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INTRODUCTION 

e pomegranate (Punica granatum L.) is an ancient and favourite table fruit. It is 
commercially grown for its sweet 
acidic fruits which provides a cool refreshing juice and is valued for its medicinal 
properties. 

The fruit can successfully be grown even under conditions of severe draught and frost and as 
such, it is widely grown in the plains of Andhra Pradesh, Gujarat, Karnataka, Maharastra, Rajasthan, 
Tamil Nadu and Uttar Pradesh. Every year around 4000 tonnes of pomegranate valued between 7 - 8.5 
crores are exported from India (Sudhakar, 2000). In Rajasthan, area under pomegranate is 389 ha, with 
the production of 2800 M. T. in the year 1995-96 (Anonymous, 1996a). 

Pomegranate trees are attacked by about 45 species of insects in India (Butani, 1979). 
With the recent introduction of highyielding varieties and the subsequent improvement in agriculture 
practices, mites are also acquiring pest status,. Nevertheless, about one dozen mites have been reported 
in India damaging pomegranate (Appendix I). Among these, Eriophyid mites have been identified as 
potential pests of plants, which also act as vectors of plant pathogenic viruses (Ramani and Haq, 1989; 
Chakrabarti, 1999a). Association between eriophyids and injury to plants have received considerable 
attention (Keifer, 1952; Jeppson et al., 1975; Westphal, 1976; Ghos~et al., 1989). Eriophyids are 
exclusively phytophagous and highly host specific ve~Imiform mites inducing various types of 
malformations on their host plants (Das and Chakrabarti, 1988; Ramani and Haq, 1989). Majority of 
these eriophyids have been reported from a single host only except 



2 
rhyncaphytoptids which attu k more than one host plant (Chakrabarti, 1999 b). pomegranate leaf-curl 
mite, Aceria granati (Can. & Mass.) has got the status of important eriophid mite of pomegranate in 
India ( Sohi et al., 1997). The occurrence of A. granati has been observed in epidemic form in Rajasthan 
(Agrawal, 1990). As a result of colonization by mites, leaf edges roll, curl and shrink thus chlorophyll 
content is reduced, upsetting the photosynthetic process, resulting in reduction in plant growth and 
yield. A. granati has also been reported as a serious pest of pomegranate in the state of Uttar Pradesh ( 
Agrawal et al., 1990). Looking to the economic importance of the mite, the control package for A. 
granati has been incorporated in the "State package of practices of horticultural practices" (Anonymous, 
1996b). 

The introduction of the EIL concept for control of economic entomology in the early 1960s was 
an important step forward in the development of field crop and pest specific thresholds (Stern et al., 
1959). It was felt necessary to distinguish between different factors that affect the yield loss (Stem, 
1973). Though, crop production levels (Appendix- 2) can influence the damage effects, it is therefore, 
helpful to distinguish four production levels (de Wit, in Perming de Vries and Van Larr, 1982). Many 
horticultural crops and some of the cash crops fall into production level 1 and 2 (Rabbinge, 1985). At 
all production levels pests and diseases may play an important role as yield-reducing factors. Mites are 
only of importance in crops achieving production level 1 and 2. 

Many authors have correlated the increase in mite population with the apphcation pesticides. 
Some of them have stimulated the physiology of~directly and have effect on the natural enemies of 
mites indirectly (Huffaker and Spitzer, 1950, Van de Vrie et al., 1972). As a result in many cases it 
affects the host plant-mite relationship. 



Considering the nature of pest status of A.granati on pomegranate which is an important arid 
zone fruit crop (Mohan Kumar et al.,1991), and the lack of information, an attempt has been made to 
evolve and design pest management practices based on a sound economically feasible and ecological 
footing. 

The following objectives were set forth for the present studies: 

1. Intensity of infestation and seasonal incidence of A.granati on pomegranate. 

2. Influence of abiotic factors on the population build-up of the pest. 

3. Varietal susceptibility of different cultivars of pomegranate against A.granati. 

4. Effect of infestation of A.granati on morpho-physiological processes in pomegranate. 

5. Histopathology and biochemical characterization of damaged leaves by A.granati. 

6. Bio-efficacy of some pesticides against A.granati on 
pomegranate to develop chemical control schedule of the pest. 



I'laie 1 A pomegranate twig infested by leaf curling mite, A. 

^ranaii 



2. REVIEW OF LITERATURE 
The available literature on pomegranate leaf curl mite, Aceria granati (Can. and Mass,) 

indicates that some aspects of its nature of damage and studies on ecological parameters have been 
briefly touched upon. However, information on varietal susceptibility of host plant, morpho-physio-
histopathological constituents of host plant, and control is not available. An attempt has been made 
to review some of the 

available pertinent and related literature (Vide infra). 
2.1 SYSTEMIC POSITION AND NOMENCLATURE Phylum 

Arthropoda 

Subphylum Chelicerata 

Class Arachnida 

Sub class Acari 

Super order 

Order 

Sub order 

Super family 

Family 

Sub family 

Genus 

Species 

Actinotrichida 

Prostigmata 

Raphignathina 

Eriophyoidea 

Eriophyid ae 

Eriophyinae 

Aceria 

V ranati 



Siebold (1850) was the first to name the mite on hnden as Eriophyes. A year late, Dujardin ( 
1851) studied the same species on linden and described the species under the name Phytoptus. The 
proposed name of the type specimen of pomegranate leaf-curl mite, identified by Canestrini and 
Massalongo (1894) was Phytoptus granati Can. and Mass. Jeppson and Co-workers had recognised 
the pomegranate leaf-curl mite as Eriophyes granati (Can. and Mass.) 
(Jeppson et al., 1975). Keifer (1944), in dividing the genus Eriophyes (Phytoptus-old name) into 
three genera, proposed the generic name Aceria, to receive those species having dorsal setiferous 
tubercles 
located on the rear shield margin, directing the setae caudal. On the basis of these characters, Keifer 
(1944) proposed the name of pomegranate leaf-curl mite as Aceria granati (Carm. and Mass). 

2.2. DISTRIBUTION 

The occurrence of the mite A. granati as a pest was reported for the first time from Southern 
Europe and California infesting pomegranate (Keifer, 1938). The species was also reported infesting 
pomegranate in North America (Keife.r, 1946); Italy (Keifer, 1952); Pakistan (Kazimi and Ghani, 
1969) and Iran (Arababi et al., 1999). 

In lndia,damage due to A. granati was first reported in Mysore by Puttarudriah and 
CharmaBasavanna (1959). Subsequently it was reporteL from Kamataka and Delhi ( 
ChannaBasavarma, 1966); Varanasi (Mohansundram, 1985); Utter Pradesh (Agrawal et al., 1990), 
Rajasthan (Agrawal, 1990) and Tamil Nadu (Umapathy and Mohansundar~n, 1998). 



2.3. NATURE OF DAMAGE 

Eriophyoid mites feed only on the tissue of the plant hosts (Jeppson et al., 1975). Eriophyoid 
mites, on the whole, cause little no mechanical damage to plant tissue by their feeding. In fact, it is to 
their advantage to keep the host plant alive and so preserve the viability of the succulent tissue on 
which they feed. 

Leaf-curl mite, A. granati has been found to damage pomegranate leaves. The mite injury 
causes rolhng and stunting of the leaves (Keifer, 1946). Initially the leaves showed slender and 
thread-like processes and finally reduce the leaf lamina completely barren (Puttarudriah and 
CharmaBasavarma, 1959). Further, ChannaBasavarma (1966) reported that mite lived inside tight 
rolled edges of the leaves. The infested leaves became hnear and highly deformed. According to 
MohanaSundaram (1985), mites were found inside the rolled edges of tender leaves, resulting into 
various deformities. Agrawal (1990) reported that the pest feeds in congregation on leaves, resulting 
in their curling and shrinkage. Similar nature of damage of the pest has been reported by Agarwal et 
al., (1990). Verma and Kapur (1990) also reported that the mite rolls the 

leaves from the sides down on to under surface. 

Different types of plant injuries on host plants by different species of eriophyids have been 
detailed by GhosLet al., (1989) (Appendix-3). 

2.4. ROLE OF KEY ABIOTIC FACTORS ON MITE INCIDENCE 

Studies undertaken to see the influence of abiotic factors on the population built up of leaf curl 
mite, A. granati', on pomegranate showed significant correlation of different weather factors with the 
population. Two population peaks were observed, first in April-May and another in the month of 
December (Agrawal et al., 1990). 



Population studies carried out on false spider mite, Tenuipalpus granati Sayed, on 
pomegranate in Egypt, revealed that mite populations increased during the spring, reaching the peak 
in July, followed by gradual decrease until December (Zaher and Elbadry, 1964). 

b 
Al-Gboory and El-Haidari (1989) also carried out work on another 

false spider mite, Tenuipalpus punicae Pritchard and Baker infesting pomegranate in Iraq. They 
reported that the mite population touched a peak during summer (May to July) and caused economic 
damage to the plants, especially during July and August. 

2.5. VARIETAL SUSCEPTIBILITY 

The available literature revealed that no attempts have been made to study the relative 
susceptibility of host varieties to A. granati. Moreover, the damage due to A. granati was least in 
pomegranate cultivars Dhalka and GKVK-I and it was maximum in Ganesh (Anonymous, 1996c). 

Nevertheless, studies conducted on relative susceptibility of some field/fruit crops to the 
infestation of other species of genus Aceria indicated the variability in the level of mite injury in 
different cultivars. 

YQ 
Sundaraj et al. (1967) reported that medium-cum-pointed budded 

varieties of jasmine were highly resistant. While long-cum-pointed budded varieties were highly 
susceptible to Jasmin erineum mite, Aceria jasmini. Rajgopal et al. (1970) studied the physiological 
mechanism of resistance in Jasmine to Aceria jesmini and reported that there was a positive role of 
tissue moisture in favouring mite build-up. 

Sithanantham and Velayutham (1979) studied the incidence of Aceria sacchari in six 
sugarcane varieties and reported that susceptibility of different sugarcane varieties to the pest could 
be related 
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to characters, such as leaf carriage, sheath tightness and bloom, fresh weight and moisture content, 
leaf sheath thickness and clearance of irmer epidermis to vascular bundles in the leaf sheath. 

Naf'rajan and Beevi (1990) screened twenty two pigeon pea entries for resistance to eriophyid 
mite, Aceria cajani and found that most of the entries had succumbed to high disease pressure and 
only four entries viz., Prabhat, SAI 35 Kr-1, SAIEMSO and Entry-86163 showed varying degree of 
resistance. Reddy et al. (1995) also tried to find out the mechanism of resistance to Aceria cajani in 
pigeonpea and reported 

that the leaf cuticle and epidermal cell wall were 50-100 per cent ticker F 
in resistant hues as compared to susceptible hues. They further observed that in resistant hues, the 
cuticle thickness was more than the stylet length and the mite was unable to penetrate the living 
epidermal cells to complete the life cycle. 

Al-Gboory et al. (1991) studies the susceptibility of fig varieties Soltani and Adsi to Aceria 
flcus infestation and found that soltani variety was more susceptible to the mite infestation than fig 
variety Adsi. This difference may be attributed due to the fact that soltani leaves had many long and 
abundant hairs on the lower side. 

Suresh and Mohansundaram (1995) screened 59 mango varieties for resistance to Aceria 
mangiferae in April and May, 1992. In general, infestation was higher in May than in April, and 
there were interactions between varieties and samphng periods, possibly due to heavy latex 
production following previous mite injuries. 

Kumar (1999) screened some important commercial cultivars of litchi and reported that 
cultivars Shai, Mandrajee, Early Bedana and late Bedana harbour more mites resulting in higher 
fruit drop ranging from 20.26 to 25.0% during the early development stage. The cultivar Kasaba 



was rated as less susceptible as compared to other cultivars recording the least infestation and fruit 
drop (7.20%), whereas other commercial cultivar China recorded higher percentage of leaves 
affected and fruit drop. 

2.6. EFFECT OF MITE FEEDING ON MORPHO-PHYSIOLOGICAL PROCESSES 
From the review of literature, it is evident that Eriophid mite feeding can cause considerable 

damage to the crop. No information is available about A. granati affecting the morpho-
physiological process in pomegranate. Moreover, studies conducted on pertinent species have been 
reviewed here for the purpose. Characteristic deformation, to leaves, twigs, flowers and fruit caused 
by citrus bud mite, Aceria sheldoni (Ewing) were illustrated and described in detail by Boyce and 
Korsmeier (1941). Similarly, decrease in the number of leaves per plant due to mite attack was 
reported by Avery (1962). The total leaf area of damaged plants usually was strongly reduced 
because of a decreaselrate W t, growth in leaf area (Avery and Briggs, 1968 and; Summers and 
Stocking, 1972). A slower rate of increase in the diameter of the trunk 
followed by a delayed effect in the rate of growth of the stem was observed in the year following 
injury (Van de Vrie et al., 1972-and Barnes and Andrews, 1978). The influence on flowering of 
fruit trees was reported to be conspicuous in the year following the attack, resulting into a loss of 
yield by 75% (Golik, 1975). Tomczyk and Kropcz (1985) observed a retardation of the growth of 
all organs of damaged plants. Tomczyk et al. (1989) studied the feeding effects of spider mites on 
the host plants and observed that mite attack not only affected the tolerance but also changed plant 
physiological parameters. Moreover, some studies have 
been conducted on the feeding effects of Tenuplapus punicae infesting a pomegranate (Al Gbrooy 

and El-haidari, 1989). 



Walker et al. (1992) studied the effect of high population densities of Aceria sheldoni and 
fetched poor price as a result of loss in the fruit weight and fruit yield. Similarly, the bud mite A. 
sheldoni also caused distortion of lemon flowers and increased abscission rate in flowers and fruits 
(Phillips and Walker, 1997). 

Vaneckova-Skuhrava (1996) studied the harmfulness of eriophyid mites on trees and shrubs 
in the Czech Republic and reported that the eriophyid mites attack increase the leaf weight with 
increasing number of galls pro leaf but the surface of attacked leaves decrease with increasing 
attack. 

2.7. HISTOPATHOLOGY AND BIOCHEMICAL CHARACTE 

RIZATION OF MITE DAMAGED HOST LEAVES 
Information on Histopathology and biochemical characterization of damaged leaves of 

pomegranate due to A. granati is lacking. However, the literature relevant to present study is 
reviewed and presented below: 

2.7.1. Biochemical characterization 

Feeding by several species of eriophid mites caused severe leaf 

deformities (Prasad, 1974 -and Ananthakrishnan, 1984). The biochemical analysis of galls formed 
by eriophyid mites on Pongamia glabra (Balasubramanian and Purushothaman, 1972), Prosopis 
cinereria L. and Zyziphus mauritiana Lam. Purohit et al. (1979) showed that they had higher 
amount of phenols and proteins as compared to healthy ones. 

