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BACTERIAL SYMBIOSIS IN SOIL AND PLANTS, TOGETHER WITH INSECTS
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By protecting soil rhizobacteria, or free living plant growth rhizobacters (PGPR), crops can withstand some of the environmental stressors. Bacteriocytes such as Wolbachia, Buchnera, Hamiltonella, Riketsia also help insects against stress. Plant and insect symbionts evolved 80-150 Myr ago. Insect pest life history adaptation to feed on agricultural crops started about 10000 years ago. Insects were helped by symbionts to adapt and feed on newly selected agricultural crops. Their cell bearing bacteria or bacteriocyts increased their tolerance to stress. Symbionts help insect pests to survive drought, heat or starvation stress and feed on new host plants. The aim of this review is to show that symbints in insect and PGPR in crop have potentials to become new insect pest management (IPM) strategies.

By adapting suitable cultural practices such as fallow or crop rotation and by soil beneficial bacteria, crop tolerance to stress may increase. Other IPM strategies of keeping surface vegetation or protecting soils from direct sunshine heat may also prevent the destruction of beneficial bacteria. By considering regional phenological programs for simultaneous appearance of pest and their natural enemies natural equilibrium in their populations is obtained.

Introduction

Desertification of lands and climatic changes forced insects to adapt and feed on available plants or crops or they become extinct [START_REF] Hodjat | A view on the historic and Contemporary acridid fauna (Orthoptera: Caelifera: Acrididae) of Iran. A call for conservation efforts[END_REF].

Rarity or extinction of their natural host plants and insecticides killing their natural enemies are also another reason for insects to feed on local crops. For some pests their life cycles changed or they changed their host plants. Various aspects of research activities is for understanding the genetic variation of local pest populations indicating their adaptation by fixing adaptive trait genes in their population (Kirk et al, 2013). Rhizobia are nitrogen fixing bacteria that are formed after becoming established inside the Leguminose root nodules. Genes for nitrogen fixation expression supply nutrients to crops and stimulate plant growth through the production of plant hormones. They control or inhibit the activity of plant pathogens; and improve soil structure.

Symbionts in insects are the key factor protecting them from biotic and environmental unsuitable conditions. Currently many researchers are indicating the effects of plant defense on insect pests and the reaction of plants to insect toxins [START_REF] Braendle | Developmental origin and evolution of Bacteryocytes in the Aphid-Buchnera Symbiosis[END_REF][START_REF] Heyworth | 340 Aphids symbiont aid facultative recovery of their obligate symbiont 341 and their host after heat stress[END_REF]. Insect symbionts, malpighian tubules and their defensive system produce important reactions to plant secondary metabolites that require attention for pest control specialists for managing insect pests [START_REF] Munn | Systematic review or scoping review? Guidance for authors when choosing between a systematic or scoping review approach[END_REF]. Symbionts within special cells of aphids or bacteryocytes help aphids to detoxify toxins. Recent research deal with mechanism enabled bacterial symbionts to adapt living in cells, or similarly by producing detoxifying enzymes they could feed on plants (Kirk et al, 2013;[START_REF] Sudakaran | Evolutionary transition in symbiotic syndromes enables diversification of phytophagous insects on an imbalanced diet[END_REF]. Malpighian tubules physiology in insects is parallel to renal system in mammals in transforming urea from body cavity to the rectum.

They have other important function such as regulation of osmotic pressure, and defending insects against environmental stress [START_REF] Jing | The molecular correlates of organ loss: the case of insect Malpighian tubules[END_REF]. Except aphids other phloem-feeding hemipterans such as scale insects, whiteflies or psyllids either possess malpighian tubules or have gut extention called ceca. Unsuitable environments or crowding can lead to reduction of aphid reproduction and affect the Buchnera feeding in aphid bacteryocetes [START_REF] Simonet | Bacteriocyte cell death in the Pea aphid/ Buchnera symbiotic system[END_REF]2018). About 10% of insect species rely on intercellular bacteria for their development.

