














- CHEMICAL SECTION

1. MOULDING POWDERS

(A) Sltellac-,formaldehyde-urea powder

The numerous enquiries from the Supply Department of the Government of India,
as also those of private, bakelite-pressing establishments, made it clear that the moulding
powder developed at the Institute had attained practical, commercial possibilities beyond
doubt. Whilst work on the improvement of the original powder was carried on vigorously
in many of its details, and whilst users of this powder have increasingly expressed their
satisfaction as to its quality, compared with the same in previous years, the question of
the supply of this powder by the Institute for commercial users became difficult due to
the small output of the pilot plant at the Institute. It may be noted, however, that
about 2 tons of this shellac moulding powder were supplied to various firms in India
at cost price. It is to be noted further that Mr. Gurusharan Lal, Managing Director,
Guraru Sugar Mills, Gaya, is putting’up a plant close to the Institute for the manufac-
ture of shellac moulding powder with a daily output of about 1 ton. He has also
made arrangements for the manufacture of a few chemicals like urea and formaldehyde,
small quantities of which are necessary for the production of this powder. It must
be admitted, however, that the unavailability of these two chemicals has stood in the
way of immediate widespread commercialisation of the modified shellac moulding powder
evolved at the Institute. Attempts are being continually made to replace, wholly or
partially, these two chemicals in the formulation of a powder which may serve trade
requirements. : :

During the year under review, experiments on the use of other accelerators
like aluminium chloride, phosphoric, oxalic and other acids have shown that in many
instances, the use of small quantities of these, though not yielding the same high-
quality powder as with urea and formaldehyde, gives powders suitable for the production
of several types of useful articles. As an example, it may be mentioned that a powder
containing only 1 per cent. urea and 1 per cent. aluminium chloride is suitable for the
production of insulation boards, rods, hollow wares, etc., although not good enough to
be used for the moulding of sw1tches with intricate parts. It has also been found that
thiourea can not only replace urea completely but also confers certain advantages both as
regards the quality of moulded articles and quantity of the accelerator used. 3 per cent.
of thiourea on the moulding powder has contributed to better gloss and water-resistance. -

" A process for the manufacture of thiourea in fairly large quantities has, therefore,
been developed, starting from the cyanide liquor of Messrs. The.Oriental Gas Co., Ltd.,
of Calcutta. An arrangement has been made with this Company for the supply of
this liquor for a whole year and it is expected that 36 cwt. of thiourea would be
available from this source alone, corresponding to about 60 tons of shellac moulding
powder per annum, which may be considered to be adequate for a large portion of
the demand for electro-technical goods in this country. ThlS arrangement is specially
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important as the manufacture of thiourea does not involve high-pressure technique as is
the case in the manufacture of urea. A second method for the production of thiourea
from carbon disulphide and ammonia has also been worked out. This latter process-
depending on charcoal, sulphur and ammonia, has much to recommend.

(B) Shellac-protein moulding powder

The work on shellac-protein moulding powder mentioned in last year’s Annual
Report was further continued to test the effect of different kinds of vegetable proteins
on the quality of moulded articles and especially as to their water-resistance. Ground-
nut cake, after extraction of its residual oil, gives a material containing as high as
48 per cent. protein, and the residue as fibre. 'This material was mixed with varying pro-
portions of shellac and additional fillers (e. g., woodflour), and compounded with ammonia,
lime and stearates to give, on drying, moulding powders from which articles of good
gloss and moderately high heat-resistance were produced, but they are definitely weaker .
in strength and less resistant to water. Where these two latter properties are not of
much consequence, such.powders could be used with advantage as they are cheap and are
derived from indigenous raw materials. The problem of Watér—resistance, however, has
been solved by the application of a coating of the normal shellac-methylated spirit
_ varnish in which 3 per cent. aluminium chloride on the weight of shellac used has been
added. Such a modified shellac varnish coated on compressed jute boards, made from
shellac-protein compositions and waste jute, has conferred high water-resistance after
short baking at 80-9o°C. for half an hour. A test piece immersed in water for 48 hours
showed no signs of swelling or blushing. It is now proposed to construct an experimen-
tal hut to test the actual weather-resistance of such-boards during the ensuing monsoon.
A firm managing an important jute mill in Calcutta is taking steps to commercialise the
above results and deputed one of their chemists to learn the work in all its details.

(C) Shellac-moulding powders (thermo-plastic)

The use of shellac for moulding articles on the hot and cold technique as
practised in the gramophone record industry is as yet its largest outlet. Whilst
this specific purpose is satisfactorily met by this technique, the application of this
principle to the manufacture of utility articles was investigated with suitably constructed
moulds. Plain shellac with appropriate fillers could obviously be worked, but neither the
water-resistance nor the heat-resistance was sufficient to justify its use for common
utility articles. The incorporation of certain proportions of calcium hydrogen phosphate
and/or aluminium chloride improved the heat and water-resistance markedly and various
articles of thin sections could be produced in a two-minute cycle, which is practically the
cycle in ordinary hot mouldings. The discovery of these two accelerators in shellac
moulding is very important in the present conditions, as both these chemicals are readily
available in the country. 'The commercial implication of hot and cold moulding should

not, therefore, be brushed aside without sufficient trial. Efficient mould design may
remove many of the difficulties encountered in straight shellac mouldings.

