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INTRODUCTION

Nutrients play an important role in the plant growth is widely
acknowledged (Oskarsson et al., 2006; Dianda et al., 2009). Mineral nutrition
status is known to influence factors such as growth and yield of crop plants by
affecting changes in growth pattern, plant morphology, anatomy, and
particularly chemical composition. Thickness of epidermal cells, degree of
lignifications, sugar concentrations, amino acid content in phloem sap, and
levels of defensive compounds are all influenced by nutritional status of the

plant (Marschner, 1995).

The plants provide nutrients to herbivorous insects an increase in the
nutrient content of the plant is likely to increase its acceptability to pest
populations (Scriber, 1984., McGuinness, 1987). Plant nutrient status have a
positive effect on population dynamics, which contribute to higher survival

rates, longer adult longevity and reproductive periods ( Bi et al., 2001).

The Indian lac insect, Kerria lacca (Kerr) belongs to order- Hemiptera,
suborder- Homoptera, super family- Coccoidae and family- Lacciferidae. K.
lacca with its piercing and sucking mouth parts sucks plant sap (Colton,
1984). Lac insects are plant sap feeders (Sharma et al., 2006; Singh et al.,
2009) therefore thrive well only on certain plant species known as lac hosts.
More than 400 lac hosts have been recorded throughout the world (Kapur,
1962, Sharma et al.,, 1997). Palash (Butea monosperma), Ber (Zizyphus
mauritiana) and Kusum (Schleichera oleosa) are the most common hosts
commercial for lac production in India (Roonwal, 1962; Pal, 2009). There are
two crops of Kusmi strain Jethwi harvested in June/July and Aghani in
January/February. In case of Rangeeni, Katki is harvested in
October/November and Baishakhi in April/May. Katki and Baishakhi are the
main crop contributing about 90 % of Lac production in India (Singh, 2006).

Poor plant nutritional status of host tree of lac insect can have adverse
effects on the performance and fitness of the insect. Phloem feeders

adversely affect both growth and amino- nitrogen profile of their host plants



(Cook and Denno, 1994). Insect-plant relationship is may be affected by the
application of micro or macro nutrients to crop plants (Wellings and Dixon,
1987).

Phloem sap is an important source of insects of the order Hemiptera
(Douglas, 2003). Unlike huge investment input in cash crops. Viz. cotton,
sugarcane, vegetables, citrus, there is ho or minimum investment in lac cash
crops of wide industrial application. Lac production also provides livelihood to
3 - 4 million Lac growers (Rao and Singh, 1990), especially forest dependent
and rainfed farmers (Ogle and Thomas, 2006). It is a subsidiary source of
income for rainfed farmers mainly in parts of Jharkhand, West Bengal,
Madhya Pradesh, Chhattisgarh, Maharashtra, Andhra Pradesh (Jaiswal et al.,
2004, Ogle and Thomas, 2006; Ramani et al., 2010).

Application of nutrients to plant not only increase its growth but also
phloem feeder is an established scientific fact (Embden 1973). Therefore any
application of nutrients to the host tree of lac insect is likely, it increase the
growth of the tree and lac productivity. There is a need to validate this
agreement, as any positive results will not only conserve the host there, but
also economical benefit the lac growers generally disadvantaged group.

Therefore, the present research entitled Study on the performance of
Aghani crop of Kusmi lac on nutrient managed Z. mauritiana under

heavy rainfall condition with below mentioned objectives is planned
I. Impact of rainfall on lac insect settlement.

ii. Impact of nutrient management on lac production.


http://jeb.biologists.org/content/209/8/1395.long#ref-7

REVIEW OF LITERATURE

The scientific literatures scanned for the present work Study on the
performance of Aghani crop of kusmi lac on nutrient managed Zizyphus
mauritiana under heavy rainfall condition is reviewed under appropriate

sub heads for better understanding.
2.1 Lac general

Colton (1984) reported that lac insect, Kerria lacca is a valuable gift of
nature to mankind. K lacca is a scale insect belonging to order- Hemiptera,
suborder- Homoptera, super family Coccoidea and family Lacciferidae. It
possesses piercing and sucking type of mouth parts which and sucks plant
sap, in the process the insect secrets resinous substance from its three pair of
highly specialize lac glands.

Lac insects are plant sap feeders (Sharma et al., 2006; Singh et al.,
2009) therefore thrive well only on certain plant species known as lac hosts.
More than 400 lac hosts have been observed to carry lac insects throughout
the world (Kapur, 1962, Sharma et al., 1997). Palash (Butea monosperma),
Ber (Zizyphus mauritiana) and Kusum (S. oleosa) are the most common hosts
commercial for lac production in India (Roonwal, 1962; Pal, 2009).

Ramani (2011) reported that there are 12 lac producing states in India.
viz. Andhra Pradesh, Assam, Bihar, Chhattisgarh, Gujarat, Jharkhand,
Madhya Pradesh, Maharashtra, Meghalaya, Orissa, Uttar Pradesh and West
Bengal.

Ogle and Thomas (2006) reported that India is the largest producer of
lac, has a share of 62% of the world production of 44,000 metric tons. The

country earned a foreign exchange worth Rs. 15,262 lakhs.

Jaiswal and Dwivedi (2005) recommended four key steps for
systematic lac cultivation - pruning of host trees, infestation (inoculation) of
the host trees with lac insects, removal of used up broodlac (lac insect seed)
sticks and crop harvesting. This is apart from the application of
insecticides/fungicides for pest/disease control, grouping of trees, and other

tips for proper maintenance of lac culture.



2.2  Nutrient management

It is widely accepted that nutrients play an important role in the plant
growth (Oskarsson et al., 2006; Dianda et al., 2009), and have recorded
positive response of NPK fertilization to wheat crop growth (Berg and Hamid,
1976).

Nori et al. (2012) reported that nitrogen is the most critical element for

plant growth, yield and quality of the products in crops .

Bungard et al. (1999) reported that nitrogen comprises seven percent
of total dry matter of plants and is a constituent of many fundamental cell
components such as nucleic acids, amino acids, enzymes, and photosynthetic

pigments.

Ragothama (1999) reported that phosphorus the second most

important macronutrient next to nitrogen is required for plant growth.

Vance et al. (2003) in a study reported that potasium has an important
role in photosynthesis, respiration, energy generation, nucleic acid
biosynthesis and as an integral component of several plant structures such as

phospholipids.

Yoshida (1981) reported that potassium is an essential element for the

growth of plant and takes part in various physiological processes.

Lal et al. (2003) reported that the growth, yield and quality parameters
of Z. mauritiana improved significantly with added nitrogen, while application
of phosphorus influenced all the parameters significantly except plant height,
spread and fruit acidity. Potash application caused very little or no effect on
growth and yield parameters, They applied four levels of N (0, 250, 500 and
750g per plant) in combination with three levels each of P,Os (0, 250 and
5009 per plant) and K,O (0, 50 and 100g per plant) were applied to ten-year-
old plants.Thus basal dose of different nutrients were applied to improve the

growth of Z. mauritiana for increasing the lac production.

Paul et al. (2012) reported that 100g N, 250g P and 75g K per Z.
mauritiana plant highest lac yield in Z. mauritiana with fertilizer application and

manual treatment.



Marschner (1995) reported that mineral nutrition status is known to
influence factors such as growth and yield of crop plants by affecting changes
in growth pattern, plant morphology and anatomy, and particularly chemical
composition. For example, thickness of epidermal cells, degree of
lignifications, sugar concentrations, amino acid content in phloem sap, and
levels of defensive compounds are all influenced by nutritional status of the

plant, and in turn either affect or are presumed to affect resistance to insects
2.3 Nutrient and insect

Wellings and Dixon (1987) repoted that phloem feeders adversely

affect both growth and amino- nitrogen profile of their host plants.

Cook and Denno (1994) reported that poor plant nutrition can have

adverse effects on the performance and fithess of sap feeders.

Embden (1973) reported that essential amino acids in the plant sap are

essential for growth and reproduction of aphids.

Klingauf (1987) reported that numerous studies have shown that
variation in dietary concentrations of amino acids and sucrose affects aphid

growth, survival, and reproduction.

Cottam (1985) reported that phloem-feeding aphids, whitefly or scale
insects have all been charged with reducing the vigor of their host plants
plants must defend themselves from attack by a vast range of pests and
pathogens, including fungi, bacteria, viruses, nematodes, and herbivorous

insects.

Increasing evidence suggests that mineral nutrients plays a critical role
in plant stress resistance have been reported by (Kant and Kafafi, 2002;
Cakmak, 2005; Amtmann et al., 2008; Romheld and Kirkby, 2010)

Teetes (1980) as well as Listinger (1993) have observed that earlier
studies indicate that plants with sufficient nutrients are stronger, healthier, and
in general better able to compensate for pest damage than those under

nutritional deficiencies.

The plant nutrient status positive effects on population dynamics, which

contribute to higher survival rates, longer adult longevity and reproductive



periods ( Bi et al.,, 2001), shorter pre-oviposition period (Metcalfe, 1970),
greater rate of eggs laid per day (Minkenberg et al., 1990 and Nevo and Coll,
2001) and fecundity (Metcalfe, 1970, Nevo and Coll, 2001) of herbivores, are
attributed to the increasing of the soluble protein content and specific free
amino acids to change the morphology of host plant (Nevo and Coll, 2001)
and high population densities (Cisneros, 2001; Jansson and Smilowitz,1986;
Liu and Wang,1989; Su et al., 2003).

Slansky and Scriber (1985) reported that the feeding for survival and
development of immature herbivores is the first step in all physiological

activities, while oviposition is considered as the life end of female adults.

Scriber (1984) and Mc Guinness (1987) reported that the plants
provide nutrients to herbivorous insects; an increase in the nutrient content of

the plant is likely to increase its acceptability to pest populations.

Abro et al. (2004) reported that the insect-plant relationship may be

affected by the application of micro/ macro nutrients to crop plants.

Huberand and Thompson (2007) reported that nutrient deficient plants

are weak and vulnerable to incidences of plant disease and insect pest attack.

Marschner (1995) reported that nutrition of plants has a substantial
impact on the predisposition of plants to be attacked or affected by pests and
diseases. By affecting the growth pattern, the anatomy and morphology and
particularly the chemical composition, the nutrition of plants may contribute
either to an increase or decrease of the resistance and/or tolerance to pests

and diseases.

Marschner (1995) and Patriquin et al. (1995) reported the mineral
nutrition status is known to influence factors such as growth and yield of crop
plants by affecting changes in growth pattern, plant morphology and anatomy,
and particularly chemical composition. For example, thickness of epidermal
cells, degree of lignifications, sugar concentrations, amino acid content in
phloem sap, and levels of defensive compounds are all influenced by
nutritional status of the plant, and in turn either affect or are presumed to

affect resistance to insects.



Douglas (2003) studied phloem sap is an extreme food source that is
used as the dominant or sole diet of very few animals, specifically insects of
the order Hemiptera, including aphids, whitefly, plant hoppers and some
pentatomid bugs.

Phloem sap contains two macronutrients, amino acids and sugars
(usually sucrose). Although concentrations of these chemicals in phloem sap
have been measured in many plants (Becker, 1973; Zimmerman and Ziegler,
1975), their variability within individual plants has been investigated in only
two species: Sallacutifolia and Lupinusalbus

The response of phloem-feeding insects to phloem sugars is
physiologically complex, involving nutritional, osmoregulatory and behavioral
components. Phloem sugars are the principal carbon source and respiratory
fuel for these insects (Rhodes et al., 1996 and Febvay et al., 1999).

2.4  Nitrogen and insect

Ge et al. (2003) reported that fertilizer application, especially nitrogen

fertilizer, results in serious insect herbivores occurrence resistance.

Chen et al. (2008) reported that the plant nutritional quality and plant
defenses that directly act on herbivores are altered by N fertilization, and
herbivorous insects can distinguish between plants receiving different N

applications.

Bhinde (1993) low nitrogen contents in the plants enhance the
resistance of plants against pests, but high nitrogen contents cause vigorous

growth along with consequent decrease in resistance against pests.

Bi et al. (2001) reported that increased nitrogen fertilizer application is
positively correlated with the population of both adults and nymphs of B.
argentifolia.

Phelan et al. (1996) reported that changing the preference of insects by

optimal plant nutritional requirement via altering the fertilizer level of a soil.

Hu et al. (1983) reported that nitrogen fertilization also significantly
increased the populations of WBPH, GLH and small brown planthopper


http://jeb.biologists.org/content/209/8/1395.long#ref-7
http://jeb.biologists.org/content/209/8/1395.long#ref-25
http://jeb.biologists.org/content/209/8/1395.long#ref-11

Ebert (1996) reported that nitrogen is taken up by plants in two different
forms, nitrate or ammonium. The amino acid compositions were different
among plants with different nitrogen treatments, and amino acid content and
carbohydrate-to-amino acid ratios are linked to changes in aphid
development.

Coulibaly (1990) was reported that the increasing application of
nitrogen fertilizer reduced the fiber content in sugarcane and resulted in
increased damage by the stem borer.

