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ABSTRACT
Plant galls are abnormal outgrowths of plant tissues caused by various organisms, including insects, mites, fungi, and bacteria. These structures arise due to chemical and mechanical stimuli that disrupt the plant’s hormonal balance, particularly involving growth regulators such as auxins and cytokinins. Among all causative agents, insects are the predominant gall inducers, manipulating plant tissues to form nutritive and protective habitats for their immature stages. The North Eastern Region of India, being rich in sericultural biodiversity, supports the rearing of all four commercially important silks—Mulberry, Eri, Muga, and Tsar—where host plant health plays a critical role in silk yield and quality.Gall-inducing insects, such as midges and psyllids, attack economically important silkworm host plants like Persea bombycina (Som), Litsea polyantha (Soalu), and Litsea salicifolia (Digloti), leading to gall formation that adversely affects the nutritional value of leaves and thereby impacts silkworm development. Notably, Asphondylia spp. and Pauropsylla beesoni are identified as key pests forming galls on Som and Soalu, respectively. The "Nutrition Hypothesis" suggests that gall tissues offer enhanced nutritional value over regular plant tissues, supporting insect growth and reproduction. While galls are generally host- and organ-specific, their formation results in physiological stress and damage to the host plants, including reduced photosynthesis and structural deformities. Understanding gall formation, insect-plant specificity, and effective management strategies is crucial for maintaining the health of silkworm host plants, especially in sericulture-dependent regions. Sustainable control methods and continued research into resistant plant varieties are key to mitigating the impact of gall-inducing insects on silk productivity.
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1.INTRODUCTION
 A gall is a growth of plant tissue that starts with an organism's (insects, mites, fungi) chemical and/or mechanical stimulus, which increases the plant's production of plant growth hormones (auxins, cytokinins, gibberellins, etc.). Galls are made of cells that are more numerous or larger than normal plant cells, or plant organs whose growth and development have been altered into unusual shapes (Mishra et al., 2024). An insect gall forms because of the plant's response to the insect's egg laying, presence of the egg, and/or feeding stimulation by the larva. Plant cells are usually modified and enlarged, the plant tissue surrounds the egg or larva, and the gall protects and feeds the gall-maker. The North Eastern Region of India is bestowed with abundant serigenous fauna and their host flora and has the vast potential for the development of sericulture industry. The congenial atmosphere for sustainance of serigenous flora and fauna has gifted a natural wealth of various types of silk to the people of this region and in fact, it is the only part of world where all the four commercial varieties of silk, viz., Mulberry, Eri, Muga and Tsar are naturally available and also produced traditionally. The host plants of those silk worms play a very important role for the production of raw silk whereas on the other hand the nutritional value of food plants either alone or in combination play an important role in the larval growth, development and survival of silkworm and ultimately the quality and quantity of the product (Mishra et al., 2020). Highly nutritious and nutrient balanced food are the prime necessity for healthy growth and development of any insect, as it provides the ultimate source of energy to the insect. One of the important yield factors affecting the yield of silk is the attack of various insect pests on silkworm food plants which adversely affect their nutritive value for silkworm rearing. Among the various insect pest, the gall insects damage the leaves and tender parts of the stem of some silkworm host plants by forming galls. Among these insect interactions those of gall forming insects and their host plants are believed to be the most intimate. Most gall forming insects are highly host and organ specific that they induce galls on only one species or closely related species (Dreger-Jauffret and Shorthouse,1992) [1].  Amount of carbohydrate are higher in gall tissue than normal tissues (Motta et al., 2005)[2]. The galls are seen on the ventral surface as well as on the dorsal surface of the leaf. The galls are oval, globular, spherical, conical in shape. Formation of gall is induced by the toxic saliva secreted by the gall insect larva and is a malignant tumour like growth which are seen throughout the year (Thangavelu et al., 1988)[3]. The Insect infestation not only affect the yield of leaves but also deteriorate quality, thereby influencing the productivity and quality of the ultimate product, the silk (Gosh et al., 2000)[4].
2.FACTORS RESPONSIBLE FOR PLANT GALL FORMATION
Galls are the growths on plants formed of plant tissue but caused by the other organism (Redfern, 2011)[5]. Gall can be caused by insects, fungi or by bacteria etc.
