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Introduction

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is one of the most harmful
pests of beans, and chemical miticides are often used to control it. However, in addition to causing resistance in
mites, these chemicals also lead to environmental pollution. One of the best methods for controlling the spider
mite is to select tolerant cultivars and use probiotic substances that stimulate bean growth and induce resistance
in the plant. Therefore, in this project, tolerant cultivars and plant growth-promoting microorganisms (PGPR
and AMF) were used to biological control the spider mite on beans. With the warming and drying of Iran's
climate, mite outbreaks have become more frequent, and the use of chemical miticides, due to the high
reproduction rate of the spider mite, has led to the rapid development of pest resistance to chemicals.

Materials and Methods

In this study, the percentage of induced resistance of the plant to the mite T. urticae was investigated by
assessing antixenosis, antibiosis, and plant tolerance. Therefore, six bean cultivars were used, including two
cranberry bean cultivars (local Khomein and Kousha), two white bean cultivars (Shokoufa and Dorsa), two red
bean cultivars (Yaghoot and Ofogh), and a susceptibility control (Sadri cranberry bean). The effects of
probiotics—Biogard®(0.5%), Biofarm®(4%), and Probio96®(2%) on inducing resistance in the tested cultivars
were evaluated by examining antibiosis, antixenosis, and tolerance, as well as the percentage of resistance and
the plant growth index.

Results and Discussion

The results showed that Bioguard was the best combination for inducing resistance in plants against the
Tetranychus mite, and the Kousha cultivar exhibited the highest resistance. Specifically, the Kousha cultivar
treated with Bioguard had the highest resistance at 51.64%, followed by the Yaghoot cultivar with Bioguard at
48.28%, and then the Ofogh cultivar with Bioguard at 43.28%, in terms of induced resistance. The Kousha
cultivar showed the highest tolerance, antixenosis, antibiosis, and the highest growth index when combined with
the Bioguard probiotic. The highest antixenosis or least preference, with the lowest mite population on the plant,
was observed in the Kousha cultivar combined with Bioguard, with an index of 0.022 and about 22 adult mites
per plant. The lowest was in the Khomein location with an index of 0.965 and 965 adult mites per five-leaf plant
after 120 hours. The highest tolerance was observed in the Bioguard combination on the Kousha, Ofogh, and
Yaghoot cultivars, placing them in group (e). The highest antibiosis (the lowest female mite after forty days) was
observed in the Kousha and Dorsa varieties inoculated with Bioguard, with the lowest numerical index (0.061)
and were classified in group (g). The highest growth index with nearly equal number of mites in the Kousha,
Ofogh, and Dorsa varieties were 43.87, 43.07, and 43.04, respectively, under Biogard inoculation.

Conclusions

The use of biological agents as an alternative to chemical pesticides, particularly in sustainable
agriculture, has gained increasing importance. In the present study, the comparison of the mean population of
two-spotted mites showed that biological agents significantly reduced the abundance of this pest. Among the
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treatments examined, Biogard had the greatest effect in reducing mite populations, while Biofarm also showed
significant performance in sensitive varieties. The Probio 96 treatment was also effective, but its efficacy was
limited in some varieties. Recent studies also support these findings. For example, different varieties of common
beans contain anti-nutritional compounds such as phytic acid, lectins, and trypsin inhibitors, which can affect
the biology of mites. Overall, the efficacy of probiotic compounds such as Biogard and Biofarm indicates that
these compounds can be used as part of an integrated pest management program to reduce spider mite damage
in beans. Plant probiotics are a series of biological agents that are found in large numbers in the rhizosphere and,
in other words, live symbiotically with plants. In return for the nutrients they receive from the plant, they
provide services to the plant, including promoting growth and inducing resistance such as antibiosis,
antixenosis, and tolerance. This, in turn, enhances the plant's innate resistance and health, making it more
effective against biotic and abiotic stress factors. The Kousha variety inoculated with 0.5% Biogard showed the
highest antibiosis, while the Kousha Ofogh and Yaghoot varieties inoculated with 0.5% Biogard exhibited the
greatest tolerance. Additionally, the highest antixenosis with the lowest mite attraction to the plants was
observed in the Kousha variety with the 0.5% Biogard seed coating. Therefore, combining the best probiotic
materials with the most resistant bean variety is the best method for controlling spider mites. According to the
results of this project.
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Table 1: Means of non-preference = Antixenosis (X), Tolerance (Z), Antibiosis (Y), Resistance Index (PRI), Resistance Percentage (%PRI),

(data transformed between 0-1), and Growth Index (g), plus and minus standard error (SE ) for six bean cultivars inoculated with three
combinations of Bioguard, Biofarm, and Probio96 infested with spider mite.