Manjunatha et al. (1989) also studied histochemical and biochemical aspects of galls of 
Pongamia glabra Vent caused by the mite, Aceria pongamia and reported that galled leaves were 
poor in starch, polysaccharides and RNA and richer in protein contents. Flechtmarm and Berti-Filho 
(1994) studied the effect of feeding by Acaria acnisti 



Keifer on Acnistus "aulifloras and reported that there was considerable increase in the content of 
the six macronutrients in the infested leaves. Micronutrient increase mainly in the iron and copper 
content was noted, zinc remained unchanged. 

Baghel et al. (1994) studied morphological and bio-chemical characteristics of healthy and 
malformed panicles of mango and found that total carbohydrate, nitrogen, crude protein, 
phosphorus, TSS content were significantly higher in healthy panicles as compared to malformed 
panicles. However, moisture percentage and potassium content were observed markedly higher in 
malformed than in healthy 

panicles. 

Chakrabarti et al. (1999) studied the effect of Acalitus hibisci infestation on photosynthetic 
pigments of Hibiscus vihfolicus and found that chlorophyll a and b content of the infested leaves 
decreased by 18.05% and 39.01%, respectively, while carotene content was increased by 59.8% 

2.7.2. Histopathological characterization: 
Agrawal and Kandawsami (1959) observed that epidermal cell of sugarcane in the outer 

layer were largely flattened and destroyed in mite infested leaves. Both the parenchymatous matrix 
and vascular bundles were more or less equally affected. 

Das et al. (1987) observed anatomical changes in jute stein as a result of feeding of yellow 
mite, Polyphagotarsonemus latus Banks and reported that the diameter of the infested stem was 
reduced. However, epidermal cells, collenchyma and metaxylem were reduced in volume in 
comparison to healthy stem. 



2.8. EFFICACY OF PESTICIDES AGAINST A. GRANATI 

No literature is available on chemical control of A. granatz' except a brief studies made by 
Agrawal (1990), where in he had evaluated the relative efficacy of six pesticides against A. granati 
infesting pomegranate through a field trial and found that monocrotophos (0.05%) was most effective, 
followed by ethion (0.05%). The overall performance of six pesticides in descending order of efficacy 
was : ronocrotophos, ethion, dicofol, di:methoate, malathion and phosphamidon. 

In order to elucidate the situation with clarity,pertinent work done so far, on the chemical 
control of other species of genus Aceria are being reviewed in the present chapter. 

Different workers have recommended different pesticides for the control of mango mite Aceria 
mangiferae, recommendation of spraying of pesticides before bursting of buds (Prasad et al., 1965), 
diazinon (0.03%) and phorate at 25 kg/acre (Rai et al., 1966); dimethoate, methyl demeton or 
phosphamidon as 0.01% EC (Yadav and Verma, 1969); aldicarb 0.05 kg/plant (Varma and Yadav, 
1970); diazinon, moncrotophos or phosphamidon as 0.1% EC (Srivastava, 1974) and diazinon 0.01% 
(Butani and Srivastava, 1979). Mishra and Das (1995) recommended the spray of sulfex or dicofol or 
dinocap with plant hormones (miraculan 200 ppm or planofix 200 ppm) against A. mangifera.e. 

Mathur (1972) recommended spraying of Akar 38, phosphamidon, thiometon, di"mefhoate or 
d icofol at 10 days intervals against the litchi mite, Aceria litchi. Mukherjee et al. (1990) evaluated 
relative efficacy of nine pesticides in three concentration viz., low (0.01/0.1% a. c) , medium 
(0.03/0.2% a. c.) and high (0.05/0.3% a. c.) against A. litchi in a field trial and found that all the nine 
pesticides proved significant reduction of the mite population over the control. The over all percent 
leaf infestation 
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was in the following descending order, Dimethoate (8.14), wettable sulfur (11.46), carbaryl (12.27), 
Endosulfan (12.41), Tetradijon (12.90), Ethion (13.28), Dicofol (13.67), Mancozeb (13.73) and 
Carbendazim (17.17). Kumar (1992) concluded through field trials that mite A. litchi could be 
managed by combing pruning of infested twig after harvest with spray of dicofol or monocrotophos at 
0.05 per cent twice with a seven days interval at the onset of flushing during September-October. 
However, pruning alone and application of 0.5 per cent di-methoate were 

ineffective. 

Letchoumanane and Subramaniam (1979) evaluated the relative efficacy of four soil applied 
insecticides at four doses against eriophyid mite Aceria jasmini on Jasmine and found that aldicarb at 
the highest dose (2 kg toxicant/ha) provided the effective control of the mite. It was followed b_y ' 
Carbofuran and phorate. However, disulfoton was proved to be least effective. Mallikarjunappa et al., ( 
1990) reported the effectivity of Ethion (0.05%), fenpropathrin (0.01%), Dicofol(0.02%) and 
combination of ethion + dimethoate (0.05 + 0.03%) against A. jasmini. Udayagiri and Jagan Mohan ( 
1993) also conducted a field trial for the control of A. jasmini on jasmine at IIHR, Bangalore to 
evaluate the efficacy of six pesticides (foliar sprays) in comparison to aldicarb (1.0 kg a. i./ kg) 
applied to the soil. The results indicated that the spray of monocrotophos (0.05%), phosalone (0.07%) 
and wettable sulpher (0.14%) were significantly effective in reducing the mite damage. 

Gupta et al. (1975) reported that carbophenothion, carbofuran, dicrotophos, fenitrothion, 
fenthion, monocrotophos, phosalone and vamidothion(all at 0.015%)could bring upto 90% mortality 
of Aceria lycoperici infesting brinjal. 

Gupta (1985) has reported the spraying of methyl demeton against Aceria ficus (cotte) as it 
control the mite effectively. 



d. V 

Naidu and ChannaBasavanna (1989) reported that systemic pesticides, except di~methoate 
brought about a reduction of mite, Eriophyes cumbopogonis on citrus grass (84.71 to 90.70% 
population in 120h). However, dimethoate was at par (70.99%) with the two conventional acaricides ( 
68.39% and 67.07% in diclfol and sulphur, respectively). 
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3. MATERIAL AND METHODS 
Investigations entitled "Management of eriophid mite, Aceria granati on pomegranate and 

morphophysio-histopathological effects of the pest on the host" were carried out during 1995-96 to 
1997-98. The details of experimental techniques, materials used and criteria adopted for evaluation of 
treatments during the course of investigations are described in this chapter under the following heads. 
3.1. GENERAL DETAILS OF THE EXPERIMENTS 3.1 .1 . Experimental 
site 

The present investigations were conducted in pomegranate orchards at Asalpur Farm, S K N 
College of Agriculture, Jobner (Rajasthan) during the year 1995-96 to 1997-98. Geographically, 
Asalpur farm is situated 37 km West of Jaipur at 75.28° East longitude and 26.05° North latitude at 
427 metre above mean sea level (MSL). The region falls under Agroclimatic Zone III a (Semi-Arid-
Eastem-Plain) of the state. In the experimental orchards, pomegranate -t'-e os were having row to row 
and plant to plant distance of 5 metre 

3.1.2. Climate and weather conditions 

The climate of the region is typically semi-arid characterised by the 

aridity of the atmosphere, scarcity of water, with extremity of temperatures, both during summer and 
winter. Maximum temperature in summer ranges between 30 to 46°C, whereas, in winter temperature 
falls below 2°C. The average rainfall varies between 400 to 500 mm, most 

of which is received in rainy season from July to September. Sporadic 



showers in winter are also not uncommon. Wells are the only source of irrigation and water table is 
quite deep (about 25-30 metres). 

The periodic data for temperature, relative humidity, rainfall, evaporation and sunshine hours 
for the period of experimentation were obtained from the Meteorological observatory, S. K. N. 
College of Agriculture, Jobner. 

3.1. 3. Soil of experimental field 

The soil of the experimental field was loamy sand in texture and low in organic carbon. The 
general physico-chemical characteristics of the experimental soil is given in Table 3.1. 

Table 3.1. Physical and chemical properties of the soil of experimental area 
S. No. Characteristics Value A Physical composition 

1 Soil type Loamy sand 

Particle density 2.50 mg m-3 

Bulk density 1.47 mg m-3 

Field capacity 10.4% 

5 Wilting point 2.6% 
6 Available water 7.8% B Chemical properties 

Available N 151.30 kg ha-' 
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Available P205 21.80 kg ha-1 

Available K20 305.60 kg ha-' 

Organic carbon 0.19% 

ECat25°C 0.75dSm-l 

pH 8.3 

3.1.4. Cultural management of the orchard 

Standard cultural practices as recommended in state package 

(Anonymous, 1996b) were adopted during the experimental period and ambey bahar season crop was 
taken for the studies. 
3.2. SPECIFIC DETAILS OF THE EXPERIMENTS 3. 2. 1. Seasonal 
incidence 

The seasonal incidence of A. granati was studied for two seasons on the plants of susceptible 
cultivar of pomegranate, Ganesh (Anonymous, 1992). Observations on mite population along with per 
cent damage intensity were made on three pomegranate trees of approximately of the same height, 
size and vigour during the year 199596 and 1996-97. 

3.2. 1. 1. Mite population 

Fortnightly observations were recorded on three randomly selected plants (each plant was 
treated as one replication). Thirty leaves were plucked randomly from terminal branches of each 
plant.,i. e. 10 leaves, each from top, middle and bottom region, from all directions. The leaves 



1J 

plucked from each plant were collected in separate properly labelled polythene bags and were taken to 
the laboratory for counting the mite, 

population. These leaves were placed individually, on the sticky side of a 
t 

strip of transparent tape (2 x 12 mm) and were allowed to dry at room 
temperature. As the leaf dried, the mites crawled from the leaf and stick to the tape (Harvay and 
Martin, 1988). Counting of the mites was done under stereoscopic binocular microscope and 
population per leaf was computed. The data on the population counts were analysed statistically using 
randomized block design after transformation. 

3.2.1.2. Per cent damage 
Ten shoots each from 3 trees of Ganesh variety were randomly selected and tagged. The 

fortnightly observations on intensity of leaf curl was recorded on the basis of visual grading as per 
method described by Riles (1980). 
Criteria for grading the severity of leaf curl complex 

k 

Damage symptoms of leaf curling in a ategory/grade 
twig/plant 

0 : No symptoms of leaf curhng in a plant/leaf (A= None) 
1 1 : 1 to 25 per cent leaves per twig showing curling 

symptoms (B = hght damage) 
2 : 26 to 50 per cent leaves per twig showing curhng symptoms (C = Medium 

damage) 
3 51 to 75 per cent leaves per twig showing symptoms (D = Heavy damage) 
4 > 75 per cent leaves per twig showing curling symptoms (severe malformation) (E = 

severe damage) 
The intensity of infestation (leaf curhng) was worked out as per the formula given by Townsend and 
Henberger (Wenzyl, 1948). 



i P_Sum(nxv)xlOO 

1- NxR 

Where 

P = Intensity of leaf curl (%) 
n = Number of twigs in each infested category ,.v = Numerical 
value of infested category 

N = Total number of observational unit (number of twigs/plant observed) 
'12 Total number of ratings 3.2.2. Effect of 
key abiotic factors 

The observations taken on the mite population as well as per cent umite incidence on 
pomegranate variety Ganesh were correlated with abiotic factors, such as minimum and maximum 
temperature, relative humidity and rainfall. Correlation coefficiento (r) were computed of both the 
years. With a view to study combined quantitative impact different 'abiotic, factors such as maximum 
temperature (Xi), minimum temperature (x2), relative humidity for morning (X3) and for evening (X4), 
and total rainfall (X5) on the mite population (Yl) as well as on leaf 
damage intensity (Y2), a multiple linear regression model was worked out W SNC, all abiotic factors as 
independent variables, whereas, the population of the mite and leaf damage intensity as dependent 
variables. 

3.2.3. Preference of face of tree to the mite 

Ten shoots each from three trees of Ganesh variety were randomly :.tagged from all directions 
of the tree,i.e. north, south, east and west and :'observations were made on leaf curl intensity on shoots 
taking into 
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Fthancteristic adeformities accompanying the mite infestation, during infestation of the mite, 

it 

3:24. Varietal screening 

3.2.4.1. Experimental details 

Commonly grown of pomegranate, viz., Dholka, Jodhpur red, Ganesh, GKVK-1, Bassein 
seedless, P-23, C-137, P-26 and Jalore seedless were screened for their relative susceptibility to leaf 
curl mite, A. granati. Observational trees were kept free from pesticidal application during the course 
of study. 

3.2.4.2. Method of observation 

The observations on mite incidence were recorded on different F cultivars during peak periods 
as per method described vide supra 3.2.1.2. 

The cultivars were also grouped into different categories: as less susceptible (< x - SD), 
moderately susceptible ( x - SD to x), highly susceptible (( x to x + SD)and extremely susceptible (> x 
+ SD) as per 

s the method described by Panda, C1979) Grouping was done on the basis 

G of range value calculated by considering the value of general mean (x) 
aQ 

and standard deviation (SD ±) of prevent damage intensity of leaf curl in different pomegranate 
cultivars. 

3.2.4.3. Mite incidence and morphological characters of leaves 

The morphological characters of healthy pomegranate leaves such as length and width were 
measured in the centimetre scale. To measure leaf area, thin sections of leaves were examined under a 
microscope with the help of a micrometer. Other morphological characters like density of 



s and hairs as well as intervenal distance, standard methods described by Arnott (1959) and 
Solbrig (1960) were followed. Ten fully matured leaves from one tree of each cultivar were selected 
randomly and the averages were computed. 
3.2.5. Effect of mite feeding on morpho-physiological process of pomegranate 

The observations were recorded from the initiation of injury symptoms and were continued 
systematically during the entire vegetative period. The 'effect of mite infestation on different 
parameters, such as plant growth, fruit development and crop yield in infested as well as healthy trees, 
was examined as per the method described by Tomezyk et al. (1989). 

3.2.5.1. Rate of growth 

The growth of mite infested plants in terms of plant height, stem girth, leaf size, leaf numbers, 
etc., was compared to the healthy plant of the same age, height and vigoumess. 10 plants, each from 
infested and healthy plants were taken for comparison. The statistical analysis was 
performed using pooled 't' test. Per cent increase (+) or decrease (-) in plant height, stem girth, leaf 
size and leaf number WZ& also calculated. 