(D) Cold moulding

Cold moulding is a very promising line of work that has been initiated during the year
under review. = Cold moulding with subsequent progressive baking has given rise to products
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of excellent gloss and resistance to heat and water. The stoving enamel developed at the
Institute (vide Jour. Ind. Chem. Soc. Vol. III, No 1, 1940) is mixed with fillers, espe-
cially asbestos, between hot rollers, and dried at 140°C. for 1 hour. The composition is
then moulded at ordinary temperatures, 25-35°C. The article is taken out and allowed
to bake at 80°C. for 24 hours, 110°C. for 24 hours and 130-140°C. for another 24 hours.
The article is hard and resistant to water and mild acids and alkalis but slightly dull
in appearance ; on buffing, however, it acquires a high polish.

Similar products could be obtained by the use of shellac-drying oil compositions
and shellac modified with fatty acids in presence of accelerators like aluminium chloride,
maleic or phosphoric acid or its anhydride, urea or thiourea, etc., with asbestos or
other mineral fillers. These compositions have been found suitable for the preparation
of large battery-boxes, panels, boards, tiles, etc.

(E) Injection inoulding

The main progress in this section during the year under review is the use of
ammonia as the accelerator. It has been found that compositions made with ammonia as
accelerator have different flow characteristics at different temperatures, depending on the
amount of catalyst and independent of the time of curing. Thus, with the usual com-
position containing '

*Shellac s & 300 parts

Jute-waste Y Ercnoy 200 + 1,

Kaolin o = 100 ,, (or barytes: 300)
Pigment ~ 5 TEEe

Calcium stearate & 05T,

and usmg 1 per cent. of ammonia (0'88 sp. gr.) on the weight of lac, the flow tem-
perature is about 110°C.; with 2 per cent., 125- 130 °C. and with 3 per cent., 150°C,
With more than this amount of ammonia, the 1njectlon is impossible as it results in
charring due to decomposition.

About 7,000 injection-moulded switches have already been sold by the India
Moulding Company of Calcutta and it is reported that no complaint has so far been re-
ceived regarding their performance. The extent of the sale of this type of switches seems
to be limited only by the unavailability of metal parts for fitting up the article.

(F) Fibrous fillers

As was reported last year, the difficulty of importing wood flour from abroad, as
also the fundamental need for manufacturing a standard wood flour in India for a sound
plastic moulding industry, led the Institute to the investigation of suitable methods for the
large-scale production of fibrous fillers in general. T'wo distinct methods, ‘wet’ and ‘dry’,
were investigated and it was found that for all ordinary purposes, no appreciable difficul-
ty need be envisaged in the supply of this material, given proper grinders, sifters and air-
flotation equipment. Even the ordinarily ground saw-dust when repeatedly sifted gives a
flour good enough for incorporation with resins. During the year under review, waste
pulp from paper mills was also tried as a filler and was found to yield mouldings of
considerable strength. Such pulp, without further disintegration, yielded a filler suitable
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for high shock-resistant mouldings, the use of which for speeial purposes could be
visualised. The Committee proposes to co-operate with a firm of paper manufacturers
in Calcutta to investigate thoroughly the use of the by-products of that industry in con-
junction with lac for various possible applications.

Bagasse, a by-product of the sugar industry, can also be ground and used as a
filler, although the moulded product is not as strong as when wood-flour is used.

Jute waste, which is being used successfully as a filler in injection-moulded arti-
cles for the last two years, was examined further for various other articles, and boards of
different types have been moulded which have a great commercial future in this country
(supra under Moulding Powders).

2. VARNISHES AND LACQUERS

During the year under review, several enquiries for elastic, baking varnishes for the
manufacture of water-proof emery paper, protective paper for gauze during sterilisation and
water-proof packing paper were received. Suitable compositions, depending upon the
condensation of the shellac-urea-formaldehyde resin with varying quantities of fatty acids,
e.g., linseed oil fatty acids, stearic acid, oleic acid, etc., and maleic anhydride or alumi-
- nium chloride were evolved. These were tested in commercial establishments and were
reported to be satisfactory. A typical method of preparing such a varnish is as follows :

700 gms. of lac are treated with 180 gms. linseed oil fatty acids or oleic acid,
at 140°C. for 1-2 hours. The resin is then dissolved in rooo cc. of butyl
alcohol to which are added 105 gms. paraformaldehyde and 35 gms. urea.
The whole is refluxed for 2 hours at 120°C. To this solution are added
14 gms. maleic anhydride and the mixture is distilled under vacuum until
as much butyl alcohol as possible (about 700 cc.) is recovered. The solution

~ is thinned with solvent naphtha to make up 2500 cc. The varnish is used for
coating paper or cloth on which emery powder is laid. On subsequent baking
for 2 hours at 110-120°C., an excellent material is produced which is approved
by the Railways.

Mention was made in the previous Annual Report of the preparation of a black
baking varnish from kiri and refuse lac. Occasional gelling of this varnish used to occur
on keeping, but it has now been found that the varnish may be preserved without deteriora-
tion for any length of time, if the thinner used is a mixture of kerosene and turpentine.

3. ADHESIVES

Interaction of unsaturated dibasic acids like maleic acid, fumaric acid, etc., or their
anhydrides, with shellac, shellac acids or esters in the presence of solvents followed by
the action of benzoyl peroxide has given rise to resins of extraordinary adhesive properties
which could be made use of for joining glass to glass, glass to metal or metal to metal.

