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Introduction

Bean (Phaseolus vulgaris L.) (Fabaceae) is one of the most cultivated plants of legumes in most countries.
Several of insects with piercing-sucking mouthparts such as thrips, leafhopper, aphids, and plant bugs are as pest on
beans. Thrips can attack beans from the seedlings emerge through to flowering, but it is the damage some do during
flowering that has the greatest impact. Thrips tabaci Lindeman 1889, the onion thrips is a cosmopolitan species. It
has hundreds of host plants but of these, the economically most important crop plants are onion, cabbage, tobacco,
pepper, bean and tomato. Here, population fluctuation and spatial distribution of thrips was investigated in the bean
fields of Sanandaj county (Kurdistan province, west of Iran).

Materials and Methods

Sampling was done from bean leaves from two leaves stage until ending growing season in the bean fields (bean
Canyon variety) located in Arandan village (N 35° 23' 10.96", E 46° 54' 53.16", alt. 1660 m), Sanandaj county
during the years 2022 and 2023. Bean leaf was selected as sampling unit. Sampling was done weekly and four rows
were sampled each time. A systematic sampling pattern was used to collect the samples. In this way, in the selected
rows, 24 plants at the beginning and end of each row were ignored, and the 25th plant of each row was the first plant
on which thrips were counted. After that, 24 plants were left and counting was done on the 25th plant after the first
plant. In this way, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300 and 325 plants were sampled in each row.
Weekly sampling was done in a similar style, but each time, different rows of crops were selected for sampling.
Sampling was done weekly, and for this purpose lower, middle and upper leaves were selected from each bean and
the leaves were shaken on a white tray and then the thrips were put into Eppendorf containing ethyl alcohol 75%. In
order to accurately count thrips, by using a stereomicroscope, some samples were separated and microscopic slides
were prepared from some samples and finally the number of samples was recorded. Spatial distribution of adults of
thrips was estimated using Taylor’s power law and Iwao’s patchiness regression methods.

©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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Results and Discussion

The results showed that the population of onion thrips was observed from July and gradually increased and in
2022 its maximum was in the first week of August with an average of 11.65 + 0.14 thrips and in 2023 its maximum
was in the end of week of August with an average of 11.29 + 0.23 thrips at the sampling unit. In addition, the
highest mean number of onion thrips was observed with a significant difference in the lower leaves compared to the
middle and upper leaves. The results of the spatial distribution of the pest showed that based on the variance-to-
mean ratio, Taylor’s power law and Iwao’s patchiness regression methods, the spatial distribution of onion thrips
was clumped, randomized and clumped, respectively. In general, the results showed that the peak of population of
onion thrips reaches in early of August. Furthermore, based on goodness of fit, the Iwao’s patchiness method was
more suitable than the Taylor’s power law method for estimating the spatial distribution of the pest.

Conclusion

It can be concluded that, at the beginning of the growing season of beans in the field, a low population of onion
thrips was activated, and gradually with the warming of the weather and the change of the growing stages of the
beans, the population of the pest in the field increased, so that the largest population of onion thrips were observed
in the first week of August. In addition, based on the sampling, the highest average number of onion thrips was
observed in the lower leaves of beans compared to the middle and upper leaves. The relationship between
population fluctuations of onion thrips with average positive temperature was obtained. In examining the spatial
distribution pattern with the Iwao’s patchiness method, it was found that the spatial distribution of onion thrips is
uniform. Considering the high activity and damage caused by onion thrips on various crops, especially on beans, it
is necessary and important to conduct more studies on its various characteristics in various regions and crops of
Kurdistan province so that a suitable management plan can be developed to control this pest.
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Figure 1- Population fluctuation of T. tabaci with the mean temperature and the mean humidity during different days of
sampling, in 2022 and 2023 years
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Table 1- Results of regression analysis to determine the spatial distribution of T. tabaci in the bean field of Sanandaj county,
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Introduction

As a very important and widely used construction material, wood is easily decomposed by biological agents
such as bacteria, fungi and termites. However, some wood species are more resistant to these destructive factors,
while others are very susceptible to destruction. The aim of this study was to investigate the effective factors on the
resistance of the wood of four species of poplar, maple, chinaberry and Cypress against the attacks of the
subterranean termite Microcerotermes diversus Silvestri. Since the tropical provinces of Iran, including Khuzestan,
are among the regions where different species of termites are considered as the main factors in the destruction of
lignocellulosic materials, therefore, knowing resistant woods, which in their natural and untreated state can have
high durability compared to the attacks of this insect can help to choose better wood for making wooden products
and structures.

Materials and Methods

To check the natural durability of the four mentioned species, first, wooden samples were selected and cut from
healthy trunks without visible defects. Then, with the aim of collecting termites to conduct selective and non-
selective feeding tests, an abandoned palm grove was considered in Dodangeh village, located 20 km from
Behbahan city, and then beech wood with dimensions of 2.5 x 4 x 20 cm were planted in the soil as bait for two
weeks. After this period of time, the bait sticks were removed from the soil and transferred to the laboratory. Then,
the cut wood was subjected to M. diversus termite infestation according to AWPA-EI:06 2008 standard obtained
from baits. After the desired period of time, the chemical and physical properties of wood such as the percentage of
extractive materials, specific gravity, lignin and cellulose content of each species were calculated according to the
standard.

Results and Discussion
The results showed that the percentage of extractive substances in maple species has a significant difference
compared to other species and is lower than other species, while the highest amount of extractive substances is
related to Cypress. Among the investigated species, cypress exhibited the highest lignin content, while poplar
displayed the lowest. Notably, both cypress and poplar significantly differed in lignin content compared to the other
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two species. Cellulose analysis revealed a significantly higher percentage in spruce compared to all other species
(p< 0.05). Conversely, no significant differences in cellulose content were observed between the remaining three
species. The lowest amount of specific mass belongs to spruce and the highest It belongs to the maple species. This
difference is significant at the 95% level. The results of selective, non-selective and field tests of termite feeding on
wooden samples are shown in figure number five. The results show that Cypress and chinaberry samples showed the
lowest percentage of weight loss and poplar and maple samples showed the highest weight loss.

Conclusion

What increases the natural durability of wood species against termite attacks and other destructive factors are
wood anatomy, wood density, lignin and cellulose content, moisture content, and the composition of extractive
materials in the wood. Examining the extractives of the researched species, it can be seen that maple has the lowest
percentage of extractives and Cypress has the highest amount, and this problem can have a serious effect on the
intensity of termite attacks. Extractive substances play a critical role in enhancing wood's natural resistance to
destructive agents, particularly insects. Their significance is evident in certain durable wood species. Removing
these extractives renders the wood susceptible to decay. Furthermore, the weight loss observed in both selective and
non-selective decay tests, along with field trials, demonstrates a clear correlation with the content of lignin and
cellulose in the wood. By increasing the percentage of lignin, the desirability of wood for termites decreases, and on
the other hand, with the addition of cellulose percentage, the desirability of the species for termites increases. Lignin
is a polymer that, as the second component of wood after cellulose, plays an important role in wood, and due to its
phenolic groups, it is considered a toxic substance for destructive agents and has repellent properties. When lignin
coats the cell wall, it forms a more impermeable matrix, making the cellulose less accessible and making the wood
more resistant to biodegradation. In this research, the highest amount of lignin belongs to Cypress and the lowest
amount belongs to poplar, and a significant difference between the amount of lignin in these two species is
observed. Physical characteristics such as specific mass is also considered as determining factors of durability
against termite attacks, and species with lower and lighter specific mass are more likely to be attacked by termites.
According to the obtained results, poplar is different from other species in terms of specific gravity and is
considered a lighter species, and this issue, along with the high percentage of cellulose, which is the material
preferred by termites, can increase the vulnerability of this species. Based on the obtained results, the effect of
factors such as chemical composition and physical characteristics of the studied species on the intensity of
subterranean termite attacks M. diversus and according to the mentioned parameters, Cypress species was the most
resistant and poplar was the weakest species to the attack of this termite species.