Insects: Insect galls are the highly distinctive plant structures formed by some herbivorous insects as their own microhabitats. Insect induced galls are the regulated outgrowths of plant tissues that results from unique and mutual interactions between host plant and the gall inducing insect (Mishra et al., 2024)[6]. In plants the Gall-inducing insects include gall wasps, gall midges, gall flies, gall aphids and psyllids. Despite of the large numbers and types of insects that induce galls, very little are known regarding the underlying mechanism or mechanism of insect gall formation (Mapes, 2008)[7].
Fungi: It is peach leaf curl caused by parasitic fungus. This fungal infection caused tumorous swelling on leaves. It is often referred to as a gall.
Bacteria: Examples of crown gall caused by Agrobacterium tumefaciens.
3. GALL DEVELOPMENT
Galls are mostly occurred on leaves and stems, but it may also occur on flowers, fruits, twigs, branches, trunks and roots. Some galls are easy to recognize and the common terms used to bullet galls, flower galls, fruit galls, leaf galls, leaf spots, oak apple, root galls, stem galls and twig galls etc (Sahu et al., 2020). Galls develop in three phases initiation, growth and maturation (Lalonde and Shorthouse, 1985)[8]. Gall initiation is a reaction of the plant to a specific stimulus by the gall-maker and the stimulus may occur during colonization, egg-laying or feeding (Oliveria et al., 2016)[9]. Galls can be induced by secretions from developing eggs or larvae, by saliva or other substances associated with feeding, by insect or excretions, or simply by the presence of the insect in or on the plant tissue. Once stimulated, the plant produces gall tissue to surround the egg or immature insect. As it grows, the gall and the insect use nutrients from the host plant. The induction and development of galls expose plant tissues to high oxidative stress (Schonrogge et al.,2000; De Oliveira and Isaias, 2010; De Oliveira et al.,2010)[10,11,12]. Gall makers may live within individual chambers or within communal chambers inside galls, depending on the species. Mature galls stop growing and cease to use host plant nutrients. The developing insects remain protected inside mature galls, grazing on the ready food source. They are plant tissue which is controlled by the insect. Galls may also provide the insect with physical protection from predators. In order to form galls, the insects must seize the time when plant cell division occurs quickly: the growing season, usually spring in temperate climates, but which is extended in the tropics. Plants gall caused by various parasites, from fungi and bacteria to insects and mites. The association between the gall-making organism and the host plant is usually quite specific. Different organisms produce galls of characteristic size, shape and colour. These visual characteristics are useful in species identification.
4.INSECT GALL DIVERSITY
Galling has evolved repeatedly among and within insect orders producing species-rich lineages with fossil records extending back at least 300 million years. The apparent success of gall induction as a life-history trait has fuelled a continuing debate about the adaptive significance of gall induction and, in particular, of gall morphology This debate is fuelled by observations that insect galls commonly include tissue types that are absent from ungalled host plants and that vary enormously in complexity (the extent of tissue differentiation within a single gall) and diversity (the range of gall structures induced by members of a given galler taxon) among galler lineages. Galls range in complexity from relatively open pits or folds to structures in which the galler is enclosed entirely by plant tissues. Such enclosed galls range from simple structures showing little variation among members of a galler taxon, such as those induced by fig wasps (Hymenoptera) and yucca moths (Lepidoptera) to structures comprising multiple, highly differentiated layers of plant tissue that show extensive variation within a given galler taxon. The most complex external structures, including extrafloral nectaries and coatings of hair, spines and sticky resins, are induced by gall wasps (Hymenoptera, Cynipidae) and gall midges (Diptera: Cecidomyiidae).