LU et al. (2007) reported that nitrogen is one of the most important
factors in development of herbivore populations. The application of nitrogen
fertilizer in plants can normally increase herbivore feeding preference, food
consumption, survival, growth, reproduction, and population density

Bi et al. (2001) and Ge et al. (2003) reported that more fertilizer
application, especially nitrogen (N) fertilizer, the more serious insect
herbivores occurrence and crop damage from these insects by reducing plant
resistance.

Prudic et al. (2005) reported that plant nutritional quality and plant
defenses that directly act on herbivores are altered by nitrogen fertilization,
and herbivorous insects can distinguish between plants receiving different
nitrogen applications.

2.5 Phosphorous and insect

Skinner and Cohen (1994) reported that higher phosphorous levels are
associated with higher insect levels.

Jansson and Ekbom (2002) found that as P fertilizer levels increased,
aphid (Macrosiphum euphorbiae) development time shortened, and the adult
lifespan and number of offspring increased.

2.6 Potassium and insect

Potassium (K) has been considered a key component of plant nutrition
that significantly influences crop growth and some pests infestation.
Potassium fertilizer is negatively associated with occurrence of Aphis glycines
(Myers and Gratton, 2006), leafhoppers and mites (Parihar and Upadhyay,
2001). Increased K levels in foliage can reduce insect pressure (Walter and
DiFonzo, 2007).



Amtmann et al. (2008) provide a potential mechanism to explain the
relationship between K deficiency and increased insect attack. K deficiency
results in reduced synthesis of proteins, starch, and cellulose, and increased
accumulation of lower molecular weight compounds such as amino acids,
nitrate, soluble sugars, and organic acids. These lower weight molecular
compounds are more easily utilized as nutrient sources by sucking insects.
Thus in other words, K deficiency on it's own may not correlate with higher
insect attack, but the subsequent impact of K deficiency on plants, makes
plants more readily attacked by sucking insects. This is better explained by
(Walter and DiFonzo, 2007) who reported that low K fertility was associated
with high foliar levels of the amino acid serine and higher aphid infestations\

Subramanaian and Balasubramanaian (1976) was reported that
potassium induced changes in rice plant had profound effect on insect host
interactions. Increase in potassium in rice plant caused reduction in the
feeding rate of brown planthopper Nilaparvata lugens (Vaithillingan et
al.,1976) and rate of population build up of N. lugens and green leafhopper,
Nephotettix sp.

Vaithillingan and Baskaran, (1983) reported that increase K level led to
accumulation of more phenols which probably contributed to increase insect
resistance in some rice cultivars.

2.7 Impact of rainfall

Suppression of aphid population during high rainfall period was
reported by (Patel et al.,1997). Decline the population of sucking insects in
July and further increase from January up to March was respectively
(Senapati and Mohanty,1980).

Lac crop is vulnerable to both biotic and abiotic stress (Sharma et al.,
1997; Bhagat and Mishra, 2002; Jaiswal et al., 2008).

Patel et al. (1997) reported that high rainfall during July influences lac
insect settlement. Suppression of aphid population during high rainfall period.

Meteorological factors play an important role in the population
fluctuation of sucking insect pests (Gogoi et al., 2000; Murugan and
Uthamasamy, 2001; Panicker and Patel, 2001)



Senapati and Mohanty (1980) reported that population of sucking
insects showed decline in July and further increase from January up to March.

Earlier studies have determined the environmental limits of organisms,
usually with respect to abiotic factors, such as temperature, irradiance, water
availability, and to specific nutrients or toxins. These data provide both vital
information for studies of physiological mechanism and robust explanations
for the ecology of many taxa (Spicer and Gaston, 1999; Hochachka and
Somero, 2002).

Changes in rainfall patterns, frequent droughts and floods, increased
intensity and frequency of cold waves, outbreaks of insect pests and diseases
area affecting profoundly many biological systems (IPCC, 2007) and lac sub-
sector is also equally affected.

Li et al. (1992) reported that the different weather factors like
temperature, relative humidity were found to have positive association with
thrips population on cotton.

2.8  Major operation of lac production
2.8.1 Inoculation

Timely availability of pest free and quality broodlac is the most
important for lac culture (Singh, 2010), especially in July for rainy season
(Kumar and Das, 2012).

Approximately 4 kg Kusmi broodlac was required for inoculation an
average Kusum tree, 1.5 kg for Z. mauritiana tree and 750g to 1.00 kg
broodlac for B. monosperma tree (Srivastava ,2011), while (Kumar and Das,
2011) reported that 20g-30g broodlac is required per metre succulent branch.
Depending upon the type and size of the lac host tree the broodlac quantity
differs.

Bhagirath (2013) and Janghel (2013) reported that the quantity of
broodlac used an Z. mauritiana and B. monosperma varied from 500g to 700g
per plant.

2.8.2 Shifting

Shifting process is use for efficient use broodlac was first time carried
out by (Khobragade, 2012). Since then shifting has become popular and the
operation followed by (Janghel and Bhagirath, 2013).
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2.8.3 Phunki removal

Phunki removal after three weeks of BLI was suggested by (Sharma
and Jaiswal, 2011)

Khobragade (2012), Janghel (2013) and Bhagirath (2013) reported that
Phunki removal is a labour intensive operation, but the scraped lac provides
them a cash income after 30 of BLI.

2.9 Survival of lac insect

Bhagirath (2013) reported that survival of lac insect from BLI to
harvesting was 22 to 27 percent in Aghani crop Kusmi lac while it varied from
27 to 32 percent in Katki crop on B. monosperma (Janghel,2013) and
Baisakhi crop on Z. mauritiana was 21 to 25 percent (Kunal, 2013).

2.10 Yield of raw lac

According to Mishra et al., (1999) in F. semialata the live cell weight
and Phunki (dry) cell weight on varied from 13.16 to 38.33 mg and 8.00 to
19.00 mg respectively, whereas on F. macrophylla it were from 16.83 to 31.67
mg and 9.33 to 18.83 mg. Thus the yield varies from host to host.

Bhagirath (2013) reported that the mean fresh weight (g) of 100 mature
lac cells was 4.88g in Kusmi lac and 3.38g in case of Rangeeni lac, while In
the present study it varied from 6.14 to 8.02g in various treatment

Bhagirath (2013) reported that the mean dry weight of 100 cells was
4.669 in case of Kusmi lac and 2.63g in case of Rangeeni lac.

According to Ghosal (2013), potassium application could bring an
appreciable amount of reduction in the dry matter per cent of inoculable
shoots. The lesser the dry matter per cent, the more the shoot will be
succulent. Therefore, it can be stated that, inoculable shoot become more
succulent due to potassium application, which is supposed to contribute to
higher lac production. Similar result has been reported by (Abayomi, 1987) in
sugarcane. According to (Zengin et al., 2009) increased succulence could be
due to increased water uptake on potassium applied of plant.

11



MATERIAL AND METHODS

The present research work entitled Study on the performance of
Aghani crop of kusmi lac on nutrient managed Zizyphus mauritiana
under heavy rainfall condition at Dhapara village, Barghat Block, Seoni

District, Madhya Pradesh was carried from May 2013 to February 2014.
3.1 Location of study area
3.1.1 Seoni district

Geographically Seoni district is located in the southern part of Madhya
Pradesh between 21°35 and 22°58’ N latitudes and 79°12’ and 80°18 E
longitudes. The district bordered by Jabalpur, Narsinghpur and Mandla
districts in north, Balaghat in east and Chhindwara in west and southern
boundary of the district lies in just a position to Nagpur (Maharashtra).
National Highway -7 connecting Kanyakumari to Kashmir passes through the
southern part of the district. A fair weather road connects the major towns in
the district. Chhindwara, Balaghat, Katangi and Nainpur (Fig. 3.1) are some of
important nearby towns. The narrow guage railway line Chhindwara-Nainpur
passes through Seoni. The consumption centres are Seoni, Lakhnadon,
Barghat, Chhapara, Dhuma, Kanhiwara and Keolari. The foodgrains,
vegetables, fruits, minor forest products, and timber find major markets in
Nagpur and Jabalpur and in the consumption centres within the district.

Geologically, the area forms a part of Maikal range of northern and
eastern parts of Satpura Hills tending N-S, NE-SW and E-W. The highest
topographic elevation in the district is 756 m above mean sea level in Seoni-
Lakhanadon plateau region and the lowest is 430m above mean sea level in
the plains of Wainganga-Hirri River.

Agro-climatically, the district lies in the Zone IV- Kymore Plateau and
Satpura Hill Zone of Madhya Pradesh. Seoni district forms a part of the hills
and plateau of the Satpura range of mountains. Major part of the landscape is
undulating and rocky with thin layer of soil cover. The portion of the land used

for agricultural purpose is 43.22 per cent of the total land cover of which only
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11.93 per cent has assured irrigation and hence are double cropped. The rest

of the agricultural land is totally rainfed and produces only one crop a year.
3.1.2 Barghat block

Barghat is one among the 8 Blocks of the Seoni district and has 142
villages (136 Revenue villages, 4 Forest villages and 2 uninhabited villages).
It has a geographical area of 53,924.09 ha of which 44,218.70 ha is a
cultivated area. The area under irrigation is 4,536.63 ha (10.25 %) area while
39,682.07 ha is unirrigated (89.75%).

3.1.3 Dhapara village

Dhapara village has a geographical area of 397.08 ha, of which 338.17
ha is under cultivation while 22.20 ha, 6.50 ha and 27.75 ha are uncultivated

under river and ponds. The population of the village is 1885 (Table-1).
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Figure 3.1 Map of seoni district
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Table 1. Information of Dhapara village

S. No. | Particulars ha/no./q
1. Geographical area 397.08
2. Total cultivated area 338.17
3 Under forest area 81.82
4. Area under Rivers and Ponds 23.14
5 Number of households 377

Populations 3683
6. a. Male 1840
b. Female 1843
Literacy
a. Literate 2149
7 b. illiterate 1534
3. Total number of Lac growers 153
9. Estimate number
Ber trees 5642
Palash trees 20770
10. Estimate annual lac production (q)
a. Katki crop 20
b. Baisakhi crop 69

3.2.1 Experimental details

The study was planned under RBD, with six replications and four
treatments as mentioned in (Table — 2).
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Table 2. Details of the Experiment

Host trees Ber (Z. mauritiana)
Design R.B.D.
Number of Replications 6

Number of treatments 4

Number of Z. mauritianatrees per treatment 12

Total number of Z.mauritiana trees per

replication .

Treatment details (basal application of fertilizers per Z. mauritiana tree)

T, Application of Nitrogen (Urea 2209)

T, Application of Nitrogen (Urea 220g) and Phosphorus (SSP 15609)

T Application of Nitrogen(Urea 220g), Phosphorous (SSP 1560g) and
Potassium (MoP 125g)

Ty Control i.e. no use of fertilizers (Lac growers practice)

3.2.2 Criteria for selection of
a. Lac growers:

Lac growers having Z mauritiana trees in their field and willing to
participate in the research were selected for the study. The marking of the
selected trees was done in month of May 2013.

b. Trees:

Z mauritiana trees which are over five years old, healthy, pruned and

possessing sufficient succulent branches were selected for the study.
3.3 Operations

There were the following nine major operations during the experiment
(Table-3).
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Table 3. Details of major operation

S.no. | Operations Period
Selection of plant and its
1 . Last week of May
marking
_ _ June 2013,November, 2013 and
2 Soil sample collection
January, 2014
3 Application of fertilizers 19-20™ June, 2013
4 Broodlac inoculation 16-17MJuly, 2013
5 Shifting of broodlac inoculated | 23" July, 2013
6 Phunki removal 6™ August, 2013
7 Spraying of pesticide 25-26™ August, 2013
8 Harvesting of sticklac 9-10™ January, 2014
9 Scraping of raw lac 25™ January to 6" February 2014

3.3.1 Fertilizers application

All the marked Z mauritiana tree except control (T,) were applied with

basal dose of fertilizer as per treatment (Table- 2) one month before Broodlac

inoculation.

3.3.2 Broodlac inoculation

a.

The process of Brood lac inoculation had following three operations

Brood inoculation: Healthy Broodlac weighing 300 to 600 g were used
for inoculation per Z. mauritiana tree. Depending on the size of the tree,
the brood lac were divided into three to six bundles (each with 100g per
bundle) and inoculated between 16™ to17" July, 2013.

. Shifting: The Broodlac bundles were shifted carefullyafter 5 to 6 days

of its inoculation to those branches of the same Z mauritiana tree which
have less larval settlement. This was to ensure uniform distribution of
the brood on all tree branches where there was no or insufficient lac

larval settlement.

. Phunki removal: Larvae (crawlers) of lac insect from Broodlac settled

on the tree in three weeks from the date of its inoculation. Once the

crawlers leave the broodlac and settle on the twigs of the host, the
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remains of the Broodlac bundle is called Phunki. Phunki is in fact
sticklac. Phunki usually consists of predators, was removed after 21
days of Broodlac inoculation and scrapped to recover raw lac, and in
this process the predators are removed.

3.3.3 Spraying of pesticides

Application of pesticides for predator management is an essential

process in the Lac production.

a. Equipment and items: The spraying operations were carried by a
Sprayer. Plastic bucket, drum, face mask, sun glasses and soap

were other items that were used during the spraying operations.

b. Preparation of pesticides solution: The solution of pesticides
were prepared by adding its desired quantity (1g of Cartap
hydrochloride per litre of water + 1g Mancozeb per litre of water) in
a small container followed by brisk stirring with a piece of stick.
This concentrate solution was further diluted with clear water to

make the spray solution.

c. Spraying: Spraying of pesticides with a Foot sprayer required two
persons. One operated peddle of the Foot sprayer while other
holding the lance of the sprayer sprayed the solution on the Z.

mauritiana tree.

d. Spraying schedule: Spraying of the pesticides was done on 25™ to
26" August, 2013.