Keywords: Biological degradation, Cellulose, Density, Lignin
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Introduction

The Sunn pest (Eurygaster integriceps Put) is a significant pest of wheat in Turkey, west and central Asia, and
Iran. Damage caused by this pest to leaves, stems, spikes, and grains can reduce the baking quality of flour made
from affected grains of cereals. Sunn pest adults typically overwinter in mountainous areas under plants such as oak,
wild liquorice, and echinacea, migrating to wheat fields when temperatures warm up in spring. Their feeding
behavior involves piercing and cutting tissues, as well as injecting digestive enzymes through a salivary canal to
predigest food.

Wheat is a major crop, covering vast areas of agricultural land worldwide. The pest causes significant damage to
grain crops, particularly wheat (lranipour et al., 2010). Among these pests, the sunn pest stands out as the most
devastating insect (EI Bouhssini et al., 2013). High-quality bread wheat genotypes have shown to be less susceptible
to the effects of bug proteinase in baking compared to poor-quality wheat varieties. Chemical control of Sunn pest is
not only costly but also hazardous to human health and the environment, and has adverse effects on natural
predators (Krupnov, 2012). Identifying resistant cultivars could serve as an effective integrated pest management
(IPM) strategy, reducing the need for chemical applications. The use of resistant cultivars is both an effective and
cost-efficient method for protecting wheat crops from this insect pest while minimizing pesticide use.

Therefore, the widespread and rampant spread of this pest highlights the urgent need to identify and use non-
chemical control methods, especially the selection of resistant varieties. This study aimed to assess the agronomic
characteristics and quality of wheat lines to Sunn pest under Neyshabur climatic conditions.

Materials and Methods
This research was conducted during the growing season in 2022-2023 at Agricultural and Natural Resources
Research and Education Center of Neyshabur, based on a randomized complete block design with three replications.
Treatment was 20 lines/cultivars, including 18 promising lines, along with two cultivars of Amin and Farin as
control. The studied traits included density of overwintered adults (OWAs), density of of nymphs and new-
generation adults (NGAs), seed damage percentage, density of whitish spikes, leaf damage level, plant height, 1000-
kernel weight, gluten and nitrogen contents of kernel and grain yield. The counting of damaged plants was done at
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the flowering stage using quadrats (0.5x0.5 m?). Pearson's correlation was calculated to evaluate the correlation
between all quantitative traits and quality of wheat lines. Statistical analysis of data was performed using Minitab
software, and figures were plotted using Excel software. Means were compared using the LSD test at the 5% and
1% probability levels.

Results and Discussion

The results of the statistical analysis indicated a significant difference among the studied lines in terms of the
examined traits, including density of NGAs, seed damage percentage, leaf damage level, plant height, 1000-kernel
weight, gluten content of kernel, nitrogen content of kernel and grain yield. The density of OWAs was not
significantly impacted by the wheat lines, so line 18 (with 1.33 numbers per m?) and line 20 (without OWAs) had
the highest and lowest OWAs, respectively. The maximum damage percentage was observed in Amin cultivar (6%)
and line 15 (5.6%), while the minimum level was recorded for Farin cultivar (0.53%) and lines 19 and 10 (1.06%).
Line 19 had the highest leaf damage (11.11 leves.m?), while line 6 had the lowest (1 leves.m?). Line 8 had the
highest plant height (99 cm), while line 20 had the lowest (83 cm). Lines 15 (44.57 g) and 20 (35.16 g) had the
highest and lowest 1000-kernel weight, respectively. The highest percentage of kernel gluten was found in line 15
(27.05%), while the lowest was found in line 9 (24.2%). Line 15 also had the highest percentage of kernel nitrogen
(2.35%), while the Amin cultivar had the lowest (1.97%). Line 6 had the highest grain yield (6.08 t.ha'), while
Amin cultivar (4.31 t.ha'?) and line 20 (4.33) had the lowest grain yield. The correlation analysis between the studied
traits showed that leaf damage level had a significant negative correlation with grain yield (r=0.57**). Plant height
showed a significant positive correlation with grain yield (r=0.45*), 1000-kernel weight had a significant positive
correlation with nitrogen content of kernel (r=0.70**), and grain yield had a significant positive correlation with
nitrogen content of kernel (r=0.62**). The damage percentage had a significant negative correlation with leaf
damage level (r=0.04™), plant height (r=0.13"), grain yield (r=0.57**), and grain nitrogen percentage (r=0.05").

Conclusion
In Neyshabur county, line 6 exhibited the highest tolerance to Sunn pest and produced the highest grain yield
compared to other lines. On the other hand, Amin cultivar was sensitive to Sunn pest and had a lower 1000-kernel
weight and grain yield.

Keywords: Damage percentage, New-generation adults, Overwintered adults, Percentage of grain sunn pest damage
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Table 1- Pedigree of the studied wheat lines

Lo 55508 KW J..as
Lines Pedigree Growing

season

1 Ol °)lﬁ’.
Amin Spring

2 B3 o)l
Farin Spring

3 M-97-12 ol
Spring

4 M-97-18 ool
Spring

5 KINGBIRD #1//INQALAB 91*2/TUKURU/3/BECARD/FRNCLN S”L_e"'
pring

6 OASIS/SKAUZ//4*BCN*2/3/PASTOR/4/HEILO/5/PAURAQ/6/BECARD/QUAIU #1 S”L_e"'
pring

7 SOKOLL/WBLL1/4/D67.2/PARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM S°’lf“
pring

8 COPIO/3/ATTILA*2/PBW65*2//[KACHU/4/NELOKI SO) Le"
pring

9 ATTILA*2/PBW65//PIHA/3/ATTILA/2*PASTOR/5/ATTILA/3*BCN*2//BAVI2/3/KIRITATI/WBLL1/4/DANPHE s°’lf“
pring

10 SUP152/BAJ #1/3/KINGBIRD #1//INQALAB 91*2/TUKURU S°’lf“
pring

11 PREMIO//P1 610750/PIFED/4/VVORB/FISCAL/KACHU/3/WBLL1*2/BRAMBLING S”L_e"'
pring

12 BORL14*2//BECARD/QUAIU #1 °)L_°‘
Spring

13 ATTILA/3*BCN*2//BAV92/3/HEILO/4/CHIBIA//PRLII/CM65531/3/MISR 2/5/TRCH/HUIRIVIS #1/6/CHIPAK S°’L_°"'
pring

14 FRNCLN*2/TECUE #1//[TRCH/HUIRIVIS #1 SO)L'%
pring

15 ATTILA/3*BCN*2//BAVI2/3/KIRITATI/WBLL1/4/DANPHE/5/TAITA SO)L'%
pring

16 KACHU/DANPHE//BORL14 °’L_°"'
Spring

17 KENYA SUNBIRD/KACHU//KIDEA °)L_°‘
Spring

18 SWSR22T.B./2*BLOUK #1//WBLL1*2/KURUKU/3/MISR 1 S°’L_°"'
pring

19 KACHU//WBLL1*2/BRAMBLING*2/6/ROLF07*2/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA ™
(213)//PGO/A/HUITES Spring

20 KACHU//WBLL1*2/BRAMBLING*2/6/ROLF07*2/5/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA ™
(213)//PGO/4/HUITES Spring

(o sl o =Y'e o) SB lowd g (S5d Sluogad (B -F Jo>
Table 2- Some physical and chemical properties of the soil (0-30 cm)

cdl oSty padls (Sopsdlcalae US Giepe wpwd B el wwd B el
Texture pH EC(dSm™) Total N(%) Available P (ppm) Available K (ppm)

e 55 7.9 0.93 0.029 58 190
Silty sand
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Table 4- Mean comparisons for damage indicators of Sunn pest for wheat lines under climatic conditions of Neyshabur

s o5 Ol s 9 099 05155
¥ RYRES
Lines  Dpensity of nymphs and new-
generation adults (m?)

