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The Cultivation of Lac in the Plains of India.
(Tachardia lacca, Kert.)

[ Received for publication on 4th August 1922.]

Introduction.

Lac is a resinous encrustation produced by an insect which
sucks the juice of plants and transforms this juice into resin which
completely surrounds it. This insect belongs to a group of insects
called Coccidee, commonly known as Scale Insects. It is found growing
spontaneously on a large number of trees, but i¢ especially grown on the
Kusumb (Schleichera trijuga), Palas (Butea frondosa), Ber (Zizyphus
Jujuba), Pipal (Ficus religiosa), Siris (Albizzia  lebbek), Ghoont Ber

(Zizyphus aylopyra),Babul (Acacia arabica), Pithecolobium saman and
Jalla (Shorea talura).

From ancient history it is known that lac has been cultivated in
India since very remote times. The very name of palas (Butea frondosa),
Laksha-taru, shows that the ancient people of India knew the tree to
nourish a laksha—one hundred thousand insects. From ancient litera-
fure it is also evident that the Rishis of India prohibited the use of such
Laksha-taru twigs as had small scarlet excrescences on them—possibly
the lac encrustations. In the Mahabharat in the Adi-Parva when the
Kauravas meditated destruction of the Pandavas they requisitioned
the services of the architect Purochak to construet such a house which
would destroy them. Purochak, therefore, decided to build a house
of lac which when once ignited would soon catch fire and prevent the
Pandavas from escaping. Early in 250 A.D., Alian mentioned that
there was an nsect in India which yielded colouring matter. We also
find lac mentioned in Ain-i-akbart. Tn 1590, Akbar, the Great Moghal
Emperor, laid down rules for the proper making of varnish to be applied
to the doors of palaces. We have the first descriptive account of the
resin from John Huyglen vou Lin-choten when he was deputed in
1596, by the King of Portugal, on a scientific mission to the East Indies.
Abu Hanifa also mentions it and recommends its use as a medicinal
thing. In 1781 Dr. Kerr in the Philosophical Transactions, Vol. LXX,
p. 574, was the first to describe the Jac insect. Nine years later in 1790
Dr. Roxburgh in the Asiatic Researches, Vol. 11, pp. 360-366, gave a
detailed account of the Tife-history of the lac insect. Ten years later
br. Buchanan-Hamilton was the first to publish a detailed account of
1 and cultivation of lac in India, and three decades after

the propagatio . .
Dr. Carter in 1861 gave an account of the internal anatomy of the insect

(1)



2 CULTIVATION OF LAC

and this account was reproduced by Mr. J. E. 0’Conor in his Note on
Lac Production, Manufacture and Trade. Of late & large amount of
literature has appeared, but this relates to lac either grown or collected
in the forests. There is very little comprehensive information regarding
the industry as pursued- in the Plains of India, and from what [ have
seen there are reasons to believe that this aspect of the industry is very
widespread in the Plains and provides means of subsistence to thousands,
if not millions, of the poor illiterate masses —especially the aborigines

who inhabit the outskirts of forests or the interior of districts where
the host-plants of the lac insect abound

areas to tide over financial stress at a time
conditions are against them in dispos
market. That the cultivation is widespread and important is evident
from the export figures of shellac from the port of Calcutta alone. As
I have already pointed out in my article on “ The Pregens Conditjon of
Lac Cultivation in the Plains of Indig ” (Ayri. Jour. India, Vol. X111,
Part III, July 1918) the exports

of shellac from the port of Calcutta
only have been as follows during the Past seventeen years ;—

when rates are low and climatic
g of their produce in the

Weight in Prico |
per |
Yeor Coses 1(118:311111()13. maund Total velue
~ Rs. Rs.
195 . . . 157,536 315,072 87 974.11,264
1906 . . . . 156,502 313,004 107 | 334'0'08
1907 . . . . . 206,789 413,578 102 | 421’84 056
198 . . ... 222112 | 444,994 57 | 3y o208
1900 . . . .. 322,006 644,012 37 | 3oroT68
e . . . . 280,990 579,902 10 | SIS
1911 . . . . . 235,339 470,678 37! 1’74.15:086
e . 254,141 508,282 34 | 17980 58
o . . . 191,993 383,986 18| Vrgonoss
we ., 231,831 483,662 35 10
w5 . . ., 243,502 487,004 34 | 1685810
1916 . . ... 236,681 473,362 55 Seguiss
o7 . .. L 194,348 388,606 118 | 5868129
18 . . ., 197,066 384,132 193 | 7.41.37 476
1919 . . . . . 208,567 417,134 I 197 | 8,21.75,’398
1920 . . . .. 218313 | 436,626 | 360 [15,71"50, 900
1921 . . . . 233,284 466,568 | 175 | 8,18,49,400
bove calculations have been made on the basis of g case to contain two

of glﬁ;’l:c. The prices bave been calculated on the basis 1a. 4d. to the mpeem:nm:g:
average price of the year for T\ N. in shillings per ewt. in London mark

&t, as per Mesars,

Moran & Co.’s Shellac Statistics for the years 1906-1921, Calcutty.
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' f éhellac worth over
450 thousand maunds o )

Thus on an average over Hly from the porb of Calcutta

d been sent out yearly nd

4 crores of rup:es '};‘i e figures of exports from the ports of ﬁoﬁl;);ybz nd

only in 'the past. ilable. If these were available it wou Jave beor

Karachi ore no;(;)v:housand maunds of shellac, wort];1 Z}::lliac anmsally

:E;neei;hzzeo::x:t out of the country. T«: Il))zoﬁ:iclfzz(()l m‘;’ o this be added

¥ a; ticklac mus - b

at least 40 millions ]b" . SWl}fich is by no means small, it would b5%ft(;’ “—%‘3

the internal consumption, f sticklac must be not less than 0

duce o indivi duction to
that the total yearly pro o individual pro :
millions Ib., and if we take the y early a‘;e{)zg Jeriving their subsistence

sons mus
e o0 }ib" a(‘lﬁ lii?:s 752;?(?; Eehrorde of manufacturers, brokers, salesmen,
from the industries,

i indirectly
f persons directly or in

i etc., the numbers e indeed. But,
il:fgtrti;dwll)l; rtfllll:ae?ﬁdustry will be fm(xind toinb:hzegsia;% et the
in spi is, nothing has beeu done 1ni £¥ £: lement of un-
mn spite of all t;h:;s,it;ngn a gound basis. There 18 stltllﬁanllleei :Hnllore o
ety D o business which at the presen Niprattions
cortelnty t ) wature and thus deters & la.rge ?‘ulr;n kh nahin to’ khak,”
o &; Spgcularl’fll:ri: is a very trite Hindi saymfg the aindustry And the

in for it. e . ture o .

. . eculative Bna . d ever-
aptly m-uStthg‘t}:h:ll §icIl’le uncertainties of a precﬁr;?iu?tzrzaznag:imt
quc'ier N that’ch‘che industry has been ab_le tO- os seemed to engulf
Shlf'tmg IPMke\”i’zn"iing factors which ab Vario® tilncl:-ﬂourishing Indian
:l?n'm(lis ct;l mual:d reduce it to the same status %?}?a(t: and in what direction

e industry now-a-day®. : '
industryhhashbeexll fﬂzcﬁgo:gn to those who have paid any attention to
this vitality has la

1 well as
i are years of deprqsspn as :
the industry for some time. Thel:‘:try hay; o ard i kely bo exist

. : ind .
inflation, but with all tha’lil«::hi this will continue for ever 0;11}’ fugurg;y
for some;ime;';o zogx’lei)roper measures will be taken to safeguar e
can decide. Bu

ibility of the disturbing factors
. now, the possibi . . "
mdmt?y even 80 .lﬁtetaliast be avoided or 11.1deﬁmtely tP%}tﬁ);;;iédS 1;1;2
operating early will & sumed & very precarious aspect. :
industry has of ::ite i:vs;jlst equal number&}, if not moi’e, farfv mc;:_a :r )
benefitted sudde y’l annually. So great 18 ’ghe e:lemen' o unf&; ity
joos effected advef‘:;z {heir money either m cultl.vatlontﬁr 111)1 g?;lln 3:;:1:%
that few dare.wblgme out by the low prices prior to the rd ofg bl
and the fact is hen the minimum of Rs. 23 per maux; i hc
the last great war w the last great war fresh uses were found for the
was touched. lell.'lgle% rose by leaps and bounds, so muchdso, that the
commodity and pri 5 per maund was touched for a few days. There
maxunulzl Zlf'af{; jsnb{)e . the cultivator as well as the manufacturer
was a gen ’



. EXPLANATION OF PLATE I
Fig. 1. Healthy insects on atick.

2. Unhel Ithy o ”
8. Young lac insect. X 40.

. & A female 4 woeks old. X 35.
o B p 13, x 18. et ,
. & Young lao. insects emerging from a fomale cell. x 4 .
' 7 g Mals ooll, 13 weoks old. . x 12 o
7, & Wingless male. X 12. '

'Y ﬁ‘w;i;‘ged male. X 40.
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4 CULTIVATION OF LA(:

was anxious to make the most of the temporary swell in prices. The
former went hunting every nook and corner of the lac-producing areas
and, I am told, in particular lac-growing tracts so great was the rush
that even fairly large-sized trees were cut down for the sake of u few
seers of lac on them. But from what I have been uble to gather, the
cultivator was not much better off than he was before. He got some but

not the amount commensurate with the labour and risks mmcurred by
him.

Hitherto the cultivation has been confined to India, Burma and 1o
some extent Indo-China, Annam and Cambodia.
of the world’s demand is met with from Tndia,
were either made or are being made to grow lac in Formosa by the
Japanese on S. trijuga, a tree which grows in numbers there as a shade
tree to camphor trees, by the Germans at Amani in South-East Africa.
and to some extent in Egypt. That the industiv is an important one
in Indo-China (Tonkin, ete.) is shown by the fact that a detailed account
of cultivation, refinement and manufacture of lac js given in Bulletin
Economique de L’Indo Chine, No. 116, Novemnhber-December 1
872-944. Here the methods of refinement are very much like those
adopted in this country, excepting that a wider use is made of the essences
obtained from the by-products of lac. The writer in the bulletin
quoted above has summarized the industry in Tonkin and has largely
drawn upon the Lac Bulletin issued by me in 1912, The processes of
refinement in that country appear to be the same as those adopted in
this country, and it is rather strange to see that the methods of manufac-
turing shellac adopted in that country

turing are as autiquated as those adopted
in this country and seem to be g copy of those adopted in this country
from times remote,

But the majority
Recently attempts

915, pp.