5.THE NUTRITION HYPOTHESIS
[bookmark: _Hlk176381615]The Nutrition hypothesis states that galls provide enhanced nutrition over other feeding modes. With the exception of fungus-feeding gall midges, gallers feed on plant tissues or fluids (Graham and Karsten, 2003)[13]. Many galls contain highly differentiated nutritive tissues that are both more nourishing and less well defended than that of the non-gall tissues on the same plant and enhanced nutrition is widely accepted as a general advantage of gall induction. The Nutrition hypothesis also has the potential to explain diversity in gall tissues that contribute directly to galler nutrition. The strongest evidence concerns internal tissues in thrips and aphid galls. In both groups, colonies that can number thousands of individuals often occupy the gall for two or more generation (Graham and Karsten, 2003)[13]. The founding female and her offspring feed suctorially from internal gall tissues and gall traits that enhance feeding area of nutrient supply should be favoured by selection One way of enhancing the internal surface area in spherical galls is through the development of internal folds, as found in some thrips and aphids galls.
Evidence that such modification is adaptive comes from a recent comparative analysis of correlations between gall form and reproductive strategies in galling thrips. Evolution of internal folds is correlated with massive enlargement of the reproductive tissues of the founding female (physogastry) and the evolution of enlanced supply is hence correlated with enhanced demand. High internal surface area (relative to alternative designs of equivalent volume) can also be achieved by division of the gall into a network of hollow radiating spines or interconnected passageways, both of which are found in aphids (Graham and Karsten, 2003)[13].
Gall midges of the genus Asphondylia represent exceptions to the rule that gallers feed on nutritive gall tissues. These insects feed on a symbiotic fungus the spores of which are probably introduced by the egg-laying female. The fungal tissues can have significant impacts on gall morphology but, these are easier to interpret in terms of galler defence than in terms of galler nutrition. It remains possible however, that requirements of fungus impose selection on gall structure.
In many other galler lineages, such as cynipid gall wasps and many cecidomyiid gall midges, nutritive tissues are restricted to discrete larval chambers embedded within other gall tissues that have no apparent nutritive function.
6.DAMAGE CAUSED BY GALL MAKERS IN HOST PLANTS
Most gall-making insects do not damage the host plant; however, certain species may cause aesthetic damage such as leaf discoloration, early defoliation, or twig and stem drop (Carlos et al., 2011)[14]. Galls occur on a wide variety of plants, but the most common ones occur in Oaks tasar, Som, Soalu etc. The susceptibility of plant species varies. Some plants support only one or two species, while others, such as oaks and hackberries, are hosts to several species. Individual plants of the same species, especially those propagated from seed, may also show differences in susceptibility.
The quality of leaves of the host plant has got direct impact on the health, growth and survival of the silkworm larvae and the economic characters of cocoons. Nutritional value of food plants either alone or in combination play an important role in the larval growth and silk productivity and their changes with age and in relation to infestation of the plants by some pests and their impact on silkworm growth and development.
6.1. GALL INFESTATION IN MUGA SILKWORM HOST PLANT
Formation of gall is induced by the toxic saliva secreted by the gall insect larva and is a malignant tumour like growth which is seen throughout the year in muga host plants (Thangavelu et al., 1988)[3].
6.1.1. Som (Persea bombycina)
Family: Lauraceae
Name of Gall insect: Asphondylia sp.
Diptera: Cecidomycudae
Asphondylia species are known for inducing gall in different plants (Zimowska et al., 2017)[15]. The maggot of this insect is very minute and white in colour. The fullfed maggot is 1.5mm in length. Its body is covered with sparsely distributed white hairs. The pupa is blackish in colour measuring 1.5 mm in length with distinct head and thorax. The adult is also black in colour. The antennae are long, the wings are hyaline and the halters are transparent white. Gall midges are tiny, delicate flies (0.238-0.317 cm). Larvae are legless (0.158-0.63 cm long), and white, yellow, or red in color. The larval stage may last from two weeks to more than two years. Feeding damage is only caused by the larvae, which suck plant juices inside galls. Some larvae pupate within their galls, while others exit the galls and pupate in the soil. Subsequent adult activity is timed to the hosts biology, often coinciding with budbreak in the spring. Female gall midges may be attracted to host chemicals and physical plant characteristics (i.e., leaf hairiness). Most gall midges are host-specific. The galls may be spherical or resemble thorns. Sometime gall infestation occurs in the tender leaves.