Ald (S5m0 Oyl o yd
Percentage of grain Sunn
pest damage

Srold nop
Leaf damage level

1 1.33a*
2 0.00c
3 0.00c
4 0.33bc
5 0.33bc
6 0.33bc
7 0.6a-c
8 0.00c
9 0.33bc
10 0.67a-c
11 0.33hc
12 0.00c
13 0.33hc
14 0.00c
15 0.00c
16 1.00ab
17 1.00ab
18 1.33a
19 0.33hc
20 0.00c

6.00a 10.23ab
0.53f 0.8a-c
1.60d-f 5.80c-e
2.67c-f 7.57a-d
2.40c-f 5.77c-e
2.73c-f 1.00g
2.40c-f 5.00c-f
1.33ef 6.67b-d
3.40a-e 4.43c-g
1.07ef 4.00d-g
4.27a-d 2.23e-g
3.20b-f 2.20e-g
3.73a-e 5.33c-f
3.20b-f 1.77fg
5.60ab 5.80c-e
3.73a-e 5.33c-f
3.20b-f 5.33c-f
4.27a-d 6.67b-d
1.07ef 11.10a
4.80a-c 7.13b-d

29 axlpe V ol 4 puiS slapY o yond CleMbl ¢l
See Table 1 for wheat lineage information.
)5l gixe U] JBlas 905l bl (P0.05) (g o sime ciglds ¢ygim yb p3 S b By Ko JBhis (o) (ola pSiliot
*Averages with at least one same letter in each column do not have a significant difference (p<0.05) based on the LSD test.
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Figure 1- Mean comparison for plant height of wheat lines affected as Sunn pest under climatic conditions of
Neyshabur
See Table 1 for wheat lineage information.
Averages with at least one same letter do not have a significant difference (p<0.05) based on the LSD test.
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Figure 2- Mean comparison for 1000- kernel weight of wheat lines affected as Sunn pest under climatic conditions of

Neyshabur

See Table 1 for wheat lineage information.
Averages with at least one same letter do not have a significant difference (p<0.05) based on the LSD test.
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Table 5- Mean comparisons for quality of wheat lines affected as Sunn pest under climatic conditions of Neyshabur

LR &l igls o > Q1> (5 pud Mo yd
Lines Gluten content of kernel (%) Nitrogen content of kernel (%)

1 24.45¢ef* 1.97f

2 25.85a-f 2.19a-e
3 25.3b-f 2.03d-f
4 25.4a-f 2.04c-f
5 24.65d-f 2.06¢-f
6 26.5a-c 2.35a

7 26.5a-c 2.21a-d
8 25¢-f 2.02d-f
9 24.2f 1.98ef
10 24.55d-f 2.00d-f
11 26.7a-b 2.18a-f
12 26a-e 2.10b-f
13 25.65a-f 2.07c-f
14 26.9ab 2.19a-e
15 27.05a 2.35a

16 25¢-f 1.98ef
17 26.7ab 2.24a-c
18 26.2a-d 2.17a-f
19 26.6a-c 2.31ab
20 25.3b-f 1.98ef

Dgb asrlie V Joar 4 puS sl o ped CleMbl 4l
)5 ls xe O] JBlas 905l bl  (DS0.05) (g sime Cglis ygim ya 43 oS yidie B> G JBlus gyl (sl Sl
See Table 1 for wheat lineage information.
* Averages with at least one same letter in each column do not have a significant difference (p<0.05) based on the LSD test.
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Figure 3- Mean comparison for grain yield of wheat lines affected as Sunn pest under climatic conditions of Neyshabur

See Table 1 for wheat lineage information.
Averages with at least one same letter do not have a significant difference (p<0.05) based on the LSD test.
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Introduction

The apple (Malus domestica Borkh.), a cornerstone of Iran's agricultural exports, plays an important role in the
nation's economy. The cultivation of this fruit, however, is frequently exposed to a multitude of pests and diseases,
especially fungi from the Botryosphaeriaceae family emerging as a significant threat. Among these, Diplodia
bulgarica is a particularly harmful fungus that causes a lot of damage to apple orchards. Traditional management
strategies have predominantly relied on chemical fungicides; however, these methods have several problems,
including environmental contamination, food safety concerns, and the potential for pathogen resistance. These issues
highlight the critical need for alternative solutions. To deal with these problems, experts in plant diseases are
looking more at using biological control agents as a viable and environmentally friendly option. Endophytic
bacteria, a group of non-pathogenic microorganisms that inhabit plant tissues, are leading this change. By producing
essential growth factors, these bacteria not only enhance the metabolic processes of their host plants but also protect
them from many diseases and environmental stress. Their mode of action is not limited to direct antagonistic actions
like nutrient competition and antibiotic production; they also take in a range of indirect strategies that effectively
inhibit plant diseases. Using endophytic bacteria to control plant diseases is a new, exciting and promising direction
toward sustainable agriculture. Their dual role as biocontrol agents and promoters of plant health offers a
comprehensive strategy for enhancing crop resilience. Ongoing research is revealing how endophytic bacteria could
transform the way we protect plants and increase farm yields, marking a new era in the management of apple and
other fruit tree diseases.

Materials and Methods
This study aimed to isolate auxin-producing endophytic bacteria from apple trees in the orchards of East
Azerbaijan province and assess their capacity to inhibit the pathogenic fungus Diplodia bulgarica the major causal
agent of apple tree decline in Northwest Iran. To do this, healthy branches from apple trees in East Azerbaijan

©2024 The author(s). This is an open access article distributed under Creative Commons
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province in northwest Iran were sampled, resulting in 110 isolates of endophytic bacteria being isolated and
subsequently analyzed. Employing the dual-culture method, researchers identified the most effective isolate
exhibiting the strongest antagonistic effect. Subsequently, fifty isolates out of the initial 110 were chosen for further
investigation based on their promising antifungal properties. To statistically analyze the auxin production data,
researchers conducted a variance analysis (ANOVA). Finally, Duncan's multiple range test (DMRT) at a 1%
significance level was used to compare the mean auxin production values among these selected isolates.
Identification was carried out based on polymerase chain reaction (PCR) and sequencing of the 16S rDNA region,
along with biochemical assays including gram staining, catalase, oxidase, arginine hydrolase, and others.

Results and Discussion

The dual-culture assay results led to the selection and preservation of 50 isolates demonstrating varying degrees
of antagonistic potential. Of these, 37 isolates (74%) were identified as gram-positive, while the remaining 13
isolates were gram-negative. The inhibition percentage of these isolates ranged from 10% to 79%. Notably, five
endophytes exhibited high inhibition rates (74-79%), were also effective in auxin production. The auxin production
assay revealed that, on average, bacterial isolates produced 5.5 mg/ml of auxin in the absence of tryptophan and 8.58
mg/ml in its presence. Based on biochemical and molecular identification, all five isolates belonged to the Bacillus
genus, with more than 99% similarity. These included Bacillus xiamenensis, Bacillus sonorensis, Bacillus
tequilensis, Bacillus mojavensis, and Bacillus subtilis. Bacillus mojavensis demonstrated the highest auxin
production, yielding up to tenfold more auxin without tryptophan and fivefold more with tryptophan compared to
other isolates. The study also found that adding L-tryptophan to the bacterial growth medium generally increased
auxin production. In the qualitative evaluation, a pink color change was observed exclusively in the B. mojavensis
isolate.

Conclusion

While fungicides are highly effective, their escalating use has led to serious repercussions, including
environmental pollution, toxic residues in food, pathogen resistance, and socio-economic issues. The substantial
costs and consumer demand for chemical-free produce have spurred researchers to seek viable alternatives to these
agents. In this study, five Bacillus bacterial isolates were identified from apple trees in Iran's northwestern regions.
These isolates not only exhibit strong inhibitory effects against the fungus Diplodia bulgarica but also possess the
capability to produce significant amounts of the phytohormone auxin (IAA). Consequently, they can be
recommended to farmers as both an alternative to fungicides and as biofertilizers. The deployment of these bacteria
promises not only the effective and safe mitigation of pathogens but also supports plant growth and development
through hormone production.