Besides the lac produced in Tndia, there is another kind of resin
produced in Madagascar by Gascardia madagascarensis, Targioni-
Tozzetti (Tar. Tozzetti, p- 425, 1894). This fact was first brought into
prominence by M. A. Gascard in 1893 (Contribution a Petude des Gonmes
Laques des Indes et de Muadagascar, D'edit.  Sci. Paris, also Bull. So.

- Ent. Ttaly, Vol. XXVI, pp. 457-464, 1894). But the insect producing
this differs considerably from that producing lac in structural details,

Lac was first sought after when the prices of cochineal rose high.
As 1s known cochineal is used for dyeing silk and is still used for giving
those delicate shades to silk which cannot be done with synthetic dyes.
1n the beginning, lac met with the same fate as tea, where the decoction
was thrown away and the boiled leaves were used for chewing. In this
case the resin was not utilized commercially and was considered a waste

) b
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i i lac-dye has come to be considered
Lo m];}x('}(})ln:h:;:fl Talz-g(]il;eai)egan )11-,0 be exported in increasing
IIOW'a_'d.a}’& The maximum was reached in the years 1822, 1824 a.nd
(ll;;(? t::;f:ﬁ 760.729 1b. were exported. Th_e export‘beggn to dicglgl;l»lze
rapidly from 18,8'2-1883 until it became practically extulmt n: 18966(“ e:
I I)1900 the total quantity of lac-dye exported was only a ton. Corr

ondi to this decrease, the resin in the form of shellac has been rising
Sl)o:,liil\lllfusly The figures for the seventeen years 1905-1921 have been
con .

already given above. ‘ N
Fr:mg these figures it will be seen that in 1921 over 36 hmllhol; Ibé
rth 8,16,49,400 rupees were exported from the por o
of shellac “er Had such figures been available for the other Indian
Caloutta orll)y. Madras and Karachi, it would be safe to reckon the total
ports, B.om t?)y,e ther with the internal consumption to be not less thap
I?rOd‘%Ct.lon b gof shellac. To produce this quantity of shellac, 150 to
bqomﬂiliﬁgn I;ounds of crude lac must be produced yearly to meet the
.lb msin demand, and as fresh uses are beu'lg fqund every year thc.are
nered g1'kelihood of the consumption being increased. But with
® everyd l sumption the prices are bound to rise and if these go beyond
e 1ci?mnit as? was the case with cochineal, the attention of the con-
j uﬁz??s bou;xd to be attracted to a cheap substitute.

) ., of the profits has gone to the middlemen,
Hltheﬁohtgsnltlle;;tzh:Z:y little Eo the resuscitation of the industry
factors Wli cation of the condition of the poor, illiterate cultivators who
fmd amel ()cl;lljtie% risk their lives for the sake of a few Ib. of the crude
1 son}el 0 Dllril;é the last war the prices of a maund (82 Ib.) of shellac
material heir highest watermark of Rs. 285 per maund, the only visible
?Ouc}led y }ftlaine% by the cultivators in remote corners of regions produc-
Increase ? . only an increase of two to five annas only. Prior to the brefa.k—
ing lac wf;bth {ast great war, the prices had touched their lowess, i.c.,
ing out OR 22 ' er maund, and by the end of the war they had gone up
Rs. 23 to IB{' 255 a maund. With an improvement of over 1,200 per
ws bigh ash S;nanufacturer’s side the improvement on the cultivator’s
cent. 01‘1"01) :en less than 50 per cent. even. This is a wide gap to be
ride ]}d:d d 1 do not think it is possible to effect any app.recla.'ble
reconeilec 3;1}116 near future. The machinery at present operating has
changes 1n istence since time immemorial and it will be hard, if not
!)eel:} H ::1‘, | :xfor any industrial reformer, private or official, to effect any
:;:gre;;iablza change within the span of his ofﬁcxél life. '
Y be prices of T. N. touched their bottom in October 1914 and this

tate of afiairs continued until July 1915, when the prices began to rise
b
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reaching their maximum in February
decline. Some improvement has aga
quence most of the residents either
zones have begun to show some interes
the case when the prices of standard s
With the fall in prices, as was the ca.
interest flags, and the attention of th
in the development of lac cultivatio
income. In some cases I have seen that forests stocked with good sized
lac bearing trees were leased out for the collection of fuel. Now with
an improvement in shellac prices, attempts are being again made in
such forests to utilize them for lac production. But it is not borne in
mind that fitful attempts do not stabilize the industry. The rates pre-
vailing now cannot be expected to remain constant for long, and in
my opinion, such rates do more harm than good. With high prices, the
attention of consumers is directed to finding out a chp substitute and
if some such is found, the whole industry will meet with the same fate
as indigo. If, however, the price of T. N_ ig standardized at Rs. g0 per
maund (80 Ib.) in the Caleutta market, the prices of stick-lac would
automatically become fixed, and would leave an ample margin to-the

cultivator in the rural areas, considering the cost of cultivation to have
gone up from Rs. 10 to Rs. 15 a maund.

1920, when they again began to
i recently set in and in conse-
in or close to the lac-producing
t in the industry. Such is usuall y
hellac rule strongly in the market.
se from 1909 unti} July 1916, the
e cultivators and others interested
nis directed to other sources of

TAL present the maximum production and ¢
in the area extending from Chhatarpur in the

Bhusaval, Chanda (including the north-eastern portion of the Nizam’s
Dominions), Parvatipuran, Bankura, Azimganj, Malda, Gaya, Ahraura
{Mirzapur District, United Provinces), Rewah and thence to Panna.
Besides this, considerable quantities of stick-lac are also collected in Sind,
Assam and Burma (Plate 1I). Local collections are also made in the
Punjab, the United Provinces, parts of Central India and Mysore in the
South, and if sustained efforts were made and continued ig these areas,
the produce could easily be increased, if not actually doubled. [In other
parts the host plants of the lac ingacts are present in abundance, but
the climatic conditions and the absence of a sufficient and regular supply
of brood-lac, are a serious bar to the extension of cultivation in these
areas. If, however, regular plantationg of palas and ber are started from
now, and steps are taken to preve

. . ut such plantations being injured by
hot winds by blanting protective rings of some such fast-growing trees
as Pongamia glabra, ete., such areas could be made to yield a regular

income commensurate with the time and money spent upon developing
them. In some places, owing to the prevalence of favourable shellac

ollection of lac takes place
Notth to Goona, Bhopal,
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s of the Central Provinces have started
m, and on one such palas plantation

that 1 visited, I was informed by the proprietor thereof that he was
able to obtain a produce of six maunds per acre. The estimate of the
produce given out, though high, still it could be said that the proprietor
was amply compensated for his investment and labour in developing
the estate. A similar thing has also happened in the past in one of the
districts of Bengal. Here the ber trees are grown on the field embank-
ments. A cultivator generally has from 10 to 15 trees on his land, and
from these he is able to get an average of two maunds, which he is able
to sell for Rs. 50 to Rs. 60 according to the rate prevailing in the
market. The recent high prices of shellac have stimulated cultivation
on these lines, and the cultivators of such areas are much better off
than their neighbours where no lac is grown. So successful was lac
cultivation in this area that, during May and June 1920, a controversy
was started in the districts of Malda and Murshidabad in Bengal that
the lac insects on the trees were the source of infection of pebrine in
mulberry silkworms, Bombyx mori. An exhaustive inquiry was con-
ducted in the area and it was found that the controversy was due more
or less to economic causes. The cultivators, who were growing lac on
ber trees round their homesteads, were also rearing silkworms in their
cottages. But with the rise in the price of shellac, they found lac to
pay them more than silkworms and the consequence was that they
either gave up or restricted their silkworm rearings and extended their
lac cultivation. The persons interested in silk took up the cry and
persisted in fresh investigations being made as to the truth of the com-
plaint. Brood-lac was obtained from the infected locality and put on
to ber (Zizyphus jujuba) trees at Pusa. A few healthy ber trees were
inoculated with healthy ber brood-lac from Pusa and when the lac
larvee had established themselves well and had begun to develop, they

were infected with pebrine cultures, supplied by the Protozoologist, Pusa.
Specimens from both the plantations were examined by the Proto-
zoologist and were found to harbour no pebrine bodies ; the adult gravid
females were, however, at times found to be full of yeast bodies. With

the declaration of these results, the controversy was at last set at

rest.
At present, India holds the monopoly of this commodity, although
attempts have been made in the past and are still being made to grow

lac in Egypt, Ugenda, the Transvaal, Formosa and South-West China
from brood-lac obtained from this country. Some lac is also collected
in Sikkim, which finds its way into this country through the principal

markets situated at the foot of the Himalayas, Sikkim and Nepalese

rates, people in the Northern part
lac cultivation on a regular syste
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brands of lac are put up for sale in the form of coagunlated dises at

Bageswar in the Kumaon Hills (Te x-fig. 1). lac finds its way to Rangiya in Assam. Indo-China and Siam also grow

Bhutan and a part of Tibet lac, but the total yearly output is not more than 2-3 per cent. of the
whole yearly outturn. The majority of this lac finds its way to France
where it is utilized for the low grade varnishes. It does not bleach
well and is unfit for the manufacture of T. N. and other standard grades
ot orange shellac.

Distribution of supplies of lac products.

The largest quantity of shellac manufactured in the country finds
its way to the United States of America where it is mostly used for the
manufacture of gramophone records and in electrical works. About
42 per cent. of the total quantity exported finds its way to the United
States of America. Aboub 268 per cent. goes to the United Kingdom.
Prior to the last war, Germany stood third on the list of consumers,
inclusive of re-exports to Russia and Scandivavia. She went in espe-
cially for the low grades of shellac for the manufacture of cheap varnishes
which again found their way into this country. France stands fourth,
Holland fifth and then follow Austria-Hungary, Japan, Italy, Belgium
and Australia in the order of their consuming capacity. No statistics
are available for internal consumption, but it is thought that it is not
inconsiderable, though the uses to which lac is put locally are very
limited.

Trees on which lac is grown.

