 14.99 0.82 3.87 0.12 0.35 0.066 0.031 0.08

bl o doyd S Jlain] s p3 Iy gime 556 odimy )L e
** indicates a significant effect at the probability level of 1%.
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Table 4- The effect of different drought levels on the characteristics of germination and seedling growth of Sophora pachycarpa

Slalinity Germinati  Germinatio Ave.rage. Seedling Eggischl Plumule Ragicl Plumule
evels on n rate germinatio fresh - fresh

(Mpa) percentage  (seed.day?) ntime (day) weight (g) W?;Sht weight (g) I?Q%gh length (cm)
0.0 99.15%" 8.93 2.60° 3.542 0652  2.89° 3.600 3472
-0.1 91.25° 7.09° 3.16 0.69° 0.20°  0.49° 2.97% 250
-0.2 88.75% 457¢ 4.26° 1.21 033>  0.86 3458 1550
-0.4 53.80° 2.424 4.83° 0.52¢ 021¢  0.30¢ 2700 1.10¢
-0.8 6.30° 0.26¢ 4,900 0.06¢ 0.02¢  0.04¢ 0.82¢  0.72¢
1.0 0.00¢ 0.00¢ 0.00° 0.00° 0.00¢  0.00° 0.00¢  0.00f
12 0.00¢ 0.00¢ 0.00° 0.00° 0.00¢  0.00¢ 0.00¢  0.00°
1.4 0.00° 0.00¢ 0.00° 0.00° 0.00°  0.00¢ 0.00°  0.00f
15 0.00¢ 0.00¢ 0.00° 0.00° 0.00¢  0.00¢ 0.00¢  0.00'

ol LSD (9051 o oy iy Jloin] el 53 Wyl (s 51 ime gl e oaimd yLis oyt yb 5> S yidiio g dg3g
* Means followed by similar letters in each column don’t show a significant difference based on LSD test at 5% probability.
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Table 5- Group comparison between salinity and drought stress on reducing the percentage and rate of germination, the plumule
length and radicle Sophora pachycarpa

. Mean
. Comparison - —

Group comparison coefficients Radlc(:(I:;I;angth Pluml(JCI?nI)ength Geggler:ja.lgacl);l;ate Germination (%)
Salinity +1 2.36 1.91 57.92 4.12
Drought -1 37.38 2.60 1.03 1.5

Significant level 0.03 0.05 0.004 0.03

5 2l Ml o 2 ko3 VO gaen |y ) (6)9 &
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0j9 5 Job (Sl co i g 2o)d 59y A2y BB Ol
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Table 6- Parameters, coefficient of explanation and square root of the error of the three-parameter sigmoid equation to determine the
germination percentage of Sophora pachycarpa seeds at different levels of salinity and drought potential of NaCl and PEG6000
X0 a b R? RMSE
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Introduction

As the third crop among beans in the world and the first crop in West Asia and North Africa, chickpea is an
important grain crop. Chickpea (Cicer arietinum L.) seeds are a rich source of protein (15 to 25 percent) and
essential amino acids such as lysine that has high nutritional value. Among the important problems of chickpea
cultivation, we can mention the water-deficit stress and weeds especially at the high densities. Water deficit-
stress has a negative effect on crops during their life cycle and causes losses and decrease in their yield. Weeds
are considered as competitors of agricultural plants and cause their yield loss, so if they are not controlled, the
yield of crops will decrease between 10 to 100% depending on the competitive ability of the weed species.
Therefore, the aim of this study was to investigate the the response of chickpea to these stresses and determine
the threshold of economic yield loss caused by them in chickpea.

Materials and Methods

Considering the limitation of water resources and the problems caused by weed competition, the
morphological characteristics, yield and its components were investigated in chickpea under condition of water
shortage and wild mustard (Sinapis arvensis L.) competition. Experiment was conducted as a split plot based on
randomized complete block design with three replications at research farm, Ministry of Agriculture Jihad,
Kalibar-Iran in 2021. Factors were irrigation regimes (irrigation at the 55%, 35% and 10% of total available soil
water content) as the main plot and wild mustard density (0, 5, 10, and 15 plants m) as the subplot. At the end
of the growing season, when the chickpea pods fully ripened and turned yellow, the morphological traits, yield
and its components were measured in the cultivated chickpea plants. All data were subjected to an analysis of
variance using the PROC GLM by slicing interactions in Minitab ver. 17.0 and SAS ver. 9.2.0 statistical
softwares. The assumption of the variance analysis was tested by ensuring that the residuals were random,
homogeneous, and with a normal distribution about a mean of zero using residual plots and the Anderson-
Darling test. The LSD test was used at a probability level of 0.05 to compare main effects or interactions (after
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slicing).