Keywords: Bacillus, Biocontrol, Pphytohormone, Trunk canker



Olnl HLLS cblis by pgh 4 i
https://jpp.um.ac.ir

LEd

YFV-1ov P AP Y Okl oY o)les YA M

T8 s oSt A5 Ol b b s il Glas SSL (S aisladh S o p
o 0wl 3T Olkul 3 e LS 5,k Juls Diplodia bulgarica

ol el o o =10 41551 g TS Lo, Y (53555 wlows
VEY/OFIIA S5 5 b

2SS

oo ) Juamo ol slocslon (e S bl (Bpolrldl il g ol Slole 5 (£ SV gass (y Fosas Sl o 285
3 ookl ol )3 &S ol o (Byme (gylow oyl S5 (sly ilisee sla 34, .050L 0 Diplodia bulgarica g, 5l b Sls (slew
St A o5 (ngh Sfelsnn S8 Jelse Sl adloe pS350lS a2 3,90 k5 Conmpilazme Jlitugd (B9 Olyar «Sefelsn S8 Jelse
s 53 ) ST 0155 gl (el S ololin (bl 3o 51 Coam bl oo gl sl gLy 51 o0t ol 0391 dng 3,90
Wl sasli 5l gyl paiges slate s g Diplodia bulgarica 3w z,8 Jys o bl olg oy g 2 Gl yaed Blybl el )
L aslis o ysae Bl 08,5138 (g 3)90 5 (silolie cudgnil (658 e Ve 5 iy plonl (By0loulydl il GLEL cow (S
My @l 9y S35,k 13145 00 (gyglaen wbin W 5l oL Sl i ooy by ploul Blie S ) 4 (ST B oy i
51 osliinl b lio 535lie duslio g plool odel cavday (glaosls Luib,lg 4550 0i38,5 ,1,3 ialesT 3560 cpST Mgy Llod ) ciols oL 345
loigej] 6211 5 16S TDNA anb g s g 3lpe sl cslopons; SiiSTy ol ololi o 88 &y 71 Lo g 15 5315 9051
@B 2 51 (S50 ZVFYA L Gialel 3)90 slalis ggemme b ySL wlis iy 4 sl (LS ool Cundy b 85 S g lerdon
oad Lol anlis wiy yo ol (hngl 3 43S plxl Gb g5 5 pleendsn sloosly (bl ity 5 1) ST S5 g5 Ol ¢S slews
5 a5 LS e g A5y 3 Wliee S lews St 5 At S8 e oS iz 208 kil e BACHTIUS i 4 3leie
Hgd @ly Mo (ALS slaigersn

P sey9 & SIS (S g sl 155 (L0315

Pl J > &S psbdr Allon (65)9liS iS )3 )9S St
LLod | pos plie )3 5 e )3 o M55 ot plie ol oS
§) ik sladisS (Najari, 2020) aib o 1> Lis 3 1y @l ol
5 (Su—wg dJge | else -lsicas Botryosphaeriaceae o,
Lo calises 3blio jl comw Lidyn (g9, a5 5 LS ,SSLG
- Diplodia bulgarica 45 bl o, 45 Slors 3,155
S el o cul Gler G il o)l (n e |
; Zeynali Eken, 2022) 5445 o0 <550 g5 plodl s 5 4 cas s
ot Bz laby) )l cal S8 ln (et al, 2021

LV RS

S olye! > Malus domestica Borkh. ole pb b s
clplo plie gpibel jl (S s 5osliS pre OV g

bl g (2L (alidiglon 15)) (o) Bl il =V 5 )

Ol 5285 ¢ oK1 (5 5)5ltS” oSl (Kb jy0lS 095

(Email: khakvar@tabrizu.ac.ir o 0dinnr g — )

Oyl oy oy oD ¢(gjyaliiS” 0uSisly S pole 05,5 sbwl —Y
https://doi.org/10.22067/jpp.2024.82876.1148


https://jpp.um.ac.ir/
mailto:khakvar@tabrizu.ac.ir
https://doi.org/10.22067/jpp.2024.82876.1148

1FeY Ll oF o)lods (FA al (55,9l auluo g pale) ol ! (LS cbles by pdg} 4 yid \O«

S 30205 (PDA) JLST 5950085 = e o cutSbaomo
A58

e Of L Laas s udgnl slags S (slubia pslaioa;
(Blo L el8 g9y ad Suid | L B05 001D guidind yg pimw
Mok b g2 jSasS OlS & (gt Sl 2 | bosises
by 03 Y+ JSI diids ) (Ssaens sladgbxe 3 (13909 9
L gt )l s oo 7205 JSIN 6 0 ) s S gpm
Sladad 4 o0 Sohedd clbcdl s g (9 yw shbe O
LY 392 (slgn bz 25 )3 9SS a6 e Bl ¥ (I
W Caeds Lo gy a8 )3 )18 NA Lass (g9 50 9 0l Sis
Javadi-Dodoran ) suubs g lueSS o5 ole a3 YA sl 53 5o,
0l (6yglaen slaaslin 34 cudenl il ¢l (et al., 2022
OhbSen 5 (oM () jl (Jlainl cd ol sl Sk B
5l oladad o laie iy .35 eolawl (Gholami et al., 2013)
e By Wdg ead JSeaeds Vb ey 4 &S slacdl
Lo 0oy ST ARy ) Cideds g LMD 0y 9y8 gy JUS
» 5 Sl NA be g9y Job Ggmailwges I i) Jooe /Y
a5 Jlol ady (cyp Cg IS Bl g YA
A5 eSS

2L ASh sladshin (uud SUAT &350 (ouuy 2
A slagyrn 0 LS g (gl 00)8 oolatwl flate cuis i,
A5 ags (V1) Cuws 40) NAHPDA ¢S by e (6 yio b
5o ye 8l S alold 4y e J(Arzanlou et al., 2016)
0o S b ooy cuiST s Cjgody a6 S sy Al
35 y0 50 g adb ol iy )8 dlis ojb cuisS gy Lo O
D9 Sy > (2B e Spd (ool s oy .85 B
K9Sl 30 53 o1)8 Bl ax 0 YO (gled 50 5o, O ey by oy
5 dnwloxo 25 Jgo ol 120 b dulis 3 5 s peled 03
sleodly yuilylg 4355 .(Gholami et al., 2014) 15,8 cuslbal
oSSl gl 5l ookl b ady pSike auslio ¢ ploul sel Cunday
PIRG(%) = [(R, — R,)/R,] X 100

)f)l.o.u U.Cl:.w qu) Uf.b)b)b o yd =PIRG

Wl lo )3 S )les (elad A8 =Ry

Cans Sl 5 S lons (g9l slos 13 S low (olad 25, =Ry

J)._.«_S Lhu] O 0 4SS Cowl 0l oy &)9]9.;) 9 uSu).\.B
Capde ) (o) (nnke lgied S )b jleslital b (olesd
Botryosphaeriaceae oslgls slag B 5l sb ,SOLs slaslow
4SS ol v b (Hanifeh et al., 2017) 555 0 43,5 ,la5 )
poo—w 5| 19331 59 odlaiwl bl e 3b5 SIS EHB Py 2
et (sla Sogl do Jl (sad (e b olansd
9 S)ben > Coglie sl (e Blgo 59y pgo oxile Bl 2924
b JLisd 1y (oolaidl 5 clain! oM e jopm ek
(Cawoy et al., 2014)

ookl i jlan e lacwgd o (pas sl gy
i Jb p> g & JyiSgn Jole Olgin byl slac ST
8L (Vasebi et al., 2023; Jacob et al., 2020) + b
bl (Sl slics)lon g Sl wdB )l o 5l cudanil sla
s o Leis 4o (e oS j0 255 (slay Laas L &S ) alS
oll8l el gud) (sla)gislh a g b asly aile) sas (b
Luna et al., Mantelin & Touraine, 2004) $55 o Joe
) i sLabyy 2 ogMe byl slags ST (2002;
(5 )bon ade oSgn (51 g b g st sl oS low b (olie
= (B e (b ySlon JyuS el 38 maits 108 g
aS obpuslSe oy iere 5l S (Moslehi et al., 2021) g
Slagigergngind jl (c29)S Iy Wigd oo oS 3 Slas il
(1AA) sl Sl gl )] o ege 45 15l o 1y Sy
Codlad oy ey opl 5l Ban 13 (Thoa et al., 2022) ¢!
B e ST adyr s L gl (slag 8L ()8 05
LSl e caw )SSLS Jole Diplodia bulgarica

395 9 319

208 9 b sk sladlaa wg
ol cadgasl gl Sy plulid 5 (ilwlis jglaies
o Bl dlugsy g S, sladdlo I alS sladiges wuw
Ol o SLEL Sl (gylon sl 655 g (g 5wl (2
4yt Uy sloole (o VWAANF oo Jluyd (B b olool,d]
3 oy Aol ladsges 1038 (5 pglaee (Boluad g0
o&iily Lgi.m)ml»f o»j ‘_S_J.»L.wd)ﬁb oK.Jlg.Lo)’] & “.5)916"?
G gl a2 )3 ¥ (glod b Jlo > g sl sl 5,5
;| Diplodia bulgarica _»,L8 4l s ey ccis (NA)

30 9 A4Sy S ol&isly ‘_;L‘oi’ EMuas u’“’l"“’C)b oK e !