3.2.5.2. Fruit development 

Observations on the rate of fruit formation, number of fruit formed and yield of the plants were 
recorded in healthy and lants. Observations were also taken on distortion/deformities of fruits as a 
result of mite damage. 



X2.5.3. Chlorophyll content 

Chlorophyll content of the infested and healthy leaves of pomegranate was estimated during 
peak infestation by the method described earlier by Hiscox and Israelston (1979). 

°3.2.5.4. Transpiration rate 

The rate of transpiration was measured at different intervals in infested and healthy plants 
using steady state porometer (Li-Cor 1600, USA) during the entire vegetative period. Observations on 
adaxial and 

tbaxial side of leaf were combined for finding out the total transpiration ,rate ., expressed in term of 
Hg/cm2/sec. 

3.2.5.5. Relative leaf water content (RLWC) 

The relative water content of the infested and healthy leaves was determined by Weatherley's ( 
1950) method as described by Slavik (1974) with slight modification. In this method, leaves were cut 
into pieces, .excluding petiole from healthy as well infested leaves, selected at random; The leaf pieces 
were taken from the middle portion around the mid rib of the leaf blade. The pieces were immediately 
weighed on ah electronic balance. After weighing, the pieces were allowed to float for saturation on the 
surface of water in glass Petridishes for 6 hours. Pieces were removed from water and placed on filter 
paper for removing excess water adhering to epidermal layer. The weight of saturated leaf pieces were 
taken and finally the pieces were oven dried at 80°C for 4-5 hours and reweighed. Relative water 
content was calculated using the following 

formula: 

Relative leaf water content - Origial fresh weight of the leaves - oven dry weight x 100 Turgid 
weight of the leaves - oven dry weight 



9.2.6 Histopathology and biochemical characterization of damaged leaves 

2.2.6.1 Histopathology: 

Histopathological changes of mite affected leaves were studied by 

preparing permanent slide by following the method described by Jenson (1962). For this purpose, 
healthy as well as infested leaves, plucked from 

~_ 4-5 year old pomegranate plant of Ganesh cultivar, were fixed in Camoy's A solution (absolute ethyl 
alcohol: glacial acetic acid in the ratio of 3:1) for one hour, then material was transferred into separate 
Petridishes by means of a fine brush. The fixed leaves were washed out in rurming tap water and 
dehydrated using 70% alcohol (12 hrs), 96% (30 minutes), absolute alcohol (30 minutes) and 
transferred to xylol for 5 
Minutes. The leaves were then infiltrated with molten paraffin (60°C) for 1 hour. 10-12 gm thick 
sections were cut with a standard microtome and 
Stained with safranin and fast green stain. The sections so obtained were u subjected to 

histopathological studies. 
3.2.2 Biochemical studies: 3.2.6.2.1 
Estimation of total phenol 

Total phenols were estimated by the method described earlier by Bray and Thorpe (1954). 500 
mg of fresh leaf material was taken and homogenised in 5-6 ml of hot 80% alcohol at 5000 rpm for 10 
minutes. Supernatant fraction thus separated was cooled and final volume was 
made to 10 ml with 80% alcohol. Out of this)0.5 ml was taken in a test tube and the volume was made 
up to 1 ml with distilled water. Folin's i agent (0.5 ml) was added and it was kept at room temperature 
for three minutes. One ml of 20% sodium carbonate solution, freshly prepared, was added and the 
volume of the mixture was made upto 10 ml with distilled water. The test tube was placed in boiling 
water bath for 1 minute. The mixture was cooled and absorbance was measured at 650 



tam with the help of SPECTRONIC-20. Standard curve was prepared by *king the known amounts of 
phenol:.:. 

3;2.6.2.2. Estimation of total soluble sugar 

To estimate the soluble sugars, 100 mg of leaf material was taken and homogenised in 80 per 
cent (v/v) ethanol. Homogenate was 
centrifuged thrice. Supernatant fraction thus separated was made to 25 ml with 80 per cent ethanol. 

Soluble sugar was estimated by anthrone reagent method (Dubois et al., 1951). After fraction 
of soluble sugar, 0.5 ml of supernatant was taken in separate test tube dried in oven at 60°C. One ml 
distilled water was added to the dried material followed by 5 ml of freshly prepared 
anthrone reagent. The tubes were kept in boiling water bath for 10 minutes cooled and absorbance was 
measured at 620 nm. Standard curve was prepared by taking the known amounts of glucose. 

3.2.6.2.3. Estimation of reducing sugars 

The reducing sugars were estimated by the method described by Nelson (1944). For this 0.2 ml 
supernatant was taken in a test tube and volume was made up to 1 ml with distilled water. Alkaline 
copper tartrate reagent (1 ml) was added and the mixture was heated in bong water bath for 10 minutes 
and then cooled under tap water. 1 ml of arsenicmolybdate colour reagent was added, kept for 10 
minutes and then volume was made upto 10 ml with distilled water. The O.D was taken at 500 rmi. The 
amount of reducing sugars was calculated using standard curves of glucose. 

3.2.6.2.4. Estimation of Free Amino Acids 



The amount of free amino acids was estimated by ninhydrin reagent method (Moorey and 
Stein, 1958). Amino acids were measured in ethanol soluble fraction which was obtained earlier for 
measurement of ethanol soluble sugars. Suitable aliquot (0.5 ml) was taken in test tube, dried in oven 
at 60°C and cooled. One ml distilled water was added 
followed by one ml ninhydrin reagent. Samples were kept in boiling water bath for 20 minutes. After 
cooling, 5 ml of toloune solution was added. The absorbance was measured with the help of 
SPECTRONIC -20 at 570 rmi. Standard curve was prepared by taking known amount of 

glycine. 

The solutions used in determining the free amino acids were prepared as follows 

Citrate buffer (0.2 m, PH S. 0) 

Citfate buffer was prepared by dissolving 21 mg of citric acid in 200 ml of 1 N NaOH and total 
volume was made up to 500 ml by adding distilled water. pH of buffer was adjusted by using either 
diluteHClorNaOH. . 

Mnhydrin reagent 

Ninhydrin reagent was prepared by dissolving 400 mg of ninhydrin and 16 mg starmous 
chloride in a mixture of 10 ml citrate buffer + 10 ml methyl cellusolve. 

3.2.6.2.5. Estimation of Protein 

For the estimation of protein, the method described by Lowry et al., (1951) was used. 

REAGENTS 



Solution A : 2% Na2C03 in 0.1 N NaOH 

Solution B : 1% Copper sulphate 

Solution C 2% Sodium potassium tartarate 

Solution D : 100 ml solution A + 1.0 ml solution B 1.0 ml solution C 

Solution E : Phenol reagent was diluted with glass distilled water in the ratio 
of 1:2. 

PREPARATION OF STANDARD CURVE 

Standard curve was prepared using Bovine Serum Albumin (BSA). 10 mg of BSA was 
dissolved in 100 ml of distilled water. In a series of test tubes 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 10.0 ml of protein solution was pipetted out in duplicates and a blank without protein was also 
prepared. The volume was made upto 1.0 ml in each test tube with distilled water. 5.0 ml of reagent D 
was added in each tube and mixed thoroughly. The mixture was allowed to stand at room temperature 
for 10 minutes followed by addition of 0.5 ml of reagent E and stirred immediately. The mixture was 
again allowed to stand at room temperature for 30 minutes. The absorbance was measured by 
SPECTRONIC-20 at 750 nm. 

PROCEDURE 

To estimate the protein content of leaves, 100 mg leaves were homoginised in 0.1 M NaCl to 
obtain supernatant containing all soluble proteins. A suitable volume of extract was taken and protein 
concentration was measured as described above. 



.7. Bio-efficacy of pesticides against A.granati on pomegranate: 

A preliminary field trial was conducted by taking two different doses of some pesticides viz., 
Monocrotophos (0.036 and 0.5%), Malathion (0.05 and 0.07°/a), Endosulfom (0.03 and 0.05%), 
Dicofol (0.04 and. 0.07%), Ethion (0.03 and 0.05%), Phoshamidon (0.03 and 0.05%), Acephate (0.03 
and 0.05%) and Wettable sulpher (0.1 and 0.25%). The foliar sprays of these pesticides were done at 
15 days interval. Observations on mite incidence was taken in the month of September 1996 as per the 
procedure detailed in item 3.2.1.2. 

On the basis of preliminary trial, the following pesticidal treatments were found most effective 
resulting more than 40% reduction in mite population. 

1. Monocrotophos 0.05% 4. Dicofol 0.07% 

2. Malathion 0.05% (higher dose 5. Ethion 0.05% was 
also effective) 

6. Phosphamidon 0.05% 

3. Di, methoate 0.05% 

7. Acephate 0.05% 
Based on these findings, bio-efficacy of these chemicals including checks was evaluated at II 

peak in 1996 and I peak in 1997. 
3.2.7.1 Experimental details 1) 
Design: R.B.D. 

4 Replications : 3 

3) Unit: 2 plants 

4) Variety: Ganesh 

5) Plant age: 4-5 years 



6) Treatments: 

a) Monocrotophos at 0.05% 

a 
b) Malhthion at 0.05% 
c) Di.;methoate at 0.05% 

d)Dicofolat0.07% 

e) Ehtion at 0.05% 

fl Phosphamidon at 0.05% 

g) AcephateatO.05% 

h) Untreated check 

8. Methodology: three fortnightly foliar pesticidal sprays, commencing from first week of October 1996 
and March 1997, respectively were done. 

9. Observations: observations on mite incidence were taken one day before and ten, thirty, sixty and 
ninety days after the spray-.. For this purpose ten shoots were randomly tagged/selected from each 
unit and data on leaf damage were recorded as per the methodology described under item 3.2.1.2. 

10. Statistical analysis: 
For finding out the efficacy of pesticides, the per cent reduction in mite incidence, based on leaf 

curhng, were subjected to analysis of variance after transforming them to angular values. 
The per cent reduction in different treatments was calculated as described by Henderson and 

Tilton(1955). 



vu 
Percent reduction= I - T' X C" XlOO 

TbXC, 

Where, Ta= mite damage intensity (%) observed after treatment 

P 

Tb = Mite damage intensity (%) observed before treatment 
Ca = Mite damage intensity (%) observed from the untreated check after treatment. 

Cb = mite damage intensity (%) observed from untreated check before treatment. 



4. EXPERIMENTAL RESULTS 

Result of the present investigation on "Management of criophid mite, Aceria granati, on 
pomegranate and morpho- physiohistopathological effects of the pest on the host" are presented in 
this chapter under the following heads 

4.1. Seasonal incidence of A. granati on pomegranate. 
4.2. Effect of key abiotic factors on the population build-up of the pest. 4.3. Preference of face of 
tree to the mite 
4.4. Varietal susceptibility of different cultivars of pomegranate against A. granati 

4.5. Effect of mite feeding on morpho-physiological processes of pomegranate. 

4.6. Histopathology and biochemical characterization of damaged leaves. 

4.7. Bioefficacy of pesticides against A. granati on pomegranate to develop chemical control schedule 
of the pest. 

4.1. SEASONAL INCIDENCE OF A. GRANATI ON POMEGRANATE 
The present investigations on seasonal incidence of A. granati, were carried out on the 

pomegranate plants of susceptible cultivar, Ganesh, for two seasons under field conditions during 
I995-I996 and I996-I997. 

During field observations, the mite has been found to damage pomegranate leaves. The 
infested leaves were deformed and became 



.Table 4.1 Mean fortnightly meterological data and incidence of 

leaf curl mite A.^anati 

MttHOlOBlMl 

week 

Temp. 

Max Î C) 

Temp. 

Min ( ^ ) 

RH 

Morning 

(%) 

RH 

Evening 

Rainfall 

(mm) 

Mite 

population 

% leaf 

damage 

14-15 

16-17 

18-19 

20-21 

22-23 

24-25 

26-27 

28-29 

30-31 

32-33 

34-35 

36-37 

38-3S 

40-41 

42-43 

44-45 

46-47 

48-49 

50-51 

52-1 

23 

45 

67 

89 

1011 

1213 

14-15 

30.9 

34.5 

40.7 

41.5 

42.95 

41.9 

39.95 

36.2 

30.5 

30.1 

30.1 

31.2 

31.55 

32.4 

31.5 

30.25 

29.75 

23.95 

22.7 

21.45 

21.5 

21.2 

22.05 

24.8 

31:9 

33.1 

32.8 

15.8 

19.7 

24.45 

25.15 

26,3 

25.25 

21.7 

22.6 

23,9 

23.95 

23.6 

20.7 

20.2 

17.85 

16.2 

14.1 

12.35 

4.95 

6-2 

4,15 

4.15 

3.75 

6.65 

10.35 

15.1 

13.95 

13.6 

1995-96 

62.5 

50.5 

50 

53.5 

42.6 

44.5 

54.5 

77 

96 

91 

85 

69 

75.5 

65.5 

65 

63 

59 

71.5 

68 

72.5 

67.5 

68.5 

64 

69.5 

56.5 

52.5 

1996-97 

52 

20.5 

20.5 

32,5 

36 

23,5 

34 

41 

65,5 

85.5 

76 

68.5 

66 

64 

61 

61 

50,5 

38,5 

47,5 

40 

39.5 

38,5 

43.5 

42 

39.5 

44.5 

30.5 

33,5 

2 

0 

0 

0 

0 

0 

11,6 

124,8 

158.6 

70,3 

169.8 

7,4 

12,3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

45,89 

40 

36 

34 

29.76 

24,56 

22,32 

18,69 

16,45 

19 

21,45 

22 

22 

44,55 

23 

23.67 

24,89 

27 

39.11 

40,89 

42,56 

43.44 

44,89 

50.33 

46,55 

43,56 

42 

87,33 

98,67 

74 

63,33 

58 

46.67 

39,33 

35,33 

28.67 

28.67 

46.67 

63.33 

76 

93-33 

100 

99.33 

80 

68.67 

69,33 

66.67 

66 

60 

65,33 

72 

79,33 

88,67 

90 
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MMfoloolcal 

WMk 

16-17 

18-19 

2(K21 

22-23 

24-25 

26-27 

28-29 

30-31 

32-33 

34-35 

36-37 

38-39 

40-41 

42-43 

44-45 

46-47 

48-49 

50-51 

52-1 

23 

45 

87 

89 

1011 

1213 

Temp. 