3.3.4 Harvesting of sticklac

At maturity the sticklac was harvested on 9" and 10" of January 2014

for estimation of lac yield.
3.3.5 Scraping of raw lac

After harvesting of sticklac its scraping was done between 25MJanuary
to 6" February 2014.
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3.4

Observations were recorded from

Three randomly selected lac insect settled branches per Z. mauritiana

tree, at five fixed spots of 2.5 sq cm per branch. The observations recorded

following schedule mentioned in the (Table -4).

Table 4. Details of observations and its schedule

S. no.

Observation

Scale

Period

A. Pre-harvest

Larval settlement count

Lac insect/2.5 sq. cm

succulent branch*

30 days after
BLI**

B. Post-harvest

a. | Ratio of insect settlement | Lac insect/2.5 sg. cm August 2013-
to harvest branch sticklac January 2014

b. | Raw lac production Weight(g) of raw lac January 2014

[foot of sticklac

c. | Ratio of fresh raw lac to Weight(g) loss after January 2014
dry raw lac shady drying

d. | Mean cell weight Weight(g) of 100 cell January 2014

e. | No. of sticklac/plant In number January 2014

f. Lac yield/plant Kg/plant January 2014

g. | Cost of Fertilizers Per tree February 2014
application

h. | Cost of pesticide Per tree February 2014

application

* 3 branch / plan; **BLI- Broodlac inoculation
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3.5  Statistical Analysis

Data recorded on various aspects were tabulated and subjected to
statistical analysis by using the techniques of analysis of variance (Panse and
Sukhatme, 1967). Treatment significance was tested by ‘F’ test. If ‘F test
express the significant difference between the treatment mean values tested

with critical difference (CD) at 5% level of significance was computed.

Table 5. Analysis of Variance

Sources of
. df S.S. |M.S.S| FCal F Tab
variance
Replications (r-1) SSR | VR -
Treatments (t-1) SST | VT |VT/VE]| Fat5% (t-1), (r-1) (t-1)
Errors (r-1) (t-1) | SSE | VE
Total (r.t-1)
where

r = number of replications

t = number of treatments

VR= replication mean sum of square
VT=treatment mean sum of square
VE= error mean sum of square

The significance among different treatment means was judged by
critical difference (CD) at 5% level of significance for comparison among the
treatments, the marginal means of each treatment was considered. The

following formula was used for various estimations.

i Standard error of mean

i.  Critical difference (CD) = SEm x V2 xt 0.05
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where,

Ems error mean sum of square

‘t’ value at 5 % level at error d.f.

~—+
I

_1
I

number of replication
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RESULTS

The present research work Study on the performance of Aghani
crop of kusmi lac on nutrient managed Zizyphus mauritiana under heavy
rainfall condition was conducted from May 2013 to February 2014 at
Dhapara village, Barghat Block, Seoni District, MP. The study was carried out
on 48 well pruned and over five year old Z. mauritiana trees in farmers field.
The Broodlac inoculation to harvest were timely carried during the study. The
results of the present study are discussed below.

4.1  Nutrient application

The nutrient application were done in Z. mauritiana from 19" June to
20" June 2013. The Nitrogen, Phosphorus and Potash was applied through
basal application of Urea, SSP and MoP respectively (Table-6). The nutrient
in different treatments were in T;-N (Urea 220g), T> - N (Urea 220g) and P
(SSP 1560q),T3- N (Urea 220g), P (SSP 1560g) and K (MoP 125g) and T4 -
Control i.e. no use of fertilizers (Lac growers practice).

4.2 Broodlac inoculation

The Brood lac inoculation (BLI).of kusmi broodlac was done from 16"
July to 17" July 2013 (Table-6) on Z. mauritiana trees. The mean BLI per
plant varied from 4009 to 5009 per plant, depending on the size of host trees.
There was no significant difference among the different treatments.

4.3  Shifting

Shifting was done on seven days after BLI i.e. 23" July 2013 to ensure
uniform distribution of the brood on all the of Z. mauritiana branches, where

there was no or insufficient lac larval settlement.
4.4 Phunki removal

Phunki was removed 21 days after BLI i.e. from 6" August to 7"
August 2013. The mean weight of phunki lac was 242.08g, 261.08g, 271.25¢g
and 232.509 respectively in case of Ty, T,, T3 and T4 (Table-7). There was no

significant difference in the mean weight of phunki among four treatments.
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4.5

Scrap lac from Phunki

Phunki was scrapped to obtain raw lac from it. The mean weight (g) of

the raw lac obtained after scraping of phunki was 142.91g, 151.259,

164.58g and 140.83g respectively among Ti, T, T3, and T4. There was no

significant difference among the raw lac from Phunki the raw lac from phunki

(Table-8)
Table 6. Basal application of fertilizers per Z. mauritiana tree
T1 Application of Nitrogen (Urea 2209)
T, Application of Nitrogen (Urea 220g) + Phosphorus (SSP 15609)
T Application of Nitrogen(Urea 220g) + Phosphorous (SSP 1560g) +
Potassium (MoP 1259)
Ty Control i.e. no use of fertilizers (Lac growers practice)

Table 7. Mean brood inoculation (g) per plant

Mean brood inoculation (g) per plant
Replications
Treatments
T T, T3 Ty
R 400 400 500 450
R2 400 450 400 400
R 450 500 400 400
R4 400 400 400 400
Rs 450 450 450 450
Re 400 400 450 400
Mean 416.66 433.33 433.33 416.67
SEm+13.26 CD at 5% NS

22




Table 8. Mean weight of phunki (g) per plant

Mean weight of phunki (g) per plant

Replications Treatments
Ty Ts T3 Ty
R1 245.0 277.5 285.0 205.0
R2 252.5 275.0 247.5 215.0
Rs 235.0 302.5 237.5 235.0
R4 242.5 247.5 252.5 237.5
Rs 2325 2315 350.0 247.5
Rs 245.0 2325 255.0 255.0
Mean 242.08 261.08 271.25 2325
SEm+12.36 CD at 5% NS

Table-9 Mean weight of scrap lac from phunki (g) per plant

Mean weight of scrap lac from phunki (g) per plant

Replications Treatments
T T2 T3 Ty
R1 152.5 167.5 172.5 122.5
R2 147.5 167.5 152.5 125.0
Rs 140.0 170.0 140.0 147.5
R4 137.5 150.0 145.0 137.5
Rs 137.5 130.0 215.0 150.0
Rs 142.5 1225 162.5 162.5
Mean 142.91 151.25 164.58 140.83

SEm * 8.62

CD at5% NS
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4.6 Population density of Kusmi lac

The mean larval settlement count of Kusmi lac insect was observed per
2.5 sg. cm of the succulent branches after BLI till the harvest i.e. at 30, 45, 60,
70, 90, 110, 151,172 days of BLI (Table -9).

Impact of rainfall

The Broodlac inoculation was carried out on the 16™ July to 17" July
2013. The crawlers (larvae of K. lacca) crawls from the Broodlac bundles to
succulents branches for next 20 days. Heavy rainfall accured immediately
after the BLI. The precipitation was 46, 48, 16, 17, 16, 10 and 25 mm from
18" July to 24" July 2013. There were 27 rainy days between 15™ July to 15™
August 2013, and total rainfall during the period was 506mm. Continuous rain
washed away the crawlers in motion. It was observed that plants which had

less leaves and few branches were more affected.
30 days after BLI

Mean lac insect settlement per 2.5 sq. cm varied from 79.32 to 90.02 in
the four treatments T, T, Tsand T,.The mean lac insect count per 2.5sg. cm
was highest in T; (90.02) followed by T»(87.63), Tz (86.07) and T4
(79.93).There was a significant difference in the mean lac insect settlement
among the four treatments. There was more lac insect settled over the control
in T1(13.48%) followed by T, (10.47%) and T3 (8.50%).

45 days after BLI

The lac insects after secretion of resin over its body grow into individual
lac cell. The mean lac cell count per 2.5 sg. cm at 45 days after BLI varied
from 51.35 to 64.08 in different treatments. The mean lac cell count was
highest in T, (64.08) followed by T, (59.51), T3 (54.02) and T,4(51.35). There
was a significant difference among the four treatments. The number of live lac
cell was highest over the control in T (24.79%) followed by T, (15.89%) and
T3 (5.19%).

24



60 days after BLI

The mean live lac cell count per 2.5 sq. cm at 60 days after BLI varied
from 40.01 to 47.6 in different treatments. The mean live lac cell was highest
in T, (47.6) followed by T, (43.81), T3 (42.28) and T4 (40.01). There was a
significant difference among in the mean live lac cell count the four
treatments. The live lac cell over the control was highest in T; (18.97%)
followed by T, (14.49%) and T3 (5.67%).

90 days after BLI

The male emerged between 65-75 days after BLI. Winged male lac
insect were seen, which were short lived. After the male emergence the
remaining live lac cell were that of female lac insects. The mean female lac
cell count per 2.5 sq. cm at 90 days after BLI varied from 22.88 to 27.88 in
different treatments. The female lac cell count was highest in T; (27.88)
followed by T, (24.76), T3 (24.53) and T4 (22.88). There was a significant
difference in the live female lac cell among all the treatments. As it is the
female that produces lac, therefore its numbers determine the lac productivity.
Highest live female lac cell over the control was in T, (21.85%) followed by T,
(8.21%) and T3(7.21%).

110 days after BLI

The mean live female lac cell count per 2.5 sq. cm at 110 days after
BLI varied from 17.8 to 23.71in different treatments. It was highest in Tj
(23.71) and lowest in case of T,(17.8). There was a significant difference in
the mean number of live lac cells among the treatments. The live lac cell over
control was highest in T3 (33.20%) followed by T; (29.38%) and T, (22.47%).

130 days after BLI

The mean live lac cell count per 2.5 sq. cm at 130 days after BLI varied
from 16.50 to 20.33 in different treatments. It was highest in T; (20.33)
followed by T, (20.23), T3 (20.08) and T4 (16.50).There was a significant
difference in the mean number of live lac cell count among the treatments. It
was highest over control in T; (23.21%) followed by T, (22.60%) and T3
(21.69%).
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150 days after BLI

The mean live female lac cell count per 2.5 sq. cm at 150 days after
BLI it varied from 16.16 to 19.05 in different treatments. The live lac cell count
was highest in T; (19.05) followed by T, (18.87), T3 (18.92) and T, (16.16).
There was a significant difference in number of live cell among the treatments.
It was highest over the control in T, (17.88%) followed by T3 (16.77%) and T,
(16.76%).

172 days after BLI (At harvest)

The Aghani crop of Kusmi lac matured in the month 1% week of
January 2014 . It was harvested from 8™January to 9™ January 2014 i.e. 172
days after BLI. The mean lac cell count at harvest/maturity varied from 15.57
to 18.43 per 2.5 sg. cm. The live lac cell count was highest in T; (18.43)
followed by T, (18.03), T3 (17.41) and T4 (15.57). There was a significant
difference in the mean live lac cell count among different treatments. It was
highest in T; (18.36%) followed by T, (15.79%) and T3 (11.81%) lac cell over
the control. Thus application of fertilizer on their Kusmi lac host tree had more

number of there lac cells at harvest on comparison to control.
4.7  Transmission loss of lac insects

Transmission loss (TL) defined as the loss in the number of lac insect
per 2.5 sg. cm from BLI to harvest. There was a significant loss of insect from
BLI to harvest among different treatments (Table-10) as observed from 30 day
after BLI to harvest. It was 28.81, 47.04, 69.03, 71.42, 77.42, 78.84 and 79.53
per cent at 30, 45, 60, 90, 110, 130,150 and 172 days in case of T;. In case of
T,, the TL was 32.08, 47.72, 71.75, 75.13, 76.92, 78.46 and 79.42 per cent at
30, 45, 60, 90, 110, 130, 150 and 172 days respectively. In case of T3, the TL
was 37.24, 50.88, 71.50, 72.46, 76.67, 78.02 and 79.78 per cent at 30, 45, 60,
90, 110, 130, 150 and 170 days respectively. In case of T4, TL was 35.27,
49.56, 71.15, 77.56, 79.20, 79.32 and 80.37 percent at 30, 45, 60, 90, 110,
130, 150 and 172 days respectively. The highest TL was in case of T,
(80.37%) followed by T3 (79.78%), T1 (79.53%) and T, (79.42%). Thus the
survival percent of lac insect from BLI to harvest was highest in T, (20.58%)
followed by T (20.47%), T3 (20.22%) and T, (19.63).
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4.8 Sticklac

Branches of the lac host tree with lac encrustation of mature lac insect
when ready to harvest is called sticklac. The mean number of sticklac was
highest (18) in both T, and T3 (18) followed by T; (17.08) and T4(13.16). There

was a significant difference in the number of sticklac in different treatments.
4.9 Weight of sticklac

The mean weight of sticklac per 30 cm varied from 16.88g to 92.03g
(Table-11). The mean weight (g) of sticklac per 30 cm was highest in Ts
(47.349) followed by T; (41.59q), T, (35.73g) and T4 (32.50g). There was no
significant difference in the mean weight of sticklac among different

treatments.