Results and Discussion

The results showed that water-deficit stress reduces the morphological traits, yield and its components of
cultivated chickpea due to its effect on various processes including photosynthesis, and high densities of wild
mustard due to intense competition with chickpea plants in receiving water and nutrients, and further by shading
on chickpea plants. Ineraction effects revealed that the main root length, number of secondary roots, dry weight
of roots, height, number of secondary stems, number of pods per plant, number of seeds per plant, 100-seed
weight, biological yield, seed yield and harvest index in chickpea are greatly reduced under the severe water-
deficit stress condition and high weed densities. Morphological traits in field chickpea were less affected by
increasing the wild mustard density under water-deficit stress conditions compared to yield and its components.
As mentioned, the yield of cultivated chickpea decreased under water stress conditions and wild mustard
competition, especially at high densities. The greatest reduction was observed after depleting 90% of the
available water capacity in the soil at the 15 wild mustard plants per m? (202 kg.hal), so that in this treatment
seed yield was reduced by 91.39% compared to the control treatment under field capacity condition. The main
reason for this can be the reduction of photosynthetic efficiency in the conditions of water-deficit stress and high
weed density during the growing season, especially during flowering and seed formation, along with the
effective competition of weeds to obtain environmental resources such as light, water, nutrients and even CO,.
These factors have caused a decrease in the 100-seed weight and finally a decrease in the seed yield in cultivated
chickpea significantly.

Conclusions

Therefore, it is necessary to prevent the occurrence of severe water-deficit stress conditions in the soil and the
presence of wild mustard especially at the high densities in sensitive phenological growth stages in order to
prevent a noticeable yield loss. In addition, control approaches should be taken against this weed species from its
low densities, which is more important in the water-deficit stress conditions in the soil.

Keywords: Beans, Growth characteristics, Seed yield, Water-deficit stress, Weed density
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Table 2- Interaction effects between different irrigation regimes and wild mustard density on a main root length and lateral roots
number of chickpea (Cicer arietinum L.)

Main root length Lateral roots number

wild (cm)
mustard Field 65% depletion of  90% depletion of Field 65% depletion of  90% depletion of
density - the water the water - the water the water
capacity . - capacity - -
capacity capacity capacity capacity
Control 14.69 a* 9.67 a 433 a 11.56 a 6.64 a 3.67a
5 plants.m 11b 9.51a 4a 7.75b 4.67 ab 3a
10 plants.m 9.34b 9.10a 3.33a 7.72b 3.33b 2.33a
15 plants.m 9.28b 44D 2.67a 5.83¢c 2.33b 2.33a
LSD 5% 2.21 3.66 2.42 1.68 2.49 2.28

5,15 s> g Sl aws p3 15030 b gyl me MBI LSD (yg0j (poluolyy ygim o 50 S ytitie g b (sl SSbio
* The means followed by the same letter in a column were not significantly different at p<0.05 (LSD test).
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Table 3- Interaction effects between different irrigation regimes and wild mustard density on a roots dry weight and height of
chickpea (Cicer arietinum L.)

Roots dry weight Height
wild (g.m?) (cm)
mustard Field 65% depletion of  90% depletion of Field 65% depletion of  90% depletion of
density - the water the water - the water the water
capacity - - capacity - -
capacity capacity capacity capacity
Control 53.80 a* 3117 a 7.98 a 5111a 3433 a 29.67 a
5 plants.m 53.32a 11.88 ab 6.63 a 44.67 ab 32.67 ab 25.67 a
10 plants.m? 32,58 ab 11.18 ab 6.55a 36.81 bc 32.67 ab 21.33ab
15 plantsm?  20.40b 8.45bh 5.07a 35.33¢ 28.67b 17.05b
LSD 1% 25.88 20.01 11.10 8.23 5.32 8.40

5 do > o et a0 K030 b (6l ime BT LSD (0] (whalyy gty 53 S o gy b (gl uSilio 3
* The means followed by the same letter in a column were not significantly different at p<0.01 (LSD test).
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Figure 1- Changes in chickpea (Cicer arietinum L.) lateral shoots number under different irrigation regimes (A) and
wild mustard density (B)
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Introduction