4. SHELLAC-RUBBER COMBINATIONS

The work on the combination of shellac with rubber was continued during the
year with conspicuous success in certain directions. Whilst a detailed and systematic
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study of the properties of vulcanised rubber and vulcanised shellac-rubber combinations
is being made, particularly as regards abrasion, action of solvents, effect of water, ety
several useful and practical results have been already obtained.

(1) The mastication of crépe-rubber with fillers and vulcanising materials takes
considerably less power and time in the presence of shellac, the shellac
acting mainly as a plasticiser. :

(2) The introduction of a certain amount of cement as a filler along with the
normal vulcanising agents and active fillers increases the water-resistance
markedly and, to some extent, resistance to hydrocarbon solvents.

(3) There is no special difficulty experienced in vulcanising shellac-rubber com-
binations and moulded goods can be produced with 5 minutes’ cure at 145°C.
Shoe-heels of satisfactory toughness and flexibility have been prepared in
this way.

(4) Apart from other valuable properties expected from the combination of rub-
ber with shellac, there are definite reasons to believe that shellac defers
ageing of rubber. :

(5) The vulcanised stock of rubber in conjunction with 1o per cent. shellac
renders the flow of the material 20 per cent. more than that of vulcanised
rubber without shellac.

(6) Low-temperature carbonisation tar, when aerated at 120°C. in the presence
of small percentages of sulphur until all the moisture has been removed,
serves as a medium-quality vulcanising agent for rubber-shellac compositions.
This is important in view of the difficulty of importing synthetic vulcanising
agents at the present time.

A firm in Bombay is at present investigating the possibilities of the manufacture
of renovated tyres out of a rubber-shellac composition prepared at this Institute.

5. FUNDAMENTAL RESEARCHES
(A) Solutions of shellac and related materials in mixed solvents

The study of the extreme case of the dissolution of a substance in a mixture of
non-solvents, which is so common among varnish components, was continued. This
research was limited to a study of viscosity, solubility and gelation capacity of such
. systems.

The viscometric studies have been completed and a fairly complete understanding
of the viscosity behaviour has been arrived at, based on experimental studies of the fol-
lowing systems : shellac in acetone-water, acetone-glycol, methyl acetate-glycol and acetone-_
alcohol ; ethyl cellulose in cyclohexanol-cyclohexane and alcohol-toluene; 1 R.S. nitro-
cellulose in alcohol-dioxane; and glyptal in n-butyl acetate-ethyl alcohol. The results
are too elaborate to be reported here, and have been compiled and published in the Jour-
nal of the Indian Chemical Society (vide, Jour. of the Ind. Chem. Soc. Vol. XIX, 1942).

Quite a comprehensive study has been made of the solubility and gelation limits
of shellac in a mixture of two latent solvents, e.g., acetone-glycol, methyl acetate-glycol,
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or in a solvent-latent mixture, e.g., alcohol-acetone. The results have been incorporated
in a paper now ready for publication.

The theoretical implications of these results are helping to understand the mecha-
nism of film formation in varnishes and are affording an insight into such vexed questions
as solvent power, optimum solvent composition and allied topics. The immediate practi-
cal ‘application of these results has been to evolve a suitable method of manufacture of
the pure resin of shellac ( a-lac), as discussed in a later section of this report.

(B) Volume and surface resistivity of lac mouldings

As reported in the last Annual Report of this Institute, a study was undertaken to
determine the volume and surface resistivities of a number of shellac moulded discs of
different compositions. Preliminary experiments had shown that-the resistivity was too
high to be measured with an ordinary, sensitive D.C. galvanometer. An apparatus was,
therefore, assembled using a Philips 4060 electrometer triode for the determination of
this high resistivity using the electron-tube method. Mercury electrodes were used and
most. of the determinations were made at a constant potential of 150 volts. The effect

~of humidity was studied over a wide range and the temperature variation of volume
resistivity of a few compositions was also recorded. It has been observed that at
ordinary temperatures (25-35°C.) and 50 per cent. relative humidity the volume resistivity
of shellac moulded discs of various compositions usually lies within 3°5x10'3 and
2'5x 10" ohm-cms. Thus, shellac plastics may safely be classed among those materials
which have a high value of volume or surface resistivity.

The results of this investigation have been included in a short paper which is undek
publication in a scientific journal.

(©) The effect of surrounding medium on the dielectric strength of lac and lac
moulded materials

As the knowledge of the dielectric strength of insulating materials in different
surrounding media is of utmost practical importance, a study was undertaken to find the
effect of such media on the breakdown voltage of shellac moulded materials. - The elec-
trodes used were a sphere and a plate made of brass and the rate of application of
voltage was approximately o'5 kv. per second. The voltage was measured on the
secondary side of the H.T. transformer by means of an electrostatic voltmeter. .Six
liquids, viz., transformer oil, xylol, kerosene, turpentine, castor oil and a mixture of xylol
and acetone were used successively in the test-jar, and discs of different thicknesses were
employed in order to find out the effect of thickness on the breakdown-voltage in each
liquid medium.