Table 11. Mean number of Sticklac per plant at harvest

Mean number of Sticklac per plant
Replications Treatments
T, T, Ts Ta
R 20.0 155 20.0 16.0
R> 18.0 16.5 16.0 12.5
Rs3 155 20.5 17.0 12.0
R4 13.0 16.0 18.0 13.0
Rs 20.0 19.5 23.0 12.5
Re 16.0 20.0 14.0 13.0
Mean 17.08 18.00 18.00 13.16
SEm+ 0.95 CD at 5% 2.88
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Table 12. Mean weight of sticklac (g) per 30 cm at harvest

Mean weight of sticklac (g) per 30 cm
Replications Treatments
Ty T T3 Ty
R1 36.99 31.02 92.03 25.51
R> 70.03 47.23 47.51 27.23
Rs 42.71 31.23 16.88 42.14
R4 29.08 31.36 47.23 36.88
Rs 27.69 41.20 38.06 38.13
Rs 43.04 32.33 42.33 25.10
Mean 41.59 35.73 47.33 32.50
SEmz* 6.62 CD at 5% NS

4.10 Mean fresh weight of 100 lac cell

The mean fresh weight (g) of 100 cells of lac insect differed
significantly among the treatments. It varied from 5.27 to 8.91g (Table-12).
The mean fresh weight of 100 cell of lac insect was highest in T3 (8.02Q)
followed by T; (7.20g), T. (6.899g) and T4 (6.14g). There was a significant
difference among the mean fresh weight (g) of 100 lac cell in all treatments
over control. It was highest over control in T3 (30.61%) followed by T;
(17.26%) and T, (12.21%).

4.11 Mean dry weight of 100 lac cell

The mean dry weight (g) of 100 cell of lac insect differed significantly
among the treatments. The mean dry weight of 100 cells varied from 4.25g to
7.84g (Table-13). The mean dry weight of 100 lac cells was highest in Tj
(7.08¢q) followed by T; (6.309g), T, (6.01g) and T, (5.189).It was highest over
control in T3 (36.63%) followed by T3 (21.62%) and T, (16.02%).
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Table 13. Mean fresh weight (g) of 100 cell of lac insect

Mean fresh weight (g) of 100 lac cells

Replications Treatments
T, Ts T3 Ty
R1 8.03 5.92 8.91 5.47
R2 8.03 6.02 8.16 6.22
Rs 8.07 6.59 8.39 5.74
R4 7.26 7.64 6.69 6.17
Rs 6.53 8.52 8.43 7.33
Rs 5.27 6.69 7.56 5.90
Mean 7.20 6.89 8.02 6.14
SEmz 0.37 CD at 5% 1.13

Table 14. Mean dry weight (g) of 100 cells of lac insect

Mean dry weight of 100 lac cells

Replications Treatments

T T2 T3 Ty

R 6.99 4.98 7.84 4.25

R> 7.02 5.50 7.10 5.21

Rs 7.42 5.55 7.30 4.85

R4 5.99 6.61 5.62 5.80

Rs 5.64 7.57 7.90 6.14

Rs 4.72 5.86 6.73 4.82
Mean 6.30 6.01 7.08 5.18

SEmz* 0.36

CDat 5% 1.11
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4.12 Mean yield of raw lac

The mean yield of raw lac (kg) per plant obtained after harvesting of lac
crop was 5.08, 4.54, 5.33 and 3.83 respectively among the treatments T;, T»,
T3, and T4 (Table-14). There was a significant difference in the mean yield of
raw lac among all the treatments. Application of fertilizer significantly

increased the mean vyield of lac per plant over control. It was highest over

control in T3 (39.16%) followed by T; (32.63%) and T, (18.53%).

Table 15. Mean raw lac yield (kg) per plant

Mean raw lac yield (kg) per plant
Replications Treatments
T, T, Ts Ty
R 4.25 3.75 6.00 2.75
R> 5.25 4.50 4.50 4.50
R 6.00 5.00 5.50 3.50
R4 5.25 4.50 4.00 4.00
Rs 4.75 4.50 7.00 4.25
Re 5.00 5.00 5.00 4.00
Mean 5.08 4.54 5.33 3.83
SEmz 0.300 CD 5% 0.906

4.13 Production cost of Aghani crop of Kusmi lac on Ber

mauritiana)

The production cost of Aghani lac crop on Z. mauritiana tree was
highest in case of T3 (Rs 413.38) followed by T, (Rs 395.57), T; (Rs393.01),
and T, (Rs326.65). The mean vyield per Z. mauritiana was highest in Tj
(5.33kg) followed by T; (5.08 kg), T, (4.54kg) and it was lowest in T4 (3.83kQ).
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Table 16. Production cost of Kusmi lac on Ber (Z. mauitiana)

A. Operational cost (Rs) per plant
Operations Cost Ty T, T3 T,
Pruning Re 120124 5.00 5.00 500 | 5.00
Labour @Rs280/18tree for 40.00 40.00 | 40.00 0
Fertilizer application
Inoculation Rs 120724 5.00 5.00 500 | 5.00
trees
Phunki removal Rs 120/48 2.50 2.50 2.50 2.50
trees
. 3.28 2.8
i o Rs 20/kg (142.%1 9) (153;.(;259) (16;)'58 (14;)'83
Labo;ésf?cﬁ{je?g’é 18 trees for 6.25 6.25 625 | 6.25
Harvesting Rstrlezeosl 121 10.00 10.00 | 10.00 | 10.00
Scraping raw lac Rs 20/kg 101.60 90.80 106.60 76.60
Sub Total (a) 173.19 162.57 178.63 108.15
B. Input cost (Rs) per plant
Brood | K-500kg | 208.00 | 21650 | 216.50 | 208.00
Spray of Pesticide
CHC 50 SP @Rs 100/100 g 6.00 6.00 6.00 6.00
Dithane M-45 @Rs 30/100 g 4.50 4.50 4.50 4.50
Fertilizer Application
Cost of Fertilizers 1.32 6.00 7.75 0
Sub Total (b) 219.82 233.00 234.75 218.50
C. Total (a+b) 393.01 395.57 413.38 326.65
D. Gross Return (Rs) per plant
Mean yield Kg 5.08 4.54 5.33 3.83
Value @ 600/kg 3048.00 2724.00 | 3198.00 | 2298.00
Phunki yield Kg 0.142 0.151 0.164 0.140
Phunki value@ 500/kg 70.50 75.50 82.00 70.00
Total 3118.50 2799.50 | 3280.00 | 2368.00
E. (D - A+B) Net Return (Rs) per Z. mauritiana plant
Gross Return(D) 3118.50 2799.50 | 3280.00 | 2368.00
Total cost (A)+(B) 393.01 395.57 413.38 | 326.65
Net Profit 2725.49 2403.93 | 2866.62 | 2041.35

. In the month February 2014 rate of Kusmi raw lac was Rs 600 per kg.

*CHC = Cartap hydrochloride
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414 Net Profit

The net profit was highest in case of T3 (Rs 2866.62/tree) followed by
T, (Rs2725.49/tree) and T,(Rs2403.93/tree) and it was lowest (Rs2041.35/
tree) in case of T, (Table-16).

The Cost-Benefit ratio was highest (1:6.83) in T; and Tz followed by T4
(1:6.14) and it was lowest (1:5.98) in case of T, (Table-17).

Table 17. Cost benefit ratio

Treatments Net profit Cost B.C Ratio
T 2725.49 393.01 1:6.93
T, 2403.93 395.57 1:6.07
T3 2866.62 413.38 1:6.93
Ty 2041.35 326.65 1:6.24
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DISCUSSION

Results of the present research work Study on the performance of
Aghani crop of kusmi lac on nutrient managed Zizyphus mauritiana
under heavy rainfall condition, are discussed below.

5.1  Nutrient application

The basal application of nutrient were done in Z. mauritiana from 19™
June to 20" June 2013. The Nitrogen, Phosphorus and Potash was applied
through basal application of Urea, SSP and MoP respectively. The nutrient in
different treatments were in T;-N (Urea 220g), T2 - N (Urea 220g) and P (SSP
15609),T3- N (Urea 220g), P (SSP 15609g) and K (MoP 125g) and T, - Control
i.e. no use of fertilizers (Lac growers practice).

It is widely acknowledged that nutrients play an important role in the
plant growth (Oskarsson et al. 2006; Dianda et al. 2009), and have recorded
positive response of NPK fertilization to wheat crop growth (Berg and Hamid,
1976). Nitrogen is the most critical element for plant growth, yield and quality
of the products in crops (Nori et al., 2012).It comprises seven percent of total
dry matter of plants and is a constituent of many fundamental cell components
such as nucleic acids, amino acids, enzymes, and photosynthetic pigments
(Bungard et al., 1999).

Phosphorus- The second most important macronutrient next to
nitrogen is required for plant growth (Ragothama, 1999). It has an important
role in photosynthesis, respiration, energy generation, nucleic acid
biosynthesis and as an integral component of several plant structures such as
phospholipids (Vance et al., 2003). Potassium is an essential element for the
growth of plant and takes part in various physiological processes (Yoshida,
1981).

The above studies confirm that nutrient management in plants are very

important for its growth and production.

Phloem feeding insects adversely affect both growth and amino-

nitrogen profile of their host plants (Wellings and Dixon, 1987), while poor
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plant nutrition can have adverse effects on the performance and fitness of sap
feeders (Cook and Denno, 1994).Essential amino acids in the plant sap are
essential for growth and reproduction of aphids (Embden, 1973).Numerous
studies have shown that variation in dietary concentrations of amino acids and
sucrose affects aphid growth, survival, and reproduction (reviewed in Klingauf,
1987).

Thus, the earlier studies confirm that plant nutrients have an impact on
the growth and reproduction of phloem feeders.

Paul et al. (2012) reported that 100g N, 250g P and 75g K per Z.
mauritiana plant highest lac yield in Z. mauritiana with fertilizer application and

manual treatment.

Lal et al (2003) reported that the growth, yield and quality parameters
of Z. mauritiana improved significantly with added nitrogen, while application
of phosphorus influenced all the parameters significantly except plant height,
spread and fruit acidity. Potash application caused very little or no effect on
growth and yield parameters, They applied four levels of N (0, 250, 500 and
750g per plant) in combination with three levels each of P,Os (0, 250 and
500g per plant) and K,O (0, 50 and 100g per plant) were applied to ten-year-
old plants.

Thus, basal dose of different nutrients were applied in the present
study to improve the growth of Z. mauritiana for increasing the lac production.

5.2 Broodlac inoculation

The Z. mauritiana trees were inoculated high quality Kusmi brood lac
from 16™ July to 17™ July 2013. Depending on the size of host trees. The
mean BLI per plant varied from 400g to 500g. There are no significant

difference among the treatments.

Timely availability of pest free and quality broodlac is the most
important for lac culture (Singh, 2010), especially in July for rainy season
(Kumar and Das., 2012).

Approximately 4 kg Kusmi broodlac was required for inoculation an

average Kusum tree, 1.5 kg for Z. mauritiana tree and 750g to 1.00 kg
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broodlac for B. monosperma tree Srivastava 2011), while Kumar and Das
(2011) reported that 20g-30g broodlac is required per metre succulent branch.
Depending upon the type and size of the lac host tree the broodlac quantity
differs.

The quantity of broodlac used an Z. mauritiana and B. monosperma
varied from 5009 to 700g per plant (Bhagirath ,2013., Janghel, 2013).

The present research work agrees with those of the earlier lac workers
in broodlac requirement and inoculation in present study on the Z. mauritiana
were medium of size, thus the broodlac used varied from 400g to 500g. There
was no significant difference in the broodlac inoculation indicates that
irrespective of the treatments, the broodlac inoculation was uniform

throughout the experiment.
5.3  Shifting

Shifting was done on 7™ days after BLI i.e. on 23 July 2013, to ensure
uniform distribution of the brood on all the branches of Z. mauritiana where

there was no or insufficient lac larval settlement

Shifting process is for efficient use broodlac was first time carried out
by Khobragade (2012). Since then shifting has become popular and the
operation followed by many workers (Kunal 2013,Janghel, 2013 and
Bhagirath, 2013).

5.4 Phunki removal

Brood sticks with no larvae of K. lacca are called phunki. Phunki is
removed after 21 days of BLI (from 6" August 2013) to obtain raw lac from it
and remove the predators harbouring in it. The mean weight of phunki lac
obtained 21 days after BLI was 242.08g, 261.08g, 271.25g and 232.509g
respectively in case of Ty, T,, T3 and T4, There was no significant difference in

the mean weight of phunki between the treatments.

Phunki is scrapped to obtain raw lac from it. The mean weight (g) of the
raw lac obtained after scraping of phunki was 142.91g, 151.25g, 164.58g and
140.83g respectively among Ti, T,, T3, and T4 There was no significant

difference among the raw lac obtained from phunki in different treatments.
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Phunki removal after three weeks of BLI was suggested by Sharma
and Jaiswal (2011). Phunki removal is a cultural and mechanical approach for
removal of predators and parasites from the lac production production system.
This was followed by earlier workers namely Khobragade (2012), Janghel
(2013), and Bhagirath (2013). Phunki removal is a labour intensive operation,

but the scraped lac provide them a cash income after 30 of BLI.