Ber. The ber is a very hardy tree and grows well in poor soils. It
stands pruning well and within a short time sends forth a sufficient
number of vigorous, succulent branches to nourish the lac insect. With
judicious pruning the tree could be made to yield a crop annunally. In
the Raghunathganj Sub-division of the Murshidabad District in Bengal,
the trees are grown on rice field embankments, and are annually pruned
carefully for propagating the lac insect. The cultivator either uses the
brood-lac from his own trees or buys it locally in the hats where a tudie
of 50 sticks, each 10 to 11 inches long, was to be had from annas twelve
to a upee each. The cultivators in this tract are very careful in pollard-
ing their trees, and occasionally bringing fresh seed from Dumka or
other places in the neighbouring hilly tracts. Some such practice also
prevails in the Kolhan in the Singbhum District, where the Kol grovs
a few trees round his hut, prunes them carefully during January and
inoculates them with brood-lac obtained locally. In the Una Tahsil of
the Hoshiarpur District in the Punjab, a sufficient quantity of lac is
grown on the ber trees planted on the roadsides. Here no pollarding is
done, but the removal of the crop serves the purpose of pollarding.
The produce from the area either goes to Amritsar or to Mirzapur where
it is utilized for shellac making. There is considerable scope of extend- - -
ing cultivation on ber in the Kolhan ar the trees are present':a.n{ltthﬁ’%‘*""w

Fig. 1. Lac cakes from Nepal. (Original,)
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Kol knows well how to grow the
insect and keep watch over it
when it matures. At Pussa, sue-
cessive crops have been raised
on the tree for the past sixteen
years with proper pollarding and
giving rest to the trees at inter-
vals. The trees thus utilized do
not show any signs of deteriora-
tion, and with a system of well
adjusted rotation are as healthy
as they were in the beginning,
In the Punjab, the United Pro-
vinces and Central India, the tree
is grown for its fruits, but if any
tree becomes self-inoculated, the
crop s gathered and sold locally
to the bangle-makers. Owing to
the prevalence of high prices of
shellac at present, people have
begun starting regular planta-
tions of this tree. If these are
worked systematically on scienti-
fic lines, there is every possibility
of increasing the output of stick-
lac and preventing thefts. The
tree grows well from seedlings
which should be planted out
when they are a year old in pits
especially dug out for the pur-
pose in the beginning of the rains.
Ten to twelve years, and in some
places five to six years after
planting, the trees could be
inoculated with lac. In a few
places, it has been found that the
seedlings are damaged by a borer
which makes unsightly tunnels on
the stems and branches covered
over with brownish silken floss
freely interspersed with pellets of
its excreta. The borer Indarbela

Female tests of ber brood-lac at the time of swarming out of larve Pusa,
emale

sth July 1922. Original.)
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PGON LS ing into a branch. (Original.}
Fig. 3. Idarbela tefraons boring i

1
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tetraoms has a wide range of foodplants. It is found to bore into
litchi, sissu (Dalbergia sissu), siris (4lbizzia lebbek), Indian laburnum
(Cassia fistula), Citrus trees, mango, Jamun (Eugenia jambolana), aonla
(Phyllanthus emblica), mahua (Bassia latifolia) and even the thick stems
of menhdi (Lawsonia alba) (Text-fig. 3). Besides this, a few other insects,
mostly leaf-rollers, Ancylis lutescens, Meyr., 4. cyanostoma, Meyr.,
Epiblema sp., and Porthmologa paraclina, Meyr. The larvee of these roll
up the leaves and remain feeding within the rolled-up leaves. A mite,
recently identified as Phytoptipalpus transitans, Ewing, produces numer-
ous pustules on the tender bark of seedlings, as well as pollarded trees.
In old, unpollarded trees, these pustules coalesce and cause roughening
of the bark. In some cases it has been observed that these pustules,
if numerous, obstruct the establishment of lac larvee. If these pustules
be opened with a knife, small bright red mites in all stages of develop-
ment will be found within them.

In the Central Provinces, palas brood-lac has been successfully
employed for growing lac on the ber trees. The same practice also pre-
vails in the Bankura District, Bengal, especially the Khatra Sub-divi-
sion, where lac-growers have a palas plantation for growing lac and
ultimately utilize it for putting on to ber trees, as they think that lac
from ber trees is superior in quality to that produced on the palas trees.
Here the lac-growers think that when ber brood lac is put on to palas
trees it fails to reproduce itself satisfactorily. The lac-growers generally
plant a number of trees round their huts and obtain a crop yearly in
September and October which they call Rangeen. The ber trees are
pollarded carefully in the beginning of June every year and inoculated
with palas brood-lac in October-November. At Pusa successive crops
have been obtained from ber trees by pollarding them carefully and
utilizing ber brood-lac for inoculating the pollarded trees. By careful
selection and elimination of Eublemma-infested brood-lac sticks heavy
crops have been obtained from the trees without damaging their vitality
in the least (Text-fig. 2). It has also been found by experience that the
quality of ber fruits does not depreciate to any great extent, as is gene-
rally supposed.

Palas. The palas grows wild over a large area i nBengal, the United
Provinces, Bihar and Orissa, the Central Provinces, Central India, Sind,
the Punjab and some parts of the Bombay Presidency. It grows
luxuriantly in poor soils and does not require much care. Hitherto it
has been allowed to run wild for the sake of the fuel, but now with g

rise in the price of shellac, attention is being drawn to growing it syste-
matically in squares or blocks, and to utilize these for the propagation
of the lac insect. If carefully pollarded, it sends forth sufficient suc
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insect. The tree can be raised from
culent ShOOtss t;)arlx):&%ag&t: t:g:d}x’gls. The seeds should be dibble‘zd in
seed O trfln 'pa of the rains, and thinned out subsequently,' leaving a
 the begmmn&) feet each side. When the trees attain a girth of one
Space.Of' 18h‘BO after nine years, they should be carefully pollarded, taking
o mch eSWeak wiry, and unhealthy shoots are removed ﬁrst.* The
o lg be cu"o off either with a sharp knife or axe 1eav.1ng a space
e Slll)ou to form forks to facilitate subsequent pollarding. Wh.en
. o 'asesuch trees care should be taken that they are not he§v1ly
l'noculam:ig 1f this simple precaution is not taken, the trees are likely
lnOwlatef : m over drain and succumb to premature deatl}. To ﬁll up
to oo r(t) is necéssary that a nursery should be est:%bhsyed; if not,
the N f] m congested areas may be utilized for filling in the gaps.
e rofound that, trees planted twenty-two feet apart each way,
e beel?i be 114 tre:es per acre. A single tree could be expected to
e o a er at the lowest computation, the total produce would be
A 3 Seer ear which at the reasonable rate of Rs. 25 per maun.d
2 n;;ul:lriz pin };n annual income of Rs. 62-8-0. Deductmg from th213
he. f gu ervision and labour, there would be left a margin of Rs. 20
e eoney iIZled the brood-lac used for inoculation has not to be bought.
II)er' acrgv}z::gle to divide the estate into three blocks or coupes so as to
'icvls fest to the trees in each block by a well regulated sy_'ste.z;x of I?riooI;
fotation. This will invigorate the trees and Srolonfgttlalhei;chiz.sect rits
to the utilization of this tree for the pro.pagahlor.l : duec oo in ani’ﬁne
flowers yielded a fast to light dye, but with the intro o O e
i out of use. Its flowers were also used in indigeno
(x;(:cla?i]iltfisn:: E)ars 1%\(:2: complaints. Fomenting the liver Wlt}:l hzkdeccl:t;;x;
of flowers is said to yield some re.lief' to the sufferer. ]'ID'he.s latgulndigo
recently been used 1 in settling mdlgto.O f I}/.[:(.ﬁ:V.s ;ﬁd ' _av1 .
Resﬁamh Chen;f;ltzrﬂ:fe g(i)a‘trlzmn?;fli at diﬁer:ant factorit?s last season
i FI:rI: c?ear that the use of dhak gum ha‘s no appreclable.eﬁectt;n
o the quality of the indigo obtained, whilst in most cases it greatly
igjzvr?::é the(%)roduce—-—in several instances by three to six seers of indigo

f plant.” ‘
pe r’ll‘}?g ;1:: ;;i:wos vIv)e?l in the loamy soils of North Bihar. Trees planted

[

t P a 1N IQ(H a,“,a.lled. a b()m}()l[l g‘lb]l ()[ 4: Iee(; 8 i 5 f ].

a’ us: 1 1 1 : (]ches t() ee‘, “
i : i ’ g * ’ 1 p P p 1 b4
lnCheS afte! 8 Xteen .; ears TOW th Such brees f WY erl; Ol a'rded

i i i f Buiea frondosa for lac cultivation,
* Troup, R. S. Experiments in the pollarding of Bufea |

. Vol. XLV, No. 5, May 1019, pp. 223—233. . '
Indian FO.TGS‘{;’ ’XOI‘T};; ?xs,e (;f Dhakygum——its effect on yield and quality, Indigo
4 Davis, W. A.

Publication No. 3 Agri. Res. Insl., Pusa, 1918.
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rested and inoculated, may be expected to yield from ten seers to half a
maund per year. It is vigorous in growth and is not subject to the
attacks of serious insect or fungal pests. Occasionally Lithacolletis vir-
_qulata, Meyr., and La'ocmbyla paraschista, Meyr_, are found on the leaves
making unsightly blotches, whilst Eucosma conciliata, Meyr., bores into
the flowers. In the Central Provinces the bark of the roots of trees
is used instead of rope for thatching purposes. In the United Provinces
charcoal from prunings, etc., is ground fine and turped into small round
flat cakes for the hookah.

The lac obtained from this tree is rich in colouring matter, and for
this reason is commercially known as *angeen, meaning * full of colour.”
After washing, the resin that is obtained is inforior only to kusumb lac
in quality.