Max ft) 

34.05 

37.03 

38.4 

41.2 

35.2 

35 

36.25 

31.05 

29.95 

31.4 

29.8 

34.05 

32.5 

30.7 

31.15 

28.25 

25.25 

24.25 

23.95 

20.85 

19.25 

22.85 

24.95 

28.9 

28.95 

Temp. 

Min fc) 

15.4 

17.4 

20.5 

23.05 

23.65 

24.55 

26.4 

23.6 

23.6 

24 

23.2 

21.95 

17.5 

15.35 

8.6 

6.8 

5 

2.55 

2.6 

2.2 

3.4 

3.8 

6.95 

8.25 

11.65 

RH 

Morning 

(%) 

48 

44.5 

61.5 

48 

78 

69.5 

77 

91.5 

91.5 

84 

87.5 

75 

78 

79 

84 

75 

73 

78 

85 

82 

80 

77 

71.5 

69 

68 

RH 

Evening 

(%) 

29 

24 

35.5 

27 

50.5 

46 

54 

73.5 

75.5 

72 

77 

66.5 

52.5 

54.5 

28.5 

44.5 

21.5 

22.5 

25 

42 

35.5 

38 

29.5 

38 

38.5 

Rainfall 

(mm) 

0 

0 

10.4 

9.8 

136.3 

9.2 

52 

139.2 

136.6 

107.9 

67.9 

8.3 

22.5 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mite 

population 

39.89 

33.44 

29.22 

23.78 

22.11 

19.22 

17.78 

16.78 

18.78 

19.22 

21.11 

22.56 

25.56 

35.29 

30.33 

39.78 

43.67 

44.44 

41.44 

32.33 

39.22 

36.78 

35.55 

33.44 

32.55 

% leaf 

damage 

80 

80 

66 

61.33 

53.33 

44.67 

40.67 

34.67 

42 

52.67 

58 

65.33 

76.67 

86 

94 

99.33 

86.67 

78 

72 

68.67 

66 

73.33 

80 

88.67 

90 



Fig 4.1.a Meterological parameters and mite incidence (1995-96) 
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Fig 4.1.b. Meterological parameters and mite incidence (1996-97) 
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Plate 4.1 Healthy pomegranate leaf twig (one twig on left) and mite 

infested leaves (five iwigs on right side) 
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rolled at edges on to undersurface and finally caused curling and shrinkage (Plate 4.1). The infestation 
was more severe at the arial parts of the plants. 

The sampling for (i) mite damage intensity and (ii) Intensity of mite population on leaves was 
carried out regularly at fortnightly interval vide supra 3.2.1.1 and 3.2.1.2. 

The observations on leaf damage intensity (%) and average number of mites per 10 leaves were 
graphically represented in Figure 4. La and 4. Lb. 

The data thus obtained (Table 4.1.1 and 4.1.2) revealed that the pest incidence observed 
throughout the year. However, leaf damage intensity ranged from 28.67-100 per cent in 1995-96 and 
34.67-99.33 per cent in 1996-97. In both the years, the mite incidence was minimum in the July and it 
was maximum in October. 

Similarly, the range of mite population was 16.45-45.89 mites/ 10 leaves in the year 1995-96, 
whereas, in 1996-97, it was 16.78-44.44 mites/10 leaves. 

Correspondingly, the peak of mite population as well as leaf damage intensity built up was 
during April and October in 1995-96 whereas, in 1996-97, it was observed in April and November.. 

The optimum levels of temperature and relative humidity, as depicted by peak population were 
as follows 

41.5 

63.25 
42.75 
44.5 59.75 

[995-96 I 

[996-95 I 

I I 

-Year Peak 

Max. 

30.9 
.32.4 

32.8 
IT 

I Mia. 

TSdmBidits:d%€) Hu 

Av Morninp T Fveninp T Av 

15.8 23.35 62.5 
17.85 25.13 65.5 

13.6 23.20 52.0 
?.8 ?.5 6 8 

20.5 
61.0 ( 

33.50 
1 7 53 75 0 



The population after attaining peak in April and October-November gradually decreased during 
rainy and winter seasons, respectively. The same trend was noticed for leaf damage intensity. 
4.2. EFFECT OF KEY ABIOTIC FACTORS ON THE POPULATION BUILDUP OF THE PEST 

In order to study the effect of different abiotic factors such as temperature (maximum and 
minimum), relative humidity (morning and evening) and rainfall on the population build up of 
pomegranate mite during 1995-96 and 1996-97, a correlation matrix was worked out between different 
abiotic factors and mite population as well as mite incidence. 

Correlation matrix studies (Table 4.2.a) indicated significant relationship between mite 
population v/ s maximum temperature (r=0.4I73), minimum temperature (r = -0.6711), morning 
relative humidity (r=-0.3450), evening relative humidity (r = -0.6616) and rainfall (r = -0.6I8I). Like ' 
wise significant correlation was observed between leaf damage intensity v/s minimum temperature (r= 
-.4977), morning relative humidity (r = -0.3593), evening humidity (r = -0.5175), rainfall (r = - 0.6718) 
. But the maximum temperature did not play any significant role on the incidence of mite. 

Correlation studies further indicated a positive significant correlation between mite population 
and leaf damage intensity. 

Results on determination of coefficient (R2) and the multiple linear equation developed for A. 
granati population (Y I) as well as leaf damage intensity (Y2) (Table 4.2.b) indicated that the 
coefficient of determination (R2= 0.6726) for abiotic factors taken was able to explain the variation in 
the mite population to the extent of 67.26%. likewise, variation in leaf 



Table 4.2.a Correlation coefficients between mite incidence (mite population and leaf damage intensity) and weather parameters. 

Temperature (°Cj 
Relative humidity 

Rainfall 

(mm) 

Mazimuws Minimum Morning Evening 
X 1 1.0000 
X2 0.8351** 1.0000 
X3-0.5055**-0.1085 1.0000 
X4 -0.0132 0.4497** 0.6393** 
X5 0.1182 0.5105** 0.5859** 0.6998** 
Yl -0.4173** -0.6711** -0.3450* 
S:i -0.1824 0.4977** -0.3593** -0.5175 

xa (Ylj 

1.0000 
1.0000 

** 
-0.6616** -0.6181** 

-0.6718** 

(Y2) X 1 x2 x3 

1.0000 
0.6019^ 

Significant at p=0.05 and **Significant at p=0.01 

Average mite 

population 

X} 

Leaf damage 

intensity 

1.0000* 

w 



Table 4.2.b Predictidn equations and R2 for predicting mite of A. granati infesting pomegranate. 

Dependent Multiple Regression Equation 
variability 
(A) For mite Y, = 89.04 - 0.931*X1 - 0.036X2 - 0.258*X3 - 0.226*X4 - 0.011X5 0.6726 67.26 

population (0.448) (0.382) (0.120) (0.099) 
YO 
(B)Forpery2= 53.65 + 1.460X1 - 1.785X2 -0.088X3 + 0.176X4 - 0.166*X5 
cent leaf (1.068) (0.911) (0.287) (0.236) 
damage 
intensity 

R2 
value 

Variation (%) 

(0.031) ( 

(0.073) 
0.8097 80.97 

_(Y2) 
*significant at p = 0.05 ~* significantl= 0.01 
(i) 
Here 

Values given in parentheses are standard errors of partial regression coefficient (ii) No. of observations= 52 

X, = Maximum temperature (°C) 

X2 = Minimum temperature (°C) 
X3 = Relative humidity (%) (Morning) X4 = 
Relative humidity (%) (Evening) X5 = Total rain 
fall (mm) Yl = Mite population/ 10 leaves Y2 = % 
leaf damage intensity 

to 
m 
0 



damage intensity due to abiotic factors was recorded at 80.97% (R2 = 0.8097). 

4.3. PREFERENCE OF FACE OF TREE TO THE MITE 

Observations taken on preference of tree face (direction) to the mite (Table 4.3) showed that A. 
granati preferred the western side of the tree as compared to other sides. The incidence was 
significantly higher on the western face (95.00%) followed by northern face (94.67%). It was 85.67% 
on southern face. A significant difference in mite infestation on different faces at both peaks 1 i.e. 
April peak and November peak was also observed. Data on mite incidence depicted in Table 4.3 also 
revealed variation in the tree face irrespective of mite infestation peaks as interaction between tree face 
and infestation peak was found nonsignificant. 

4.4. VARIETAL SUSCEPTIBILITY 

The relative mite incidence of A. granati on the nine popular 

cultivars of pomegranate viz., Dholka, Jodhpur red, Ganesh, GKVK-1, Bassein seedless, P-23, G-137, 
P-26 and Jalore seedless was studied during 1995-96 and 1996-97 under field conditions. 

The samphng for leaf damage was carried out at both the peaks infestation in both the years ( 
vide supra 3.2.1.2). 

Pooled data presented in Table 4.4.1 indicated that the per cent mite infestation intensity was 
significantly higher in cultivar Bassein seedless (80.17%) followed by Ganesh (75.33%). The lowest 
damage was noticed in Dholka (12.70%) followed by GKVK-I (7.59%). The order of susceptibility in 
descending order was- Bassein seedless (80.17%) > Ganesh (75.33%) > G-137 (55.83%) > Jalore 
seedless (53.84%) > P-23 



x4 

Table 4.3. Preference of A. granatt to different faces of pomegranate tree, cv. Ganesh, at different 
peaks of mite infestation 

Peak of Mean leaf damage (%) on different faces infestation 

North West East South Mean 

90.00 90.00 76.67 77.33 83.50 

II 

Mean 

Peak (P) 

Face (F) 

P x F 

(71.57) 

99.33 

(87.25) 

94.67 

(79.43) 

SEm± 

(1.32) 

(1.87) 

(2.65) 

(71.62) 

100.00 

(90.00) 

95.00 

(80.81) 

(58.49) 

96.67 

(83.86) 

86.67 

(71.17) 

C. D. at 5% 

(4.01) 

(5.77) 

(NS) 

(63.58) 

94.00 

(76.42) 

85.67 

(69.99) 

(66.32) 

97.50 

(84.38) 

FYgures in parenthesis are angular transformed values. 
( 



Table 4.4.1. Incidence of Acerta granati on different cultivar4 of 
pomegranate. 

43 

Mean mite Infestation intensity (%) 

CuUivars 

Dholka 

Jodhpur red 

Ganesh 

GKVK-1 

93.33 

seedess 

P.23 

G.137 

P-26 

1995-96 

I peak II 

3.33 

(8.57) 

29.33 

(32.79) 

64.67 

(49.66) 

peak Mean I peak II 

8.67 

(17.01) 

40.00 

(39.23) 

96.67 

(83.86) 

6.00 

(12.79) 

34.67 

(36.01) 

80.67 

(66.76) 

3.33 10.67 7.00 
(8.57) (18.94) (13.75) (15.) 

80.00 63.33 97.33 

(54.75) 

40.00 

(39.16) 

18.00 

(25.04) 

35.33 

(36.46) 

Jalore seedless 35.33 

Mean 

(36.47) 

32.89 

(32.39) 

(77.71) 

63.33 

(52.77) 

86.67 

(73.29) 

50.00 

(45.00) 

66.67 

(54.99) 

57.33 

(51.42) 

(66.23) 

51.67 

(45.97) 

52.33 

(49.17) 

42.67 

(40.73) 

51.00 

(45.73) 

] [996-97 

peak Mean I peak II 

4.67 

(12.42) 

23.33 

(28.78) 

46.67 

(43.08) 

6.00 

(12.78) 

32.67 

(34.74) 

93.33 

(81.14) 

Pooled mean 

peak Average 

5.33 

(12.60) 

28.00 

(31.76) 

70.00 

(62.11) 

4.00 

(10.50) 

26.33 

(39.79) 

55.67 

(46.37) 

7.34 

(14.70) 

36.33 

(36.99) 

95.00 

(82.50) 

7.67 8.67 8.17 5.50 9.67 
^1) (17.01) (16.41) (12.19) (17.98) (15.08) Bassein 

80.33 65.00 95.33 80.17 

(52.78) 

38.00 

(37.96) 

18.67 

(25.57) 

27.33 

(31.32) 

36.67 

(37.22) 

29.59 

(31.66) 

(84.52) 

63.33 

(52.78) 

100.00 

(90.00) 

43.33 

(41.16) 

76.67 

(61.92) 

57.93 

(52.90) 

(68.65) 

50.67 

(45.37) 

59.33 

(57.79) 

35.33 

(36.24) 

56.67 

(49.57) 

SEm t CD at SEm t CD at 
5% 5% 5% Cultivar (C) (2.74) 

((53.77) 

39.00 

(38.56) 

18.33 

(25.30) 

31.33 

(33.89) 

36.00 

(36.85) 

31.24 

(32.03) 

(81.11) 

63.33 

(52.77) 

93.33 

(81.65) 

46.67 

(43.18) 

71.67 

(58.46) 

57.63 

(52.16) 

5.67 

(12.70) 

31.33 

(33.89) 

75.33 

(64.44) 

7.59 
66.67 

(67.44) 

51.17 

(45.67) 

55.83 

(53.48) 

39.00 

(38.49) 

53.84 

(47.65) 

SEm t CD at 
(7.89) (2. 

55) (7.37) (1.80) (5.09) Peak (P) (1.29) (3.72) (1.20) (3.47) (0. 
85) (2.40) CxP (3.87) (11.16) (3.61) (10.42) (2.54) (7.10) 

YXCXP (3.60) (10.17) 

Figures in parentheses are angular transformed values. 



-xz 
(51.17%) >P-26(39.00%) > Jodhpurred (31.33%) > GKVK-1(7.59%) >Dholka(5.67%). 

None of the cultivars was found to be completely immune to leaf cull mite attack. 

The categorization of nine pomegranate cultivars into different groups (less susceptible, 
moderately susceptible, highly susceptible and extremely susceptible) (Panda, 1979) were made 
considering pooled average of mite incidence taken for each cultivar. Grouping of the cultivars was 
done on the basis of range value considering the general mean ( x) and standard deviation (S. D. ±) ( 
Table 4.4.2). 

Table 4.4.2. Categorization of pomegranate cultivars on the basis of leaf damage infestation (%). 

S.No Group Range value Cultivars 
calculated as 

1 Less susceptible 

2 Moderately 
susceptible 

x - S . D . 

X - S. D to X 

Dholka and GKVK- 1 

Jodhpur red and P-26 

3 Highly 

susceptible 

X to X + S. D. P-2,Jalore seedless and G 

137 

Extremely > x + S. D. Ganesh and Bassein 

susceptible seedless 
Results of the analysis based on mite incidence taken at both the peaks in different cultivars 

were also found significant (Table 4.4.1). The 



Table 4 .4 .3 Mite Incidence and Morplialogical variations in l eaves of different cnltivars of 

pomegranate. 