It was observed that castor oil gave the lowest dielectric strength values among the
liquids used for shellac as well as the shellac-urea-formaldehyde-woodflour composition.
The liquids when arranged in the ascending order of dielectric strength are castor oil,
transformer oil, kerosene oil, xylol, spirit of turpentine and a mixture of xylol and 12 per
cent. acetone. :
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The variation of breakdown voltage with thickness of lac as well as lac moulded
material has been found to follow the logarithmic law. -The nature of breakdown has
also been studied carefully and it has been found that the puncture is almost invariably
associated with a small crater formed by the melting of the resin.

These results have also been included in another paper which is under publication.

6. Tue IMPROVEMENTS IN THE IVIANUFACTURE OF SHELLAC, ETC.

(A) Improved seedlacs

The manufacture of improved seedlacs by the Institute process has been under-

taken by a manufacturer in Ranchi. Shipping difficulties have, however, prevented his ex-
porting such lacs to foreign countries. Some of the paint firms in India have approved
of the quality of such improved seedlacs as obtained by the Institute process of washing
and salt flotation. With a general demand for improved seedlacs, whether at home
or abroad, this method will, it is hoped, be taken up by manufacturers in future.

(B) Low-wax shellac for the particular industries

From the information received through the Special Officer Lac Inquiry, London, itis
found that the electrical industry definitely prefers low wax-content shellac for their work.
By suitable blending of different grades of seedlac, a low wax-content shellac with not
more than 3°5 per cent. wax has been prepared by the indigenous method of manufacture.
As a matter of fact, a firm in Ranchi produced a fairly large quantity of this special
shellac by this method, samples of which were forwarded to the Special Officer
Lac Inquiry, London, who, after getting them tested by the electrical and gramophone-
pécord industries, has expressed a favourable opinion and who now wishes to inaugurate
a regular trade between India and England in this type of shellac.

“(C). Pure resin of shellac

Processes have been developed for the preparation of pure resin from shellac by
treating it with pure ethyl acetate or the same diluted with an equal volume of benzene.
The process yields pure resin (a-lac) containing less than one per cent. soft resin and
less wax in a one-step treatment at room temperature and is free from filtering and sol-
vent recovery difficulties due to sticky residues. Details of the process have already
been published (vide Jour. of the Ind. Chem. Society, Industrial and News Edition, 1942,
Vol. V, No. 1).

(D) Improved bleached lac

Lac bleached by hypochlorite, as is well known, tends to lose its solubility in al=
cohol on continued storage, more especially, in a warm climate. By the use of a small
percentage of polyhydric alcohols, the solubility of bleached lac can be indefinitely main-
tained. 'This discovery would go a long way in improving the marketing possibility of
‘bleached lac which is required for various industrial purposes.

7.  GRAMOPHONE RECORDS AND SOUND-RECORDING Discs

The work under this heading started about three years ago and several composi-
tions, mainly containing shellac, were tried for sound reproduction. Whilst some of these

.
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were found to be suitable for pressing with the gramophone master with metal or lami-
nated-paper cores, they were not found suitable for instantaneous sound recording, the chief
disadvantages of such compositions being want of balance between elasticity and hardness.
On the one hand, shellac is brittle and too hard and on the other, shellac-acetic acid-glycerine
ester compositions are too soft. A mixture of the two, however, gave promise of satis-
factory sound reproduction with this difficulty, however, as noticed in the early stages of
the experiment, that there was considerable “orange-peel” effect. To overcome this dif-
ficulty, use of various high-boiling solvents and incorporation of waxes were resorted to,
resulting only in slight improvements. Esterifying lac with higher fatty acids in general,
a marked improvement in sound reproduction quality was noticed, butit was still far short
of the standard demanded of high-grade commercial discs. After numerous experiments,
the following composition has been found to give the desired result :

Linseed oil fatty acids (30 gms.) are heated with vigorous stirring to 140°C
and dewaxed lac (100 gms.) is added in small lots. The temperature is then.
raised to 175°C. and glycerine (9'5 gms.) is added. 'The mixture is maintained
at this temperature for one hour, cooled to 120°C. and dissolved in alcohol
(900 cc.).

~ 200 cc. of this solution are then diluted with 240 cc. of alcohol and vigor-
ously stirred ; 100 gms. powdered dewaxed lac is now dissolved in this solution to
which is also added 60 cc. of n-butyl alcohol. The varnish may be coloured
by any desired alcohol-soluble dye.

- The varnish prepared as above is filtered through chamois leather or centrifuged
and applied to the disc (aluminium, glass or paper) by spinning on a turn-table protected
from dust and baked at 85-9o°C. for % hour. Six to eight coats are necessary for a
finished disc. '

Whilst this composition maintains its cuttable properties for any length of time,
a very much simpler composition has also been devised, which, however, suffers from the
disadvantage of poor keeping quality. The defects are of two kinds, (i) continuous
hardening on keeping to a degree which renders it unfit for cutting after a time,
and (ii) cold flow after cutting. This second defect may, however, be rectified by chemi-
cally hardening the surface immediately after cutting. A typical composition of this
type, which may be recommended, is prepared as follows :

Dewaxed lac (60 gms.) is dissolved in alcohol (100 cc.) and the solution
refluxed for 12-18 hours with tricresyl phosphate (24 gms.) and zinc oxide
(1'8 gms.). The resulting solution is thinned with about 160 cc. of a mixture
of alcohol, benzene and tolouene in the proportion of 62'5: 25: 12'5 and
coloured with nigrosine black. The varnish is applied as described above and
the baking is carried out at 45°C. for } hour after each coat.