In aphids the primary bacteria live in large polyploidy cells near their ovariols. In partenogenetic aphids diploid oocytes in a single ovariol develop directly through the posterior of the embryo in blastoderm stage. The primary cell bacteriocyte may require specific marker or novel combinations of transcriptomes for genetic signalling [START_REF] Braendle | Developmental origin and evolution of Bacteryocytes in the Aphid-Buchnera Symbiosis[END_REF]. Aphids are phloem feeders that lack essential amino acids required for their nourishment. Bacteriocytes in aphid cells host up to nine secondary or facultative microorganisms. They help aphids with amino acid acquisition and Buchnera aphidicola are directly inherited in bacteriocytes to offsprings [START_REF] Heyworth | 340 Aphids symbiont aid facultative recovery of their obligate symbiont 341 and their host after heat stress[END_REF]Russel and Moran, 2006). Aphid symbiosis benefit by nourishment from their host in bacteriocyte and they protect them from parasite attack or heat stress [START_REF] Heyworth | 340 Aphids symbiont aid facultative recovery of their obligate symbiont 341 and their host after heat stress[END_REF].

Hemiptera with sucking mouth parts have evolved co-obligate symbiosis host that rely on nutrients provided by them. The evolutionary success of phytophagous insects is closely related to their coevolution with symbiotic bacteria. Intracellular parts of the Hemipteran symbionts such as Macrosteles quadrilineatus (Cicadellidae) have multiple bacterial partners [START_REF] Prado | Host -symbiont interactions for potentially Managing Heteropteran pests[END_REF]. There is an evolutionary arm race between plants that produce secondary metabolite to deter insects to feed on them and the phytophagous insects that provided enzymes to detoxify secondary metabolites. Chemical defense ability of plants reduces the adaption ability of herbivore insects. Dated host phylogeny in 22 species of Pyrrhocoridae, Largidae, Lygaidae and Rhopalidae that feed on Malvales plants indicate the evolution process of various bacteria with these insects. It is estimated that diversification of symbiotic syndrome in insect on imbalanced diets is in Cretaceous era 81.2-86.5 million years ago [START_REF] Sudakaran | Evolutionary transition in symbiotic syndromes enables diversification of phytophagous insects on an imbalanced diet[END_REF].

Mechanism of coevolution and coadaptation by mutual symbiosis and cooperation or commensalism increase the evolutionary resistance of plants and insect to coexist as crop pests [START_REF] Klepzig | A key driver of insect Physiological processes, ecological interactions, evolutionary diversification and impacts on humans[END_REF]. In aphids beside Buchnera aphidicola, two other recent co-obligate symbionts are reported, in Aphis urticata and Macrosiphum carnosum with parallel evolution [START_REF] Monnin | Parallel Evolution in the Integration of a Co-obligate Aphid Symbiosis[END_REF]Shigenobu and Stern, 2013). Conditions for increasing insect population to reach pest statue is summarized in figure 1. In this review aphid and their bacteriocytes are dealt with as pest. Rhizobia nourish plants to resist environmental stress. Rhizobacteria is improving plant growth that but bacteriocytes helping aphids. They can produce sources for IPM strategies to prevent pest damage. Control of soil insect pests, nematodes and harmful bacteria has intensified the use of soil fumigants or steam strelization.

One of the strategies of IPM to control soil pests is to reduce unnecessary fumigant use in agricultural soil by replacing plant vigor by protecting beneficial soil symbionts. Following is general characteristic of beneficial bacteria:

(1) Bacterial nodulation.

(2) Bacterial Symbionts of grass.

(3) Plant Growth-Promoting Rhizobacteria (PGPR). [START_REF] Rivus | Taxonomy of Bacteria nodulating legumes[END_REF].

Rhizobium is a common genus of Gram-negative soil bacteria that fix nitrogen.

The bacteria colonize plant cells within root nodules, where they convert atmospheric nitrogen into ammonia using the enzyme nitrogenase and then provide organic nitrogenous compounds such as glutamine or ureides to the plant (Atkins, 1964).