Nature of infestation
Formation of gall is induced by the toxic saliva secreted by the gall insect larva and is a malignant tumour like growth which is seen throughout the year in muga host plants (Thangavelu et al., 1988)[3]. The gall insect caused damaged to som plant by inducing gall formation on both the surfaces of the leaves. The cecidogenous toxic saliva injected by the maggot caused hypertrophy and hyperplasia of cells and the cells thus differentiated, forming nutritive cells contained in a pyriform specialized structure- the gall. The galls besides being a nutritive chamber also served as a means of maggot's protection from natural enemies and diverse climatic conditions. The galls are pyriform with tapering terminus and developed mostly on the upper leaf surface. In rare case the galls are also seen on lower leaf surface. The size of the galls varied from 0.5cm to 1.2cm in length and 0.2cm to 0.4cm in diameter. They gall looked like a sessile fruit adhering tightly to the lamina. The colour of gall was variable from light green to dark reddish brown. Within its outer covering was a mass of soft and fresh vegetative cells and the center had a tunnel in which the maggot lived after emergence of the adult a small hole was found at the tip of the gall. 
6.1.2. Soalu (Litsaea polyantha)
Family: Lauraceae
Gall insect (Pauropsylla beesoni. Laing)
Homoptera: Psyllidae
The gall forming insect on soalu leaves, was recorded as Pauropsylla beesoni. Laing, belonging to the order Homoptera and family Psyllidae. The insect is a minute one with transparent wings and translucent abdomen with transverse light black stripes. The average size of the adult is about 2mm in length and 2.5 mm in wing expanse.
Nature of damages
The insect caused damage to soalu leaves by forming galls on it. Gall formation is observed on both the side of the leaf, but most of the galls are formed on the upper side. The galls are round or orval in shape. The diameter of the mature galls varied form 0.5cm to 0.9 cm. The colour of the young gall is light green and at maturity they turned to bright green. The insect developed into the adult stage within the gall and after emergence of the adult, a small hole is found at the top of the gall. Thus, by forming galls, this species of insect caused damage to green leaves and made it unsuitable for feeding by muga silkworms. Gall insects occurred on soalu plants throughout the year. In the months of march, April and May highest infestation occurs while minimum is during November (Gogoi, 2013)[16] reported the peak period of infestation during February to may. 
6.1.3. Digloti (Litsaea salicifolia)
Family: Lauraceae
Gall insect has not been identified
It has been reported that there is a gall infestation in digloti leaves also and numerous warts are formed on both sides of the leaf by the wasps. The warts are due to the production of the toxic substance emitted by the wasp. The galls are globose in shape and greenish in color with whiteish translucent larva inside it (Gogoi, 2013)[16]. 
6.2. GALL INFESTATION ON TASAR HOST PLANT
6.2.1. Tropical tasar host plants:
Asan (Terminalia tomentosa)
Family: Combretaceae
Name of gall insect: Trioza hirsuta
Homoptera, psyllidae
Due to gall infestation, the Arjun leaves face different types of stress like reduction in photosynthesis rate, respiration rate and stomatal conductance (Karl et al., 2013)[17]. T. hirsuta forms large number of galls on the leaves of Terminalia tomentosa causing deformities and extensive damage to the foliage. The gall of T. hirsuta glabrous, pale green, sometimes also pinkish. Size of newly formed gall varies from 1 to 2 cm in length and 0.3 to 0.7 mm in width while size of mature gall varies from 2 to 6 cm in length and 1 to 2 cm in width. Minimum 6.67% infestation occurs in April and maximum 75-93.75% occurs during late August to October due to favourable conditions. Generally, galls occur on the entire foliage of young plant but on a mature tree, maximum galls are found in the middle area of the tree foliage while minimum on the bottom and canopy of tree foliage. As regard with direction, maximum galls have been found in east, west and south parts of the tree foliage. No galls have been observed in North direction because it gets minimum sun light (Gogoi, 2013)[16].
Arjun (Terminalia arjuna)
Family: Combretaceae
Name of gall insect: Tamarixia sheebae Narendran sp.
Hymenoptera, Chalcidoidea.
The average gall/leaf varies from 0.62cm to 5.8cm for Terminalia arjuna the rainy season (July-Aug) is the period for the peak infestation (Gogoi, 2013)[16]. 