8. SEMI-LARGE-SCALE PREPARATIONS

(1) A process for the manufacture of formalin from ethyl alcohol (and not me-
thyl alcohol) was mentioned in the previous Annual Report. Details of concentrating
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weak solutions of formaledhyde have been worked out in the current year and a pilot
plant, which is nearly ready, will reveal its commercial possibilities during the early
months of the next financial year.

(2) Further experiments on the technical preparation of urea from calcium .
cyanamide have been carried out, resulting in somewhat increased yields than in the past.
The method for the preparation of thiourea (loc. cit.) has also been developed. The Lac
Products Ltd. is constructing a plant for the technical manufacture of urea from ammo-
nia and carbon dioxide, which is being erected in Calcutta. This will very consider-
ably improve the prospect of manufacturing shellac moulding powders, as urea is the

only chemical which had for so long to be imported from abroad.
(3) Manufacture of tartaric acid was taken up initially for emergency supply to

the Medical Department of the Government of India.
from tamarind have been worked out at the Institute.

All details for its manufacture
There is reason to believe that

this acid in a modified form is also likely to be of use in the moulding powder and the

varnish industries depending upon shellac.

9. ‘ADp HOC’ INVESTIGATIONS

Experiments were undertaken for and suggestions given to the following enquirers.
In most cases, samples of powders and products were also supplied.

* Asiatic Trading Co., Ltd. o
Brown & Dureau Litd., Australia
Mr. Gurusharan Lal of Gaya
Asbestos & Engineering Co.

Plastics Products Ltd.
Rohtas Industries Ltd.

. Schaffermann Bros., Palestine
Burmah Oil Co., Rangoon
Strawboard Mfg. Co., Saharanpur

Do do

All-India Radio, Delhi
Army Headquarters, Simla ot
National Radio & Engineering Co. ..

India Moulding Co.
India Electric Works Ltd.

The Lahore Foundry & Workshop Ltd.

Viswakarma Ltd.
Radio Lamp Works, Karachi

Mazda Electric Stores, Lucknow

India Electric Works, Calcutta

Rohtas Industries Ltd.

Premier Stores Supplying Co., Ltd
Calcutta.

Anti-gas fabrics.
Injection moulding powders.
Shellac moulding powder manufacture.

»
Insulation boards.

Water-proof emery paper.

Use of bagasse as filler.in shellac mouldmg
compositions.

Sound-recording blanks.
» » wax.

Radio components of laminated paper and
moulding powders of shellac.

Insulation boards.

b2}

Moulded screw caps.

Cement for fixing electric bulbs to brass
sockets.

Empire cloth and insulating tapes.

Empire cloth.

Finishing varnish for artificial leather board.

Moulding powder.









ENTOMOLOGICAL SECTION

1. DEMONSTRATION CAMPAIGN

Demonstration work was continued in Chota Nagpur Division and Santal Parganas
in Bihar, and Malda and Murshidabad districts in Bengal. 'The campaign was extended
to Mirzapur district in U. P. . ,

Baisakhi 1940-41 crop—In Bihar, demonstration was given on 161 ber (Z. jujuba)
and 309 palas (Butea frondosa). Special attention was given to ber, as practically all
the crop from it is cut a7/ (immature) and the cultivators who cultivate lac on ber
alone have to resort to purchase of brood to grow the next Katki crop. After a great
deal of persuasion, a few villagers adopted on 19 third-grade trees the method of
partial pruning developed by the Institute fo preserve brood lac on ber in summer, but even
out of these, the owners of only six trees allowed the brood to mature on them. Even
though the summer of 1941 was extremely severe, breod lac survived to maturity on
four trees; 23 seers and 8 chattacks of brood lac were obtained from these four trees.
The ratio of brood to ar: scraped lac varied from two to nearly four. It was the first
time that preservation of Baisakhi ber brood lac was demonstrated on the villagers’
own trees.

Katki 1941 crop—The brood lac obtained from 3 pﬁrtially pruned Baisakhi ber

trees was put by a cultivator on 5 of his ber trees to grow the Katki crop. The
brood to yield ratio of scraped lac in the resulting Katki crop was 1:2'5. In the Santal
Parganas, where the last Baisakhi crop had died due to parasitisation, brood was again
supplied from Namkum and the ratio of brood to yield was 1 : 2°4.

Jethwi 1941 crop—The two Kusmi crops (the Aghani and Yethwi) are generally
cultivated on kusum (S. trijuga) which takes about one and a half years after pruning
to put forth shoots fit for lac cultivation. In the absence of pruned trees and to
-demonstrate to the villagers that even kusum, which is the most green of all the lac
hosts, requires regular pruning to ensure profitable cultivation, demonstration was
given on 25 unpruned kusum trees. The brood to yield ratio varied from 1 : 0'4 to 1: 32
depending on the type of shoots available on different trees. '

Aghani 1941-42 crop—116 unpruned kusum, 5 khair (A. catechu), an alternative
host with kusum recommended by the Institute, and 1 ber were used. Luckily one lot
of kusum which contained 41 trees had good shoots. Due to rise in prices of lac, thefts
of lac forced the owners to cut the crop ari, though the Institute is not in favour of ar:
cutting particularly from kusum. The owners of two lots of trees did not keep any
record of ari lac cut, but the owners of the other two lots containing 41 and 68 trees
kept a record and the ratios of brood to yield, in these two cases, were 1: 87 and 1: 37
respectively. The owner of 68 trees is the Lal Sahib of Palkot who is cultivating lac
along improved methods on a co-operative basis between him and some of his tenants.
The Lal Sahib, as desired by the Institute, was not in favour of cutting the crop arz, but

the tenants did so without his permission and it was by the personal intervention of the