Exchange of molecule signals between bacteria and plant root can leads to the formation of root nodules where bacteria can convert nitrogen for fixing in the plant. The process of nodule nitrogen fixation and nodulation in legume plants function through gene product for plant energy metabolism [START_REF] Lindstrom | Effectiveness of nitrogen fixation in bscteria[END_REF]. Soil micro organism interaction between bacterial nitrogen fixing communities and plants are beneficial and need protection but root pests and diseases organisms are also damaging crops but need conservation in applying pesticides. Soil bacteria Rhizobium spp N2 fixer can provide plant hormone and alleviate plant stress [START_REF] Babalola O | Beneficial bacteria of agricultural importance[END_REF][START_REF] Toor | Role of soil microbes in Agriculture; A Review[END_REF]. Free-living plant growth-promoting Rhizobacteria(PGPB) are also considered as symbionts.

2-Bacterial Symbionts with grass.

Bacterial symbiotic associated with roots of grasses and important crops such Therefor AM is biofertilizer that increase crop tolerance to various stressors. AMF is also a natural root symbiont of leguminose plants [START_REF] Begum | Role of Arbuscular mycorrhiza fungi in plant growth regulation Implication in abiotic tolerance[END_REF]. The genus Microcoleus is considered complex and has close relation with some species of Phormidium. Microcoleus vaginatus and M. steenstrupii are two species spreading on the soil biocrust and can generate the biodiversity of their community for environmental restoration [START_REF] Zytynska | Effects of biodiversity in agricultural land scapes on the protective microbiome of insects -a review[END_REF][START_REF] Toor | Role of soil microbes in Agriculture; A Review[END_REF]. The molecular mechanism of NNF bacteria nitrogen fixation to plants without nodules or Rhizobium N-fertilization of crops are described in detail [START_REF] Santi | Biological nitrogen fixation in non-legume plants. Invited Review[END_REF].

3-Plant Growth-Promoting Rhizobacteria (PGPR):

Many free soil bacteria have favorable effect on plant growth and increase their tolerance to stressors. They are considered as a promising alternative to inorganic fertilizer for promoting crop growth. They increase crop roots, germination rates, yield, and leaf area. Several important bacterial characteristics, such as biological nitrogen fixation, uptake and mineralization of inorganic phosphate, or nutrient uptake also are increased. PGPR solubilization of mineral phosphates and other nutrients enhance plant resistance to stress, stabilize soil by improvement in structure of organic matter in soil. PGPR also reduces the need for fertilizer application of N and P by releasing the nutrients [START_REF] Hayat | Soil beneficial bacteri and 337 their role in plant growth promotion: A review[END_REF].

4-Diazotrophic bacteria and Cianobacteria

Diazotrophic species such as Azospirillum spp are commonly soil and grass root symbionts in heavy metal contaminated soils. They are tolerant to heavy metals and salt stressed plants with the ability to increase grass performance.

Cianobacteria azolia can inherit cyanobacterium to next generations and they are in ovoid cavities on dorsal lobes of the leaves. C. azolae are growing on waters of tropical and subtropical zones possess high ability to uptake heavy metals. The plant is used as phyto-mediate agent for clearing metal pollutions and as soil manure [START_REF] Pereia | The unique symbiotic system between a fern and a Cyanobacterium[END_REF].

5-Symbiosis in insects

Insect symbionts may be neutral (commensalism), beneficial for both (mutualism) or parasitic. The endosymbiotic bacteria are either primary (Psymbiont) or obligatory secondary symbiont (S. Symbiont). Plant sapping insects usually keep primary and secondary bacteria in their cells called bacteryocytes.