Non significant difference of the raw lac obtained from phunki among
different treatments indicates that broodlac used was of high quality. Kunal
(2013) also found no significant difference in weight of phunki on the same
host. But significant difference reported by Bhagirath (2013) was due to
impact of insecticide treatment and raw lac obtained from Kusmi lac and

Rangeeni lac.
5.5 Impact of rainfall

The Broodlac inoculation was carried out on the 16" July and 17™ July
2013. The crawlers (larvae of K. lacca) crawls from the Broodlac bundles to
succulent branches for next 20 days. Heavy rainfall occured immediately after
the BLI.The precipitation was 46, 48, 16, 17, 16, 10 and 25 mm from 18" July
to 24" July 2013 respectively. There were 27 rainy days between 15" July to
15" August 2013, and the total rainfall during the period was 506mm.
Continuous rain washed away the crawlers in motion. It was observed that

plants which had less leaves and few branches were more affected.

Lac crop is vulnerable to both abiotic and biotic stress (Sharma et al.,
1997; Bhagat and Mishra, 2002; Jaiswal et al., 2008)

The survival of lac insect dependent upon many factors such as abiotic
(Rainfall, temperature, wind and air currents ) and biotic (food, predators and
parasite).As the suppression of aphid population during high rainfall period
was reported by Patel et al .,(1997). Decline the population of sucking insects
in July and further increase from January up to March was respectively
Senapati and Mohanty (1980).

Bhagirath (2013) reported that after his study on the Aghani crop of
Kusmi lac on the host of Z. mauritiana tree reported that the mean larval

settlement of lac larvae per 2.5 sg. cm varied from 62.00 to 111.20 in different
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treatments, while in Baisakhi crop of Rangeeni lac varied from 61.40 to
102.60 in the different treatments but there are no significant difference

among the treatments.

Comparatively better larval settlement reported by Bhagirath (2013)
may be due to the Aghani (Kusmi) and Baisakhi crop when no rainfall occured
during BLI.

Kunal (2013) reported that the mean larval settlement per 2.5 sq cm in
Baisakhi crop of Rangeeni lac on Z. mauritiana tree varied from 86.47 to
104.13, but according to Janghel (2013) in Katki crop on B. monosperma tree
it varied from 73.53 to 97.13 in different treatments. Tahir (2014 in his
personal communication) informed that the mean larval settlement per 2.5 sq.
cm in Jethwi crop of Kusmi lac on Z. mauritiana tree under nutrient managed
condition varied from 92.14 to 105.20 this was due to no rainfall during
January 2014.

5.6 Population density of Kusmi lac

The mean larval settlement count of Kusmi lac insect was observed per
2.5 sq. cm of the succulent branches after BLI till the harvest i.e. at 30, 45, 60,
70, 90, 110, 172 days of BLI (at harvest).

30 days after BLI

The mean lac insect settlement per 2.5 sq. cm varied from 79.32 to
90.02 in the four treatments T; T, Tz and T,.The mean lac insect count per
2.5sq. cm was highest in T; (90.02) followed by T, (87.63), T3 (86.07) and T4
(79.93).There was a significant difference in the mean lac insect settlement
among the four treatments. There was more lac insect settled over the control
in T1(13.48%) followed by T, (10.47%) and T3 (8.50%).

In the nitrogen treated Z. mauritiana there were 13.48 percent more lac
larval settlement over control it is an indication that the nitrogen influence lac

larval settlement.

Fertilizer application, especially nitrogen fertilizer, results in serious
insect herbivores occurrence resistance (Bi et al.,, 2001; Ge et al.,, 2003).

Plant nutritional quality and plant defenses that directly act on herbivores are
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altered by N fertilization, and herbivorous insects can distinguish between
plants receiving different N applications (Prudic et al., 2005 and Chen et al.,
2008). Low nitrogen contents in the plants enhance the resistance of plants
against pests, but high nitrogen contents cause vigorous growth along with
consequent decrease in resistance against pests (Bhinde, 1993; Huber and
Thompson, 2007).

Increased nitrogen fertilizer application is positively correlated with the
population of both adults and nymphs of B. argentifolia (Bi et al., 2001). So,
there is opportunity of changing the preference of insects by optimal plant
nutritional requirement via altering the fertilizer level of a soil (Hendrix et al.,
1990; Phelan et al., 1996).

Thus, higher larval settlement of lac insects on Z. mauritiana with

nitrogen treatments is in agreement with earlier findings.

The second highest larval settlement of lac insect was on Z. mauritiana
treated with phosphorous. Skinner and Cohen., (1994) reported that higher
phosphorous levels are associated with higher insect levels. In an another
study Jansson and Ekbom (2002) found that as P fertilizer levels increased,
aphid (Macrosiphum euphorbiae) development time shortened, and the adult

lifespan and number of offspring increased.

In the present study the larval settlement of lac insect was
comparatively less in the Z. mauritiana treated plants with NPK.

Potassium (K) has been considered a key component of plant nutrition
that significantly influences crop growth and some pests infestation.
Potassium fertilizer is negatively associated with occurrence of Aphis glycines
(Myers and Gratton, 2006), leafhoppers and mites (Parihar and Upadhyay,
2001). Increased K levels in foliage can reduce insect pressure (Facknath and
Lalljee, 2005; Walter and DiFonzo, 2007). These findings are in agreement
with a compilation of studies by the International Potash Institute (cited in
Amtmann et al., 2008).

Amtmann et al. (2008) provide a potential mechanism to explain the
relationship between K deficiency and increased insect attack. K deficiency

results in reduced synthesis of proteins, starch, and cellulose, and increased
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accumulation of lower molecular weight compounds such as amino acids,
nitrate, soluble sugars, and organic acids. These lower weight molecular
compounds are more easily utilized as nutrient sources by sucking insects.
Thus in other words, K deficiency on it's own may not correlate with higher
insect attack, but the subsequent impact of K deficiency on plants, makes
plants more readily attacked by sucking insects. This is better explained by
Walter and DiFonzo, (2007) who reported that low K fertility was associated
with high foliar levels of the amino acid serine and higher aphid infestations.
However in the present study the significant difference in the settlement is due

to the impact of nutrient management.

Thus, the present findings are in agreement with those of the earlier

workers.
45 days after BLI

The lac insects after secretion of resin over its body grow into individual
lac cell. The mean lac cell count per 2.5 sg. cm at 45 days after BLI varied
from 51.35 to 64.08 in different treatments. The mean lac cell count was
highest in T, (64.08) followed by T, (59.51), T3 (54.02) and T4 (51.35). There
was a significant difference among the four treatments. The number of live lac
cell was highest over the control in T, (24.79%) followed by T, (15.89%) and
T3 (5.19%).

Bhagirath (2013) reported that the Aghani crop of Kusmi lac insects
after secretion,of resin over its body grow into individual lac cell. The mean lac
cell count per 2.5 sq. cm at 45 days after BLI varied from 60.00 to 95.80 in
different treatments. There was no significant difference among the

treatments.

Janghel (2013) reported that the Katki crop of Rangeeni lac on B.
monosperna tree, the mean lac cell count per 2.5 sq. cm at 45 days after BLI
varied from 33.00 to 67.33 in different treatments. But there was no significant
difference among the treatments. Kunal (2013) reported that the Baisakhi crop
of Rangeeni lac on Z. mauritiana tree. The mean lac cell count per 2.5 sq cm

at 45 day after BLI varied from 73.80 to 96. But there was a significant
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difference among the mean lac cell count among the treatments due to the

pesticide application.

In earlier studies, there was no significant difference in the mean cell
count at 45 days of BLI. The significant difference in the mean cell number in
different treatments indicates the impact of nutrient management of Z.

mauritiana.

The number of lac insect were less in comparison to that reported by
Bhagirath (2013) because the reason that first application of pesticides not
done after 30 days of BLI, due to continues rains. The infestation of E.

amabilis cause the severe damage to lac insect.
60 days after BLI

The mean live lac cell count per 2.5 sg. cm at 60 days after BLI varied
from 40.01 to 47.6 in different treatments. The mean live lac cell was highest
in T, (47.6) followed by T, (43.81), T3 (42.28) and T4 (40.01). There was a
significant difference among in the mean live lac cell count the four
treatments. The live lac cell over the control was highest in T; (18.97%)
followed by T, (14.49%) and T3 (5.67%).

Bhagirath (2013) reported that the mean Kusmi lac cell count per 2.5
sg. cm at 60 days after BLI varied from 53.20 to 86.60 in different treatments.
There was significant difference among in the mean lac cell count the

treatments.

The mean Rangeeni female lac cell count per 2.5 sq. cm at 60 days
after BLI varied from 23.20 to 29.40 in different treatments and there was a no
significant difference among the treatments. Janghel (2013) reported that the
mean population density at 60 day after BLI from 28.13 to 40.53. There was
no significant difference among the treatments. The density of Kusmi live lac
insect was less compare to the work of Bhagirath (2013).because the
infestation of E. amabilis have reduce the over all density of live lac cell.

The variation in the mean lac cell count may be due to different
treatment treatments, strain and season of the earlier studies. In present work
nutrient availability in host Z. mauritiana significantly effect more larval

settlement of lac insect compare to control.
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90 days after

The male emerged between 65-75 days after BLI. Winged male lac
insect were seen, which were short lived. After the male emergence the
remaining live lac cell were that of female lac insects. The mean female lac
cell count per 2.5 sq. cm at 90 days after BLI varied from 22.88 to 27.88 in
different treatments. The female lac cell count was highest in T; (27.88)
followed by T, (24.76), T3 (24.53) and T, (22.88). There was a significant
difference in the live female lac cell among all the treatments. As it is the
female that produces lac, therefore its numbers determine the lac productivity.
Highest live female lac cell over the control was in T, (21.85%) followed by T,
(8.21%) and T3(7.21%).

Bhagirath (2013) reported that after the male emergence the remaining
lac cell was of female lac insects. The mean female Kusmi lac cell count per
2.5 sq. cm at 90 days after BLI to declined and it varied from 34.00 to 42.60 in
different treatment. there was a significant difference among the treatments.

The mean Rangeeni female lac cell count per 2.5 sq. cm at 90 days
after BLI continued to decline and it varied from 23.60 to 27.20 in different
treatments. There was a significant difference in the mean female lac cell

count in different treatments.

Janghel (2013) reported that the mean population density at 90 day
after BLI continued to decline and it varied from 19.87 to 30.00. There was a
significant difference in the population density of lac insect. After male
emergence, 45 to 55 percent in Kusmi strain and 35 to 55 percent in
Rangeeni strain population of lac insect was reduced than compare to insect
count after 60 days of BLI in both the study.

There are significant difference among all the treatments after 90 days
of BLI. The difference in present study was due to nutrient management of Z.
mauritiana, while that reported by Bhagirath (2013) was due to application of

pesticide.
130 days after BLI

The mean live lac cell count per 2.5 sg. cm at 130 days after BLI varied
from 16.50 to 20.33 in different treatments. It was highest in T; (20.33)
followed by T, (20.23), T3 (20.08) and T4 (16.50).There was a significant

42



difference in the mean number of live lac cell count among the treatments. It
was highest over control in T; (23.21%) followed by T, (22.60%) and T3
(21.69%).

Bhagirath (2013) reported that the female lac cell count per 2.5 sg. cm
at 130 days after BLI it varied from 31.20 to 37.60 in different treatments.
There was a significant difference among the treatments due to the
application of pesticide.

In present work nutrient availability in the host Z. mauritiana

significantly influenced more live cell of lac insect compare to the control.
172 days after BLI (At harvest)

The Aghani crop of Kusmi lac matured and harvested at 172 days after
BLI. The mean lac cell count at harvest/maturity varied from 15.57 to 18.43
per 2.5 sq. cm. The live lac cell count was highest in T, (18.43) followed by T,
(18.03), T3 (17.41) and T, (15.57). There was a significant difference in the
mean live lac cell count among different treatments. It was highest in T,
(18.36%) followed by T, (15.79%) and T3 (11.81%) lac cell over the control.

Bhagirath (2013) reported that Aghani crop of Kusmi lac crop matured
and harvested 151 days after BLI, while Katki crop in 110 days. In Kusmi the
mean lac cell count per 2.5 sg. cm at harvest or maturity varied from 28.40 to
33.80, while in Rangeeni it varied from 19.00 to 24.60 in different treatments.
There was a significant difference in the mean female lac cell count in
different treatments due to the pesticide application.

Kunal (2013) reported that the Baisakhi crop matured and harvested
after 180 days of BLI. The mean lac cell count per 2.5 sq cm varied from
16.36 to 25.01. There was a significant difference among the mean lac cell
count among the treatments due to the application of pesticide..

Janghel (2013) reported that the Katki lac crop harvested 110 days
after BLI. The mean population density at harvest i.e. at in maturity varied
from 19.87 to 29.87. There was a significant difference the population density
at harvest among the treatments due to the application of pesticide.