Iranian borage (Echium amoenum Fisch & Mey.) is a plant from the Boraginaceae family that is widespread
in various regions of Iran. This species is used in traditional Iranian medicine. There are many different factors
that affect the yield and quality of agricultural crops, including weed management. The abundance, distribution,
density and composition of weed species in a cropped field vary due to the nature of the crop, cultural practices
and cropping pattern/system, soil type, moisture availability, location and season, therefore identification of
weed flora is important to identify the proper weed control options and enable farmers to use the best
management strategies. One of the appropriate solutions in the management of agricultural systems is the use of
precision agriculture; and one of the technologies used in precision agriculture is Geographic Information
System (GIS). The results of the Geographic Information System can improve agricultural patterns, allow more
precise management of agricultural systems and enhance the level of development. Considering the importance
of monitoring weeds in agricultural ecosystems, the high medicinal and economic importance of borage, the
cultivation of this plant in recent years in Azadshahr city and the non-chemical management of weed control,
attention to maintaining the quality and level of its production is also crucial. Additionally, due to the lack of
basic information about the condition of weeds in borage fields in Azadshahr city, this study was conducted with
the aim of identifying weeds in borage fields and investigating the community structure and species and
functional diversity of borage fields in Azadshahr city.

©2024 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,
B 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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Materials and Methods

The present study was conducted to investigate the community structure and species diversity of weeds in the
E. amoenum fields of Azadshahr in 2022. Twenty E. amoenum fields in four geographical directions (north,
south, east and west) of the Azadshahr region were selected and the weed species were sampled and identified
based on the W pattern in these fields. Based on the existing relationships, the density, frequency, uniformity and
predominance of each species were determined. At each farm, the latitude, longitude and elevation above sea
level of the sampling site were recorded using a GPS device. The information obtained was processed using GIS
software (Ver. 9.3) and a distribution map of all weeds in the fields of E. amoenum was produced.

Results and Discussion

The results showed that there are 19 weed species belonging to 12 plant families in the fields of E. amoenum
in Azadshahr, Iran. Among them, 31.57%, 10.52%, 10.52% of the species belonged to the Poaceae Asteraceae,
and Polygonaceae families, respectively, and the rest of species belonged to 9 other plant families. Overall, 68%
and 32% of the species were annual, and perennial, respectively. In addition, 68% and 32% of species were
dicotyledonous and monocotyledonous. Cynodon dactylon, Convolvulus arvensis and Chenopodium album had
the highest weed density with 2.40, 2.36 and 2.30 (plants m?) respectively. The highest percentage of weed
uniformity (90-95%) was observed in C. dactylon, C. arvensis, C. album, Sorghum halepense and Hordeum
murinum. Among the 19 weed species, C. arvensis, C. dactylon and C. album showed the highest relative
dominance; these weeds had a relative dominance of 22.31%, 22.49%, and 21.91%, respectively. According to
the results, the high frequency values of these weed species indicated their high compatibility with the climatic
and soil conditions. Also, the highest relative dominance of the weeds in the fields of E. amoenum was observed
in the broad-leaved weeds, which can be attributed to the poor management of perennial weeds in these areas.
According to the weed distribution map, 18 species of weeds identified in the E. amoenum fields were observed
in all the investigated fields and they are scattered throughout the studied points, while, Papaver rhoeas was
distributed only in the southern fields of the study area.

Conclusion

By knowing the weed species present in E. amoneum fields, their density and distribution, and by using
correct management practices, the impact of problematic species can be reduced and the spread of weeds,
especially problematic species, from one area to another susceptible area can be prevented. Based on the
information obtained on the presence of broadleaf and narrowleaf weed species in E. amoneum fields, it is
possible to develop a comprehensive management plan and reduce weed density by combining different
management methods. By studying the weather, climate and soil conditions in the region, as well as information
on the management practices commonly used in the region, it is also possible to understand the reasons for the
presence and density changes of some species in some regions. This information has been used in the integrated
management of weeds and the provision of appropriate weed control solutions.