Entomologist that the tenants could be persuaded to keep lac intact on a few frees
at least for brood purposes. The yield figures (1 : 8+7) from 41 kusum and 35 Khair
trees are particularly interesting, and it is a pity that one of the cultivators whom the

o S
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coupe system, (ii) preservation of ber brood lac in Baisakhi crop by partial pruning, (iii)
in localities where palas and ber are both owned by one owner, the cultivation of palas
for the Baisakhi crop and of ber for the Katki only. In this season, it has been possible
to persuade the cultivators to try No. (ii) only. Experience has shown that optimum
times for partial pruning are not the same for different localities even in the same
district and therefore the first attempt is to find these for each locality where demonstra-
tion is being given. The results so far obtained are shown in Table I.

Jethwi 1942 crop—Demonstration is being given in two areas of Ranchi district
and as a preliminary trial, in Mirzapur district, U.P.

Brood lac distributed frée of cost

Quantity Cost Remarks
Mds. St. Ch. RstTAs. P :
Rangeeni 23450 672 8o
Kusmi T 20085 - 273100

The Bengal demonstrators report that the cultivators are adopting the improved
methods of cultivation.

In addition to routine work, demonstrators also attend various exhibitions on
resquest from the authorities. :

The Provincial Governments of Bengal and the United Provinces have agreed to
inaugurate schemes of extensive demonstrations of improved methods of lac cultivation
in a certain number of centres in their provinces.

2. PLANTATION

Bogamedallor (Tephrosia candida) was first sown in 1937, in the kusum plot
No. 21, with a view to improve the soil and the growth of kusum (S. trijuga) trees. Since

then, it was allowed to stand in the plot and seed collected every year to propagate it in-

other plots. After a trial for 4 years, it was found that 11 kusum trees had died,
86 were so badly affected that they had to be cut near the base to allow regeneration, and
out of 492 trees in 12 rows pruned two years previous to June 1941, only 240 were
found infectable in June 1941. This shows that the continuous existence of boga-
medallor is harmful to kusum; it has, therefore, been uprooted from most of the plots,

and during the next two years, it will be tried only as a green manute. Guinea

(Panicum maxicum) and sabai grass are progressing satisfactorily. Yields of various
products are as follows: =

Mds. St. Ch.

* Scraped lac yield including lac used as brood i P lanra s
Sabai grass 7 = i ST UO) D)
Guinea grass L . = i e ) e
Bogamedallor seed .. e 2 Lo S R0 =0
Tung oil seed i o o e - R 0]
Arhar seed b i st G o)

* N. B.—Over and above this, 5 maunds of Khair brood lac was sold for Rs. 150/-.
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In spite of the severe summer, Albizzia lucida and Dalbergia lanceolaria this
year too proved good Baisakhi brood-carrying hosts. However, several more trials
are necessary to establish the fact. The Fethwi crop was good this year.

Since kusum and palas trees have been taken on lease near about the Institute for
biological control experiments, cultivation of lac on palas and kusum in the whole plan-
tation and on ber in one block has been stopped so that they may improve in growth.
These trees were used for experimental cultivation from age 2 to 5 years with the
result that their normal growth has been very much retarded. This is best .illustrated
by the fact that out of all palas trees which are about 20 years old now, only 6 have
flowered this year for the first time.

3. Insect ENEmiIes oF Lac Host TREES
(1)  Tesaratoma javanica, Thumb. (Pentatomidee).—It was controlled on Schlei-
chera trijuga by hand picking. i
(2) Aspidiotus orientalis, Newst. (Coccide).—The coccid was not prominent.

(3) Termites—143 termitaria were fumigated. Petrol proved the most satisfactory.
fumigant.

(4) Pachonyx quadridens, Chevr.—The weevil causes galls on: Palas (Butea

Jfrondosa) leaf petioles. It is found in fair numbers in Kundri.

4. BioNomics oF Laccirer Lacca (KERR.)

1. Parthenogenesis — The fifth generation of the strain is developing satisfac-
torily. The average fecundity in the third generation was 177°2 and in the fourth 2597.

2. Selection—The fifth generation of the yellow strain is in the field now. So
far, there is no change in colour, but mortality is very high.

3. Mortality and fecundity

Strain Average mortality %, . Fecundity

Baisakhi 1940-47—  Ber x Ber 5227 2652
Ber x Palas . 509 3201

Palas x Palas A 437>

Palas x Ber ey 2805

Fethwi 19417— Kusum x Kusum, Hesal 53°1 309°6
: - Kusum x Kusum, Berwari 60°5 319°6

Katki 1941— Ber x Ber 50°0 2048
% Ber x Khair 446 3371:0
Ber x Palas 46°1 3888

Palas x Palas 433 3982

Palas x Khair 434 3650

Aghani 1947-42—  Kusum X Kusum, Hesal = 700 SocR
Kusum x Kusum, Berwari 700 143°3

Kusum x Khair . 540 1560
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. Fecundity in the Baisakhi strains was lower than.in the previous year, probably
due to comparatively severe summer. Mortality in Kusum x Khair strain is less than
in the pure Kusum strains, but much importance cannot be laid on this because in
Berwari the crop was raised on unpruned trees and in Hesal the shoots resulting
from pruning were on the whole rather too thick for the lac insects to survive
in large numbers.