In present research work significant difference among the treatments

due to the nutrient application.
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5.7 Survival of lac insects

The population density of lac insect per 2.5 sq cm at 30 day after BLI
was 90.02, 87.63, 86.07, and 79.32 which reduced to 18.43, 18.03, 17.41 and
15.57 in case of T1, T2, T3 and T4 respectively.

In present study, only 19 to 22 percent lac insect survived from BLI to
harvesting, and there was a significant difference among the treatments due

to nutrient application

Bhagirath (2013) reported that survival of lac insect from BLI to
harvesting was 22 to 27 percent in Aghani crop Kusmi lac while it varied from
27 to 32 percent in Katki crop on B. monosperma (Janghel 2013), Baisakhi

crop on Z. mauritiana was 21 to 25 percent (Kunal 2013).

In all the above studies, the survival percent of lac insect varied from
19 to 32 percent irrespective of the season, strain and treatments.In present

study it was 19 to 22 percent.
5.8 Sticklac

The mean number of sticklac per plant varied from 12 to 23. The mean
number of sticklac was highest in 18 (T3) followed by 18 (T,), 17.083 (T,) and
13.16 (T4). There was a significant difference in the number of sticklac among

different treatments..

In present research work the number of sticklac in the Z. mauritiana
with nutrient management was more comparison to control. Availability of
nutrient may caused more number of sticklac. The quality of food dependent
upon the nutrient available on host plant. Thus, settlement of K. lacca
depends on many reasons other than availability of succulent shoots. Higher

density of the lac insect means higher competition for food.
5.9 Weight of sticklac

The mean weight of sticklac per 30 cm varied from 16.88 to 92.03. The
mean weight (g) of sticklac per 30 cm was highest 47.33 (T3) followed by
41.59 (T,), 35.73 (T,) and 32.50 (T4). There was no significant difference in

the mean weight of sticklac among different treatments.
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Bhagirath (2013) reported a significant difference among in mean
weight of sticklac (g) per 30 cm due to the pesticide treatments and Kusmi
and Rangeeni strain.

5.10 Fresh weight of 100 lac cell

The mean fresh weight (g) of 100 cell of lac insect differed significantly
among the treatments. The mean weight of 100 mature lac cells varied from
5.24 to 8.91. The mean fresh weight of 100 cell of lac insect was highest
(8.02) in case of T3 followed by T, (7.20 g), T, (6.89 g) and T4 (6.14).

According to Mishra et al. (1999) in F. semialata the live cell weight and
Phunki (dry) cell weight on varied from 13.16 to 38.33 mg and 8.00 to 19.00
mg respectively, whereas on F. macrophylla it were from 16.83 to 31.67 mg
and 9.33 to 18.83 mg. Thus the yield varies from host to host.

Bhagirath (2013) reported that the mean fresh weight (g) of 100
mature lac cells was 4.88g in Kusmi lac and 3.38g in case of Rangeeni lac,
while in the present study it varied from 6.14 to 8.02g in various treatment.

There was a significantly increase the fresh weight of 100 lac cell of
Kusmi lac, It was highest over control in T3 (30.61%) followed by T, (17.26%)
and T, (12.21%) due to the nutrient management on Z. mauritiana.

5.11 Dry weight of 100 lac cell

The mean dry weight (g) of 100 cell of lac insect differed significantly
among the different treatments. The weight of 100 cells varied from 4.25 to
7.90. The mean dry weight of 100 lac cells was highest in T3 (7.08) followed
by T; (6.30), T, (6.01) and T4 (5.18).

Bhagirath (2013) reported that the mean dry weight of 100 cell was
4.66g in case of Kusmi lac and 2.63g in case of Rangeeni lac.

In the present study the weight of 100 cells was more in comparison to
control, the increase in the mean dry weight of 100 cell was highest 36.63
percent in T3 (NPK) followed by 21.62 T; (N) and 16.02 percent in T, (NP).

This indicate that there was an increase in dry cell weight due to
nutrient management. The mean dry cell weight of Kusmi lac cell reported by
Bhagirath (2013) was varied 3.40g to 4.66g, which is no nutrient

management.
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5.12 Yield of raw lac

The mean yield (kg) per plant obtained after harvesting of lac crop was
5.08, 4.54, 5.33 and 3.83 respectively among the treatment T4, T, T3, and Ta.
There was a significant difference in the yield of raw lac among all the
treatments. There was an increase in the mean yield of lac per Z. mauritiana
over control. It was highest over control in T3 (39.16%) followed by T;
(32.63%) and T, (18.53%).

According to Ghosal, (2013) Potassium application could bring an
appreciable amount of reduction in the dry matter per cent of inoculable
shoots. The lesser the dry matter per cent, the more the shoot will be
succulent. Therefore, it can be stated that, inoculable shoot become more
succulent due to potassium application, which is supposed to contribute to
higher lac production. Similar result has been reported by (Abayomi, 1987) in
sugarcane. According to (Zengin et al., 2009) increased succulence could be

due to increased water uptake on potassium applied of plant.

In present study the yield of raw lac on Z. mauritiana with fertilizer
treatment significantly increased oer the control. It may be attributed to the

nutrient management of host plant.
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SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR

FURTHER WORK

6.1 Summary

The present research work entitled Study on the performance of
Aghani crop of kusmi lac on nutrient managed Zizyphus mauritiana
under heavy rainfall condition at Dhapara village, Barghat Block, Seoni
District, Madhya Pradesh was carried from May 2013 to February 2014 in lac

growers field with four treatments.

The Nitrogen, Phosphorus and Potash was applied through basal
application of Urea, SSP and MoP respectively. The nutrient in different
treatments were in T;-N (Urea 220g), T, - N (Urea 220g) and P (SSP
15609),T3- N (Urea 220g), P (SSP 1560g) and K (MoP 125g) and T,4- Control
i.e. no use of fertilizers (Lac growers practice).

6.1.1 Nutrient management

Nutrient management in plants are very important for its growth and
production and plant nutrients have an impact on the growth and reproduction
of phloem feeders. Nitrogen is the most important element for plant growth,
yield and quality of products. Phosphorus is the second most important
macronutrient next to the nitrogen is required for plant growth. Potassium is

essential for growth and various physiological processes.

Insect-plant relationship is affected by the application of micro or macro
nutrients to crop plants. Nutrient deficient plants remain weak and vulnerable

to incidence of plant disease and insect pest attack.

Phloem sap is an extreme food source used as the dominant or sole
diet of insects in the order Hemiptera. Essential amino acids in the plant sap
are essential for growth and reproduction of sucking insect. The plants
provide nutrients to herbivorous insects. Any increase in the nutrient content

of the plant is likely to increase its acceptability to pest populations.

Increased nitrogen fertilizer application is positive associated with
increase in the population of the sucking insect. Nitrogen is one of the most
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important factors in development of herbivore populations. The application of
nitrogen fertilizer in plants can normally increase herbivore feeding
preference, food consumption, survival, growth, reproduction, and population
density.

The higher phosphorous levels are associated with higher insect levels.
Potassium has been considered a key component of plant nutrition that
significantly influences crop growth and some pest infestation. Potassium
fertilizer is negatively associated with sap feeders.

6.1.2 Population density of K. lacca

The mean brood lac inoculation per Z. mauritiana plant ranged from
400g to 500g. As the twigs of lac host trees are cylindrical and narrow, it is
practically difficult to mark one square inch area followed by counting of larvae
of K. lacca which are usually 0.5 mm in size. In the present study 2.5 sq cm
was the area to study the lac insect count. It provides comfortable space for
accurate Lac insect counting. The mean lac larval settlement per 2.5 sq cm
from 30 days after BLI to the harvest of the lac crop showed a significant
difference among the four treatments. The mean number of lac larvae per 2.5
sq cm was in Ty (90.02), T, (87.63), T3(86.07) and T,4(79.93) at 30 after BLI.
There was more in comparison to lac growers practice (control T4). There was
13.48 percent more number of larval settlement of lac insect on Z. mauritiana
treated with Nitrogen (T1). This was followed by 10.47 percent in (T2 and 8.50
percent in (T3).There was significant difference due to the nutrient application.
Nitrogen is one of the most important factors in development of herbivore
populations. The second highest larval settlement of lac insect was on Z.
mauritiana treated with phosphorous because higher phosphorous levels are
associated with higher insect levels. The number of lac insect was less in
plants which treated with NPK because potassium fertilizer is negatively
associated with occurrence of sap feeders but number of lac insect was
more compare to control (no use of fertilizer). Significant difference in the
mean lac cell count at harvest that indicates the impact of nutrient
management of Z. mauritiana. After 172 The mean lac cell count at harvest or
maturity the live lac cell count was highest in T, (18.43) followed by T, (18.03),
T3(17.41) and T4(15.57). There was a significant increase number of live lac
cell over the control. It highest in T1 (18.36%) followed by T, (15.79%) and T3
(11.81%).
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6.1.3 Survival of lac insects

The mean population density of lac insect per 2.5 sq cm at 30 day after
BLI was 90.02, 87.63, 86.07, and 79.32 which reduced to 18.43, 18.03, 17.41
and 15.57 in case of Ty, T, T3 and T, respectively.

In present study, only 19 to 22 percent lac insect survived at the time of
harvest.There was a significant difference in the survival percent age of lac
insect at haevest due to nutrient application. It was highest in T; and lowest in
T4,

6.1.4 Impact of rainfall

The survival of lac insect dependent upon many factors such as abiotic
(Rainfall, temperature, wind and air currents) and biotic (food, predators and
parasite). As pesticide application was carried out uniformly, the loss of lac

insect due to the incidence of predators and parasites werw minimized.

After the broodlac inoculation the crawlers (larvae of K. lacca) crawls
from the broodlac bundles to succulent branches for next 20 days. Heavy
rainfall occured immediately after the BLI. The precipitation was 46, 48, 16,
17, 16, 10 and 25 mm from BLI to next seven days. There were 27 rainy days
immediately after the BLI. The total rainfall during the period was 506mm.
Continuous rain washed away the crawlers in motion. It was observed that

plants which had less leaves and few branches were more affected.
6.1.5 Sticklac

The mean number of sticklac was highest (18) in both T, and T3
followed by T; (17.08) and T4 (13.16). There was a significant difference in
the number of sticklacs among different treatments. The number of sticklac in
the Z. mauritiana with nutrient management was more comparison to control.
Availability of nutrients may resulted in more branches for settlement of lac
larvae after BLI, which may resulted in more number of sticklac. The quality of
food dependent upon the nutrient available on host plant. Thus, settlement of
K. lacca depends on many reasons other than availability of succulent shoots.

Higher density of the lac insect means higher competition for food.

49



6.1.6 Fresh weight of 100 lac cell

The mean fresh weight (g) of 100 cell of lac insect differed significantly
among the treatments. The mean fresh weight of 100 cell of lac insect was
highest (8.02) in case of T3 followed by T; (7.20 g), T, (6.89 g) and T4 (6.14).
There was a significantly increase the fresh weight of 100 lac cell of Kusmi
lac, It was highest over control in T3 (30.61%) followed by T; (17.26%) and T»

(12.21%) due to the nutrient management on Z. mauritiana.
6.1.7 Dry weight of 100 lac cell

The mean dry weight (g) of 100 cell of lac insect differed significantly
among the different treatments. The weight of 100 cells varied from 4.25 to
7.90. The mean dry weight of 100 lac cells was highest in T3 (7.08) followed
by T1 (6.30), T, (6.01) and T4 (5.18).In the present study the weight of 100
cells was more in comparison to control, the increase in the mean dry weight
of 100 cell was highest 36.63 percent in T3 (NPK) followed by 21.62 T; (N)
and 16.02 percent in T, (NP).This indicate that there was an increase in dry

cell weight due to nutrient management.
6.1.8 Yield of raw lac

The mean yield (kg) per plant obtained after harvesting of lac crop was
5.08, 4.54, 5.33 and 3.83 respectively among the treatment T4, T, T3, and Ty.
There was a significant difference in the yield of raw lac among all the
treatments. There was an increase in the mean yield of lac per Z. mauritiana
over control. It was highest over control in Tz (39.16%) followed by T;
(32.63%) and T, (18.53%).

It is interesting to note through the larval settlement 30 days after BLI
and survival percent to lac insect (cells) were highest in Z.mauritiana treated
with N but the dry cell weight as well as the raw lac yield was more in Z.
mauritiana treated with NPK. It concludes that though the number of cells
were less in Z.mauritiana with NPK, but weight of 100 lac cells higher, may
be due to the higher resin secretion by lac insect due to NPK treatment of its
host
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The vyield of raw lac on Z. mauritiana with fertilizer treatment

significantly increased over the control. It may be attributed to the nutrient

management of host plant.

6.2

6.3

Conclusions

Nutrient management significantly increase the 18.53 to 39.16 percent
of raw lac yield over the control.

Nutrient management of host plant improve the plant health.