6 

en 
cultivar 

Mean mite 
infestation 
intensity 

(%) 

Leaf 
length 
(cm) 

Leaf width 
(cm) 

Leaf size 
(cm2) 

Leaf 
thickness 

(^im) 

No. of 
veins/sq 

cm 

No. of 
hairs/ sq 

cm 

Intervenal 
distance 

(mm) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Dholka 

Jodhpur red 

Ganesh 

GKVK-1 

Bassein seedless 

P-23 

G-137 

P-26 

Jalore seedless 

5.67 

31.33 

75.33 

7.59 

80.17 

51.17 

55.83 

39.00 

53.84 

5.64 

4.83 

4.83 

4.52 

4.47 

5.09 

4.91 

5.13 

5.10 

1.28 

1.08 

1.45 

1.30 

1.39 

1.28 

1.41 

1.21 

1.39 

8.30 

7.40 

8.10 

6.90 

7.33 

7.60 

8.02 

7.30 

8.10 

0.50 

0.60 

0.70 

0.50 

0.75 

0.65 

0.70 

0.50 

0.65 

48 

42 

42 

48 

43 

53 

48 

50 

49 

9 

20 

26 

27 

29 

23 

21 

18 

26 

1.2 

1.5 

1.1 

1.3 

1.4 

1.3 

1.1 

1.4 

1.4 

Correlation 
coefficient (r) value 

-0.39 0.58 0.18 0 . 9 r -0.31 

Significant at p=0.05 and **Signiricant at p=0.01 

0.75" -0.11 

en 
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pooled average data revealed that mite incidence was significantly higher at II peak as compare to I 
peak. 

Table 4.4.1 also indicated different incidence patterns on nine cultivars at both peaks. The 
results further showed that cultivars which were least susceptible to the mite at I peak became highly 
susceptible at second peak. During critical analysis it was found that cultivars Dholka and GKVK- I 
were having environmental effects as mite incidence was at par at both the peaks of mite infestation. 
Whereas, cultivar G- 137 was 

found to having maximum envirormiental effect on mite incidence as mite incidence 93.33% at II peak 
in comparison to 18.33% at I peak. Same trend was noticed in cultivar Ganesh, Bassein seedless, P-23 
and Jalore seedless. 

Observations were also recorded to correlate the mite incidence with morphological characters 
of leaves. It was observed that all the leaf characters examined varied among nine cultivars of 
pomegranate (Table 4.4.3). The values of r (O.I 1-0.58) were non-significant except in the case of leaf 
thickness (0.91) and hair density (0.75). However, it indicated a positive significant correlation 
between mite incidence and leaf thickness and hair density. The maximum leaf thickness and hair 
density was recorded on Bassein seedless (0.75^ m and 29/sq cm,respectively), while the 
corresponding minimum value was recorded on Dholka (0.50 n m and 9/sq cm). 

4.5. EFFECT OF MITE FEEDING ON MORPHO-PHYSIOLOGICAL 

PROCESSES OF POMEGRANATE 
Studies were conducted for observing the interaction between host plant and mite species with 

particular reference to morpho-physiological variations in infested and healthy plants of Ganesh for 
two successive years~i.e., 1995-96 and I996-I997. To keep the plants free of mite attack 



F foliar sprays of monocrotophos at 1 ml/liter water were given at. 
. fortnightly intervals during infestation peaks. 

4.5,1. Rate of growth 

The observations were made for different parameters of plant growth; Liz., plant height, stem 
girth, plant spread, leaf size and number of leaves/twig on mite infested as well as healthy plants. The 
data depicted (Table 4.5. La & b) revealed that A. granati affected the plant growth, significant 
reduction in plant spread (3.40%) and leaf size (35.80%) was observed in mite infested plants during 
1995-96. The trend was similar during 1996-96 depicting values as 5.39% and 37.04%, respectively, 
with addition to significant reduction in number of leaves per twig (8.69%). Moreover, plant height and 
stem girth were also decreased in both the years but the difference was found to be non 

significant. 

4.5.2. Fruit development 
Observations were also made on different reproductive parameters like, number of flowers/ 

plant, number of fruits/plant, fruit weight, economic fruit yield and TSS content of the fruits in healthy 
as well as in mite infested pomegranate plants. The results presented in Table 4.5.2.a & b revealed that 
the mite significantly affected the fruit development characters. It also affected flowering, fruiting rate, 
fruit weight, economic fruit yield and TSS content of the fruits. The reduction was found significant in 
both the years. The data revealed a reduction of 26.79 per 
cent in number of fruits, 32.00 per cent in fruit weight, 64.86 per cent in economic fruit yield and 8.82 
per cent in fruit TSS during 1995-96. Whereas, the values for these parameters for 1996-97 were 41. 
27, 46.30, 33.59, 75.32 and 11.76 percent, respectively. 



4.5. la Effect of mite feeding on growth of pomegranate plants, cv. Ganesh during 1995-96. 

Types of plant 

Vegative variations in healthy and infested plants 

Av. Height of Av. Stem girth Av. Plant Av. Leaf size Av. Number of 

plant (m) (cm) spread (in2) (cm) leaves/twig 

Healthy plants 1.93 13.56 2.67 8.10 22.00 Mite infested plant 1. 
21.50 

13.39 2.58 
(terminal) 

5.20 

T value 

increase (+) 
decrease (-) in infested 

over healthy plants 

or 

1.705 

(-) 2.59 

1.567 

(-) 1.25 

3.098** 

(-) 3.40 

10.928*=* 

(-) 35.80 

0.681 

(-) 2.27 

* Significant at p=0.05 and **Significant at p=0.01 

00 



Table 4 .5 . l b BfTebt of xutite feeding o n growth of pomegranate plants, cv. Granesli during 1996-97 . 

Types of plant 

Vegetative variations in healthy and infested plants 

Av. Height of 
plant (m) 

Av. Stem girth 
(cm) 

Av. Plant 
spread (m )̂ 

Av. Leaf size 
(cm) 

Av. Number of 
leaves/twig 
(terminal) 

Healthy plants 2.10 14.30 2.93 8.10 23.00 

Mite infested plant 2.00 14.00 2.78 5.10 21.00 

T value 1.664 1.5390 4.2618* 12.158* 2.928 

% increase (+) or 

decrease (-) in infested 

over healthy plants 

(-) 4.76 (-) 2.09 (-) 5.39 (-) 37.04 (-) 8.69 

Significant at p=0.05 and **Significant at p=0.01 



Table 4.5.2a Effect of mite feeding on fruit formation in pomegranate plants, cv. Ganesh during 

1995-96 

Types of plant 

Reproduction variations in healthy and infested plants 

Av. Number of 
flowers/plant 

Av. Number of 
fruits/plant 

•^ 
Av. Weight of 
fruits (g) 

^ v . Ek:onomic 
fruit yield 
(kg/plant) 

TSS (%) 

Healthy plants 56.00 50.00 125.00 18.500 17.00 

Mite infested plant 40.00 32.00 85.000 6.500 15.50 

T value 11.044** 11.840^ 6.558* 9.762** 4.399* 

% increase (+) or 

decrease (-) in infested 

over healthy plants 

(-) 26.79 (-) 36.00 (-) 32.00 (-) 64.86 (-) 8.82 

Significant at p=0.05 and **Significant at p=0.01 

Average of 10 

en 



Table 4 .5 .2b Bffect ^f m i t e feeding on fruit fom&ation in pomegranate plants , cv. Qanesli dnxing 1996-
9 7 . 

Types of plant 

Reproduction variations in healthy and infested plants 

Av. Number of 
flowers/plant 

Av. Number of 
fruits/plant 

Av. Weight of 
fruits (g) 

Av. Economic 
fruit yield 
(kg/plant) 

TSS (%) 

Healthy plants 63.00 54.00 128.q0 23.500 17.00 

Mite infested plant 37.00 29.00 85.00 5.800 15.00 

T value 17.750* . 17.390* 9.459** 17.545* 6.708 

% increase (+) or 

decrease (-) in infested 

over healthy plants 

(-) 41.27 {-) 46.30 (-) 33.59 {-) 75.32 (-) 11.76 

*significant at p = 0.05 ** significant at p = 0.01 

Average of 10. 



52 
To estimate the severity of distortion in flowers as well as in fruits, pomegranate flowers and 

fruits were rated by scoring on a scale of 0 to 3 and the observations for flowers and fruit distortion 
have been depicted in plate 4.5.2a and 4.5.2.b, respectively. 

Observations taken on distortion of flowers (Plate 4.5.2a) based on different rating (0-3) 
revealed that flowers, which gave a distortion rating 0, were elongated and produced symmetrical and 
cylindrical flowers of 2.8 to 3.4 cm in length. Distortion rating 1 was assigned to flowers which were 
shghtly truncated (2.5-2.9 cm. long), and exhibited slight puckering of the petals at the styler end. 
Flowers scored as distortion rating 2 were truncated more severely (2.3-2.7 cm) and generally, 
although hot always, showed some asymmetry. Flowers with distortion rating 3 were completely 
distorted (< 2.3 cm in length), with completely distorted style, dwarfed and often exposed. With 
regards to distortion of fruits by rating the scale illustrated in plate (Plate 4.5.2b), distortion rating '0' 
was a 

I normally shaped pomegranate. Distortion rating 1 was assigned to a pomegranate having slight 
pukering or squatness at the styler end of the fruit and with a less developed nipple (apical end), or was 
more asymmetrical than a normal pomegranate. Distortion rating 2 fruit were similar to those rated 1, 
except the asymmetry was more severe and comparatively small in size. Distortion rating 3 fruit 
exhibited severe distortion with compact growth. 

4.5.3. Chlorophyll content 

Chlorophyll content of the leaves of mite infested and healthy plants of pomegranate was estimated at both the 
peaks of mite infestation '"during 1995-96 and 1996-97. The observations (Table 4.6.3) showed that 

chlorophyll content was reduced in pomegranate leaves due to mite feeding. It was observed that 
reduction in chlorophyll content at 11 peak was higher as 
compare to 1 peak. The per cent reduction at 11 peak was 15.34% as 



•Wate4.5.2.a Hxanipics of distortion rating used to score flowers for 

distortion caused by A. gninad. Top row, normal Mowers 

(distortion rating 0); second row. distortion rating 1; lliird 

low, distortion ruling 2; tburlh row, distortion rating 3 
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Pliilc 4,5.2b Rxiimplcs of distortion niliiig used to score fruits for 

dislortion caused by A. granali. Top row, normal fruits 

(dislorlion rating 0); second row, distortion rating I; third 

row, distortion rating 2; fourtli row, distortion rating 3 



compared to 6.98% at I peak in 1995-96. Whereas, in 1996-97, it was 29.71 and 19.10 per cent, 
respectively. 

Table 4.5.3 Effect of mite feedingonchlorophyllcontent of pomegranate leaves (Mg/g fresh leaf weight). 

Mean chlorophyll content at different 

Type of Chlorophyll intervals 

plant type 1995-96 1996-97 

1 peak 11 peak 1 peak 11 peak 
'a' 0.92 0.98 0.98 0.98 Healthy 'b' 0.80 0.78 0.80 0.80 plants Total 

1.72 1.76 1.78 1.78 Mite'a'0.89 0.79 0.75 0.66 infested' 
b' 0.71 0.70 0.69 0.66 
plants Total 1.60 1.49 1.44 1.25 

increase (+) or (-) 6.98 (-) 15.34 (-) 19.10 (-) 29.77 

decrease (-) in infested 

over healthy plants 

4.5.4. Transpiration rate 

It was observed that mite feeding stimulated transpiration rate 
in infested plants. The rate of transpiration was 19.42 to 22.37% higher in infested plant during 

1995-96, whereas, it was 15.91 to 19.58% higher in the 1996-97 (Table 4.5.4). It was also noticed that 
the rate was higher at 11 peak of infestation as compared to 1 peak. 

"GUltu- ,S 
PLLBRAR" 0-.' 



Table 4.5.4 Effect of mite feeding on transpiration rate of pomegranate plants (ug cm-2 Sec-'). 

Mean transpiration rate at different intervals 

Type of plant 1995-96 1996-97 

I peak II peak I peak II peak 

Healthy plants 

Mite infested 
plants 

increase (+) or 

infested over 

healthy plants 

9.41 

8.09 

9.89 

7.98 

9.25 

8.12 

9.71 

(+) 19.42% (+) 22.37% (+) 15.91% (+) 19.58% decrease (-) in 

4.5.5 Relative leaf water content (RLWC): 

The effect of mite feeding on relative leaf water content (RLWC) of pomegranate leaves was 
studied under field conditions and it was observed that mite feeding caused dechne in RLWC at both 
the peaks of mites infestation. However, reduction in RLWC was higher at II peak as compared to I 
peak in both the years (Table 4.5.5). The per cent 

E reduction in RLWC was 11.36-14.48 at I peak, whereas, it was 22.1623.36 per cent at II peak of mite 
infestation. 



Table 4.5.5 Effect of mite feeding on relative leaf water content (RLWC) of pomegranate leaves. 

Mean transpiration rate at different intervals 

Type of plant 1995-96 1996-97 

I peak II peak I peak II peak 

Healthy plants 

Mite infested 
plants 

%increase (+) or 
decrease (-) in 

infested over 

healthy plants 

67.05 

59.43 

(+) 11.6 

73.73 

57.39 

(+) 22.16 

67.81 73.68 

57.99 56.47 

(+) 14.48 _(+) 23.36 _' 

4.6 EFFECT OF MITE INFESTATION ON HISTOPATHOLOGY 
AND BIOCHEMICAL CHARACTERIZATION OF POMEGRANATE LEAVES 
Studies were also conducted to understand the mechanism of alternation in histopathology and 

biochemical characterization of mite damaged leaves of pomegranate. 

.4.6.1 Histopathology 

The damage caused by A. granati was of pecuhar characteristic and could be identified readily 
by the deformed leaves which rolled at edges on to under-surface and finally caused curling and 
shrinking. The 



Table 4.6.2 Biochemical constituents of healthy and mite infested 

leaves of pomegranate, cv. Ganesh. 

Mean value on fresh leaf weight basis 

Type of plant Total 

phenols 

(mg/gm) 

Total 

soluble 

(sugar 

mg/g) 

Reducing 

sugar 

(mg/g) 

Free 

amino acid 

(mg/g) 

Proteins 

(mg/g) 

Healthy leaves 15.442 

.Mite infested 19.256 

leaves 

increase (+) (+) 24.698 

or decrease (-) 

infested 

over healthy 

leaves 

39.14 

44.19 

(+) 12.90 

21.30 

25.68 

(+) 20.56 

32.16 

21.82 

(+) 32.15 

24.32 

19.95 

(+) 17.97 



size of the affected leaves became smaller and discoloration of the leaves also took place. 