Facultative symbionts generally need protection and can invade novel hosts. The commensalism symbionts while feeding from insect nutrients help them to survive from parasite attack or heat and sublethal effects of insecticides [START_REF] Su | Facultative symbiont Hamiltonella confers benefits to Bemisia tabaci. (Hemiptera: Aleyrodidae), an Invasive Agricultural Pest Worldwide (Hemiptera: Aleyrodidae), an[END_REF][START_REF] Guo | Nine facultative Endosimbionts in aphids. A review[END_REF]. Insects need to detoxify plant allelochemicals for feeding on them. Usually primary gut symbionts of insects affect the physiology of plants.

The symbionts can reduce toxic effects of trepenes so that pine beetles and weevils can damage the plant (van den Bosch and Welte, 2017). New symbiotic bacteria in aphid can have strong beneficial impacts on their survival including conferring resistance to natural enemies such as parasitoid wasps or pathogens, while also imposing energetic costs on the host [START_REF] Shigenbu | Aphids evolved novel secreted proteins for Symbiosis with bacteria endosymbiont[END_REF].

6-Natural pest control

Various contributors to 'Endless forms' book have explained how some insect pests such as Rhagoletis pomonella produce sympatric species by producing insect host races (Howard and Berlocher, 1998). Environmental stress effects on various insects such as honeybees, fruit flies, grasshoppers, cabbage aphids and periodic cicada is studied in relation to their morphology, habits and ecology (Beasley, 2002). Hormesis of pesticide effects on beneficial arthropods are affecting ecosystem and the natural enemies of pests [START_REF] Desneux | The Sublethal Effects of Pesticides on beneficial arthropods[END_REF]. Some examples of specific aphid symbiont help to survive environmental stress are:

Buchnera bacteriocyte in Acyrthosiphum pisum can activate progressively throughout their adulthood and exhibit morphological changes that are distinct from known cell-death pathways [START_REF] Simonet | Bacteriocyte cell death in the Pea aphid/ Buchnera symbiotic system[END_REF]. Arsenophorus and Ricketsia insecticola are helping aphid to adapt to new host and increase their distribution. Hamiltonella defense protect aphids from stress and increase their fitness by fast response to infection. The knowledge of survival power in Bemisia tabaci can be used as an IPM tool for crop virus infection control [START_REF] Su | Facultative symbiont Hamiltonella confers benefits to Bemisia tabaci. (Hemiptera: Aleyrodidae), an Invasive Agricultural Pest Worldwide (Hemiptera: Aleyrodidae), an[END_REF]. their effects on beneficial soil bacteria need explaining [START_REF] Leybourne | Stressful times in a climate crisis: How will aphids respond to more frequent drought?BioRXiv preprint[END_REF][START_REF] Sudakaran | Evolutionary transition in symbiotic syndromes enables diversification of phytophagous insects on an imbalanced diet[END_REF]. Recently many countries are not usinges methyl bromide to control soil nematodee [START_REF] Labrado | Global report on validated e alternatives to the use of methyl bromide for soil fumigation[END_REF]. The use of methyl bromide is not common in Iran but usually in floricultures soil heat disinfection is common. Steam kills weed seeds, soil pathogens, nematodes and insects [START_REF] Porter | Non-chemical alternatives to methyl bromide for soil treatment in strawberry production[END_REF].

The influence of microbiomes, climate and variables soil conditions on crop genotype and their development is important for measuring the effects of drought stress on soils bacterial communities and on plant physiology. The stress effects of drought on bacterial communities can lead to selection of various traits in soil symbionts affecting insect pest and crop production (Naylor and Coleman, 2017). Stress may be related to adipokinetic hormone secretion and flow of energy to flight muscles and can activate aphids, Dysdercus fasciatus or locust to migrate from stressful conditions [START_REF] Hodjat | Ecological stress and locust outbreak, an outlook at locust phase research[END_REF][START_REF] Hodjat | Effects of crowding and stress on locusts, aphids, armyworms and 635 specifically the hemipteran Dysdercus fasciatus Sign. (Hemiptera: Pyrrhocoridae)[END_REF].