Kusumb. The kusumb tree, though not very common all over the
lac-producing tracts, grows well in clayey soils by the sides of nallahs
and rivers in the interior of forests, especially in the Singbhum Division
in Bihar and Orissa and in the Chattisgarh Division of the Central
Provinces. The tree grows gregariously in small groups mostly in the
bends of nallahs or mountain streams where the soil is enriched with the

_ washings from hill slopes. The Kols eat the fruit and extract an oil
from the seeds which is used for burning purposes. The wood ig strong
and durable and is greatly used for harrows and oil-mills. The tree is
very slow in growth and is generally raised from seed. It takes from
sixteen to eighteen years for a tree to grow to g sufficient girth before it
is able to withstand the inoculation with lac insects (Plate III). 1t does
not pollard well and it is for this reason that Crops cannot be obtained
annually from the tree. When once coppiced, it cannot be inoculated
until a lapse of two or three years. But this disadvantage is more than
counter-balanced by the heaviness and superior quality of the lac pro-
duced every second or third year. Kusumb lac always sells at Rs. 5 to
Rs. 10 more than either the palas or the ber stick-lac. Tt is generally
Ltilized for the manufacture of Standard Ishellac which i fine pale orange
in colour. A special brand of tongue-lac was exhibited in the last Allaha-
bad Exhibition during 1910-11 and it was the pride of the exhibitors and
the wonder of the visitors. It was made from crystalline outgrowths one
generally finds on the tests of females when they are fully developed
and the larvee therefrom are about to emerge. In the Dhamtari Range
of the Raipur Division fusumb brood-lac was put on palas trees and the
resulting crop was fairly good. A large number of trees in the same
Division are being utilized now for lac cultivation, and these in course
of time are expected to yield sufficient brood-lac for distribution. The
trees, if found growing in groups, should he thinned out <o as to enable

PLATE 111

B. A vortion of a kusumb br:anch showing
arowth of lac on it.

A, A kusumb tree with lac on it.
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fresh air and sunshine to enter the rows. The produce of lac from
crowded and ill-pollarded trees has been found to be less than those
situated in the open with plenty of light and air to circulate between
the rows. There are plenty of tracts of virgin forests in the South-
Eastern parts of the Raipur Division, and it is expected that with the
opening of the Raipur-Vizianagram Railway, full use will be made of
this tract in utilizing it for lac production.

Pipal. The pipal tree grows all over India, but it is only in Assam
that specieg of it are grown in numbers on the boundaries of fields, as
well as the outskirts of villages. Lac, that grows of itself on these trees,
s collected in parts of Bihar and Orissa, the United Provinces and Central
India and the produce is sold to the local bangle makers. The quality
of lac produced on pipal is much inferior to that produced in palas
or ber, and as such fetches less price than either of these two. It is
transparent pale yellow with a thin shiny texture fit to be turned into
inferior grades of shellac only or being used to adulterate better qualities
of lac. The tree does not coppice well, and it is for this reason that
erops can only be obtained on it either biennially or triennially. It is
only in Assam, on account of favourable climatic conditions and soil
moisture, that trees in numbers could be raised by inarching and when
of sufficient growth utilized for lac production. In other provinces, it
is only by a well-thought out system of road arboriculture that the
produce could be appreciably increased within the course of a decade
or two. Pipal brood-lac should, as far as possible, be put on pipal
trees.

Babul. It is in Sind only that lac on babul grows to any appre-
ciable extent. It is found in the Jherruck forest and the banks of the
Jamrao and the Nera canals. The tree grows luxuriously on both sides
of the canals and their distributaries, but no systematic cultivation is
done. The blocks are leased out to contractors who try to collect as
much lac as they could manage to collect. At a time when better prices
rule in the Karachi market, attempts are made to collect as much as
could be done within the term of the lease, without leaving any brood-
lac on the trees. But when the prices fall, collections are either given
up or partially made and the result is that the large sized, as well as
young saplings, suffer from over-infestation and succumb to a prema-
ture death. This is a common sight to see along the railway line from
Mirpur Khas to Digri. The trees look sickly from a distance, and from
what I have been able to determine from personal examination of a
number of trees, the conviction deepened into me that the main cause
of the low vitality of the trees was their heavy infestation. Had this
been regulated, regular crops would have been obtained without serious
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detriment to the trees. There are two main crops, Chait (May-June)
and Kat: (November). The collection is mostly done by Kachhis in
Hyderabad, Metari and Shikarpur. The major portion of the collec-
tions are sent to Karachi, but a fair portion goes to Mirzapur. Attempts
made to grow lac in Bihar from brood-lac brought from Sind were not
successful. In Sind the trees are leased in May-June and the contrae-
tors collect the crop in November and December every year.

Arhar or tur. Lac on arhar, known as mirimah in the Garo and
the Khasi Hills, is only grown in Assam. There is no other place in
India where I have seen lac growing on arhar (Cajanus indicus). The
reason is that it is only the climatic and soil conditions of Assam that
are favourable to the growth and maintenance of the tree on the ground
for more than one season. In other parts of the country the plant is
annual and cannot remain on the ground for more than ten months,
In Assam, it is mostly sown in the Garo Hills in the beginning of the
rains along with paddy or on the embankments of sugarcane fields,
After harvesting paddy the plant is allowed to remain in the fields and
Is generally inoculated with lac a year and a half or two years after
sowing. If the lac is put on early, the plant suffers and dies early.
Each plant has been known to produce from four chittacks (8 0z.) to
one seer (2 1b.) of stick-lac which is rich in colouring matter and does
not bleach well. It is for this reason that arhar lac from Assam fetches
less than either kusumb or palas stick-lac. It is mostly used for adul-
terating other qualities of lac. At Palasbari in the Kamrup District,
I saw the plants growing on sugarcane fields being tied together with
twine or plantain bast to make a live fence to prevent the jackals from
entering the fields and damaging the canes. The plants were about
two years old and were from 3 to 4 inches in girth at the base of the
stem. The lac encrustation on these was fairly healthy and good. The
inoculated bushes looked white from a distance. If well cared for, the
plants could remain on the ground for three or four years, They should
be occasionally hoed round to conserve moisture and maintain soil
aération. They should also be carefully pruned to prevent flowering
and thus to maintain vitality of the plant for a longer period. Odonto-
termes sp. sometimes damage the brushes to a great extent in the Kam-
rup District.

Attempts have been made to grow lac on arkar or twr (Cajanus
tndicus) in the Plains of India, but they have not hitherto been attended
with success. Trials were made at Pusa by sowing a special variety
of tur and inoculating the plants with ber (Zizyphus jujuba) brood-lac.
The growth was poor and the cultivation was not financially a success,
From what I have seen of the experiments conducted at other places,
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they have one and all met with the same fate. Recently experiments
have been started at Bangalore with Shorea talura brood-lac and it is
to be seen how far the attempts are successful.

Fig.. 4. Lac on rose Stem. (Originai.)
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Other trees on which lac is found. Besides these, much lac is
grown on Zizyphus aylopyra (Vernacular) Hindi (Ghoont Ber) in Damoh
and Saugor Districts in the Central Provinces, as well as in the States
of Panna, Chhatarpur and Maihar in C mtral India. Specimens of lac
are a'so found on the following :—

Litchi (Nephelium litchi),
Mango (Mangifera indica),
Custard apple (dnona squamosa),
Bullock’s heart (Anona reticulata),
Asoka (Polyalthia longifolia),
Anjir (Ficus carica),
Montana bipinnatifida,
Prantij roxburghiv,
Albizzia lebbek,
Hemelia patens,
Roses (Text-fig. 4),
Pomegranate.
The quantity collected from the above is very small and therefore
these tree: have not hitherto heen used for the cultivation of lac on a

commercial scale.

Lac in the Provinces.

Assam. The districts where lac in quantity is grown or cultivated
are :—Sibsagar, Nowgong, Cachar, Kamrup, Garo and Khasi Hills,
North Cachar Hills, Sylhet, Darrang, Lakhimpur and the Native State
of Manipur. The chief kats are Palasbari, Chhayagaon and Boku. The
main host plants of the lac insect are Cajanus indicus, Grewia, Kydia
and Ficus spp.

Bihar and Orissa. The districts where quantities of lac are
collected are :—Palamau, Singhbhum, Sonthal Parganas, Manbhum, Gaya
Hazaribagh, Ranchi, Sambalpur and Lohardaga. The chief centres of
lac are Daltonganj, Haripur Hat, Purulia, Jhalda, Ranchi, Goilkera and
Chaibassa. Fifteen thousand maunds are said to be produced yearly

in the Palamau District, 12,000 maunds in Gaya, 2,000 maunds in Hazari-
bagh, 15,000 maunds in Purulia, and there is great room for expansion
in th se as well as other adjoining districts.

The chief hosts of the lac insect are Butea frondosa, Schleichera trijuga

. and Zizyphus jujuba. During 1917-18, the lac exports from the pro-
vince were worth Rs. 13,38,000 (vide Report on Trade of Bikar and
Orissa, 1917-18). In my opinion there are great possibilities of de.velop-
ment in this province alon:, provided the host plants of the lac inse:t
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are utilized to their utmost, better methods of cultivation and collection
are practised, and provided there are better facilities for obtaining
healthy brood-lac near at hand and in sufficient quantities at the required
time. I know from personal experience that there are vast areas full
of palas, and if these are utilized fully the total produce from this pro-
vince only will nearly equal the quantity produced throughout the
country excepting the Central Provinces, which regarding lac cultiva-
tion no doubt occupy the premier position and like this province await
development on proper lines.

The Central Provinces. The districts where quantities of lac are
collected are :—Raipur ; Bilaspur; Saugor; Mandla ; Bhandara ;
Hoshangabad, Sobhapur, Babai, Bankheri, Futtahpur; Damoh ; Nar-
singpur ; Jabalpur; Balaghat; Seoni; Chanda and Betul. The
main food plants are Zizyphus jujuba and Z. aylopyra, Butea fron-
dosa. Schleichera trijuga and Acacia catechu. The south-eastern part of
the province contains a large number of 8. trijuga trees which produce
the finest lac from which pale-yellow or orange shellac is manufactured.
The province as a whole could supply from 54 to 60 million Ib. of stick-
lac if properly worked. Nearly the whole of the produce was sent to
Mirzapur, but now a great portion finds its way to ()alcu_tta and other
places in Chhota Nagpur. Besides these, there are conmderal.)le areas
in Berar where lac is locally cultivated and collected, especially the
Nandurbar forests, and as this area abuts on the Hyderabad State,
where active steps are now being taken to start lac cultivatior_l, there is
every possibility of this area becoming an important lac-growing centre
in course of time. The south-eastern portion of the province is rich
in Lusumb trees, and with the opening of the Raipuf'-Vizianagram Rail-
way this tract will become an important lac-producing arez.