4. Improved cultivation on Palas (Butea frondosa)
(@) Preservation of the Baisakhi Palas brood lac of the lac insect

Palas is the most widely prevalent host for lac in India. But at least two-thirds of
the Baisakhi crop has to be cut ari (immature) in April-May. The chief reason for
cutting the crop ari is that due to leaf-fall, Palas is practically naked in the first half of

“the summer season and therefore, in hot districts, the majority of the female lac insects
die due to drought and the low biological activity of the host. The result is that (i) the

cultivator gets only about half the quantity of lac that he would get if the insects survived .

in normal numbers till maturity as they do in the Katki crop when such adverse
conditions are absent; (ii) there is scarcity of brood lac to infect the next crop
and therefore an extremely disproportionate distribution of trees to grow the Katki and
Baisakhi crops.

To overcome the above difficulties an experiment was started in the Bihar
~ Government forest, Kundri, in October 1940. About three-fourths of the leaves with
their long leaf-stalks (4” to %”) were removed from 100 trees in October 1940 and
infected with lac, and another 100 comparable trees without any treatment were infected
as control. 'The experimental technique resulted in the economy of brood lac to the
extent of 1 maund and g seers, because most of the leaf-stalks, which share the settle-
ment of lac larvae equally well with twigs, had been removed from the experimental
trees. The leaves were removed to induce new foliage earlier than it naturally occurs on
palas. By the end of March 1941, 20 per cent. of the experimental trees had put forth
new foliage against 4 per cent. of the control. At crop maturity, due to the severe
summer, the control trees did not yield practically any brood lac, while the experimental
trees yielded 1 maund 23 seers and 8 chhattacks of brood lac.

This year from 68 trees pruned in March, three-fourths of the leaves were
removed in the first half of September instead of October, 7.e., about a month prior to
infection of Baisakhi 1941-42 crop. 73'5 per cent. of these trees had begun to put forth
new leaves or buds by the time of infection of Baisakhi crop in October. Practically
speaking, no settlement of lac larva took place on the new leaf-stalks. Another lot of 98
trees, which was pruned in the end of May for Baisakhi infection, had not put forth suitable
shoots, but to get.some idea of their behaviour, three-fourths of the leaves from this lot
were removed just before infection in October; by the first week of November, 20 per
cent. of the trees had begun to put forth new leaves. By the first week of February, out of
69 partially defoliated in September, 81'1 per cent. had some early-developed new leaves,
10°1 per cent. had begun to put forth a second set of new leaves and 81 per cent. of the
trees had not responded. Out of the second lot of 98 trees, 60 per cent. of the trees had
begun to put forth new.leaves. In the control trees the new leaves had not yet begun

ol e e
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to appear. But in both the experimental coupes there was a high mortality in the winter-

developed buds.
(b) Artificial infection and pruning period

The recorded opinion of the Forest Officers, Bihar, is that artificial infection of
palas in the Katki (June to October) season is a failure in hot arid areas like Kundri.
The chief reason given for the failure is that the shoots resulting from pruning palas in
February to March are unsuitable for the Katki infection. But as artificial infection is
preferable to natural infection for various reasons, an attempt was made to get over this

difficulty.

100 trees were pruned in early February and roo in the end of March. On both
occasions, shoots not more than 1” in diameter were pruned. At the time of the Katki
crop infection in July it was found that both February and March prunings resulted in
shoots upto 7 feet long, but on the whole shoots resulting from early February pruning
were better. The resulting Katki crop, in spite of the poor quality of brood lac used
and thefts of lac, was satisfactory.

5. Insect damage to stored lac—During the rains, the roofs of the godowns
where lac was stored leaked badly and the samples became unfit for an accurate evalua-
tion of damage in storage.

5. Insect Enemies oF Lac

1. Predator enemies—FEublemma amabilis, Moore (Noctuide) and Holcocera
pulverea, Meyr. (Blastobasidee) continued to be the major enemies of lac, but the latter
was more prevalent than the former. Of the minor pests, Chrysopa sp. continued to be
the more important and the damage caused by it does not appear to be as negligible as
is generally believed. :

Work was concentrated on the biological control of E. amabilis and H. pulverea.

2. Parasite enemies—The average parasitisation in the Institute plantation
was 46 per cent. in the Katki, 8'0 per cent. in the Baisakhi and 6°8 per cent. in
the Aghani. In the biological control areas, it was lowest in the Jethwi crop, being
3 per cent., 10°5 per cent. in the Baisakhi and 13°4 per cent. in the Aghani. But the
parasitisation in the current Baisakhi crop in the villages of Santal Parganas under
demonstration was 41°'5 per cent. against 53°3 per cent. of the last crop.