- . L Resistance index Resistance -
Variety Antixenosis (X)  Antibiosis (Y)  Tolerance (2) (PRI)* percen:/i?e (Res  Growth index
Biogard
Ofogh 0.044+0.012" 0.091+0.052f¢ 0.01+0.001° 0.5697+1.475% 43.28+11.13° 43.07+0.37%
Dorsa 0.07+0.0129" 0.061+0.03¢ 0.01+0.001° 0.5313+1.016* 40.38+7.67% 43.04+0.39%
Shokoufa 0.162+0.012% 0.152+0.03%% 0.2+0.001¢ 0.128340.0147° 9.96+1.11° 42.73+0.16%
Kousha 0.022+0.004" 0.061+0.03¢ 0.01+0.001° 0.6804+0.1182 51.64+8.92 43.87+0.04%
Local Khomein 0.461+0.085™ 0.091+0.001% 0.2+0.001¢ 0.0798+0.127° 6.31+0.96° 41.93+0.16%°
Yaghout 0.026+0.015" 0.091+0.0521 0.01+0.001° 0.636+0.183% 48.28+13.81* 41,620,297
Biofarm
Ofogh 0.057+0.012%" 0.424+0.03% 0.2+0.001¢ 0.1057+0.0088° 8.26+0.66° 41.86+0.22%
Dorsa 0.118+0.02%" 0.303+0.03%19 0.2+0.001¢ 0.1026+0.0133° 8.02+1° 40.33+0.730c
Shokoufa 0.224+0.02¢f" 0.394+0.08% 0.4+0.001°¢ 0.0401+0.0074° 3.31+0.56° 40.2+0.57%%
Kousha 0.118+0.008%" 0.364+0.052%f 0.2+0.001¢ 0.0904+0.0103° 7.1+0.78° 41.49+0,12%
Local Khomein 0.368+0.053%% 0.424+0.061% 0.4+0.001°¢ 0.0256+0.0034° 2.21+0.26° 39.82+0.26%*
Yaghout 0.105+0.015% 0.394+0.03% 0.2+0.001¢ 0.0893+0.0078° 7.02+0.59° 38.91+0.29°
Probio96
Ofogh 0.057+0.009% 0.424+0.03% 0.2+0.001¢ 0.1051+0.0051° 8.21+0.39° 41.87+0.17%
Dorsa 0.096:+0.019% 0.364+0.052%F 0.2+0.001¢ 0.0993+0.104b 7.77£0.78° 40.13+0.49%
Shokoufa 0.25+0.047%f 0.485+0.03% 0.33+0.07°¢ 0.0353+0.018° 2.94+0.14° 38.93+0.23°
Kousha 0.101+0.004%" 0.364+0.052%f 0.2+0.001¢ 0.0972+0.0116° 7.61+0.88° 42,01+0.21%¢
Local Khomein 0.425+0.039%% 0.515+0.03% 0.4+0.001° 0.018620.0006° 1.68+0.05" 39.43+0.11%
Yaghout 0.092+0.008%" 0.394+0.03% 0.2+0.001¢ 0.09360.0027° 7.34%0.21° 38.2+0.33¢
Control
Ofogh 0.2060.004" 0.727+0.052%° 0.4+0.001° 0.0241+0.0019° 2.1+0.15° 30.65+0.51
Dorsa 0.443+0.066* 0.576+0.03¢ 0.4+0.001° 0.0165+0.0017° 1.53+0.13" 29.22+0.54%"
Shokoufa 0.662+0.019° 0.909+0.052% 0.8+0.001° 0.0023+0.0004° 0.46+0.03° 28.56+0.319"
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Resistance

Resistance index percentage (Res  Growth index

Antixenosis (X)  Antibiosis (Y)  Tolerance (2)

Variety (PRI)* %)
Kousha 0.509+0.043" 0.758+0.08*° 0.4+0.001°¢ 0.0109+0.001° 1.1+0.08° 32.45+0.39f
Local Khomein 0.965+0.0182 0.818+0.052% 0.99+0.0012 0.0003+0.0002° 0.3+0.01° 26.95+0.33"
Yaghout 0.482+0.031" 0.909+0.052* 0.33+0.07° 0.0119+0.0036° 1.17+0.27° 29.4+0.759
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The means of each column that share a common Latin letter are not statistically significant (Tukey 0=0.05).* PRI=1/XYZ, where
X: antixenosis index, Y: antibiosis index, and Z: tolerance index. Bank of population of mite is Chiti Sadri, control: same
treatments without probiotics.
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Figure 1: Comparison of the average population of female two-spotted spider mites (T. urticae) after 40 days on six bean cultivars treated

with three combinations of Biogard, Biofarm, and Probio 96, and control (same treatments without probiotics), as an antibiosis index
(Tukey, a=0.05)
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Figure 2: Comparison of the mean scale (1-6) tolerance of six different numbers of beans infested with female two-spotted spider mites (T.
urticae), seed inoculation with three treatments Bio Guard, Bio Farm, Parbio 96, and control, (Tukey, a=0.05)
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Figure 3: Comparison of the average weight of aerial parts and roots (in grams) of six bean varieties infected with the female two-spotted
spider mite (T. urticae) under the effects of different probiotic treatments and control (Tukey, 0=0.05)
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