The United Provinces. The cultivation and cjollectlon of lac in
these provinces are not 8o extensive as in the provinces noted above.
Lac is, however, locally collected in the Garhwal Forests; Saharan})ur
(a part only), Kheri, Pilibhit, Kumaon, (tonda, Bundelkhand, Bahraich,
Siwalik range, Rae Bareliand Partabgarh. The host p lants are Bulea
frondosa, Ficus spp. and Zizyphus zylopyra. Besides these, there are
small collections which are utilized locally for the manufacture of toys
and bangles. The climatic conditions are 1n some localities & bar to
the further extension of the cultivation, but on the otlfer hand there
are places which are quite suitable for cultivation pf""‘de(.1 good and
cheap brood-lac is at hand to be put on the palas trees Which aboynd
in the plains districts. Mirzapur is an important centre of lac cultiva-
tion and manufacture and for nearly a century it was the only centre
of shellac manufacture in Northern India. Even now, in almost all the
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factories in Calcutta, Ranchi, Purulia and other shellac-manufacturing
places, the expert labour is wholly drawn from Mirzapur. These people
move in families to remote places to earn their livelihood as shellac
manufacturers and some of them are so clever that they cannot be dis-
placed easily by local men without jeopardizing the interests of the
manufacturer. The hilly, as well as the submontane tracts, as well
as those adjoining the Vindhya mountains should suit for the propaga-

;i};).n of the lac insect, but actual experiments have to be made to prove
is.

The Punjab. As in the United Provinces, there are large tracts
wherein regular cultivation angd collection are practised. There are
local collections in Gujrat, Ambala, Jalundbar, Hoshiarpur, Gurdaspur
and the Kapurthala State. In Hoshiarpur, it is said, three to four
thousand maunds are collected locally and the produce finds its
way to the shellac factories at Amritsar. Lo is found growing sponta-
neously on Ficus spp., Butea, Acacia and Zizyphus. On the whole
the collections are not very large, but in some tracts the host plants are
present in numbers and only experiments can show whether these could

be used for the propagation of the lac insect, so as to yield some
income. .

Bengal. Lac to some extent is grown and collected in the districts
of Birbhum, Murshidabad, Malda, Bankura, Midnapur and Rangpur.
The host plants are Butea, Zizyphus and Schleichera. There areocon-
siderable areas in Birbhum, Midnapur and Bankura Distniets which could
be utilized for lac cultivation as these abound with Butea frondosa plants.
In the Murshidabad Dustrict, Z. Jujuba plants are grown on field embank-
ments and gre annually inoculated with lac which the cultivators pur-
chase in the local hats. The system of cultivation s quite unique and
I have not seen anything like this attempted in other parts of India.
The plants are pollarded very carefully and inoculated with lac when
they have got a number of long, succulent stems. The plants appear
very trim, bushy and luxuriant in growth with a good number of healthy
stems. The produce from the trees is either reserved for seed or scraped
and sold locally. The little extra income that the cultivator gets is
used to pay the rents, leaving the produce of the fields for the use of
his family. A cultivator having 10 to 20 trees pollards 10 trees during
December when they are dormant and utilizes the brood-lac from the
other trees for Inoculating them in June and selling the surplus as
brood-lac in the local 2at. In this way, he seldom gets seed from outside
and is able to utilize the Zizyphus trees fully for the production of lac.
When the market rates for stick-lac are high, the cultivator is able to
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Madras. Local collections only are made in Kanara and Mysore
on Shorea talura. Some lac is also collected in Ganjam, Baripada, Trichi-
nopoly, Kumbakonam, Banganpalli and Jeypur State.* There are also
local collections in the Omarkote range within an area of 200 sq. miles.
The majority of lac used in the Presidency is obtained from Burma and
the silk-dyers prefer Burma lac which is richer in colouring matter than
the Indian stuff. The lacquer workers at Channapatna utilize the lac
grown and collected locally. Some lac is also grown in Nandidrug as
well as at Anekal and Closepet in the Mysore State on Shorea talura.
In Travancore, collections are made in one forest range only, the food-
‘plants being Odina wodier, Ficus religiosa, Careya arborea, Spatholobus
rozburghi. But with the organization of the Industries Department in
the State, considerable attention is being paid now to the cultivation on
scientific lines within the State, and it is expected that the suitable por-
tions of the forest may be soon utilized for the production of lac in quan-
tities to meet the local demands as well as those of the neighbouring
Presidency.

Ceylon. The Ceylon Agricultural and Horticultural Society sent an
Agricultural Inspector for training in lac at Pusa and on his return ex-
perimental cultivation was started on Zizyphus jujuba 1Ceylonese—
masan) and Schleichera tijjuga (Ceylonese--kon) and it was reported
that the lac insect had flourished well on the latter food-plunt bu-
later on Eublemma sp. did considerable injury to lac on trees.

Burma. Lac in considerable quantities used to be collected and
exported in the fomn of stick-lac which contained more colouring matter
than Indian lac. But now the exports have fallen off considerably.
It is collected in Thayetmyo, Prome, Tharrawady, Henzada, Arakan,
Upper Chindwin and Southern Shan States. In one year a set of villages
in the Pakoku Chin Hills produced 100,000 lb. during a year. Large
quantities are collected on the borders of the Shan States and brought
into the country to be either exported along with Burma lac or turned
into shellac. The produce of the tract bordering on Indo-China finds
its way into the interior and is exported chiefly to India along with
Burma lac. The country as a whole has great possibilities of develop-
ment, and if properly worked, is likely to yield large quantities of stick-
lac which could be utilized for the manufacture of seed-lac or shellac.
Next to Assam, the Central Provinces and Bihar and Orissa, Burma
bulks large and is capable of producing half, if not more, of the normal
requirements of the country. Lac from Burma is used largely in Madras,

* The information regarding local collections has been ohtained from the shella¢
manufacturers at Mirzapur and other shellac manufacturing centres, who have their
own agents in such localities.
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for dyeing silk and to some extent wool. The food-plants of the Jac

insect are Pithecolobium, Cassia, Zizyphus, Dipterocarpus, Shorea obtusa,

Schleichera, Albizzia, Tamarindus, Buiea, Cesalpinia, Dalbergia obate
and Xylia. o )

central India. Lac in some quantity is also collected in the Native
States of Rewah, Nagod, Maihar, Chhatarpur and Panna.  Attempts
are also being made at Rutlam and Gwalior to grow lac, but how far the
experiments have been successful is not known. In Bewah considerable
quantities are collected in the forests and worked into shellac in the
factory at Umaria. But since last year the out-turn has fallen off con-
siderably, due no doubt to the intensive system of collection practised
in the previous years.

From the above it will be seen that lac is found in most of the pro-
vinces of India and that in the majorty of cases no attempts are made
to grow the insect on its food-plants. Whatever quantity is found to
grow on the plants is collected and sold to the nearest dealer in stick-lac.
In the majority of cases the collection is done by aboriginal tribes who
inhabit the outskirts of forests. These people barter lac for salt, cloth
or trinkets or such other small luxuries of life. The bania or the local
dealer collects’ the local produce and gells it to another merchant who
sends it either to Mirzapur or to Calcutta. The agtual producer has no
dealings with the manufacturer and the r.esult is that the major portion
of the profits is appropriated by the middleman. From the above it
will also be seen that the greater portion of the lac brought for sale is
collected as it is found growing on its food-plants and that no attempts
have been made to cultivate the insect on scientific and business lines.
If the lines of work laid down herein are followed, it will be found that
localities where palas (Butea frondosa), Schleichera trijuga and Zizyphus
jujuba plants abound, could be utilized for the production of lac. The
result will be that plants which have ceased to be of any economic value
now will yield fairly good returns on the amount invested in developing
the cultivation. Besides this, there will be the advantage of Improving
the material condition of the people, especially the aborigines inhabit-
ing the forests, and steadying the market. The present violent oscilla-
tions in the prices of the crude material would be avoided if not com-
pletely eliminated and the possibility of the introduction of synthetic
or other cheap substitutes would be postponed indefinitely. Much could
be done to extend the cultivation of lac by starting suitable nurseries

. for the distribution of healthy brood-lac at proper times and at cheap

rates, 50 as to enable even the proprietor of a few trees only to inoculate
his trees. At the present time it is practically impossible to obtain good
healthy and cheap brood-lac for inoculation purposes. The prices
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charged are not only exorbitant but prohibitive as well. I know from
past experience that, when stick-lac was quoted at Rs. 20 per maund
in Calcutta, the prices charged for kusumb brood-lac were ranging any-
- where between Rs. 40 to 60 per maund, and as it is known that the
greater portion of the stuff consists of wood and colouring matter, the
actual price of resin obtained by scraping the brood-lac sticks works out
to a prohibitive figure. This is mainly responsible for limited cultivation
and subsequent production. I know for a fact that a large number of
cultivators go long distances from their places in search of healthy
brood-lac. They sometimes resort to hilly tracts where they think they
will be certain of obtaining healthy brood-lac at fair rates. In some
places the lac cultivators having obtained abnormal prices for their
crude material have taken the trouble of exchanging their brood-lac
with others living in hilly tracts or in localities where the brood-lac
is considered to reproduce well. With so many obstructions and with
an ever-changing market, it is no wonder that the cultivation should
have remained in so precarious a condition as is the case at the present
time. Thus it seems reasonable that in any scheme of future develop-
ment of cultivation, the provision of nurseries in suitable localities
should not be lost sight of. Besides this, facilities for the transport
of brood-lac are so cumbrous and the freight charges so heavy that it
is not only impossible but risky to import brood-lac from other localities.
I have personally experienced the trouble of obtaining brood-lac from
places other than Pusa. The lac cultivators are at first reluctant to
undertake the work of packing and sending out parcels of brood-lac by
rail. The question of despatch by post is prohibitive on account of the
heavy postal charges. If, however, they are induced to undertake such
work, the transport difficulties are so great that all the efforts end in
failure. I have seen instances where crates containing brood-lac have
been allowed to lie on railway station platforms in the sun for days
together before they were despatched to their proper destinations and
as everybody knows, if brood-lac is exposed to the sun for & number of
hours, the resin melts, the holes of exit for the larve are closed and
they are unable to emerge. Besides this, with heat fermentation
sets in in the body contents of the females and the result is that the
nymphs are stifled to death with heat and are unable to emerge. The
railway authorities are perhaps unconscious of this fact, otherwise
proper precautions would have heen adopted by them to ensure
safety of the brood-lac crates entrusted to them for transport. Because
the question has an important bearing on the problem of future
development of the lac industry, I have thought it proper to touch
upon it here.
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With the question of the establishment of nurseries, the task of
establishing the species of the lac insect is of profound interest. A ‘
thorough study of the question in all its aspects is bound to yield data
of considerable economic importance. With the fixation of species it