The following eight species of parasites of L. lacca were bred during the yearas usual :

(1) Eupelmus tachardice, How. (Eupelmide)
(i) Tachardiephagus tachardice, How. (Encyrtidz)
(i) Tachardiephagus somervilli, Mahd. (Encyrtide)
(iv)  Parechthrodryinus clavicornis, Cam. (Encyrtidz)
(v) Erencyrtus dewitzi, Mahd. (Encyrtidz)
(vi) Coccophagus tschirchii, Mahd. (Aphelinide)
(vil) Marietta javensis, How. (Aphelinide)
(viii)  Tetrastichus purpurius, Cam. (Eulophide)
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6. ConTrOL OF INsEcT ENEMIES

A. Artificial control

Water immersion—A research paper on the subject is under publication. Water
immersion is within easy reach of every cultivator. All portions of crop cut at various
times of the year except the one which is selected for brood lac should be tied into bun-
dles and immersed in water, after cutting and before scraping, for three days either in run-
ning water or stagnant ponds; in the latter case, the water level should remain over two
feet high above the immersed bundles of lac. The selected portion of the crop which
has been used as brood should also be removed soon after the lac larvee have swarmed
out from it and similarly treated. This procedure prevents a large number of enemy
insects emerging from the cut crop and stored lac in godown and reinfecting the stand-
ing crops.

It also makes scraping of lac easy and reduces the quantity of dust in the scraped
lac. «

Shellac manufacture and the physical and chemical properties of the manufactured
shellac are not adversely affected.

—B. Biological control

So far as parasites of lac are concerned, no naturally occurring, known hyper-
parasite seems to be good enough and likely to prove a successful biological control.
Control of predators of the lac insect by the following continued to be studied :

(!) M. greeni and M. hebetor—Work was concentrated on the control of the pre-
dators E. amabilis and H. pulverea by M. greeni and M. hebetor.

() Trichogrammid egg parasites—Breeding of both species Trichogrammatoidea
nana, Zehnt., and Trichogramma minutum, Riley, was continued satisfactorily.
& ley y

Both the species parasitise E. amabilis eggs readily and develop in them, but to
emerge out, the adult finds considerable difficulty in cutting a hole of sufficient dimen-
sions in the egg-shell of the host. To facilitate cutting a bigger hole, external moisten-
ing of the egg-shell by application of water, normal salt solution, etc., was tried but
the results did not prove very encouraging. However, it is expected that when work is
concentrated on the chalcids, it may be possible to breed a strain which will easily cut a
hole of suitable size. ’

(i) Other parasites of lac predators—The following were observed and bred
during the year and are given in order of their importance :

(a) Apanteles tachardice, Cam. (Braconide)—It is the most important indigenous
parasite of H. pulverea and deserves a trial when M. hebetor, the introduced parasite,
has been fully explored and its value as a biological control in the field has been
assessed.

(b) Periseriola sp. (Bethylidee}—An ecto-parasite of H. pulverea larva.
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In the Aghani crop which followed the above Fethwi and for which the latter pro-
vided the brood lac, an initial difference of 3°5 between the control and experimental
was marked. With the advance of the crop on the whole, these differences have been
kept up, but due to large variations in the samples, it is not possible to say whether there
is a statlstlcally significant effect. The variation from week to week in the control plot is
larger than in the experimental. There is an indication that the density has decreased
both in the control and the expenmental plot with the advance of the season, but this
is more so in the experlmental than in the control. Further, in spite of blanks in
M. greeni percentage parasmsatlon data in some weeks in the experimental plot and lower
density of E. amabilis in the experimental than in the control, the avarage mean para-
sitisation by M. greeni in the experimental plot is slightly higher than in the control;
this also indicates that the M. greeni releases have been effective.

() Population density of H. pulverea and percentage parasitisation by M. hebetor per 100".

Parz;_sitisable Stages Percentage parisltlsatlon
Trees of H. pulverea by M. hebtor
Month and week SR : P v >
4 Control Exptl. Difference Control  |Experimental
L
August initial examination 18 15:3 15::3 nil Not expected, nil
absent

August 4th week 6 16:3 17-6 — s s 5
Sept. *H1st - 6 20-4 12-2 82 o s

ortsohd 6 16:9 I5:7 1-2 = 2:5

v ardei 6 125 92 33 = nil

L Lt 6 15:6 22-5 —69 2 %

S ithe 6 12:2 18:6 —6'4 ¥ =
@ct.Siist oy 6 360 23} 146 5 e

e ohde 6 37-0 488 —11-8 o 5

S I 6 {97 261 —64 % =

e At 6 29-8 382 —84 3 5
Now st 15 6 356 279 17 1 5

5 2nd 4, 6 212 24-9 —37 s S

e atdnc 6 17°9 262 = » %

L ch e 6 18-8 19-3 —0-5 & =
Bec =I5t 6 270 231 3:9 - ~

S 2ndia 6 350 261 89 5 %
Final 18 316 257 5:9 % 7
Average mean e - pded SR el T

The control and experimental plots were equally infected by H. pulverea. One
solitary larva was parasitised by M. hebetor in the experimental. The braconid did not
breed well “in the laboratory either on Eublemma or Holcocera and this is why less
braconids were released than in the previous year.

The fact that H. pulverea population density was more in the experimental than
in the control in the Fethwi crop, practically equal in the two areas in the Aghani crop and
that E. amabilis population density in the experimental area was nearly half that of the
control in the Jethwi as well as the Aghani crop, gives further indication in favour of
effective M. greeni releases. S

(C.) Baisakhi crop 1941-42 (Oct.-June)

The experiments were started on unpruned trees. Pruned trees will be available
from June 1942. Some of the trees in the control plots partly received self-infection


