DISCUSSION

The importance of soil care in agriculture show that its disturbance can create soil erosion or flood. Soil conservation needs tillage to filter surface unwanted residues and aerating it by mixing with organic materials and providing suitable substrate for increasing beneficial productivity of microbes. Soil conservation techniques, mulching and organic soil amendments often increase crop productivity and decrease pest populations. Pesticides residues sprayed on crops to kill pests often penetrate into the soil and affect the beneficial soil bacteria.

The record of more than 50 aphid species collected from potato plants indicate that only Myzus persicae reached pest statue affecting the crop by direct feeding.

All other aphids are damaging the crop by potato virus y transmission [START_REF] Aliokhin | Soil conservation practices for insect Pest management in highly disturbed agroecosystems -a review[END_REF].

After agriculture was developed Aphidoidea species adapted themselves to live on selected crops. Habitat choice, adaptation and female attracting to particular signals such as song, pheromones that may increase the new generations chance of survival to prevailing environmental conditions are the main cause of some pest species to produce variation in their population [START_REF] Hodjat | Variation, plasticity and possible epigenetic 344 Influences in species belonging to the tribe 345 Gomphocerinae): A review[END_REF].

Environmental stress and phenotypic plasticity can regulate gene expression and change the physiology of insect pests (Murren et al, 2015;[START_REF] Kristensen | Adaptation to environmental stress at different timescales[END_REF].

Studying the pest ecology and its relation to weeds or other environmental stressful factors also indicate the routes some pest populations may choose to produce new race, biotype or sympatric phenotypic populations [START_REF] Capinera | Relationship between insect pests and weeds: An evolutionary perspective[END_REF], Howard and Berlocher, 1998[START_REF] Hodjat | A view on the historic and Contemporary acridid fauna (Orthoptera: Caelifera: Acrididae) of Iran. A call for conservation efforts[END_REF]. The role of temperature in changing plant and insect phenology, metabolism and multi-trophic interactions are also producing various traits in insect pests [START_REF] Jamieson | Consequences of climate warming and altered precipitation patterns for plant-insect and multitrophic interactions[END_REF]. The insect needs bacterial symbionts to synthesize the essential compounds needed for their cells. These bacteria with reduced genomes require genetic resources from their hosts. Their insect hosts have highly expressed complementary genes for the bacteriocytes that are also used for DNA repair, transcription, and translation [START_REF] Mao | Evolutionary host support for two Ancient bacterial symbionts with differencially degredated genome In a leafhopper[END_REF].

Phylogenetic and genomic studies have indicated that Aphis species groups are formed in reaction to environmental stress signaling through CO1 genes.

Aphids do not have malpigihan tubules but kinin receptors activating capa mitocondrial cells of gut to replace malpighan tubule function [START_REF] Halberg | Tracing the evolutionary origins of insect renal function[END_REF]. Evolutionary loss of Malpighian tubules in Acryhosiphum pisum is caused by reduction of orthologous genes that were more expressed in the gut transcriptome [START_REF] Jing | The molecular correlates of organ loss: the case of insect Malpighian tubules[END_REF]Dow, 2009). It is hypothesized that the evolutionary loss of Malpighian tubules in aphids is associated with the allocation of certain functions to different organ(s), especially the gut, which, like the Malpighian tubules, plays an important role in water relations and osmoregulation of insects Complex interplay between soil, plant and microbe and the effect of drought stress on aphids, crop yield and symbionts are important factors that their effects on IPM research need explaining [START_REF] Leybourne | Stressful times in a climate crisis: How will aphids respond to more frequent drought?BioRXiv preprint[END_REF][START_REF] Sudakaran | Evolutionary transition in symbiotic syndromes enables diversification of phytophagous insects on an imbalanced diet[END_REF].

Insightful scientific explanation for creation of new species in Drosophila melanogaster is abbreviated in seven sets of conditions which include responses to e nvironmental stressors. The Malpighian tubule in insect is used as a model to investigate kidney problems (Dow, 2008). 