Abiotic factor rainfall affect the lac insect settlement in Aghani crop of

Kusmi lac
Suggestions for future work

Application of amino acid on host Z. mauritiana and Butea
monosperma for lac. production may be studied.
Nutrient management of host and its impact on the incidence of

predator and parasite of lac insect may be studied.
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Table- 9 Transmission loss of lac insect

Rep Transmission loss of number of lac insects from BLI to harvest (Lac insect per 2.5 sq. cm succulent branch)
30 days after BLI 45 days after BLI 60 days after BLI 90 days after BLI 110 days after BLI 130 days after BLI 150 days after BLI 172 days after BLI (at harvest)
T1 T, Ts Ts T1 T, T3 Ts T1 Tz T3 T T1 T2 Ts Ta T1 T, Ts Ta T1 T, Ts Ta T T2 Ts T T1 T, Ts Ta
R; 88.57 82.93 92.93 75.37 61.4 | 54.97 | 64.53 | 55.13 44.3 42.2 | 49.77 | 41.57 27.4 23.1 | 28.63 | 24.07 25 | 20.37 | 25.07 | 19.33 22.4 18.83 | 22.93 | 17.77 21.2 17.37 | 20.93 | 16.87 | 20.03 | 16.93 | 19.53 16.2
R> 91.83 89.37 81.97 78.87 67.5 | 60.43 | 48.03 | 50.43 46.5 | 45.13 | 38.56 40.5 | 27.26 | 24.93 | 22.13 22.8 | 24.03 | 23.03 19.7 | 18.66 20.2 20.43 | 17.67 | 17.56 | 18.86 | 19.06 | 21.56 | 17.23 | 17.96 | 18.26 15.8 16.6
R3 91.77 90.97 83.03 78.93 | 67.73 | 62.56 | 54.06 | 49.66 48.8 47.3 | 41.13 | 39.56 | 28.56 | 23.26 22.8 22.1 | 25.73 | 24.43 | 20.26 | 18.33 18.8 21.8 18.56 | 16.23 | 17.53 | 20.33 | 16.96 16.1 17.53 19.1 16.8 15.5
R4 89.73 83.93 84.23 78.83 | 62.13 | 57.56 | 45.55 49 | 47.66 | 46.06 | 36.93 37 26.7 | 26.03 | 19.73 | 21.66 21.6 18.8 | 23.83 | 15.63 | 20.53 | 20.26 | 19.16 15.8 19.7 19.1 17.86 | 15.63 19.2 18.13 | 17.23 | 15.03
Rs 84.43 94.7 92.43 83.9 | 58.83 | 67.13 58.8 51.5 | 47.23 | 51.06 455 | 40.03 28.2 | 25.76 | 28.06 | 24.06 17.1 | 23.26 31.2 | 18.23 20.4 21.26 | 21.43 | 15.77 19.9 19.36 | 17.56 | 15.36 | 18.73 | 18.46 17.2 14.8
Rs 93.77 83.9 81.83 80.03 66.9 | 54.43 | 53.03 | 52.36 | 51.56 | 43.13 41.8 | 41.43 | 29.16 | 25.46 | 25.86 | 22.63 | 24.73 20.9 22.2 16.6 | 19.66 18.8 20.76 | 15.87 | 17.13 | 18.03 | 18.63 15.8 17.13 | 17.33 17.9 15.3
Mean 90.02 87.63 86.07 79.32 | 64.08 | 59.51 | 54.02 | 51.35 47.6 | 45.81 | 42.28 | 40.01 | 27.88 | 24.76 | 2453 | 22.88 | 23.03 21.8 | 23.71 17.8 | 20.33 | 20.23 | 20.08 16.5 19.05 | 18.87 | 18.92 | 16.16 | 18.43 | 18.03 | 17.41 | 15.57
SE(m) 1.779 2.01 1.34 0.76 1.3 0.56 0.55 0.41
C.D. at 5% 5.36 6.13 4.08 2.32 3.97 1.73 1.67 1.26
Survival of lac insect (%) 71.19 | 67.92 | 62.76 | 64.73 | 52.96 | 52.28 | 49.12 | 50.44 | 30.97 | 28.25 285 | 28.85 | 25.58 | 24.87 | 27.54 | 22.44 | 22.58 | 23.08 | 23.33 20.8 | 21.16 | 21.54 | 21.98 | 20.38 | 20.47 | 20.58 | 20.22 | 19.63
Transmission loss (%) 28.81 | 32.08 | 37.24 | 35.27 | 47.04 | 47.72 | 50.88 | 49.56 | 69.03 | 71.75 715 | 7115 | 71.42 | 75.13 | 72.46 | 77.56 | 77.42 | 76.92 | 76.67 79.2 | 78.84 | 78.46 | 78.02 | 79.62 | 79.53 | 79.42 | 79.78 | 80.37

24




BIBLIOGRAPHY

Abayoni Y. 1987. Growth, yield and crop quality performance of sugarcane cultivar
Co 957 under different rates of application of nitrogen and potassium
fertilizers. J. Agric.Sci.109: 285-292

Abro GH, Syed TS, Unar MA and Zhang MS. 2004. Effect of application of a plant
growth regulator and micronutrients on insect pest infestation and
yield components of cotton. J. Entomol., 1(1): 12-16..

Amtmann A, Troufflard S and Armengaud P. 2008. The effect of potassium nutrition
on pest and disease resistance in plants. Physiol. Plant.,132: 682-691.

Amtmann AP, Armengaud and S Troufflard. 2008. The effect of potassium nutrition
on pest and disease resistance in plants. Physiologia Plantarum 133
(4):682-691.

Becker D. 1973. Beitrage zur Kenntnis der biochemischen Leistung phanzlicher
Assimilatlietbahnen Dissertation Technical University, Munich.

Bhagat ML and Mishra YD. 2002. Abiotic factors affecting lac productivity. In: Recent
advances in lac culture. Kumar KK, Ramani R and Sharma KK. (Eds.).
ILRI, Namkum, Ranchi. pp. 64-68.

Bhagirath P. 2013.Comparative performance of Kusmi and Rangeeni lac on Ber,
Zizyphus mauritiana at Kachana village Barghat Block, Seoni district,
MP , M.Sc. (Ag.) Thesis submitted in INKVV, Jabalpur.

Bhinde MR. 1993. Vermicompost. Paper presented at the short term training
workshops, organized by Prakruti at Yusuf Meharally Centre. Tara
Dist, Raigud, 3 - 4 July.

Bi JL, Ballmer GR, Hendrix DL, Henneberry TJ, Toscano NC.2001. Effect of cotton
nitrogen fertilization on Bemisia argentifolii population and honeydew
production. Entomol Exp Appl.99: 25-36.

Bearg GS and Hamid A.1976. Effect of different levels of N, P and K on the gram
yield of khushal 69 wheat.Front: J. Agri: Res. 3:80-84

Bungard RA, Wingler A, Morton JD and Andrews M.1999. Ammonium can stimulate
nitrate and nitrite reductase in the absence of nitrate in Clematis
vitalba . Plant Cell Env. 22: 859-866.

Cakmak, I. 2005. The role of potassium in alleviating detrimental effects of abiotic
stresses in plants. J. Plant Nutr. Soil Sci., 168: 521-530.

Chamberlin JC. 1923. A systematic monograph of the Tachardiidae or lac insects
(Coccidae) Bull. Ent. Res. London 14(2): 147 -212.

Chen Y, Ruberson JR and Olson D. 2008. Nitrogen fertilization rate affects feeding,
larval performance and oviposition preference of the beet armyworm,
Spodoptera exigua, on cotton. Entomol. Exp. Appl. 126: 244-255.

Cisneros JJ, Godfrey LD.2001. Midseason pest status of the cotton aphid in
California cotton: Is nitrogen a key factor? Environ Entomol.30: 501-
510.

52



Cook RA and Denno RF. 1994. Planthopper/plant interactions: Feeding behavior,
plant nutrition, plant defence, and host plant specialization in Denno
RF and Perfect TJ (eds.). Planthoppers: Their Ecology and
Management. Chapman and Hall, New York. pp. 114-139.

Colton HS. 1984. The anatomy of the female American lac insect Tachardiella larea
Bull. Mus. Nth. Arizona Flagstaff, 21:1 -24.

Cottam DA. 1985. Frequency dependent grazing by slugs and grasshoppers. J. Eco.
73: 925-933.

Coulibaly R. 1990.Effect of nitrogen fertilizer on the damage of Eldana saccharina
Walker to sugar cane. Sugar Cane (Suppl): 18-20.

Dianda MJ, Bayala T, Diop SJ and Quedraogo. 2009. Improving growth of shea tree
(Vitellaria paradoxa C.F.Gaertn.) seedlings using mineral N, P and
Arbuscular  Mycorrhizal (AM) Fungi. Biotechnol.Agron. Soc.
Environ.,13: 93-102.

Douglas AE. 2003. Nutritional physiology of aphids. Adv. Insect Physiol. 31:73—-140
Ebert T A. 1996. Aphids and Plant Nitrogen. Poway: Welton Ln.

Embden HF Van. 1973. Aphid host plant relationships, some recent studies.
Entomol. Soc. N. EMD Z. Bull. 2:54-64

Febvay G, Rahbe Y, Rynkiewicz M, Guillard J, Bonnot G.1999. Fate of dietary
sucrose and neosynthesis of amino acids in the pea
aphid, Acyrthosiphon pisum, reared on different diets. J. Exp. Biol. 19:
2639-2652

Ge F, Liu X, Li H, Men X and Su J. 2003. Effect of nitrogen fertilizer on pest
population and cotton production. Chin. J. Appl. Ecol. 14:1735-1738.

Ghosal S. 2013. Sail fertility management of established Ber ( zizyphus mauritiana)
plantation under lac coltivation. The Bioscan 8(3) : 787-790,2013.

Gogi MD, Arif JM, Asif M, Abdin Z, Bashir HM, Arshad M, Khan AM, Abbas Q,
Shahid RM and Anwar A. 2012. Impact of nutrient management
schedules on infestation of Bemisia tabaci on and yield of non BT-
cotton (Gossypium hirsutum) under unsprayed conditions. Pakistan
Entomologist, 34(1): 87-92.

Gogoi |, Dutta BC and Gogoi. 2000. Seasonal abundance of cotton jassid on okra. J.
Agric. Sci. society, North —East India, 13: 22-26.

Hendrix PH, DA Crossley Jr. and DC Coleman.1990. Soil biota as components of
sustainable agro-ecosystem. Sustainable Agric. Sys., Soil Water
Cons. Soc., IA. USA, pp. 637-54.

Hochachka PW and Somero GN. 2002. Biochemical Adaptation: Mechanism and
Process in Physiological Evolution. Oxford: Oxford University Press.

Huber DM and Thompson IM. 2007. Nitrogen and plant disease. In: Datnoff LE, WH
Elmer, DM Huber (Eds.) Mineral Nutrition and Plant Disease. APS
Press, USA.

53



HuJ Z, Lu Q H, Yang J S. 1983. Effects of fertilizer and irrigation on the population of
main insect pests and the yield of rice. Acta Entomol Sin, 29 (1): 49-
54. (in Chinese with English abstract.

PCC, Climate Change- Impacts, Adaptation and Vulnerability. 2007. In: (Eds.: Parry,
ML Canziani OF, Palutikof JP, van der Linden, PJ, Hanson, CE.)
Cambridge University Press, Cambridge, UK, pp. 976.

Janghel SK 2013 Study on comparative efficacy of insecticides in the predator
management of Katki lac crop in Malhara village, Barghat block, Seoni
district, M.P, M.Sc. (Ag.) Thesis submitted in INKVV, Jabalpur.

Jaiswal AK and Dwivedi BK 2005. How to culture lac insect on tree of Butea
monosperma (Palas/Dhak). New Agriculturist.16 (1/2):155-164.

Jaiswal AK. and Singh JP. 2011. How to culture lac insect on Zizyphus mauritiana —
Indian Plum tree. Indian Institute of Natural Resin and Gums Namkum
Ranchi. (1):1-22.

Jansson J and B Ekbom. 2002. The effect of different plant nutrient regimes on the
aphid Macrosiphum euphorbiae growing on petunia. Entomologia
Experimentalis et Applicata 104(1): 109-116.

Jansson RK, Smilowitz Z.1986. Influence of nitrogen on population parameters of
potato insects: Abundance, population growth, and within-plant
distribution of green peach aphid, Myzus persicae. Environ
Entomol.15: 49-55.

Kant S and Kafkafi U. 2002. Potassium and Abiotic Stresses in Plants. In Potassium
for Sustainable Crop Production; Pasricha, NS, Bansal, SK, Eds.
Potash Institute of India: Gurgaon, India, pp. 233-251.

Kapur A.P. 1962. The lac insect. In: Mukhopadhyay B and Muthana, MS (eds) A
Monograph on Lac. Indian Lac Research Institute, Ranchi, pp 59-89.

Khobragade DK. 2010. Studies on the Incidence on major predators of Kerria lacca
(Kerr.) and their management in Baishakhi lac crop in Anuppur district,
Madhya Pradesh. M.Sc. (Ag.) Thesis submitted in INKVV, Jabalpur.

Kumar A and Das R. 2012. New technology and chances of lac culture. ICFRE
Dehradun. pp. 5-7.

Kunal R.(2013). Study on Predator surveillance and its management on Rangeeni lac
in Barghat block district Seoni Madhya Pradesh. M.Sc. (Ag.) Thesis
submitted in INKVV, Jabalpur.

Lal G, Pareek CS, Sen NL and Soni AK. 2003. Effect of N, P and K on growth, yield
and quality of Ber cv. Umran. Indian Journal of Horticulture 60(2):
158-162.