VOV gy 59 ST als (7 b cadguil glo gyl (S 5103l 51 (oawy 1 o002 9 (559 3>

099y 4 2bySUDNA zlysel | 8,5 sl 165 rDNA
oges b )S5le] 5l oolizul LPCR 81y (Sambrook, 1990)
5-) 1492r 4 (5>-AGAGTTTGATCCTGGCTCAG-3) 8f
—d9)Suo YO 2> 45 o (GGTTACCTTGTTACGACTT-3’
(Alizadeh et al., 2017) 1,55 sl

GBM3| p> 4iBs FO ety 4V 98T J5 ;5 PCR &Y guae
5 G5 g POR s 133,855,550 g Ae Jowily
3 oy 0acel oty o5 a0)5 Sl gl d 05 <85 4
Slss L g0y 33FASTA b |y BioEdite jlsle i b Lilys
o9—jl L g (NCBI) (55 sla g5 Sk ,d 39390 Lo
B3 pwy g Lo Jlg s 5JUT 605 awslie Blastn beagglie
L5 M58l 5 31 eolasiol b ,1,S5 Voo v 4L, Bootstrap b s5sLe
Neighbor ) ol JLail b9y 40 9 (MEGA X) Ve aseus
3,5 plsl (Joining

=W

oy slaadls jl cudoul (8L galie Ve ggeome
Sl 99008 gilulis u-g)—’*’ul"’l")ﬂ Oliw! Olel caw wllo
,»> Diplodia bulgarica g3 ale  wsgStsl codld b))
eitS gafl @l laslp 2B S8 () 350 ool
Olg 5l Slayd oS alie 0 ol Cony gladlis gy ¢ lize
() JSCs) B0 (610655 g ol oly (LS 293 51 oS L
S (AY5) alan WY g (AVF) Cute p )5 clis B+ ol 5l 4l YV
LB )l Laaslis cpl (Sl aspn ud (asuie e
235 s VRGN G 5

s aal 93 S g a8 (1))
5 =S (st 2350 (Sl Gl b oo sl O+ plos
it b s Siia iz B A5 8 ] Mg S
eSS WO LY ojls > euSlan g BB s> 2y 4l
0ab odygl V Jga> p zuls a8 ol Lis de3 I (PPM) i) e
3 e 3 Sl Slaliy Lo S 455 (Sin o
i MO (gt 5 s9 35 5 sl e 1 15 e 00 (it 5
99 2 ) ST A liee i ol Gy 1 Jee 2 p S
=Jl 29581 aS sl L zuls g Sh-4 lis &y bgyye s
s g csl Gl 5 o5 oS A bame 4 (g 5
SO et S il gy 22 () Jgi) canl 0ad (]
sdnliio Sh-4 alir ) iy Lol 5| G plaSn )3 ()50
Ayl e ol s nioren (Y JS5) 4S5
L asbis Lt 0,8 s CD/HD=3.2/1.3=1.76 yeus|

Laatan (ranasl sl 5 0l 5 5 paSo 3l

Cundy slaaghis (IAA) sl Jgail b ganSt g5 ol
N-free media; ) 59, jl (6yle ciS oo 3l oslitl b oal
) )5 o e & pasaly IS5l plosl S5 Yy (NF
A odliul Lages cpl 55 e yiSL Lo 30 59k oweli Cag>
ooy len Vo i o ailid ciS 5l g e 04+ Lt
VY 3 s g o it olsgt i) i 2 pS ke Ve sl
03 Cidody IPM=0+ + +) Wb 031 gy (6,58b (ygmmiliwguw el
Gymao ) il S L oy Jloxe 51l e 59 5 (4
oucs o shaie I j2J oo 0+ ;3 FeCla Vgo +,0)  SudsSIls
lsl ol dy Yge S HoS04 ;) 989)gw dl 2 i Yo -
B slod > 4By Vo iody bl opl i bl (33,5
2 yregigd Sl Jlodlail Ly ()58 i jlade upw 9 (5505
b o hwg IAA Wy jlade a3 c3l)5 yiegll OF zge Jsbo
Sl (immie L anlis o gmibign ) 9 Gl dulis |
ot oSS Vo VDD XD N o o chekile ) ond 4w))
b 93 5 baglis by o] gy 5 dplne (IAA 12) L
ap 29 QL5 5 ygdx pie g (il g p)S e Ver) 9l
IAA g oS isuow (Deaker et al., 2011) ¢85 )8
JlesS g labila b gy bl poghsl (slaaslia oy
o)y plool s SWl'L (Sharivastava & Kumar, 2011)
2 prS3sSan Vo e NF il i lms gl s gy
o3Lal (1ild by, b odd (ygim) (lbsip L dival sl 1 oo
Voo Cromud y2 3D 5 pasndl (Golano Cuond jloz 4y (g0 .0
Optical ) (5,55 JUSx Ly 551 pgmailymses 5 iy Ko
)5 ol a0 YA slod 3 gy i Jijaule (LS (Dencity
BLS J sy 48> g 051 55 3 e Sy 50 23
Srge S5y o b b Cjgod uSudgSle By (3)5
48 3, 515 5 (HD) s 515 il sla 53 03,8 oo
o ey 4l 5L S b gia 5 (5500l (CD)
e olise ol g Alxe 4la> , » (I, CD/HD &5y
Bric ) 38,5 ), 8 IAA 0 g s —oSd e (gi
glize chedale )3 IAA 3kl ol Jslxe 51 (et al., 1991
A5 ol Jygeo sl SOy b g Gawsuds Clogw (6l

Lags sisks (bl
L olyad Vb (Sl lg5 &5 Cadgail (slags ST (bl
g2l ealiss j ealiwl b sials s 398 51 cpST g5 g
5 4wl 39 am GYUIS oSl o) igeil Jold olondsn
4o 515985 b g o (Schaad et al., 2001) o5l 4520



1P ¥ Ll ¥ o)lous YA ol ((6)9lis @ Leo g pole) ol QLQL; Chblis b pdgh 4 s \OY

J9iz) 285 )18 (olelid 3)90 (plawdsn 5 J3Sdge (slagsd, oSl ples 4l (Sh-5) e Sy jo 4 ST Wy ol
(Y JSs)(Y as aols mi ool ol Ldgs ealy L 3gs 51 Ve oYL

S (Bl 8T bl 15 cam US43 51 sawdlue Cadguil ol 55U saslua L Diplodia bulgarica g, Jlie cuis - JSWG

(smuigS Ul Cled oL
Figure 1- Dual-culture of Diplodia bulgarica with endophytic bacteria isolated from apple trees in East Azerbaijan for
antagonistic activity assay
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Figure 2- Qualitative assessment of auxin (IAA) production capability by endophytic bacterial isolates from apple tree in East
Azerbaijan Province for antagonistic activity assay- the distinct production of a pink color in the presence of Salkowski’s
colorimetric assay (left)(Sh-4) and weaker (right)(Sh-2) samples
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Table 1- Mean comparison of IAA production by endophytic bacteria in presence and absent of Tryptophan