Fig. 5. Ber brood-lac sticks showing effect of sclection after 4 years, (Original.)
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would be possible to extend the cultivation of the particular species in
well-defined areas and therefrom to extend the cultivation. This work
- was anticipated and collections were made from all parts of lac-producing
areas in India with the collaboration of the forest officers. This collec-
tion is at Pusa and requires to be worked through. Specimens, both
dry and wet, have been collected of cultivated as well as of wild lac and
have been preserved. In this way a good collection has been got together
and vould soon be worked through. As is well known, with the fixation
of species found to occur within the important lac-producing tracts as
well as elsewhere, the fixation or knowledge of the swarming of larva
in both the seasons is very essential to the development of cultivation.
With the fixation of spe ies and the periods of swarming of larve in
particular tracts, the work of expansion would be considerably facili-
tated and broadened, When this has been done it will be time to look
after the details of cultivation. As is well known the introduction of
lac into the market came after the price of cochineal—which was used
for dyeing silk—had gone very high. It was then that the consumers’
attention was drawn to the substitution of a cheaper stuff which would
partially, if not wholly, fulfil the requirements of the trade of the times,
and the lac-dye was found to meet the exigencies of the situation well.
The dye was extracted and used for colouring purposes and the resin was
left unutilized. Later on when the special properties of the resin came
to be known, it was used along with the dye for various other purposes.
From this time onward the exports of resin began to rise until to-day
they reach the unprecedented total of £5,443,293. This represents the
quantity exported from the port of Calcutta alone. If, however, such
statistics were available for the other ports of Karachi, Bombay and
Madras, along with the quantity consumed in the country, which is in
no sense a negligible quantity, it will be found that the total annual
production of lac in India and Burma is well over 170-200 million Ib.
This quantity is raised annually, when the insect has been subjected to
ill and drastic treatments which, if not effectual for its total extinction,
have lowered its vitality to such an extent that it may be said to be the
progeny of degenerated parents which are not as yet free from the
baneful effects of processes which are antiquated as well as effete. If
one looks at the methods adopted for collecting the yearly produce, one
is struck with the profound vitality displayed by the insect and I think
it is its prolific fecundity which has saved it from total extinction. The
cultivators now have recourse to measures of collection such as were
adopted by their forefathers centuries ago. But the times have changed
considerably. What was once a paying item has ceased to be such.
What was once eagerly sought after is now discarded. The introduction
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of aniline colours has done much to bring about this change. .But as
the lac cultivator is illiterate, and lives in remote corners where 1‘deas of
modern developments do not reach him, he persists in adopting old
and antiquated methods of collection. The lac-dye has ceased to be an

Tig. 6. Holes of exit of Eublemma amabilis in introduced lag at,
' Banganapalle, Sonth Tndia, November 1914,

€
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article of commerce, and attempts are made to obtain resin which is as
much free of the colouring matter as is possible to obtain. But the
lac-cultivator, irrespective of these changes in the commercial world.
still continues to collect lac before swarming has taken place, with the
result that the larva are killed outright by exposure of the lac-bearing
branches to the heat of the sun. The result is that the healthiest and
most virile larve are killed off, leaving behind stragglers which are
not so vigorous as they should be. In a count made at Pusa of larve
of Zizyphus jujuba lac, it was found that 52 days after establishment,
25 to 30 per cent. of them had failed to establish themselves and to
produce resiu. Later on, the percentage was found to increase until
barely a fourth of the number had been able to reproduce itself.

In this connection, some work has been done at Pusa regarding selec-
tion and hybridization. At the time of removal of the crop from the trees.
cnly those branches were selected for seed which were uniformly covered
with lac encrustation, had a thick coat of whitish floss on them and had
fewer holes of exit of Eublemma amabilis on them (Text-fig. 6). In the
fifth year, the results were very encouraging and the encrustation on the
majority of trees was asseen in Text-fig. 5. If the material in various
places is examined in this light, it will be found that in places even a
larger percentage fails every year to establish and subsequently to repro-
duce itself. This is no doubt one of the causes of the short supplies so
much complained of by the shellac-manufacturers from time to time.
If, however, the lac cultivators are informed of the mischief they are doing
unconsciously, I am sure they will improve their methods and will begin
collecting the material after the larvee have swarmed out. No doubt
much could also be done by the manufacturers. If they will adopt
the practice of paying the cultivators on the proportion of resin to lac-
dye in a sample, the cultivator would soon modify his wavs and would
adapt himself to changed circumstances. The manufacturers should
insist on purchesing stick-lac which contains a smaller proportion of
lac-dye than one which has been collected before swarming has taken
place and is consequently rich in colouring matter. This will effec-
tively put an end to the unscientific method of gathering lac thereby
consigning to death a huge number of larva which would otherwise
have produced lac.

Localities suitable for lac cultivation.

Places which are neither very hot nor very cold and where the annual
rainfall is about 30 inches are suitable for lac cultivation. Moisture
is a great necessity for the successful development of the insect. but if
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it is in excess it affects the crop injuriously. Dry, arid places are to b
avoided in starting the cultivation. Extremes of heat and col(% retard
the growthof the insect. With heat the resin 1nelt§, the air holes
through which the insect breathes are blocked and it dies of suffoca-
tion. As u test of the suitability of the place for lac cultivation, only a
few trees should be inoculated in the beginning, and if on these the lac
flourishes throughout the year the operations may be extended or othfar-
wise given up ; for it must be remembered that the success or otherwise
of lac cultivation depends very much upon climatic conditions.

Instruments and other accessories required for the work.

The instruments and other accessories required to start and carry
on the work are very few. Only knives as shown on Plate IV, some
plantain bast or jute or sann-hemp fibre are all that are required. In
the beginning a small quantity of brood-lac is also required to put on the
trees. A straight-edged knife (Plate IV, fig. 1) is required to prune and
cut the lac-bearing branches which are away from the stem or the main
branches. A curved or double-edged knife (Plate IV, fig. 3) is required
to dress the trees and to cut the lac-bearing brar}ches into lengths vary-
ing from 9 inches to 11 inches. The other knife (Plate IV, fig. 2) is
required to trim the lac-bearing branches before‘ cutting them into
pieces. and to scrape ber lac. The knives should, ifpossible, be of steel

Vig. 7. Shitin for taking hrood-lac uy. the trece,

' 02.
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to withstand rough handling and must. have a sharp edge.  Their outer
edge should, if possible, be thick to impart foree and to make clcun.
cuts. A lighter knife iy apt to ship off whil. pruning tough branches
and to produce jagged ends, which would have to be dressed to prevent
water lodging and setting up decomposition. K uitves of the pattern
given on Plate IV could be easily made locally or procured from any
hardware merchant in Caleutta or Bombay at one
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Experiments were made at Ranipur, Saharanpur District, United
Provinces, on the best method of inoculating palas trees and Mr. R. S.
Troup found these bamboo-receptacles much adapted to the purpose
for which they were recommended.* The advantage in these recep-
tacles is that they can be made casily locally and stocked to be re-used
the following years. Such receptacies could either he made of split
bamboo pieces, as shown in Text-fig. &, or from dry arkar stalks of which
fruit baskets are generally made in Northern India.  Another advantage
in the use of these receptacles is that brood-lac from one coupe may be
completely removed and utilized for inoculating pollarded trees in the
other coupe. Such sticks as show a large number of holes of exit of
Eublemma amabilis should be discarded and fumigated with carbon
bisulphide as soon as the inoculation is finished.

Time and labour required to carry on the work.

The cmergence of young insects takes place twice a year, and a fort-
night before each emergence the trees have to be pruned and got ready
to facilitate inoculation. A week in June and a week in October is all
that a cultivator of 20 ber and 60-80 medium-sized palas trees has to
devote to the work. To carry on the work successfully either he will
have to seek the co-operation of a member of his family or engage tem-
porary labour to finish the work in proper tihme. I, however, a large
number of ber, palas or kusimb trees are to be inoculated, regular gangs
ol coolies will have to be engaged to finish the work., From past expe-
rience it has been found that w gang of four coolics working cight hours
per day is capable of inoculating 70 to 100 palus trees of medium siz .
In this work, it must be borne in mind, it s essential that the work of
cutting, removing and putting on the hrood-lac wust be done in proper
time. A week’s delay produces unsajisfactory results,

* Troup, R. 8., Experiments in the pollarding of Butea frondosa for lac cultivation,
Indian Forester, Vol. XLV, No. 3, May 1919, p. 231. * Different methods of tying up
the tac were tricd, bub the most successful was that advocated by Mr, Misra, namely,
to place sticks of brood-lac in loosely constructed baskets and tie the baskets up in the
branches. In the present experiments about 40 to 50 sticks of lac were placed in each
basket, and varying numbers of baskets up to 14 were hung in each tree. Generally
speaking, it was found advisablo to fix up one basket at the base of each small clump
of pollard shoots, cither by pushing the bagket into the clump or by hanging it up by
means of a wire hook. The basket should, as already pointed out, be removed as soon
as swarm ing is over, and for this purpose a few marked shoots, low downona tree, should
be impregnated and watched from day to duy during the time of swarming in order to
ascertain when swarming is at an end.”
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Crops during the year.

There are two crops during the vear but in the case of jalla (Shored
talura) in Mysore there are said to be five crops within the course of a
couple of vears,

That this is so requires careful examination and con-
firmation.