Listinger J. 1993. A farming systems approach to insect pest management for
upland and lowland rice farmers in tropical Asia. In: Altieri, M. (Ed.),
Crop Protection Strategies for Subsistence Farmers. West view Press,
Boulder, CO, pp. 45-103.

Liu S, Wang YZ. 1989. The preliminary study on the effects of different amounts of
nitrogen fertilizers on cotton bollworm. J Hebei Agric Univ.12(1): 81-87

54



Li, M., Osaki, M., Rao, I.M., Tadano, T. 1992. Secretion of phytase from roots of
several species under phosphorus deficient conditions. Plant and Soil.
195 ,161-169.

LU Zhong-xian, YU Xiao-ping, Kong-luen HEONG , HU Cui. 2007.Effect of Nitrogen
Fertilizer on Herbivores and Its Stimulation to Major Insect Pests in
Rice. Rice Science, 2007, 14(1): 56-66.

Marschner H. 1995. Mineral Nutrition of Higher Plants. 2nd Edition. Academic Press,
London.

McGuinness H. 1987. The importance of plant diversity and the nutritional content of
the diet on the population dynamics of herbivorous insects. Ph.D.
Dissertation. Biology Department, The University of Michigan, Ann
Arbor, MI.

Metcalfe JR. 1970. Studies on the effect of the nutrient status of sugar cane on the
fecundity of Saccharosydne saccharivora. Bull Entomol Res. 60: 309-
325.

Mishra YD, Sushil SN, Bhattacharya A, Kumar S, Mallick A and Sharma KK (1999).
Intra specific variation in host — plants affecting productivity of Indian
lac insect, Kerria lacca (Kerr). J. Non Timb. Forest Prod., 6 (3/4):114-
116.

Mohanta J, Dey DG and Mohanty N. 2012. Performance of lac insect Kerria lacca
Kerr in conventional and non-conventional cultivation around Similipal
Biosphere Reserve, Odisha, India. The Bioscan, 7(2): 237-240.

Murugan M and Uthamasamy S. 2001. Dispersal behaviour of cotton whitefly,
Bemisia tabaci under cotton based garden land agro ecosystem of
Coimbatore. Madras Agric. J. 88: 1-6.

Myers SW. and Gratton C. 2006. Influence of potassium fertility on soybean aphid,
Aphid glycines Matsumura (Hemiptera: Aphididae), population
dynamics at a field and regional scale. Environ. Entomol. 35:219-227.

Nevo E, Coll M.2001 Effect of nitrogen fertilization on Aphis gossypii variation in
size, color, and reproduction. J Econ Entomol.94: 27-32.

Nori M, Aali J and Asl SR. 2012. Effect of different sources and levels of nitrogen
fertilizer on yield and nitrate accumulation in garlic (Allium sativum L.)
International Journal of Agriculture and Crop Sciences, 4(24): 1878-
1880.

Ogle A, Thomas M and Tiwari LM. 2006. Strategic development of lac in Madhaya
Pradesh. Enterplan-Creating a natural advantage, pp. 1-34.

Ogle,A. and Thomas M. 2006. Technical consultancy report on strategic
development of lac in Madhya Pradesh. Enterplan limited UK. pp. 61-
65.

Oskarson H, Sigurgeirsson A, and Rasmussen KR. 2006. Survival .growth and
nutritive of tree seedlings , fertilized at planting on soail in Iceland.
Forest Ecol.manage .,299 : 88-97.

55



Pal G, Jaiswal AK and Bhattacharya A. 2011. Lac statistics at a glance 2010
(Technical bulletin No. 01/2011), Indian Institute of Natural Resins and
Gums, Ranchi, pp 1-24.

Pal G. 2009. Impact of scientific lac cultivation training on lac economy- A study in
Jharkhand. Agricultural economics Research review. 22: 139-143.

Panickar BK and Patel JB. 2001. Population dynamics of different species of thrips
on chilli, cotton and pigeon pea, Indian J. Entomol., 63:170-175.

Parihar SBS and Upadhyay NC. 2001. Effect of fertilizers (NPK) on incidence of
leafhoppers and mite in potato crop. Insect Environ., 7:10-11.

Patel Kl, Patel JR, Jayani DB, Shekh AM and Patel NC. 1997. Effect of seasonal
weather on incidence and development of major pests of okra
(Abelmoschus esculentus). Indian J. Agric. Sci. 67: 181-183

Paul B, Kumar S and Das A. 2013. Lac cultivation and their host trees found in
Bastar Forest Division. Plant Sciences Feed, 3 (1): 8-12.

Phelan PL, KH Norris and JF Mason.1996. Soil-management history and host
preference by Ostrinia nubilalis: Evidence for plant mineral balance
mediating insect-plant interactions. Environ. Entomol., 25 (6):1329-
1336.

Li M, Osaki M, Rao IM and Tadano T. 1992. Secretion of phytase from roots of
several species under phosphorus deficient conditions. Plant and Soil.
195,161-169.

Prudic, K.L., Oliver, J.C. and Bowers, M.D., 2005. Soil nutrient effects on oviposition
preference, larval performance and chemical defense of a specialist
insect herbivore. Oecolgia, 143:578-587.

Raghothama KG. 1999. Phosphate acquisition. Annual Review of Plant Physiology
and Plant Molecular Biology. 50, 665-693.

Ramani R. 2010. National strategy for enhancing lac production. In: Current issues
related to lac production. Indian Institute of Natural Resins and Gums.

pp. 1-3.

Ramani R. 2011. National strategy for enhancing lac production. Current issues
related to lac production Indian Institute of Natural Resin and Gums,
Namkum, Ranchi. pp. 1-3.

Rao AR and Singh P. 1990. Lac -cultivation and marketing Indian Forest
Research,166 (6), 459-463.

Rhodes JD, Croghan PC and Dixon AFG. 1996. Uptake, excretion and respiration of
sucrose and amino acids by the pea aphid Acyrthosiphon pisum. J.
Exp. Biol. 199, 1269 -1276.

Rombheld V and Kirkby EA. (2010) Research on potassium in agriculture: Needs and
prospects. Plant Soil, 335: 155-180.

Roonwal ML. 1962. Lac Hosts. In: Mukhopadhyay B and Muthana MS (eds) A
Monograph on Lac, Indian Lac Research Institute, Ranchi, pp 14-58.

56



Scriber, J. 1984. Nitrogen nutrition of plants and insect invasion. In: Hauck, R. (Ed.),
Nitrogen in Crop Production. American Society of Agronomy,
Madison, WI.

Senapati B and Mohanty GB. 1980. A note on the population fluctuation of sucking
pests on cotton. Madras Agric. J., 67: 624-630..

Sharma K.K. and Jaiswal AK. 2011. Recent Advances in Lac Culture. Biotic factor
affecting productivity of lac insect. Indian Institute of Natural Resin and
Gums Namkum, Ranchi. pp. 63-67.

Sharma KK, and Jaiswal AK. 2002. Lac cultivation technologies. In: Recent
Advances in Lac Culture. Kumar KK Ramani R. and Sharma KK.
(Eds.) ILRI, Namkum, Ranchi. pp. 41-48.

Sharma KK, Ramani R and Mishra YD. 1997. An additional list of the host plants of
lac insects, Kerria spp. (Tachardidae: Homoptera). J. Non-Timber For.
Prod. 4: 151-155.

Singh JP, Jaiswal AK, Monobrullah MD and Bhattacharya A. 2009. Response of sime
selected insecticides on neuropteran predator (Chrysopa lacciperda)
of lac insect (Kerria lacca). Indian Journal of Agricultural Science
79(9): 727-31.

Singh R. 2006. Lac Culture A monograph published by Udai Pratap Autonomous
College Varanasi-221002, pp. 2-18.

Skinner RH and AC Cohen. 1994. Phosphorus nutrition and leaf age effects on sweet
potato  whitefly (Homoptera: Aleyrodidae) host selection.
Environmental Entomology 23(3): 693-698.

Skinner RH and Cohen AC. 1994. Phosphorus nutrition and leaf age effects on sweet
potato  whitefly (Homoptera: Aleyrodidae) host selection.
Environmental Entomology, 23(3): 693-698

Slansky FJ, Scriber JM.1985. Food consumption and utilization. In: Kerkut G A,
Gilbert L I. Comprehensive Insect Physiology, Biochemistry, and
Pharmacology, 4. Pergamon: Oxford, 1985: 87-163.

Spicer JI and Gaston KJ. 1999. Physiological Diversity and its Ecological
Implications. Oxford: Blackwell Sciences.

Srivastava SC. 2011. Lac host plant-current status and distribution. Indian Instituteof
Natural Resin and Gums, Namkum, Ranchi. pp. 73-81.

Su JW, Men XY, Ge F, Liu XH, Li HD.2003. Effect of nitrogen fertilizer on pest
population and cotton production. Chinese J Appl Ecol.14(10): 1735-
1738. (in Chinese with English abstract)

Subramanaian R. and Balasubramanaian M. 1976. Effect of Potash nutrition on the
incidence of certain insect pests of rice Madras. Agric. J. 63: 561-564.

Tahir HS. 2014. In a personal communication.

Teetes G. 1980. Breeding sorghums resistant to insects. In: Maxwell, F., Jennings, P.
(Eds.), Breeding Plants Resistant to insects. Wiley, New York, pp.
457-485.

57



Vaithillingan C, Balasubramanaian M, and Subramanaian R. 1976. Effect of Potash
nutrition on the feeding and excretion of brown planthopper in three
rice varieties Madras. Agric. J. 63 (8/10): 571-572.

Vaithillingan C, Baskaran. 1983.Pyramiding of certain traits of insect resistance in
some rice varieties with K flooding. Proc. Rice. Pest Mgt. TNAU,
Coimbatore. India.

Vance CP, Uhde-Stone C, Allan D. 2003. Phosphorus acquisition and use: critical
adaptation by plants for securing non-renewable resources.
New Phytologist. 15, 423-447.

Walter AJ and CD Difonzo. 2007. Soil potassium deficiency affects soybean phloem
nitrogen and soybean aphid populations. Environmental Entomology
36(1): 26-33.

Willings PW and Dixon AFG. 1987.Sycamore aphid numbers and population density.
lll. The role of aphid-induced changes in plant quality. J. Anim. Ecol.
56: 161-170.

Yoshida. 1981. Fudamentals of rice crop science. Intern. Rice Res. Instt. Philipines.

Zengin M,Fatma G,Atilla MY and GezGin S. 2009. Effect of potassium magnesium
and sulphur containing fertilizers on yield and quality of sugar beat
(Beta vulgaris L.) Turk.J.Agric.33 : 495-502.

Zimmerman MH and Ziegler H. 1975. Appendix Il : list of sugars and sugar alcohols
in sieve-tube exudates. pp 480-503. in M.H. Zimmerman and J.A.
Milbum (eds). Encyclopedia of Plant Physiology. New Series, Vol. I.
Transport. Springer-Verlag, Berlin.

58



APPENDICES

Analysis of mean brood inoculation (g)/ Z mauritiana plant

Source d.f SS MSS F cal Ftab 5%
Replication 5 7,500
treatment 3 1,666.66 555.56 0.526 3.28
Error 15 15,833.33 | 1,055.55
Total 23 25,000
SEm = 13.36 CD 5% = NS

Analysis of mean weight of phunki (g)/ Z mauritiana plant

Source df SS MSS F cal Ftab 5%
Replication 5 1,101.927
treatment 3 5,588.198 | 1,862.73 | 2.031 3.28
Error 15 | 13,755.365 917.03
Total 23 | 20,445.490
SEm = 12.36 CD 5% = NS

Analysis of mean weight o of scrap lac from phunki (g)/ Z mauritiana plant

Source df SS MSS F cal Ftab 5%
Replication 5 585.67
treatment 3 2,090.36 696.78 1.562 3.28
Error 15 6,692.44 446.16
Total 23 9,368.49
SEm = 8.62 CD 5% =NS
Analysis of mean number of Sticklac /Z mauritiana plant
Source Df SS MSS F cal Ftab 5%
Replication 5 41.47
treatment 3 95.62 31.87 5.825 3.28
Error 15 82.07 5.47
Total 23 219.16

SEm = 0.95 CD 5% =2.88



Analysis of mean weight of sticklac (g) per30 cm at harvest

Source df SS MSS F cal Ftab 5%
Replication 5 779.96
treatment 3 774.35 258.11 0.980 3.28
Error 15 3,950.97 263.39
Total 23 5,505.29
SEm = 6.62 CD 5% =NS
Analysis of mean fresh weight (g) of 100 lac cells
Source df SS MSS Fcal | Ftab 5%
Replication 5 3.78
treatment 3 10.93 3.64 4.285 3.28
Error 15 12.76 0.85
Total 23 27.48
SEm = 0.37 CD5 =1.13

Analysis of mean dry weight of 100 lac cells after shady drying

Source df SS MSS F cal Ftab 5%
Replication 5 3.51
treatment 3 11.11 3.70 4.604 3.28
Error 15 12.07 0.80
Total 23 26.70
SEm = 0.36 CDh5=111

Analysis of mean weight of raw lac production (kg) per pant

Source df SS MSS F cal Ftab 5%
Replication 5 241

treatment 3 7.94 2.64 4.885 3.28
Error 15 8.13 0.54

Total 23 18.49

SEm = 0.300 CD 5% = 0.906
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