OBy 5 ygpds jd eS| Mg OBy T ypas pae )3 (ST )3 S8k el
Auxin production in Tryptophan presence (ppm)  Auxin production in Tryptophan absence (ppm) Bacterial Isolate code
8.04b¢ 3.584 Sh-1
1.46¢ 2.15¢ Sh-2
7.88¢d 5.33¢ Sh-3
10.26° 5.49¢ Sh-12
15.042 7.562 Sh-4
8.79 6.850¢ Sh-5

1.66¢ 0.39f Control
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Table 2- The inhibition percentage of selected endophytic Bacillus isolates on Diplodia bulgarica, and the outcomes of 16S
rDNA sequencing alongside with biochemical assays

= wla S FUhibac,y il cwd s Yo i oMl 05 Cud
Species Code Inhibition percentageArginine assayOxidase assayCatalase assayPotato softening assayGram staining
Bacillus xiamenensis Sh-1 79% = = + = +
Bacillus sonorensis Sh-2 74.5% + + - + +
Bacillus tequilensis Sh-3 76% = = = = +
Bacillus mojavensis Sh-4 78% - - - + +
Bacillus subtilis Sh-12 74% + + = + +

SH12

KC990823.1 Bacillus subtilis strain RN40 165 ribosomal RNA gene partial sequence

MVW563945.1 Bacillus halotolerans strain RRSE16 165 ribosomal RNA gene partial sequence
LT844636.1 Bacillus velezensis partial 165 rRNA gene strain RPL isolate 43

SH4

LN556387.1 Bacillus mojavensis partial 16S rRNA gene isolate P AZ 10

MW828652 1 Bacillus vallismortis strain JUPG04 16S ribosomal RNA gene partial sequence

MT436086.1 Bacillus nakamurai strain AB214 16S ribosomal RNA gene partial sequence

LT838175.1 Bacillus vallismortis partial 165 rRNA gene isolate SR1-57

MW301614.1 Bacillus haynesii strain NB LEAF 1 16S ribosomal RNA gene partial sequence

MMN372087.1 Bacillus licheniformis strain MA-76 16S rRNA gene partial sequence 16S ribosomal RNA genz partial sequence
MW301648.1 Bacillus paralicheniformis strain ASD 16 STEM 1 165 ribosomal RMA gene partial sequence
MW331689.1 Bacillus sonorensis strain KM ROQOT 3 16S ribosomal RNA gene partial sequence

SH2

LC512762.1 Bacillus tequilensis N4-1 gene for 165 rRNA partial sequence

HF585003.1 Bacillus safensis partial 16S rRNA gene isolate BFDP-S11

MMN249522 1 Bacillus swezeyi strain N-34 16S ribosomal RNA gene partial sequence
SH3

FJ032017.1 Bacillus pumilus strain ES4 16S ribosomal RNA gene partial sequence

MNT04773.1 Bacillus australimaris strain TS3 16S ribosomal RNA gene partial sequence
SH1

MH788976.1 Bacillus xiamenensis strain CBx LGR21 16S ribosomal RNA gene partial sequence
MMN165952 1 Bacillus zhangzhouensis strain N-29 16S ribosomal RNA gene partial sequence

KP682494 1 Bacillus idriensis strain N40 165 ribosomal RNA gene partial sequence

——— (654664.1 Agrobacterium sp. strain I1AUK2307 16S ribosomal RNA gene partiai sequence
MH7T28788.1 Pseudomonas sp. strain I-63 16S ribosomal RNA gene partial sequence
MT557010.1 Erwinia sp. strain CoA12 165 ribosomal RNA gene partial sequence

0.1
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Agrobacterium, Pseudomonas, ) Jeld e 0,5 55 sSL 31 dslin dw ¢St Mdgi (4lg8 b o (US55 51 o i Cudgus]
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Figure 3- Phylogenetic tree drawn for 16srDNA region using Neighbor Joining algorithm with 1000 bootstrap replication for

endophytic bacteria with IAA production capability isolated from apple trees; three gram-negative bacteria (Agrobacterium,
Pseudomonas, Erwinia) were used as out-group
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Introduction

The Caspian boxwood (Buxus sempervirens subsp. hyrcana) trees are endangered, evergreen and endemic
species in the Hyrcanian forests areas of northern Iran growing in Guilan, Mazandaran and Golestan provinces. This
protected evergreen trees species is considered a unique and genetically valuable forest resource for Iran. The
habitats of this valuable species, which is located in the lowlands, like other similar trees, always faced with
overharvesting problems. But in addition to excessive harvesting, box tree moth Cydalima perspectalis and
boxwood blight disease caused by the pathogen Calonectria pseudonaviculata (also known as box blight or buxus
blight), as growing problems, are additional causes of boxwood habitats degradation. the outbreak of caspian buxus
die-back due to boxwood blight disease was first reported in the summer of 2012 in the buxus forests located in the
north of Iran and quickly infected more than 70% of the boxwood forests in the northern part of the country. Since
then, there was intense concern that this disease might be the end of boxwood plants, and due to the importance of
the subject, various research projects were implemented in research centers and universities in Iran, like other
countries in the world. Currently, processes related to biodiversity protection of Hyrcanian boxwood are performed
by Natural Resources and Watershed Management Organization as the best protection strategies, in which there are
two protection strategies (in situ/ex situ) with different techniques. As the current approach to disease management
in the world largely depends on the use of tolerant cultivars, research into boxwood blight resistance continues, so
new resistant cultivars continue to be introduced worldwide. However, despite the importance of Caspian boxwood
trees, there are no such studies in Iran. The objective of this study was to fill this knowledge gap by evaluating
possible hyrcanian buxus accessions resistant to boxwood blight as a further step in improving the effectiveness and
efficiency of this species protection management in the conditions of re-facing with the disease. Results of this study
will enable growers and landscapers to better manage box blight disease.
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Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
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Materials and Methods

In order to investigate the resistance of boxwood accessions from hyrcanian Forest areas of northern Iran to
blight disease, infected boxwood habitats were visited in Golestan, Mazandaran and Gilan provinces, and to find
boxwood plants with natural resistance, healthy buxux seedlings were collected from these habitats. Because in
these types of studies, the process of resistance assessment begins by searching in natural forests for trees that
remain healthy relative to their counterparts after exposure to an interest pathogen. In order to ensure buxus
seedlings health, the seedlings that were collected from 12 boxwood forest habitats were kept for six months in the
Alborz Research Complex (affiliated to the Research Institute of Forests and Rangelands of Iran) and their health
was monitored. Finally, from the seedlings of each habitat, the freshest and most equal-sized seedlings were selected
and used for greenhouse evaluations. In order to prepare the inoculum from the disease-causing fungus, the
combination of four isolates of C. pseudonaviculata species, which had appropriate genetic diversity based on
previous studies, was used. Seedlings were inoculated through foliar spraying of fungal spores (1x 10° spores/ml).
Three weeks after inoculation, the average number of spots created on the stem and leaves of each boxwood plant as
well as the average diameter of the largest leaf spot for each boxwood accession were recorded and analyzed.

Results and Discussion

The results of inoculation of blight pathogen on boxwood accessions showed that there were similar results in
measuring the diameter of the leaf spot with the number of blight spots in each accession, so that, in plants with a
higher number of blight spots, there was also a larger diameter of the leaf spot. Also, the results showed that
although no accession is completely resistant to this disease and the disease appeared with different degrees in all
accession; but a number of accessions are less sensitive to boxwood blight and the disease occurred in them with a
lower severity. These results suggest to breeders to find natural resistance or create resistance in boxwood plants
against blight disease through breeding programs.

Conclusion
In this study, for the first time, the resistance of different accessions of Buxus sempervirens subsp. hyrcana from
boxwood habitats in the north of the country (as the only native and endangered boxwood species of Iran) to blight
disease was evaluated. Based on the obtained results, it was determined that some degrees of disease tolerance can
be found among different Hyrkani boxwood accessions. These results show that there is potential for plant breeders
to select and recommend less susceptible boxwoods or to develop cultivars with improved resistance to boxwood
blight.