Fig. 1 :

 1 Fig. 1: Schematic representation of important factors causing insect pest outbreak. Symbionts such as soil bacteria and bacterocyts in insect improve natural nourishment for insect pests. IPM strategies can prevent pest outbreaks and help to keep natural equilibrium between insect and their natural enemies.

  Biological nitrogen fixation (BNF) includes all Common soil bacteria such asRhizobia which is close to Agribacterium and classified in Protobacteria phylum.

  as wheat, rice and maize are without nodules. They are in gram positive Cannabacteriaceae phylum. Free-living nitrogen-fixing bacteria such as Azospirillum, Enterobacter, Klebsiella and Pseudomonas, have been shown to attach to the root and efficiently colonize grass roots. The fact of mycorrhiza symbioses with grass roots revealed the effectiveness of symbiosis without nodule are similar to plant-growth-promoting bacteria (PGPB). The adoption of Setaria viridis when associated with A. brasilense and Herbaspirillum seropedicae provided up to 100% of the nitrogen needs of the plant. Stressors such as excessive use of pesticides and fertilizers affect agricultural crops but Arbuscular mycorrhizal fungi (AMF) is used to increase the yield without soil pollution.

Fig 2 :

 2 Fig 2: A hypothetical model for the common land preparation practice such as fallow, rotation, irrigation and soil treatments affecting IPM strategies.

Fig 2

 2 Fig 2 show the complex interplay between soil, plant and microbe and the effect of fumigants or drought stress in soil that kills beneficial bacteria. Nematodes, fungal spores and insects are controlled by soil fumigation or insecticides and

  مروري مقاله حجت حسيٍ سيذ دكتش إْاص چًشاٌ ضٓيذ داَطگاِ پضضكي گياِ گشِٔ تاصَطستّ استاد افات مديريت بر حشرات باكتريىسيتهاي و خاك باكتريايي همزيستيهاي احتمالي تاثير کُُذ يی يقأو يحيطی صای استشط صذيات يقاتم دس سا آَٓا اصت تاييٍ تا کّ ْستُذ گياْاٌ ًْضیست سیضٔتاکتشیٓا . ًَایُذ تغزیّ آَٓا اص ٔ ًَٕدِ يقأيت گياِ دفاعی ْٕسيَٕٓای يقاتم دس تٕاَُذ يی تاکتشیٓا کًک تا َيض حطشات . ْطتاد حذٔد يحصٕالت اص تغزیّ تّ ضشٔع قثم سال ْضاس دِ تقشیثا ٔ یافتُذ تکايم تاکتشیایی ْای ًْضیست قثم سال ييهيٌٕ پُجاِ صذٔ تا کشدَذ کطأسصی . است يحصٕالت يحافظت تشای آفات يذیشیت استشاتژی اص استفادِ ٔ کطأسصی خاک حفاظت يقانّ ایٍ َگاسش اص ْذف . تا يقأيت تٕاٌ يی کطت صياٌ تغييش ٔ تُأب ، آیص ، صدٌ ضخى ياَُذ ، آفات تا صساعی يثاسصات يُاسة سٔش اَتخاب کشد تيطتش آفات حًهّ تّ َسثت سا يحصٕل . ٔ صدٌ ضخى تا است الصو خاک تاکتشیٓای يفيذ ْای گَّٕ اصیاد تّ کًک تشای ضٕد جهٕگيشی خاک حشاست سفتٍ تاال ٔ سيم ضذٌ جاسی اص آٌ پزیشی َفٕر تاييٍ . تا آیص یا تُأب ٔ کطت تاسیخ تغييش حفع سا آَٓا طثيعی دضًُاٌ ٔ آفات تيٍ جًعيت تعادل ٔ يحصٕل تٕنيذ فُٕنٕژیک ساتطّ تٕاَذ يی يحهی ضشایط سعایت ًَایذ . آفات طثيعی دضًُاٌ ٔ يحيط صیستی ضشایط اص اطالع تذٌٔ يحصٕل پاضی سى اص است تٓتش ايکاٌ صٕست دس ضٕد جهٕگيشی .