In the case of babul (Acacia arabica) lac tract in Sind and
arhar or mirimah (a variety of Cujanus indicns) Tac tract in Assam. 50
far as it has been possible to determine, there are only two emergences
during the vear. That which is gathered during .I\lm-:.luly is called the
Buisakhi crop, from the name of the month Baisakh. in which the crop
1s generally collected, and the other the Katili
in which the erop is gathored.  The former is in some localities also called
the “ sungeen ™ on account of the sticklace especially palas contain-
ing a large amount of colouring matter.  Of the two. the Buisalhi crop
15 the larger and better but in some places the Katihi erop s considered
to be the principal crop of the vear. It takes pearly eight months and
a half to mature and in conserquence the proportion of resin to lac-dye
i3 greater than in the following Katili crop. Besides, it is partly immmune
from the attacks of predators and parasites as it passes through winter
during which time most of the injurious inseets remain dormant m one
stage or the other.  The KNatil crop takes onty three months and a half
to mature. and in consequence the proportion of vesin to fac-dye 13 11}11('11
less than in the previows Buisakhi crop. In some vears the crop <~e
nuuch attacked by predators and pavasites that it is a partial Afuilurm
For these reasons the growers in Bengal and the Central Provinees :
who produce the largest and best kind of lae reserve most of thewr
Katiki (winter) crop for <eed and do not sell it

from Kartik, the month

From a tree only one erop is obtained veardy. In the begmming the
trees vequire to be pruned. but fater on the removal of the l-.u--lwuriw:
branches is a pruning to the trees. [, however, it ix desived to obtam
two crops during the vear, the trees to be inoculated should he ‘“"id‘fd
into three groups. The trees in the first group are to be pruned in
February and inoculated in the following June. whilst the trees m the
second group or block are to be pruned for the following October ocu-
lation.  In October the crop from the tirst group is gathered and put on
to trees in the second group which have already been pruned for the
purpo<e.  From past experience it has been found that it pavs in the
long run to give vest to the trees.  If these are continuously utilized for
lac production. their vitality is lowered and in subsequent years the crop
is not so good as before. In some cases the tree sends forth corky shoots
and these become unfit for inoculation. Rest to the trees is essential
if they are to be exploited to the full for luc production. It is, there-
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fore, advisable to divide the area or the trees into three coupes or blocks
and to arrange the rotation of inoculation in such a way that one biock
would get rest for one season at least. In cases of soil exhaustion or
over-inoculation trees die prematurely. To replace them with healthy
trees, a nursery should. if possible, he maintained somewhere near the
plantation.

Pruning trees.

Before starting cultivation, care should be taken that the trees
on which lac is intended to be grown have sufficient tender bhranches
to enable the lac insect to establish itself. If this is not so, the troes
should be pruned carcfully. This is especially necessary in the esse of
the ber tree which responds to careful pruning by sending forth a large
number of vigorous and succulent shoots. The palas does not ordi-
narily require pruning, and the same is the case with the fusumb. For
pruning ber trees two kinds of knives are required (Plate IV, figs. 1 and
2), and these must be very sharp and thick at the outer edge to impart
force to the euts.  If one is starting cultivation on ber trees for the first
time the trees should be pruned when they are dormant and the sap is
not flowing upwards. In Northern India thisis preferably done in the
beginning of February for the June inoculation and in the beginning of
June for the following October inoculation. At the time of pruning all
the wirv. gnarled and distorted branches, as well as the dead ones, must
be cut away clean. Al the stumps of branches which show little signs
of healing over should be carefully dressed and the ends either tarred
or plastered over with a well-kneaded mixture of soft earth and cow-
dung. If, during the process of pruning, the branches get notched or
otherwise badly lacerated, the ends should be carefully dressed to pre-
vent insects killing the tree or water lodging in the cavities. A care-
fully pruned tree quickly sends forth a number of vigorous shoots,
whilst a badly or carelessly pruncd tree either dies or sends forth only
weak, straggling. wiry branches. (Plate V, A). Strong growing plants
should be lightly pruned, whilst old and decrepit trees should be headed
back to induce production of new wood which renews the vitality of the
tree. Heavy pruning should be followed by light pruning. In Northern
India it has been found that heavy pruning of old and weak ber
plants is required in the beginning. Thereafter no praning. excepting
that which is automatically done by the removal of the lac-bearing
branches everv season. is required for eight to ten years. It is true that
the continuous propagation of the lac insect considerably lowers the
vitality of the tree on which it grows, but this loss can be made up by
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judicious pruning which has the sume effect as wanuring,  The photo-
graphs (Plates VI and VII) show the stages i the growth of o heavily
pruned tree, which six months after pruning was eeady to be inoealated.
The effect of pruning as well as the necessity for it depends upon the
locality and the climatic conditions prevaiding therein,

Determination of emergence of larvee from examination of the ovaries
of female lac insects.

In the past mnch difhiculty has been experienced in fixing the ocal
dates of emergence of the lue insects. These dates. ax i well ktiown
to those who are interested either in the cultivation or the anefacture
of shellac, vary from place to place. In some cases the variation iu
the dates of emergence is so great that considerable diffieulty is expe-
rienced in starting and tinishing the work of mocenlation in ]l].nl)\‘l' tmy
and this has, in my opinion. militated to 4 areat extent agaiust the
extension of lac cultivation. Had it heen easv Lo foretel] or 1o know
with some certainty the dates of emergence of larvie, the cultivation
of lac. in my opinion. would have heen more extended and varted than
what it 1s now and the heavy fluctuations which aype the order of the day
would not have taken place frequently as is the case now.  No doubt
there are other and more important factors, which have a divect hearing
on the production of ke, hut this is also one of them, and as sucl,
demands some attention. n the past the Lievrowers have had 1o
depend mostly upon their own past expenenees o on the advice of the
elders within the Lue eultivating zowe or villages, Thev bave no definite
data whereon to base thedr calendatinns
that these calewlations are extremely v
tocality ov lau:~;.:m\\'ing zone, | lmn:
agreeing with each other i theiy caleulations regarding the probable
date of emergence of the lae farvie, Tl
occur w suck tracts or focalitios, produce no serious consequences, hut
pow with the impetus that the tudsstey Das reerived of Lite, the enlti-
vation s hound to increase not only i the tocalities which hold the
monopoly of lac cultivation at the present tine bt o new aod distant
localities where the host plauts of the

and result- and 1 1= o wonder
agne and anrehiable,  f the ~ane

selda CONP Arro=s twn |;l|'—;_'l‘)\\"! >

varittions. when they do

virous speeies of the lac insect
occur in abundance, and Sigus At present are not wanting to show that
the future augurs well und hax greq potentiadities for the developent
and consolidation of the industry provided acdeqate precantions are
taken to safeguard it.

These and such other considerations led wie to tind oul some weans

whereby the emergence of lue insects could be determined with at least

PLATE VI

B. The same tree showing growth of shoots,

A, An old Ber tree severely pruned,




PLATE VII

B. The same tree 1eady for inoculation,

The <ame tree showing crowth of Fealthy shoots at ends of branct es,

A,
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rtainty. This step is essential in any scheme of exten-

some degree of ce
here, that others before me have

sion of the industry and L may say
felt the necessity of finding out methods whereby the wastage of lac

larvee, that is inevitable these days, could be appreciably, if not totally,
avoided. A writer carly in the seventies remarked :—

“ The failures that have attended the attempts to send seed-twigs
another, have been due mainly to the fact

from one part of India to
the swarming period or

that the seed-twigs were cut too long before

too near it.”
In places where the cultivation has been started for the first time

there have been instances where through sheer ignorance the attempts
y unsuccessful owing to the subordinates having
on of the males for the emergence of the lac larve.
aring branches were removed and carted, when
it was detected at the last monient that a serious mistake was made.,
There are not enly straggling records of such happenings but there
is ample evidence to show that such occurrences are not uncommon
in the lac-growing tracts even at the present time. No doubt, the
ignorance and illiteracy of the masses is a serious obstacle to the adop-
tion of new and improved scientific methods but, as in other spheres
of life. where the cultivator becomes aware of some personal gain to
follow by the adoption or relinquishment of a practice, it is expected
that he will soon be convinced of the necessity of adoption of a better
method for prognosticating the emergence of lac larvie in his own plan-
tation or in those of his neighbours. Some of the experienced Forest
Oiticers too have lelt the necessity of adopting a method which would
do awav with the uneertainty and fickleness in the emergenee of the lac
Lvae. Mr. MeKee (Indwn Forester, Vol. 1, p. 269, 1876), said : -
e The next point to fix onis the Jocal date on which the
imsects leave the pirent cells, a step of great importance and one on
which the first success of the plantation will very greatly depend ; should
the work of gathering hrood-lac he delayed until visual proof of the
exit of larvae is obtained, a vast quantity will be killed in the operation
of collection, transport and of tying the incrusted twigs on the standard

have proved entirel
mistaken the exclusi
Almost all the lac-be

selected nurseries.”

Later on the same officer remarked :—

© .. A knowledge of which will enable a large number of trees to
he pu-pun-d during the working season than if it was necessary to delay
the operations until evolution actually took place, as owing to the latter
aneous in and about one locality, the period for
nust be necessarily limited to the number of
become empty, besides which, by attaching the

heing barely simult
forming the plantation 1
days it takes the cells to
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lac twigs before the birth of larva great numbers are saved, which would
otherwise perish during the process of being attached to the trees. .. ... h

In short, those who are doing the cultivation or those who are -
terested in shellac manufacture or those who are anxious to develop the
dormant resources of their Estates or property to the full are really
anxious to know of a definite and reliable method to fix the emergence
of the lac larvae in their own particular tracts. No doubt, there are
methods by which the experienced lac growers approximately deter-
mine for themselves the probable date of emergence of lac larva.. But
as I have already said above, such rough and ready methnds of deter-
mination could hardly be relied upon, especially when the cultivation
has been started in an altogether new locality or is contemplated to be
started in a new one. Thus with the impetus that the industry has
received of late. it is probable that move localities will be opened up for
lac cultivation and in consequence more hroodlac will be vequired to
meet the growing demand. This will necessitate more accurate deter-
mination of emergence of lac larvie than has been the case hitherto o
as to factlitate cutting and transportation of brood-lac long distances
either by rail. post or steamer.

The method advocated herein is not final. but it is the best hitherto
known. An examination of the ovaries would give suflicient data
wherewith to know the probable date of the emergence of larva. 1
have tried this method personally for some vears past. and find it gives
suthciently accurate data wherewith to fix the emergence of the larva
in distant part- of the country. In the past T have examined brood-lac
for the emergence of larva: from Sind, Baroda. Assam. Banganapalle.
Karauli and Rewah. and found this method sufficiently indicative of
fixing the dates of emergence with greater degree of certainty than would
have been the case otherwise.

The accessories required for this work are :

A compound microscope.

A dissecting microscope or a Greenough's binocular.
A few clean slides,

A scalpel.

Two or three pipettes (one medium, one fine).
Three or four stout mounted needles.

Three or four watch glasses.

Normal saline solution or distilled water.