Keywords: Boxwood, Blight, Pathogenicity, Screening, Tolerable
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Table 1- Characterization of boxwood blight isolates (Calonectria pseudonaviculata) used in the greenhouse experiment
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Figure 1- Spores boxwood blight (Calonectria pseudonaviculata)spores, produced on water agar with clove leaf
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Figure 2- Disease symptoms (Leaf spot and fungal colony) following inoculation with boxwood blight (Calonectria
pseudonaviculata), on the leaves of the Hyrcanian box tree (right), the spread of contamination and falling leaves (left)
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Table 2- The results of Kruskal-Wallis test for comparison of the average number of spots per plant
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* = y95ww! Degrees of Significance
The average number of spots per ten Number — Mean Chi-square T value freedom level
centimeters of plant height rank q
1-5 3 2
6-10 4 55
11-15 3 9
16-20 1 11
21-25 1 12
Total 12 10.30 4 0.036
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Table 3- The results of Kruskal-Wallis test for comparison of the average diameter of the largest leaf spot (mm)
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Average Idlameter of the largest Number Mean rank Chi-square T value Degrees of freedom Significance
eaf spot (mm) level
1-5 2 15
6-10 4 4.5
11-15 2 7.5
16-20 3 10
21-25 1 12
Total 12 10.56 4 0.032
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Table 4- Susceptibility of Buxus sempervirens accessions from the Habitats of northern Iran to boxwood blight (Calonectria
pseudonavicula)
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Introduction

More than 80 viral diseases of grapevines have been reported worldwide. The infectious degeneration disease
complex causes growth reduction, stunting, shortening of internodes, bushy growth and decline in susceptible vines.
Grapevine fanleaf viruses (GFLV), arabis mosaic virus (ArMV), grapevine deformation virus (GDefV), tomato ring
spot virus (TORSV) and tobacco ring spot virus (TRSV), which belong to the genus Nepovirus, are known to cause
infectious degeneration. The genus Nepovirus has been divided into three subgroups A, B and C based on genome
length, genomic organization, serological relationships, proteinase cleavage sites and the phylogenetic relationship
of their coat protein (CP) gene. GDefV with the new name Nepovirus deformationis belongs to subgroup A of the
genus Nepovirus and is closely related to ArMV and GFLV. Prevalence of GFLV in the vineyards of Iran raises the
possibility that a mixed infection of GFLV and GDefV is also present in these areas. In Khorasan-Razavi Province,
Iran's third-largest grape production center, research has addressed grape-affecting viruses with potential economic
consequences, including reduced yield and product quality. Studying the distribution and genetic diversity of GDefV
and other grape viruses is crucial for developing effective management and prevention strategies in the region's
vineyards. In this study, GDefV was identified in the vineyards of Khorasan-Razavi province in Northeastern Iran
and its complete genome was sequenced. In addition, the phylogenetic relationship of these isolates to other GDefV
isolates deposited in GenBank was analyzed.

Materials and Methods

Samples from three grapevines were collected from a vineyard in Kashmer, Khorasan-Razavi Province; total
RNA was extracted from the petiole of young leaves using the CTAB-PVPP method., GDefV and mixed infections
of GDefVIGFLV were detected by PCR using specific primers. The PCR products were electrophoresed in a 1%
agarose gel and sequenced. The miRNAs were extracted from grapevine petiole tissue using the modified CTAB
method, and small RNA libraries were prepared using the TruSeq Small RNA Sample Prep Kit and sequenced on
the Illumina Novaseq 6000 platform. After trimming the reads, contigs were generated using k-mer 15 in Velvet
assembler 0.7.31. Contigs were verified using BLASTn and BLASTx in NCBI, and reconstruction of the GDefV
genome from the NGS reads was performed using CLC Genomics Workbench (CLC Bio) software. Phylogenetic
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trees were generated in MEGAY using the maximum likelihood (ML) method with 1000 replicates in the bootstrap
test. The occurrence of possible recombinations in the GDefV genome was analyzed using the RDP v.6 package.

Results and Discussion

The samples showed leaf deformation, shortening of internodes, bushy growth, stunting and decline, but these
symptoms are probably related to GFLV, and GDefV only causes leaf deformation in the infected vine. The PCR
amplification and sequencing of a segment of the coat protein gene revealed a co-infection of GDefV and GFLV in
the samples. GFLV is widely distributed in Iranian vineyards, GDefV has also been previously reported in the
vineyards of northwestern Iran, but this is the first report of GDefV in the vineyards of Khorasan-Razavi Province.

After refining the reads, approximately 15 million reads (92-99.7% of the original reads) remained for further
analysis. The read sequences of each library were deposited in the Sequence Read Archive (SRA) under the
accession number SAMN33747579-81. Three Iranian GDefV isolates obtained from three miRNA libraries were
deposited in GenBank (accession numbers **-**),

RNAL1 and RNAZ2 of the three Iranian GDefV isolates had a length of 7386 and 3753 nucleotides, respectively.
The RNA1 in GDefV had an open reading frame (ORF) of 6852 nucleotides in length, which started with the start
codon AUG at position 288 and ended with the stop codons UAA or UAG at position 7142. The 5' end of the
genome had 287 nucleotides long and contained two repeating sequences of 15 nucleotides that formed stem-loop
structures. The length of the non-coding region at the 3' end had 244 nucleotides. Translation of RNA1 of the
GDefV genome produces a polyprotein (pl) of 2285 amino acids (approximately 252 kda). The polyprotein pl
comprises the cofactor proteins proteinase, helicase, VPg, proteinase and polymerase with approximate weights of
45, 88, 3, 25 and 91 kDa, respectively. RNA2 also has one ORF, located between nucleotides 237 and 3560. This
open reading frame also produces a 122 kDa polyprotein (P2) with 1108 amino acids. The second fragment of the
GDeFV genome had 236 nucleotides as a 5'-noncoding region with three repeating sequences of 15 nucleotides that
produced stem-loop structures with a 3-nucleotide loop and a 6bp stem. The 3'-noncoding region was also 193
nucleotides long. Polyprotein P2 comprised protein 2A, movement protein (MP) and coat protein (CP). The GDefV
polyproteins had cysteine/alanine (C/A) and arginine/glycine (R/G) cleavage sites similar to those of the GFLV
polyprotein. Comparison of the RNA1 sequences from three Iranian GDefV isolates with other GDefV isolates
available in GenBank showed that the Iranian isolates had 88.1-92.2 % nucleotide identity with each other and 90.3-
93.9 % with GenBank isolates at the nucleotide level. At the amino acid level, the Iranian isolates were 86.6-91.6 %
identity with each other and 88.9-92.7 % with GenBank isolates. For RNAZ2, the Iranian isolates showed 89.4-92 %
similar to each other and 89.6-94.2 % similar to GenBank isolates at the nucleotide level. The amino acid similarity
between the Iranian GDefV isolates was 85-88.6 %. In the phylogenetic tree based on the nucleotide and amino acid
sequences of RNAL and RNA2 of the GDefV genome, the Iranian isolates of this study were clustered in a distinct
clade than other GDefV isolates from Turkey (HE613269 and NC017939).

GDefV was reported in 2003 and no further information is available on its distribution in vineyards around the
world. GDefV has already been reported from Turkey and Iran, but the complete genome sequence of the Iranian
GDefV isolate is being reported for the first time. Further studies on the population diversity of GDefV isolates in
different regions of Iran are required to gain more insight into the mechanisms affecting the dynamics of GDefV
populations.