During the course of histopathological investigations of damaged leaves, it was observed that 
epidermal cells in the outer layer were flattened and destroyed. A very important change which occured 
in the epidermal cell layer was the disturbing effect on the function of the stomatal aperture. The 
vascular bundles in the damaged leaf, very distinct in comparison to healthy leaf. 

4.6.2 Biochemical characterization 
The investigations were also taken up to study the bio-chemical variation of healthy and mite 

damaged leaves and it was evident from the data presented in Table 4.6.2 that total phenols, total 
soluble sugar and reducing sugar content were relatively higher in mite infested leaves as compared to 
healthy ones. However, free aminoacids and protein content were observed markedly higher in healthy 
leaves. 
4.7 810-EFFICACY OF SOME PESTICIDES AGAINST A. GRANATI ON POMEGRANA TE. 

The efficacy of seven selected pesticides, (found most effective in prehminary chemical control 
trial) was evaluated in field against A. granati on pomegranate cv Ganesh. The trend of effectiveness of 
different treatments have been presented in the following text. 

4.7.1 One day before spray: 

Observations taken on mite incidence, in term of per cent leaf infestation due to the mite, 
revealed that mean mite incidence was nonsignificant in all the plants in both the year i.e. 1996-97 and 
1997-98 (Table 4.7 and Appendix 9). 



V.2 Ten days after first spray 
Among different pesticidal treatments foliar spray of monocrotophos at 0.05 per cent was found 

significantly superior over all the tested pesticides in the both the years (Table 4.7), giving 61.48 and 
64.72 per cent reduction in mite incidence in 1996-97 and 1997-98, respectively. However, foliar 
sprays of ethion at 0.05 per, cent and dicofol at 0.07 per cent were found statistically at par with the 
treatment of monocrotophos in 1997-98. Pooled data also showed the same trend. The spray of 
malathion (0.05%) was found least effective. 

On the basis of pooled data the descending order of efficacy of different pesticides 10 days of 
spray was- monocrotophos > ethion > Dicofol > Acephate > DQmethoate >Phosphamidon > 
Malathion. 

4.7.3 Thirty days after first spray 
The treatment of monocrotophos at 0.05 per cent was found significantly superior, followed by 

ethion at 0.05 per cent, among all the pesticidal treatments in 1996-97 and as well as on the basis of 
pooled mean of both the years. The mean per cent reduction in mite incidence in monocrotophos and 
ethion treatments were 83.94 and 78.23, 

respectively. The foliar spray of phosphamidon was found to be least effective, however, it was at par 
with malathion, diamethoate and acephate. The descending order of efficacy of different pesticides 
wasmonocrotophos > ethion > Dicofol > acephate > diamethoate > malathion 

> phosphamidon. 

4.7.4 Sixty days first spray 
It IS evident from the data that foliar spray of monocrotophos at 0.05 was found most effective. 

However, the treatment was at par with ethion and dicofol in both the years. The least effective 
treatment was found to be of phosphamidon in both the year. Moreover, the pooled 



Table -4 .T B i o - e f i i c a c y of s o m e p e s t i c i d e s a g a i n s t A. gwanccti o n p o m e g r a n a t e . 

Treatments 

Monooro-
tophosat 
005% 
Malathionat 
0.05% 

Dlancthoate 
at 0.05% 

Dicofolat 
0.07% 

Ethion^ 
0.05% 

Phosphamid-
on at 0.05% 

Acephateat 
0.05% 
Untreated 

check 
SEm± 
CD. at 5% 

Mean mite incidence 
before treatment (%) 
1996-97 
70.67 

74.00 

69 33 

74.00 

7333 

72.67 

70.00 

7467 

3,12 
NS 

1997-98 
74.00 

69.33 

71.33 

70 00 

76.00 

7400 

69.33 

70.00 

1.96 
NS 

10 DAS 
61.48 
152.04r 

42.89 
(41.10] 
47.45 
[42.54] 
51.96 
146.13] 
5418 
[47.39] 
38.67 
[38.45] 
52.98 
[46.73] 

-
[0.96] 
[2.95] 

199fr47 
1 SODAS 

82.56 
[ffi.33] 

67.79 
[55.46] 
70.24 
[56.95] 
77.55 
[61.78] 
75.60 
[6269] 
6529 
[53.91] 
6897 
[56.18] 

-
[1.02] 
[3.14] 

1 60 DAS 
85.60 
[67.68] 

77.35 
[61.61] 
73.56 
[59.06] 
85.40 
[66.87] 
8290 
[65.60] 
7337 
[59.02] 
7676 
[61.20] 

-
[107] 
[3.29] 

% reduction In 

1 90 DAS 
86.53 
[68.49] 

77,93 
[62.11] 
81.19 
[65,37] 
84.26 
[66.66] 
8428 
[66.66] 
79.29 
[63.02]' 
82.13 
[65.05] 

-
[1.09] 
[334] 

10 DAS 
64.72 
[53,57] 

36.50 
[37.14] 
53.10 
[46.79] 
59.73 
[50.62] 
61.39 
[51.61] 
42.05 
[40.47] 
45.96 

[42.69] 

-
[1.20] 
[3.71] 

damage incidence of ieaves at different intervais 
1997-98 

1 SODAS 
85.31 
[67.56] 

68.39 
[55.78] 
74.08 
[59.41] 
73.01 
[58.76] 
80.85 
[64.08] 
70.48 
[57.09] 
76.46 
[60.78] 

-
[104] 
[3.21] 

1 60 DAS 
87,77 
[69.57] 

79.83 
[63.29] 
82.50 
[65 27] 
86.46 
[68.42] 
86.63 
[6868] 
78.91 
[62.72] 
84.09 
[66.50] 

-
[0.76] 
[2 35] 

1 90 DAS 
88.19 
[69.90] 

82.38 
[65.18] 
83.62 
[6618] 
86.68 
[68.61] 
85.36 
[67.56] 
82.73 
[65.43] 
82.49 
[65.29] 

-
[078] 
[242] 

10 DAS 
63.10 
[52.81] 

39.70 
[39.12] 
50.28 
[44.67] 
55.85 
[48.38] 
57.79 
[49.50] 
40.36 
[39.46] 
49.47 
[44.71] 

-
[181] 
[538] 

Pooled 
1 SODAS 1 

83.94 
[66.45] 

68.09 
[5562] 
7218 
[58.18] 
75.28 
[60.27] 
78.23 
[63.39] 
67.89 
[55.50] 
72.72 
[58.48] 

-
[1.24] 
[3.69] 

mean 
WDAS 

86.69 
[68.63] 

78.59 
[62.49] 
78.03 
[62.17] 
64.32 
[67.65] 
84.77 

[67.14] 
76.14 
[60.87] 
80.43 
[63.85] 

-
[4.01] 

[NS] 

1 90 DAS 
87.36 
[69.20] 

80.16 
[6365] 
82.41 
[65 78] 
85.47 
[67.64] 
84.82 
[67.11) 
81.01 
[64.23] 
82.31 
[65.17] 

-
[3.47] 

[NS] 

DAS= days after treatment 
* values in parenthesis are angular transformed values 
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mean data revealed that all the insecticidal treatments were at par with each other. The descending 
order or efficacy was: inonocrol.ophos > dicofol > ethion > acephate > malathion > dimethoate > 
phosphamidon. 

4.7.5 Ninety days after first spray 

Observation recorded on per cent reduction in mite incidence concluded that foliar spray of 
monocrotophos at 0.05 per cent was most effective: Moreover, all the treatments were found to 
be sequentially at par to each other. Pooled mean data revealed that all the pesticidall treatments 
were at par in reducing the mite population. The descending order of efficacy was: 
monocrotophos > dicofol > ethion > dimethoate > acephate > phosphamidon > 

malathion. 

4.7.1, Over alll efficacy of pesticides 

Taking overall picture into consideration, it was concluded that out 

of seven pesticides evaluated,' monocrotophos (0.05%) proved most effective followed by ethion (0.05%). 
The treatment of malathion (0.05%) was found least effective. The treatment of dicofol, acephate and 
diamethoate existed in the middle order of efficacy in reducing mite incidence caused by A. granati on 
pomegranate. 



5. DISCUSSION 

5.1 SEASONAL INCIDENCE OF A. GRANATI ON 
POMEGRANATE 
The observations for this_ study were taken on pomegranate cultivar, Ganesh. Population 

fluctuation recorded during the period of observation showed that the mite incidence was observed 
throughout the year. The observations taken on mite incidence with respect to mite population as well 
as leaf damage intensity revealed two peaks, first in April and another in the months of Oct.- Nov. 
Similar results were also recorded by Agrawal et al., 1990. They observed two population peaks A. 
granati causing damage on pomegranate in Utter Pradesh, one in the month of April-May and another in 
the month of December. They also reported that the mites were present through out the year except 
July 

August which is a period of complete defohation. 

In present studies, the mite incidence after attaining peaks in April and Oct.-Nov., gradually 
declined during rainy and winter seasons, respectively. This may probably be attributed to mortality 
consequent to exposure to high humidity in rainy season and dechne in temperature during winters. 
The highest population of the mango bud mite, Aceria magifera in February and gradual decrease until 
May with a peak in June-July was also reported by Bindra and Bakhetia (1969). According to'- Abou-
Awad (I98I), the population of A. mangifera in Egypt increased in April reaching peak in late May (70 
mites/leaf) when the mean temperature was more than 30°C with RH more than 50%. They also 
observed a second small peak in late October. 



In the present study, the tested cuhivar, Ganesh remained 
I evergreen and plant bears new growth just after completion of rainy season and winters and it has also 

been observed that mite infestation was more severe at the arial parts of the plants. The observations 
depicted incidence peaks with initiation of new growth. Present studies are in agreement with Sharma 
et al. (1986) who observed the population peak of litchi mite, Aceria litchi in April-May and reported a 
correlation of 

peak period of infestation with the availability of tender plant tissues. 

Zaher and Elbadry (1964) reported population peak of false spider mite, Tenuipalpus granati, 
damaging pomegranate in Egypt in July (after spring) followed by gradual decrease until December. 
Similarly, AlGboory and El-Haidari (1989b) studied about another false spider mite of pomegranate, T. 
punicae in Iraq and reported that the mite population reached a peak during summer; (May to June). 

5.2 EFFECT OF KEYABIOTIC FACTORS ON THE POPULATION BUILD - UP OF THE PEST 

The population build up of any pest very closely associate with weather conditions prevailing 
during the preceding and corresponding periods. In present studies, the incidence depicted a 
significant negative correlation with respect to temperature, humidity and rainfall. A significant 
negative correlation has also been reported by Sharma et al. (1986) for Aceria litchi infesting litchi 
also confirms the present findings. In the present studies all the key abiotic factors resulted into a 
negative effect on mite incidence which indicated the susceptibilityy of the mite towards the 
extremities of weather parameters. 

5.3 PREFERENCE OF FACE OF TREE TO THE MITE 

Among the four faces of the tree the north, east, south and west, 

the incidence was significantly higher on the west face and it was 
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minimum on south face. This difference might be attributed to the fact that western face of the tree was 
exposed minimum to sunlight than the other sides. A. granati prefers to live inside the rolled leaf, so as 
to conserve moisture and non-preference to sunlight. This observation is in agreement with those of Al-
Gboory and El-Haidari (1989b) who also reported the preference of west face by false spider mite, 
Tenuipalpus punicae damaging pomegranate in Iraq. However, contrary to this, EUTalawany (1991) 
reported the preference of east side by citrus mite, Brevipalpus calfomicus. 

5.4 VARIETAL SUSCEPTIBILITY OF DIFFERENT CULTIVARS 

OF POMEGRANATE AGAINST A. GRANA Ti. 
Nine cultivars of pomegranate grown in orchard at Asalpur Farm of Rajasthan Agricultural 

University, campus-Jobner were screened for the incidence of A. granati. The results of two years data 
indicated that none of the cultivar was completely free from the attack of mite. However, 
Dholka and GKVK-1 cultivars were observed to support minimum mite population. The infestation 
level was higher in case of Ganesh and Bassein seedless with an average of 75.33 and 80.17 per cent 
mite intensity, respectively, and minimum mite load was recorded at Dholka and GKVK-1 with an 
average of 5.67 and 7.59 per cent mite intensity, respectively, on the basis of prevalence of A. granati 
on different cultivars, they were grouped as 
1. Extremely susceptible: Ganesh and Bassein seedless 2. Highly susceptible: 
P-23, Jalore seedless and G-137 3. Moderately susceptible : Jodhpur red and 
P-26 4. Less susceptible : Dholka and GKVK- 1. 



A perasal of available literature revealed that no published information is currently available on 
the varietal screening of pomegranate cultivars against A. granati except a brief indication that 
damage due to A. granati was least in pomegranate cultivars Dholka and GKVK-1 and it was 
maximum in Ganesh (Anonymous, 1996c). 

During the study, mite incidence was recorded at both the infestation peaks viz., I peak and II 
peak. A significantly higher mite 

s 
incidence was noticed at II peak. Significant effect of interaction between infestation peaks ( 
envirormiental inducement) and cultivars on the mite incidence was also noticed. Results showed that 
some cultivars which were least susceptible to the mite at first peak were found highly susceptible at 
second peak. It can be concluded from the above studies that the pattern of incidence of the mite was 
not similar on all the 

Y cultivars of pomegranate during different infestation peaks. Present findings are in cognizance with 
the findings of Suresh and 

" Mohansundaram (1995) who screened 59 mango varieties for resistance to ceria mangifera in April 
arid May, 1992. In general, infestation was higher in May than in April and there were interaction 
between varieties and sampling periods, possibly due to heavy latex production following previous 
mite injuries. Likewise, Mukherjee et al, (1989) also reported the significant effect of interaction 
between rice cultivars and months on the mite population. The pattern of incidence of the mite was not 
similar on nine cultivars of rice during different months of a year. 

In the present studies modification of host response which is technically known as " 
predisposition" was observed as some pomegranate cultivars which were least susceptible to the mite 
at first peak were found highly susceptible to the mite at II peak. Yarwood (1976) reported that 
combinations of temperature, moisture, gaseous envirormient, hght, air movement, pressure, genetic 
constitution. 



nutrients, non-nutrient chemicals, contact surface, mechanical injury and time, etc., determined the 
growth of the plants and affected their susceptibility to biotic and abiotic injuries. Rajgopal et al., ( 
1970) also studied the physiological mechanism of resistance in Jasmine to Aceria jasmini and 
reported that there was a possible role of tissue moisture in favouring mite build-up. 