6.2.2. Oak Tasar host plants
Cinnamon oak (Quercus incana)
Family: Fagaceae
Name of the gall insect: Zapatella pujade
Hymenoptera, cynipid
Galls on oaks are most often caused by small wasps or midges. Insects that cause galls to form are known as gallmakers. Galls grow to surround the tiny insects that form them and provide them with protection from weather, predators and parasites. The insect develops and grows inside the gall during the summer and emerges as an adult either in the summer or the following spring.
Commonly seen galls on oak include the following:
· Oak apple galls are attached to the oak leaf as round light-green balls up to 2 inches in diameter and house a single wasp larva. They often have a mottled maroon pattern on the surface.
· Oak bullet galls are common twig galls on our native bur oaks. Bullet galls are hard, round, and pea-to-knuckle-sized, and usually are most apparent by August.
· Jumping oak galls grow on leaves and look a bit like small, round seeds or BBs. The galls fall off the oak, carrying the larva with them. The larvae in the fallen galls are active, and as they jerk around, the small galls can seem to jump on the ground (similar to "Mexican jumping beans.)
· Oak pill galls are irregular, hardened swellings up to one-quarter inch in diameter on the upper surface of the leaf.
· Woolly oak leaf gall looks like a dense wad of wool attached to the leaf midvein. They may be as large as three-fourths of an inch and are often bright pink or yellow in color, fading to brown in the fall.
· Horned oak galls are a stem gall that can be numerous on trees. There is no effective treatment against this.
7. MANAGEMENT OF GALL INFESTATION
7.1. Cultural Control
Pruning and destroying infested plant parts is an effective, but labor-intensive, way to minimize gall problems. Without pruning, leaf galls will either drop off with the leaves or "jump" off by themselves. However, those on the branches, roots and stems of trees may persist for several years. Host plant selection is important, but more work is needed to identify resistant plant varieties and species to certain gall-makers. Gall susceptibility is likely linked to a plant's genetics and age. In general, galls are more likely to form on actively growing plant parts. Maintain normal fertilization, irrigation, and other approved practices to keep plants healthy.
7.2. Biological Control
Most gall-makers have a complex of natural enemies (parasitoids, predators, pathogens) that suppress their populations. However, natural enemies need some time to catch up with increasing gall-maker numbers. In addition to attacking gall-makers, some of the adult parasitoids and predators may also feed on pollen or nectar for extra energy. Galls are good nutrient sources, so other insects may feed on them or use the gall for shelter. Some of these insects can also kill some or all of the gall-makers. The gall invaders may include gall wasps that cannot form their own galls, gall midges, clearwing borers, longhorned beetles, metallic wood-boring beetles, weevils, ants, and others. Some of these opportunistic insects may also be pests on other plant species.
7.3. Chemical Control
Because most gall-makers don't physically damage plants, chemical control is not recommended. But, if populations are a problem, either target the adult gall-makers before they lay eggs (often at bud break) with a contact insecticide or target the immatures inside young galls with a systemic. Correct timing is important for either tactic. Monitor adult activity by placing sticky traps near the galls, and dissect several galls a week to track insect development. Watch the plant's development, too. Most galling insects are in tune with plant phenology. Contact insecticides such as carbaryl (Sevin), and any pyrethroid insecticide may be effective against adults. Systemic insecticides (e.g., Orthene, Avid, Merit) may kill developing insects in leaf galls, but likely won't affect insects in stem galls.
8. CONCLUSION
One of the important yield factors affecting the yield of silk is the attack of various insect pests on silkworm food plants which adversely affect their nutritive value for silkworm rearing. Among the various insect pest, the gall insects damage the leaves and tender parts of the stem of some silkworm host plants by forming Galls. Formation of gall is induced by the toxic saliva secreted by the gall insect larva and is a malignant tumour like growth which are seen throughout the year Thus it has been found that these insects which deteriorate the quality as well as nutritional value of the plants parts which ultimately affect the quality and quantity of the product better the quality of leaves greater the possibilities of obtaining good cocoon. Further studies in this field are needed for proper identification of the gall insects infesting different host plant of silkworm and to find out their appropriate control measure.
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