Keywords: Complete genome, Grapevine deformation virus, Nepovirus, Phylogeny, Small RNAs
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Figure 1- Leaf deformation, bushy growth and stunting symptoms were observed in the collected samples from the vineyards
in Kashmar, Razavi Khorasan Province
The samples were contaminated with a mixed infection of GDefV and GFLV.
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Figure 2- Results of RT-PCR products were analyzed on a 1% agarose gel using two pairs of specific primers, GDefV-F/R

and GFLV-F/R
Lanes 1 to 3 represent the amplification of a segment of the GFLV coat protein gene, lanes 4 to 6 represent the amplification of a
segment of the GDefV coat protein gene. M 100bp DNA ladder (Fermentas).
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Figure 3- Schematic organization of the GDefV genome
The ORF of each genomic RNA is displayed in a box. The '5 and '3 ends are indicated by a line. The VVPg is shown as a blue circle at
the beginning of the genome and stem-loop structures at the '5 end of the genome are shown below each piece. The molecular masses
of proteins encoded by RNA1 and RNA2 of the GDefV genome is mentioned below the boxes. 1A: putative proteinase cofactor, 1B:

putative Helicase, 1C: viral genome-linked protein, 1D: proteinase, 1E: putative RNA-dependent RNA polymerase, 2A: homing
protein, 2B: movement protein, and 2C: coat protein. The cleaved sites are indicated as dipeptide above the boxes.
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Figure 4- Pair-by-pair comparison matrix of nucleotide and amino acid of the complete GDefV genome a) RNA1 at the
nucleotide level b) RNAL at the amino acid level ¢c) RNA2 at the nucleotide level d) RNA2 at the amino acid level using SDT
v1.2 software
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Table 2- Recombination crossover events in of GDefVV-RNA2 detected by the Recombination detecting program RDP5
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Figure 5. ML phylogenetic tree of the isolates of the GDefV is drawn based on the nucleotide sequence (left side) and amino

acid sequence (right side) of RNA1 (a), RNA2 (b), and the GDefV coat protein gene (c) using the MEGAY software.
Bootstrap values (1000 repetitions) are shown on the branches. Grapevine fanleaf virus (GFLV) was used as an outgroup.
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Introduction
Rice rationing is one of the ways to increase rice production without expanding the cultivation area. Currently,

the average ratoon rice production per unit area is very low, and one of the most important reasons is the decrease
in yield due to the lack of control or improper control of weeds. Weed control in ratoon rice is difficult for various
reasons such as lack of water and big weed seedlings after harvesting the main crop of rice. In rice ratooning,
unlike the main rice cultivation, in which several methods such as puddling, flooding, manual weeding and
herbicides are used to manage weeds, the control of weeds is limited to foliar herbicides. Currently, there is not
much information about ratoon rice weed control, therefore, investigating the efficiency of different herbicides in
this field can lead to the introduction of high-efficiency herbicides in controlling weeds and thus improving the
yield of ratoon rice per unit area.

Materials and Methods

This research was carried out during the 2017 and 2018 crop seasons in the research fields of Rice Research
Institute of Iran in Gilan and Mazandaran provinces. The studied herbicide treatments were; Doses of 25, 38, 50, and
63 g/ha, a.i of bispyribac sodium SC 10% (Chif), doses of 31, 47, and 63 g/ha, a.i of bispyribac sodium SC 12.5%
(Vejin), 40 g/ha, a.i of bispyribac sodium SC 40% (Clean-weed), 25 g/ha, a.i of bispyribac sodium SC 10%
(Nomini), 1398 g/ha, a.i of propanil + benzosulfuronmethyl DF 46.6% (Stamdox), 1150 g/ha, a.i of bentazon +
MTHPA SL 46% (Bazagran), 45 g/ha, a.i of Triaphamon + Ethoxysulfuron WG 30% (Council) and weedy control.
The rice cultivar used in the main cultivation in both locations was Hashemi. The main rice seedlings were
transplanted in 20 x 20 cm planting distance. Visual assessment of weeds control and weed biomass measurement
were done in two stages. The evaluation of phytotoxicity and growth disorders of herbicides on rice plant and the
effectiveness of them in weed control was carried out based on the European standard system.

Results and Discussion

©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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The results showed that bispyribac sodium herbicide, up to 63 g/ha, a.i, did not lead to visible phytotoxicity
symptoms in ratoon rice. In Gilan province, Four weeks after herbicide application, the biomass of barnyardgrass
(Echinochloa crus galli) in the weedy check was 35 g/m2. The range of barnyardgrass biomass varied from 19 g/m?
for Stamdax to 32 g/m? for Bazagaran herbicide. Six weeks after spraying, Vejin herbicide (47 and 63 g/ha, a.i),
Clean-weed and Nomini had the lowest amount of barnyardgrass biomass with 26, 20, 23 and 26 g/m?, respectively.
Which were 71, 78, 75 and 71 percent reduction compared to the weedy check (91 g/m?). The highest efficiency in
the sedge (Schoenoplectus maritimus) control was also recorded in the same four treatments. Four weeks after
herbicide application, weedy check had the highest weed biomass per unit area with 53 g, although it did not have a
significant difference with Stamdax, Clean-weed, Nomini and Vejin herbicide recommended dose. Bazagaran and
Council had the lowest amount of sedge biomass with 30 and 32 g/m?, respectively. Sedge biomass reached 150
g/m? six weeks after herbicide application in the weedy check. Twice the recommended dose of Vejin herbicide with
21 g/m? had the highest efficiency (86%) in sedge control compared to the weedy check. Although there was no
significant difference in this respect with the Nomini, Cleanweed and 150% of Vejin herbicide recommended dose.
The lowest efficiency with 35 and 37% belonged to Chif and Stamdax herbicide treatments, respectively. The
highest paddy yield with 1683 kg/ha was observed in Clean-weed herbicide treatment, which was 237% increase
compared to the weedy check control (710 kg/ha). In Mazandaran province, two herbicides, Stamdax and
Bazagaran, were the most effective in reducing weed biomass with 90% and 87%, respectively. This was while the
highest paddy yield was observed in Clean-weed and Nomini herbicide treatments (2180 and 2210 k kg/ha,
respectively).

Conclusion
This study demonstrated that bispyribac-sodium herbicide effectively controlled weeds in rice ratooning without
causing any visible signs of phytotoxicity to the rice plants. This positive outcome led to a significant increase in
grain yield. Among the different formulations of this herbicide, Nomini (25 g/ha, a.i) and Cleanweed (40 g/ha, a.i)
had the highest efficiency in weed control and as a result, increasing the paddy yield. Therefore, bispyribac sodium
herbicide can be used as a suitable replacement for current herbicides in rice ratooning.

Keywords: Barnyardgrass, Herbicide, Rice field, Sedge
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(Fasile) ol oS cudls” et 20 x 20 20 x 20

Planting distance of the main plant (cm)

Sl oyl ol Jgae cailyyy il ey 59) S ol Jgae cailyyy il g 555 S
First irrigation One day after harvesting the main crop One day after harvesting the main crop
sl 59 o) Can oy Cua
Irrigation period Every 7 days Every 7 days
°’§ 50 kg of urea per hectare 50 kg of urea per hectare
Fertilizer
ol Jpare €3y 0.0 2019.08.22 2018.08.09
Harvest date of the main plant
Sile o Jloel g0 2019.08.29 2018.08.16
Date of application of herbicide treatment
ol by )5 2019.10.31 2018.10.20

Ratoon harvest date
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Figure 1- Mean comparison of the herbicide treatments effect on weed biomass. A, four weeks and B, six weeks after

herbicide application, 2017-Amol
The numbers in front of Chif Herbicide (Ch) indicate the dosage.
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Figure 2- Mean comparison of the herbicide treatments effect on paddy yield, 2017-Amol
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herbicide application) and sedge (c, two weeks and d, four weeks after herbicide application) control percentage, 2018-Rasht
The numbers in front of Vejin Herbicide (Ve) indicate the dosage.
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Figure 4- Mean comparison of the herbicide treatments effect on barnyardgrass (a, four weeks and b, six weeks after

herbicide application) and sedge (c, four weeks and d, six weeks after herbicide application) biomass, 2018-Rasht
The numbers in front of Vejin Herbicide (\VVe) indicate the dosage.
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Figure 5- Mean comparison of the herbicide treatments effect on paddy yield, 2018-Rasht
The numbers in front of Vejin Herbicide (Ve) indicate the dosage.
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