A perusal of data on the morphological characters of leaves of different pomegranate cultivars, 
revealed positive significant correlation between mite incidence and leaf thickness as well as leaf hair 
density as it favoured the mite attack due to restraining tissue moisture and hair density favours the 
mite development and fecundity. Present results are in agreement with the findings of Al Gboory et al., 
(1991) reported that fig variety Soltani was more susceptible to the mite Aceria ficus than Adsi and this 
difference may be attributed due to the fact that Soltani leaves had many long and abundant hairs on 
the lower side. 
5.5 EFFECT OF MITE FEEDING ON MORPHO-PHYSIOLOGICAL PROCESSES OF 

POMEGRANATE 
A knowledge of the often complex relationship between insect populations and their effect on 

the yield-forming processes of crops is useful for assessing pest status and devising methods of 
minimising the effect of infestation on yield (Bardner and Fletcher, 1974). Injury to plants caused by 
mites and the specific reactions of the plants have attracted the attention of acarologist and plant 
physiologist during last few years. The studies conducted on the aspect included reaction of the entire 
plant organism, changes in the individual plant organs, tissues and cell and change in chemical and 
biochemical processes. The mechanism 'of the mutual interaction between A. granati and pomegranate 
plant is not known. In present studies the rate of plant growth, fruit development, chlorophyll content, 
transpiration rate and 
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relative leaf water content in mite infested and healthy plants were studied. 

5.5.1 Rate of growth: 

It is evident that pomegranate leaf curling mite feeding changes the growth intensity of the host 
plant. The most common change observed was retardation of the growth of all organs of damaged plants. 
Tomczyk and Kropczynska (1985) also reported similar observations as a consequence of mite damage 
to the host plant. In the present study significant reduction in plant spread, leaf size and number of 
leaves per twig was observed. Avery (1962) also reported the reduction in the number of leaves per 
plant and total leaf area of mite damaged citurs plants. Similar results were also reported by Avery and 
Briggs (1968) and Summers and Stocking (1972). Baghel et al., (1994) too reported that the number of 
leaves/shoot:;, leaf area/shoot were significantly higher in 

healthy as compared to malformed pirmacles of mango plants. 

5.5.2 Fruit development 
It has been reported that the influence of mite damage on cropping in fruit trees may occur in 

early stage of fruit development, in many cases early dropping of immature fruits and later on the 
ripening of the fruits (Van de Vire et al., 1972 ; Golik 1975 and Hoyt and Tanigoshi 1983). In the 
present investigation, the influence of A. granati on flowering and fruit development in pomegranate 
plants was also observed and results showed that A. granati affected the flowering as well as fruit rate, 
fruit weight, economic fruit yield and TSS content of the fruits significantly. 

Al-Gboory and El-Haidari (1989a) have studied the role of feeding of Tenupalpus punicae on 
pomegranate fruit characters and found that TT punicae affected the colour, skin texture and size of the 
fruits. They 
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further reported that the mites sucked the cell sap of the fruit epidermis, resulting into dry fruit skin. 
Likewise, Baghel et al.,(1994) also reported that percentage of hermaphrodite flowers were 
significantly higher in healthy as compared to malformed mango plants. 

In the present study significant reduction in fruit yield was also recorded. A. granati 
significantly affected the plant growth rate and the explanation of loss of fruit yield may be obvious. 
The above facts also lend support from finding given_ by Hoyt and Tonigoshi (198.3) who 
observed that feeding of P. ulrni mite may cause serious yield losses in pear plants. 

During the studies significant reduction in TSS content was observed in the fruits of healthy 
plants. The TSS content of pomegranate fruits was affected as a attack of T.punicae (Al-Gboory and 
El-Haidari, 1989). However, Laing et al., (1972) did not find any difference in sugar content in grapes 
from plants infested by Tetranychies pacificus and healthy one. 

Observations made on distortion of pomegranate flowers as well as fruits indicated different 
ratings of distortion based on severity of distortion. Similar observations in citrus crop Aceria sheldoni 
recorded by Walker et al. (1992) and Phillips and Walker (1997) infested by citrus bud mite. 

5.5.3 Chlorophyll content 
The chlorophyll content in leaves of infested plants was comparatively loll' . This finding is in 

conformity with those of Chakrabarti et al. (1999) who also reported decreased chlorophyll content in 
the leaves of Hibiscus vitifolicus damaged by Acalitus hibisci, an eriphyid mite. Van de Vrie et al., ( 
1972) suggested that the chlorophyll content was reduced in apple leaves after they were damaged by P. 
uhni. 



The evidences suggested that decrease in chlorophyll content may be correlated with the duration of 
feeding period and mite density (Tomczyk and Van de Vrie, 1982; De Angehs et al., 1983). The main 
reason for reduction in chlrophyll content in present studies is probably mechanical damage to the 
chloroplasts during feeding. 

5.5.4 Transpiration rate 
In the present investigation, it was found that pomegranate plants damaged by A. granati 

feeding lost large amounts of water by transpiration. It has been noticed that the intensity of this 
process increased with increased mite damage. Similar observations has been reported by Golik, (1975) 
which support the present findings. Likewise, Sauces et al., (1981), found an initial increase and a later 
decrease in the intensity of transpiration as a result of feeding of strawberry plants by T. urticae. The 
reasons for changes in the transpiration intensity can be attributed to damage to the protective surface 
of the leaves and disturbance to..the functioning of the Stomatal opening. This finding gets support 
from the observations made by Sauces et al. (1979). 

5.5.5 Relative leaf water content (RLWC) 
During the present studies it was observed that mite feeding caused decrease in RLWC. These 

results are in agreement with the findings of Baghel et al., (1994) also reported significantly higher 
moisture percentage in malformed panicles, which may be due to reduced dry matter accumulation in 
malformed panicles than healthy panicles as observed in the investigations. 



5.6 EFFECT OF MITE INFESTATION ON HISTOPATHOLOGY AND 
BIOCHEMICAL CHARACTERIZATION OF POMEGRANATE LEAVES 

In case of eriyiophyid mites, the mites remain embedded in plant tissues for a long time. In 
doing so a plant may alter the Histopathology and biochemical characterization of the affected plant 
tissues. 

5.6.1 Histopathology 

In the present study it was observed that epidermal cells in the outer layer of damaged leaves 
were flattered and destroyed due to A. granati attack and disturbing effects on the function of the 
Stomatal apparatus were recorded. As the higher transpiration rate was also recorded in damaged 
leaves, the explanation of disturb function of the stomatal apparatus is obvious. During the study, 
vascular bundles in the damaged leaf were very distinct in comparison to healthy leaves. Agrawal and 
Kandasami (1959) also reported the similar observations in damaged sugarcane leaves as a result of 
feeding of Eriphyid sp. likewise Das et al., (1987) observed badly disrupted vacolar tissue in mite 
affected stem of jute damaged by yellow mite, Polyphagotarsonemus latus. Both these 

observations confirm the present findings. 

5.6.2 Biochemical characterization 
The concentration of organic compounds in the leaf tissue, e.g. phenolic compounds, 

carbohydrates, aminoacids and proteins, can also be influenced by mite feeding. Some changes in the 
concentration of these constituents may exert an influence on the physiology of the plant. In the present 
study the phenols, total soluble sugar and reducing sugar contents were relatively higher in A. granati 
infested leaves as compare to healthy ones. However, free aminoacids and protein content were 
markedly higher in healthy leaves as compare to uninfested leaves. 



The observations on the presence of higher phenols, total soluble sugar and reducing sugar 
content in the damaged leaves is in conformity with the report of Purohit et al., (1979) who observed 
increased phenols in Prosopis cineraria leaf gall. Manjunatha et al., (1989) reported higher amount of 
free phenols, soluble sugar and reducing sugar in young healthy leaf tissues in Pongczmia glabra. They 
further reported that phenols which was a secondary compound of the host plant imphcated as 
defensive agents in plant-herbivore interaction 
was presumably high in young leaves as to impart protection from herbivores (Rhodes, 1979). They 
also observed high amount of free sugars in mite damaged leaves and concluded that high amount of 
sugar may be attributed to nutritional superiority of damaged leaves over mature leaves. In the present 
study, free aminoacid content was markedly higher in healthy leaves as compared to infested leaves. 
These findings are also in conformity with those of Manjunatha et al. (1989) who observed poor 
aminoacid pool in mite damaged leaves. However, lower amount of protein in the damaged leaves was 
obtained during the present, study. Zukova (1963) observed a reduction of total protein in leaves of 
crysanthemum on which T. orticae has been feeding. Contrary to this Manjunatha et al (1989) observed 
that normal leaf tissues were poorer in protein deposits as compared to mite damaged tissues. 

5.7. BIOEFFICACY OF SOME PESTICIDES AGAINST A.GRANATI ON POMEGRANATE. 
Because of the paucity of data on chemicals effective against eriophids, chemicals tested were 

not limited to the usual acaricides. Therefore, a prehminary trial was conducted to evaluate the most 
effective pesticide against A. granati. 

Out of seven pesticides, evaluated against A. granati infesting pomegranate, monocrotophos (0. 
05%) was found to be the most effective. 



The present findings are in agreement with those of Agrawal (1990), who found monocrotophos (0.05% 
) as most effective against A.granati infesting pomegranate. In the present studies, ethion (0.05%) was 
found to be at par in effectiveness with monocrotophos which is in agreement with Agrawal (1990). The 
next best pesticide was dicofol (0.05%). Kumar (1932) found dicofol and monocrotophos as most 
effective (0.05%) against Aceria litchi damaging litchi plants in Bihar. Likewise, Udayigiri 

j and Jagan Mohan (1993) also reported that spray of monocorotophos (0.05%), phosalone (0.07%) and 
wettable sulpher (0.14%) were significantly effective in reducing the jasmine mite Aceria jasmini. In 
the present study, diamethoate (0.05) ranked in the middle order of efficacy and also at par to dicofoland 
acephate. Naidu and CharmaBasavarma (1989) reported that systemic pesticides, except diamethoate 
brought about a reduction of eriophid mite (Eriphyes cymbopogonis) population upto 90 per cent in 120 
hrs. whereas, diamethoate caused 70% reduction in mite population and found at par with the two 
conventional acaricides (68.39% and 67.07% reduction in dicofol and sulpher respectively). 
Nevertheless, Bindra and Bakhetia (1971) reported unsatisfactory control with diamethoate spray (0. 
025%) against Aceria mangifera. 

I 



SUMMARY 

The results of the present investigation "Management of Erlophyid mite, Acerla granati, on 
pomegranate and morphophysio-histopathological effects of the pest on the host" conducted during the 
year 1995-96 to 1997-98 presented and discussed in the preceding sections are being summarized as 
under. 

The incidence of A. granati was observed through out the year and attained two peaks, first in 
April and second in October-November. 

The effects of key abiotic factors was studied on the population buildup of the mite as well as its 
damage intensity. Correlation studies indicated a positive correlation between mite population and leaf 
damage 
intensity. Further, correlation matrix studies indicated significant negative relationship between mite 

population v/s maximum and minimum temperature, morning and evening relative humidity and rainfall 
also. Multiple correlation study through regression analysis showed that these abiotic factors played 
significant role explaining 67.26 and 80.97 per cent variation in the population of A. granati and its 
damage intensity, respectively. 

Among the four faces of the tree, the incidence of A. granati was significantly higher on the west 
face and it was minimum on south face. 

Nine pomegranate cultivars were screened against the infestation of A. granati, under field 
conditions. Cultivars Dholka and GKVK- 1 were 
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observed to be least susceptible to the mite attack, followed by Jodhpur red and P-26 which were found 
to be moderately susceptible. While 

L cultivars, P-23, . Jalore seedless and G-137 were proved highly susceptible, cultivars Ganesh and Bassein 
seedless were proved extremely susceptible. In the present studies modification of host response which 
is technically known as "predisposition" was observed as some pomegranate cultivars which were least 
susceptible to the mite at first peak were found highly susceptible at II peak. Significant; positive 
correlation was also noticed between mite incidence and leaf thickness as well as leaf hair density. 

Observations taken on feeding effect of the mite on morphophysiological process revealed that 
mite attack significantly affected the plant growth rate, fruit development, chlorophyll content 
transpiration rate and relative leaf water content, significantly the plant spread, leaf 
size and number of leaves per twig, whereas, no significant affect was noticed in plant height and stem 

girth. It was also observed that the mite significantly affected flowering, fruiting, fruit weight, 
economic fruit yield and TSS content of the fruits. Distortion of the flowers as well as fruits were also 
observed due the attack of A. granati. The chlorophyll content in leaves of infested plants was 
comparatively low. Whereas, transpiration rate of infested plant was higher as compare to healthy 
plants. Mite feeding decreased the relative leaf water content (RLWC). 

In histopathological investigations of damaged leaves, it was observed that epidermal cells in 
the outer layer were flattened and destroyed and resulted in disturbance of stomatal functioning. The 
vascular bundles in the damaged leaves were very disthxct in comparison to healthy leaves. 
Investigation taken on biochemical characterization of damaged as well healthy leaves revealed that 
total phenols, total soluble sugars and reducing sugars content was relatively higher in mite infested 
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leaves as compare to healthy ones. However, free aminoacids and protein content were observed 
markedly higher in healthy leaves. 

Out of seven pesticides evaluated against A. granati infesting pomegranate, monocrotophos (0. 
05%) was found to be most effective followed by ethion (0.05%). The next best pesticides were dicofol 
(0.05%), acephate (0.05%) and diamethoate (0.05%). The treatment of malathion (0.05%) was found 
least effective against A. granati. 
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Management of Eriophyid mite, Aceriagranad, on pomegranate and 

morpho-physio-histopathological effects of the pest on the host 
V. K. Agrawal* 

ABSTRACT* 

Investigations were carried out during the year 1995-96 to 1997-98 on "Management of 
Eriophyid mite, Aceria granati, on pomegranate and morpho-physio-histopathological effects of the pest 
on the host" at Aslapur Farm and in the Department of Entomology, S K N College of Agriculture, 
Jobner. 

The incidence of A. granati was observed throughout the year and attained the peaks, first in 
April and second in October-November. 

With regards to influence of abiotic factors on the incidence of the mite, the mite population 
showed significant negative correlation with temperature (minimum and maximum), relative humidity 
and rainfall. 