Keywords: Abundance, Density, Dominance index, Species composition
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Figure 1- Geographical location of Azadshahr city and the distribution map of Echium amoenum farms in Azadshahr
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Figure 2- Characteristics of average maximum and minimum temperature, and monthly precipitation of the region during 2022
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Table 1- Characteristics of weeds in the fields of Echium amoenum in Azadshahr

Scientific name Family Life cycle  Vegetative form Leaf Photosynthetic pathways
Cynodon dactylon (L.) Pers. Poaceae Perennial  Monocotyledonous  Narrow-leaf Ca
Convolvulus arvensis L. Convolvulaceae  Perennial Dicotyledonous Broadleaf Cs
Chenopodium album L. Amaranthaceae Annual Dicotyledonous Broadleaf Cs
Sorghum halepense L. Poaceae Perennial  Monocotyledonous  Narrow-leaf Ca
Rumex crispus L. Polygonaceae Perennial Dicotyledonous Broadleaf Cs
Stellaria media L. Caryophyllaceae ~ Annual Dicotyledonous Broadleaf Cs
Hordeum murinum L. Poaceae Annual Monocotyledonous  Narrow-leaf Cs
Polygonum aviculare L. Polygonaceae Annual Dicotyledonous Broadleaf Cs
Lolium rigidum L. Poaceae Annual Monocotyledonous  Narrow-leaf Cs
Avena ludoviciana Durieu. Poaceae Annual Monocotyledonous  Narrow-leaf Cs
Artemisia annua L. Asteraceae Annual Dicotyledonous Broadleaf Cs
Veronica persica Plantaginaceae Annual Dicotyledonous Broadleaf Cs
Anchusa italica Retz. Boraginaceae Annual Dicotyledonous Broadleaf Cs
Sinapis arvensis L. Brassicaceae Annual Dicotyledonous Broadleaf Cs
Sonchus oleraceus L. Asteraceae Perennial Dicotyledonous Broadleaf Cs
Poa annua Cham. & Schltdl. Poaceae Annual Monocotyledonous  Narrow-leaf Cs
Malva sylvestris L. Malvaceae Perennial Dicotyledonous Broadleaf Cs
Cleome viscosa L. Cleomaceae Annual Dicotyledonous Broadleaf Cs
Papaver rhoeas L. Papaveraceae Annual Dicotyledonous Broadleaf Cs
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Figure 4- Frequency of weed species families in the studied Echium amoenum fields
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Table 2- Indicators of weed species in Echium amoenum fields in Azadshahr

Index
Row Species ; Average .
P Frequenc fReIatlve density %il:sti':e Uniformi Relative Relative
y (%) I’scgg/i)nc (planrq‘l;[)per (%) y ty (%) uniformity  dominance
1 Cynodon dactylon 100 5.47 2.40 10.39 95.55 6.62 22.49
(L.) Pers.
2 CO”"O"’“t‘S arvensis 100 5.47 2.36 10.25 95.00 6.58 2231
3 Che”"po‘l"_'“m album 100 5.47 2.30 9.96 93.22 6.46 21.91
4 Sorgh“ml_ha'e"ense 100 5.47 1.85 8.03 92.22 6.39 19.90
5 Rumex crispus L. 100 5.47 1.64 7.12 92.22 6.31 17.90
6 Stellaria media L. 100 5.47 1.45 6.30 91.11 5.91 18.53
7 Hordeum murinum L. 100 5.47 1.37 6.11 85.55 5.73 17.52
8 Po'yg"”“'l‘ aviculare 100 5.47 1.00 4.35 82.77 5.58 15.41
9 Lolium rigidum L. 100 5.47 0.97 4.21 80.55 5.54 15.23
10 A"e”aD'Sﬂg‘J'c'a”a 100 5.47 0.92 4.05 80.00 5.35 14.85
11 Artemisia annua L. 100 5.47 0.87 4,01 77.22 5.27 14.55
12 Veronica persica 100 5.47 0.86 3.80 76.11 4.69 13.90
13 Anchusa italica Retz. 100 5.47 0.86 3.73 67.77 4.81 14.02
14 Sinapis arvensis L. 100 5.47 0.85 3.70 69.44 4.81 13.99
15 Sonchus oleraceus L. 100 5.47 0.81 351 69.44 4.82 13.80
16 oa a’g‘cuh"’}tglham' & 100 5.47 0.78 33 69.44 4.46 13.33
17 Malva sylvestris L. 100 5.47 0.74 3.22 66.66 4.62 13.32
18 Cleome viscosa L. 100 5.47 0.73 3.17 67.77 4.69 13.35
19 Papaver rhoeas L. 25 1.36 0.21 0.93 18.33 1.27 3.57
dos § gk e s mocl buly s Ly gblie > 1) 4 bles &5 JoA sladile (S py aultls
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2013)
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Figure 8- The graph obtained from the cluster analysis of 19 weed species identified on the Echium amoenum field
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Figure 9- Distribution map of 18 identified weed species (A) and Papaver rhoeas (B) in the studied fields of Echium amoenum
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