The mite preferred west face of the tree and minimum mite infestation was observed on South 
face. 

Among nine cultivars of pomegranate, maximum damage of A. granati was noticed on Ganesh 
and Bassein seedless and it was minimum on Dholka and GKVK-1. Significant correlation was also 
noticed between mite incidence and leaf thickness as well as leaf hair density. 

Observations taken on feeding effect of the mite on morpho-physiological process revealed that 
mite attack adversely affected the plant growth, fruit development, chlorophyll content of the leaves and 
relative leaf water content (RLWC), whereas, transpiration rate of damaged plant was higher. 

Under histopathological studies of the damaged leaf, it was observed that cells in the outer 
layer were flattened and destroyed, resulting in disturbing in stomatal functioning. Studies on 
biochemical characterization of damaged and healthy leaves revealed higher content of total phenols, 
total soluble sugars and reducing sugars in mite damage leaves in comparison to healthy leaves, 
whereas, free aminoacids and protein content were higher in healthy leaves. 

Out of the seven pesticides tried against A, granati, monocrotophos (0.05%) was found most 
effective followed by ethion (0.05%). The next best pesticides were dicofol (0.05%), acephate (0.05%) 
and diamethoate (0.05%). The treatment of malathion (0.05%) was found least effective. 

Assistant Professor, AZCRP on Arid zone Fruits, S K N College of Agriculture, Jobner, Rajasthan 
Agricultural University, Bikaner. 

# Thesis submitted in complete fulfillment of the requirement for the degree of DOCTOR OF 
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) APPENDIX I 

MITE FAUNA DAMAGING POMEGRANATE IN INDIA. 

s. 
N 
o. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name of mi te 

Amblyseius (Euseius) alstonia Gupta 

A.(Amblyseius) largoensis (Muma) 

A.(Euseins) ova//s(Evans) 

A.(propnoseiopsis)pettatus Van der merwe 

Oligonychus punicae (Hirst) 

O.mangiferus (Rahman & Sapra) 

Brevipalpus obovatus 

B. phoenicis (Geiskes) 

6, Californicus (Banks) 

Tenupaplus punicae Prtichard & Baker 
< 

Taxonomic 
position 

Phytoseiidae: Mesostigmata 

Phytoseiidae: Mesostigmata 

Phytoseiidae: Mesostigmata 

Phytoseiidae: Mesostigmata 

Tetranychidae: Prostigmata 

Tetranychidae: Prostigmata 

Tenupapidae: prostigmata 

Tenupapidae: prostigmata 

Tenupapidae: prostigmata 

Tenupalpidae: Prostigmata 

Linkage 
monitor ing By 

Polyphagous 

Polyphagous 

Polyphagous 

Monophagous 

Grapevine, pomegranate, 
litchi 

Polypohagous 

Polyphagous 

Polyphagous 

Polyphagous 

Pomegranate, Guava, 
Pmnus, Tecoma 

Distribution 

All parts of India 

All parts of India 

All parts of India 

West Bengal 

Punjab, Tamilnadu 

All parts of India 

HP, West Bengal, 
Punjab, Delhi. 

All parts of India 

All parts of India 

Punjab, Meghalaya 

Reference 

Gupta, 1977 

Gipta, 1977 

Gupta, 1977 

Gi?3ta, 1979 

Gupta, 1985 

Sadana and Chhabra, 1974 

Chaudharietal, 1974 

Nageschandra and 
ChannaBasavanna, 1976 

Sadana and Joshi, 1976 

Dhooria and Sadndhu, 1973 



s. 
N 
o. 

Name of ]pite Taxonomic 
position 

Linkage 
monitoring By Distribution Reference 

Delhi and MP Gupta and Gipta, 1979 

11. T. aboharen^s Sadana & Chhabra 

12 T. granati Sayed 

13 T. solanesis 

14 T.Guptai 

15 Aceria grana&(Can. & Mass.) 

Tenupalpidae: Prostigmata Monophagous Punjab 

Tenupalpidae: prostigmata Pomegranate, Rumt)ago Deliii 

Tenupalpidae: prostigmata Pomegranate 

Tenupalpidae: prostigmata Pomegranate 

Eriophyidae: Prostigmata Monophagous 

Solan (HP) 

Solan (HP) 

Mysore 

Sadana and Chhabra, 1980 

Menonetal, 1971 

Sadana and Gupta, 1984 

Sadana and Gupta, 1984 

Puttarudriah and 
ChannaBasavanna, 1959 

Kamataka 

Varanasi (U.P) 

Uttar Pradesh 

Rajasthan 

Tamil Nadu 

ChannaBasavanna, 1966 

Mohansundram, 1985 

Agrawal et al, 1990 

Agrawal, 1990 

Umapathy and 
Mohansundaram, 1998 



APPENDEX -2 

Crop production levels (Rabbinge, 1985): 

Production level 1: growth occurs under conditions of ample plant nutrients and water. Growth 
and yield are determined by weather 

n conditions and crop physiological characteristics. Growth rates of C3 plants under these conditions amount 
generally to 200 kg dry matter ha-' day-1 and for C4 plants depending on latitude they vary between 200 
and 400 kg dry matter ha-' day-1. Potential yields are approached under 

t 
f these conditions. 9 

t 
Production level 2: growth is limited by shortage of water at least part of the time, so that 

growth rates are reduced by the ratio between the actual and potential transpiration. Growth rates under 
these conditions are in general much lower than their potential value and vary 

' between 100 and 200 kg dry matter ha-1 day-1. 

Production level 3: growth is hmited at least of the time by shortage of water and nitrogen and 
this results in growth rates which are generally lower than 100 kg dry matter ha-1 day-'. 

Production level 4: growth occurs under conditions where water or nutrients are limiting during 
the major part of the growing period so that growth rates vary usually between 12 and 50 kg dry matter 
ha-' day-'. Yields are generally not much higher than 1000 kg dry matter per hectare per growing season. 



Types of plant abnormalities/injury caused by eriophyoids. 

Generally eriophyoids mites infest aerial parts of the plants resulting in a simple discoloration to 
complex gall formation. Following plant abnormalities have been reported/observed on host plant by 
different species of eriophyoids (Jeppson et alai 975 and Gosh et al., 1989). 

l.Big Buds :- Some times eriophoides are found within the buds of plants, where they receive the 
optimum envirormient for their growth and reproduction. Due to mainly the feeding activities of the 
mites, the developing buds swell and this inhibits the further growth of the apical 

buds and the flowering stem. As infestation proceeds, normal plant growth is obstructed. The colour of the 
buds may change from dark brown to yellowish brown. Example : Aceria mangiferae Infesting mango, 
Mangifera indica. 

2. Leaf curling and shrinkage These symptoms are usually related with the vagrant feeders. They attack 
almost all aerial parts causing vascular atrophy, wrinkhng and the curhng of the leaves. Loss of 
pigmentation may also occur. One example is edge rolhng in pomegranate, caused by Aceria granati. 
Heavy infestation of this mite may stunt all leaves along a shoot. 

3. Discoloration :- Some eriophyoide mites cause discoloration of the leaves. This loss of pigmentation 
is due to the penetration of the stylets of the mites into the soft epidermal tissue of the leaf. Examele :-
Tegonotus jambolensis infesting Syzigium cu mini. 



3 

1 

4. Erineum :- This is excessive growth of the surface hairs of the plants specially the hairs present on the 
under surface of the leaf. Erineum may be found as small localized patches or extensively affected areas 
on various plant parts. The erineum may be variously coloured from crimsom to chocolate brown. 
Example : Aceria litchi infesting litchi 

chinenesis. 

5. Russetting :- This symptom is eskind to discoloration and is also caused by vagrant mites. Both the 
leaf lamina and the veins are affected 

by feeding of the mites. It is suspected that the salivary enzymes 1 liberated by the mite during 
feeding is responsible for this. Example:., 

Tegonotus mangiferae infesing Mangifara indica. 

7. Galls :- Galls are pathologically developed cells, tissues or organs of plants that arise mostly by 
hypertrophy or hyperplasy under the influence of parasitic organisms such as bacteria, fungi, nematodes, 
mites and insects. Eriophyides induced galls are always of open type with soft and persistent ostiole and 
copious nutritive hairs inside. From the nature and the morphology of the galls formed, it is evident that 
gall eriophyides are highly host specific. Example : Aceria cordiae infesting Cordiae myxa. 



APPENDIX - 4 

ANOVA for preference of face by AA gratia 

Sources of variation df Mean sum of squares 

Replication 

Peak (P) 

Face (F) 

28.040 

19600.595*=* 

185.122=1 

P x F 3 43.088 Error 14 
Significant at p=0.05 and ="="Significant at p=0.01 

21.005 

APPENDIX - 5 
ANOVA for varietal susceptibility of different pomegranate cultivars (1995-96). 

Sources of variation 

Replication 

df 

2 

Mean sum of squares 

62.14 

Cultivar ( C ) 2226.87=^=* 

Peak (P) 4892.52=^=* 

C x P 
Error 34 
significant at p = 0.05 =•==•= significant p = 0.01 

269.46=^=* 
44.91 •• 



APPENDIX - 6 

ANOVA for varietal susceptibility of different pomegranate cultivars (1996-97). 

Sources of variation 

Replication 

Cultivar (C) 

Peak (P) 

C x P 

df Mean sum of squares 

2.95. 

2316.64** 

6087.81** 

658.62*=* 

Error 34 39.17 

"significant at p = 0.05 ** significant p = 0.01 



APPENDIX - 7 
ANOVA for varietal susceptible different pomegranate cultivars 

(pooled analysis). 

Sources of variation df Mean sum of squares 

Replication with in year 32.55 

Year(Y) 3.77 

Cultivar (C) 

Peak (P) 

YxC 

4483.17*=* 

10947.70*=! 

60.35 

Y x P 32.63 

C x P 195.8P 

Y x C x P 8 
Pooled Error 68 
Significant at p=0.05 and **Significant at p=0.01 

759.83*=* 
38.80 =• 



APPENDIX - 8 

Vegetative variations due to feeding of A. granati in pomegranate plants. 

S.No. 
Height of plant (m) 

Healthy Infested 

1995-96 

S t em girth (cm) 

Healthy Infested 

1995-96 

Plant spread (m^) 

Healthy Infested 

1995-96 

Lfeaf s i ze (cm^) 

Healthy Infested 

1995-96 

Number of 
l eaves / twig 

Healthy Infested 

1995-96 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
x± c 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
x ± o 

1.90 
2.00 
2.00 
1.95 
1.85 
1.95 
2.00 
1.85 
1.90 
1.85 
1.93±0.06 

1.80 
1.95 
1.95 
1.95 
1.80 
1.90 
1.95 
1.80 
1.85 
1.85 
1.88±0.0f 

1996-97 
2.20 
2.00 
2.20 
2.05 
1.95 
1.95 
2.35 
2.20 
2.15 
1.95 

2 . 1 0 ± 0 . 1 4 

2.10 
2.05 
2.00 
2.15 
2.10 
1.90 
2.15 
1.80 
1.85 
1.90 

2.00 + 0.13 

13.6 
13.5 
13.5 
13.8 
13.4 
13.2 
13.2 
13.8 
13.7 
13.9 
13.56 

14.5 
13.6 
13.6 
14.2 
14.6 
14.9 
14.2 
14.8 
14.6 
14.0 

+ 0.2S 

13.4 
13.2 
13.2 
13.3 
13.5 
13.2 
13.1 
13.7 
13.6 
13.7 
13.39 ± 0.25 

1996-97 

14.30 ± 0.46 

14.0 
13.5 
13.5 
13.5 
14.0 
14.5 
14.0 
14.0 
14.5 
14.5 

14.00 + 0.41 

2.59 
2.71 
2.73 
2.62 
2.66 
2.74 
2.79 
2.56 
2.68 
2.62 
2.67 ± 0.07 

2.61 
2.53 
2.49 
2.54 
2.64 
2.58 
2.64 
2.53 
2.59 
2.65 
2.58+0.06 

1996-97 
2.83 
2.92 
2.89 
2.81 
2.99 
3.05 
2.95 
2.92 
2.84 
3.10 

2.93 + 0.09 

2.81 
2.73 
2.68 
2.75 
2.84 
2.78 
2.84 
2.73 
2.79 
2.85 

2 . 7 8 1 0 . 0 6 

8.9 
8.0 
8.3 
7.4 
7.8 
8.3 
8.9 
7.1 
7.4 
8.9 
8.10 ± 0.6' 

5.3 
5.0 
6.1 
5.9 
4.8 
4.9 
5.3 
4.6 
4.7 
5.4 
5.20 ± 0.5C 

1996-97 
8.0 
8.9 
8.9 
7.4 
7.4 
8.9 
7.1 
8.3 
7.8 
8.3 

8.10 + 0.67 

5.0 
5.0 
5.4 
4.7 
5.9 
5.2 
4.6 
5.6 
4.8 
4.9 

5 . 0 0 1 0 . 4 1 

2 3 
22 
19 
21 
22 
24 
2 0 
24 
20 
24 
22 + 

2 3 
24 
2 3 
2 3 
25 
24 
22 
19 
22 
2 5 

1.76 

22 
23 
20 
20 
22 
21 
2 3 
20 
21 
24 
21.50+ 1.51 

1996-97 

23.00 ± 1.76 

22 
22 
20 
22 
21 
2 3 
21 
19 
20 
20 

21.00 ± 1.25 



APPENDIX 9 

ANOVA for bio-efficacy of pesticides against A. granati on 

pomegranate before spray 

Source of 

variation 
Df 

MSS 

1996-97 1996-98 

Replications 18.1665 NS 15.500 NS 

Treatments 12.5714 NS 19.785 NS 

Error 14 29.2142 11.500 



APPENDIX 10 

ANOVA for bio-efficacy of pesticides against A.granati on pomegrante at different intervals 

Source of 

variation 

Replications 

Treatments 

Error 

Df 

2 

6 

12 

Mean sum of squares 

10 days 

1996-97 

3.32486 

59.8480** 

2.7445 

1997-98 

1.8161 

115.7584** 

4.3252 

30 days 

1996-97 

8.1434 

56.0017** 

3.1201 

1997-98 

0.3608 

50.5692** 

3.2652 

60 days 

1996-97 

2.1119 

42.8773** 

3.4170 

1997-98 

9.7227 

21.8889** 

1.7425 

9 0 d ^ [ » ^ 

1996-97 

28.3040 

15.0268** 

3.5338 

1997-98 

2.8616 

10.3599** 

1.8445 

Significant a t p=0.05 and **Significant a t p=0.01 