The only difficulty that is likely to be experienced by nost of the
Trowers is that they cannot provide themselves with the ¢ juipment
given above. The microscope and the dissecting microscope or the
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binocular require a very heavy outlay, far beyond the reach of an ordi-
But the method advocated above is more or less a labora-
tory method intended for those who have some knowledge of microscopic
technique or are working in a laboratory fitted with the above things
All that is required 1s to take a few cells on a stick, remove the resir;
round the insects either with a scalpel or a teaser, make a longitudinal
incision with a pointed needle. and take out a portion of the ovaries
"The specimens are then washed either in normal saline
solution or in distilled water, adjusted under the binocular and examined
under the microscope. A comparison 18 then made with the figures
in the a(-compauying plate, and the period determined for the parti;
ality from which the specimens have either been obtained or

nary growe Ir.

on a clean slide.

cular loc

collected.
It <hould be noted that teasing out of the resin should be done expedi-

tiously without unduly rupturing or squeezing flat the ovarioles under
the dissecting micrescope. After taking out a portion of the ovary on
a clean shde. fush out the colouring matter with either normal saline
od water until the ova appear fairly transparent under
ese should then be examined under a compound
as quickly as posiible. otherwise endosmosis takes place
o shape of the embrvo within the eggshell.  No alcohol is
ct with the ovaries, as they are soon distorted beyond
<amination of the figurex 1-1 on Plate VIII will show
(hat the dark red ova have been adversely affected with heat in their
development and as such fail to emerge. At first the
liead end of the embrvo (Plate VIII. fig. 9) 1s directed towards the pos-
but as it advances N growth (Plate VIII, fig. 10)
{ the head and thora i appendages, it turns round
1 moves up the oviduct (Plate VILI, fig. 11). As
oon as it reaches the ing, the opening in the anal tube, it
casts off the thin film enclosing it (Plate VIII, fig. 12) and moves away
a succulent part ol the stem to fix itself. A regular exami-
ovarian tubes according to process detailed above will
not in the same degree of maturity and this
n once the emergence of young ones has
< on intermittently for cver four to five weeks. “This is an
of nature and had it not been for this the industry
would have long since become extinet. If, on the day, the young insects
ewarm out there is a strong gale with rain, the majority of these are
likely to be cither blown away or washed off the trees. The succeeding
lot of ova, which have been developing, mature and a subsequent swarm-
ing of young ones takes place. The rate of egress of larvwe depends

~olution or distill
the binocular. Th
JICTOSCOPE,
distorting th
to epme 1 conta
recognition. An ¢

various stages of

terior end of the etd
alter the appearance @

it transverse axis ane
vagmal open

in search of
nation of the
<how that all the ova are
explains the reason why whe
begun, 1t goe
important provision
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EXPLANATION OF PLATE V111

Determination of emergence of Lac Larve.

-

1. Ovules in process of development. (The dark coloured ones are un-healthy )

2. A portion of the ovary showing further development of ovules.
3. A portion of the ovary showing development of the ovulex.

4. A portion of the ovary showing development of healthy ovites as well us the
presence of unhealthy oner, 26 days before the emergence of larve.

3. Ovules—22 days before the emergence of larve.

6. Ovules- -18 days before the emergence of larve.

7. A single ovule highly magnified, 18 days before the vmergence of larve.
8. Ovulo—16 days before the emergenve of lurve.

y. Embryos—3 to 12 days belore the omorgonce of larva:.

0. Embryos—> days before the emergonce of larvae.

11. Revolution of the embryos within the ovarian branche..

12, Partial emergenco of a larva. :

13. A newly-hatched larva (dorsal view).

14, A fully woatured feniale test showing external characteristics.
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upon the vitality of the brood-lac. The healthier the brood-lac the
more vigorous the emergence and subsequent production of resin.
This illustrates the necessity of selection and the adoption of methods
in consonance with the present market requirements.

Life-history of the lac insect.

For successfully working lac, one must be familiar with the life
history of the insect that produces the lac.

On examining a twig covered with lac one will find a number of
resinous globules adhering closely to the stem. These are the full-
grown females containing fertilized eggs. When the eggs mature,
small, deep red insects come out of a hole situated at the posterior end
of the body of the female and begin to wander about in search of suitable
places to fix themselves. This happens twice in the year. Throughout
the country the local dates of emergence of the tiny insects vary con-
siderably according to the food-plant on which they grow and the climatic
condjtions prevailing in the locality. The following are the approxi-
mate dates of emergence of the young insects in the different Provinces :—

]

Province ' Tree Baisakhi crop Katiki crop

I. Bengal— ;

(1) Sonthal Par- Kusumb . . May-July - | October-January.

ganas. { Palasand Ber . March-May . August.October.

(2) Palamau Kusumb . . July-August October-January.

= y ! Palas . . May-June . | August-QOctober.

(3) Murshidabad . | Bor . . . June-July + | September-Qctober.

(4) Birbhum . | Ber . . . Mnlrch-Muy . | September-Qoctober.

., . Kusumb . + July-August . | Decembor-Fobroary.
tL. Central Provinces { Palas . . June-July . | September-November
II. Assam . . . | Arhar . . | May-June . | October-November.
LV. United Provincos . | Palas . - | June-July . | October-November.

April-Ma

i . (Bundel{hand)'

Y. Punjab . « | Ber . . . | May-June « | October-November.
V1. Bombay (Siud) . | Babul . - | April-June . | November-January.
VIL Madras <. Jalla (Shorea tulura)i March-April . ! October-November.

!

At the time of emergence the larvas (young insects) are one-twenty-
fitth of an inch long, deep red in colour, with three pairs of legs, u pair of
black eyes, a pair of feelers (antenne) with a pair of long, thin hairs
at the tip (Plate I, fig. 3), & <mall bent tube and a pair of thin hairs at
the end of the body. They are very sluggish in their movements and
wander about until they come upon a snitable spot to fix t-hen?selve.s.
When once fixed they cannot be removed. They are gregarious in
habit and have mostly been seen to move upwards and then to settle
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r branches in places protected from the wind. At this

::li(:n?tl(;:r:e il;d:ery little difference betwtaen the young malg and fefmsi:e
; ts. After fixation they thrust their beak.lnto the txssugs of the
oy nd begin feeding. The sap thus taken into the body is greatly
::Z?:fo:med and is given out uniformly through pores all over the body
in the form of resin and wax, which after a few da.y.s, completely encases
h They then moult and begin to feed actively. Ii th? young

't s a female it remains fixed once for all. If a male, there is a con-
u'mectgi modification of the legs, eyes, feelers and the anal tube. Aft:er
siders 'eht the male and the female larve (young insects) can be dis-
2 fOﬂ-m}llgd by the peculiar shape of their cells within which they remain
tinguis etedy The male cell (Plate I, fig. 7) is elongate,. with a pair
mcarclel‘a t 'the anterior end from which thin whitish hairs come out.
of holer T cell (Plate I, fig. 5) is nearly globular with an irregular mar-
T.he fe.ma ehr holes on the top—two situated at the fore part and the
gin, with :1 lesnd art.. From these holes, thin, long, whitish waxy hairs
othgr e : of thI; resinous cell. Thus both the cells continue to grow
pro].ecz. o t (in the June inoculation) when wingless males come out.
until ;l,gu%ctober inoculation both winged and wingless males emerge
prom ¢ eﬁ 8 and 9). At this time the wingless males must not be
(P.late b fgs.the young insects. On this point mistakes have been made
{mstaken t,ornd are likely to be made again. Hence, to avoid such acci-
:;znt;e [:;Z :ollowing distinguishing characteristics hetween the two are

given here (Plate 1, figs. 3and 8) :—

Young insect Wingless male .
i : a—Nearly one-twolfth of an inch long.
"—gm"‘."‘:,'}"’{,ﬁfﬁ:‘:;e:“ inch long b—A pai!y" of black divided eyes.
b— ir J .

ight ioi i —Feelers (antenna) eight jointed, joints
¢—Feelers (antenn®) eight jointed, a pair | ¢ nearly(eq ual and hairy

N ioint. .
of fine hairs at end of fifth join — istinetly ringed into eight
d—Abdomen indistinctly ringed. d szg:?&dw inctly ringed i g
i e—Legs stout.

e—Legs delicate. indistinct —'}ﬁe at end of body long, slightly bent
f—Tube at end of hody indistinct. / apically, ‘ R

. s —_ i t  end o
g—A pair of thin hairs at end of hody. g—A pa.;r of long, stout hairs a

In some places and at variable seasons the majority 'of the resinous
cells on the plants are those of 'the males. When th_ls .happens the
encrustation is thin and the crop is poor. Whether thlﬂ. 1s_due to the
vigour of the trees on which the insects feed or to t.he pel"lodlc seaflom';,]
appearance in connection with the parthenogene!sls, which Prevm]s in
the case of the Iac insect, is not well understood in the pﬁl‘tlcu]ar case
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This phenomenon I have seen to occur not only in the case of ber the latter, recently I found that when the Shorea talura brood-lac was put
(Zi-yphus jujuba) and Arkar or Mirimah (Cajanus indicus) but also in on arkar (Cajanus indicus) there too the majority of the encrustation
Albizzia lebbek (Text-fig. 9) and Shorea talura in Mysore.  In the caxe of

Fig. 9. Lac on 4ibizzia lebbek mai . boly. Fig. 10. One of the prosterior breathing holes of the female lac insect showing
¢ o Travmz c(z{)er‘;;?n:ll.t)h male cells. - Aramboly lg ramifieation of air tubes—{rom below, (Original.)
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consisted of male cells. In one instance at Bangalore, when Loranthus
sp., growing as a parasite on a Shorea talurg tree, became infected with
S. talura lac, the majority of the cells in this case too were those of the
male. '

In some places, especjally those where the cultivation of lac has
been started for the first time, the inoculated trees are frequented by
ants* in large numbers to lick the honey-dew excreted by the female
insects through the anal opening (Plate IX, figs. 8and 9). In such cases.
the consensus of opinion is that the ants cause the death of the females
within the resinous cells by breaking away the whitish filaments which
come out of the three holes (the two posterior stigmata and the anal
tube) and were supposed to be the elongations of the traches (breathing
tubes), Plate IX, figs. 4 and 9. The idea of the whitish waxy threads
being tracheal elongations is erroneous. The threads consist of a parti-
cular kind of wax which is soluble in alcoho] and alkali. When the ants
walk over the female cells, as these lie either in a horizontal or vertical
position according to the position of the stem on which they happen
to be established, the waxy threads that come out of the anal tube,
as well as the chitinous shields over the two posterior stigmata stick to
their legs and are unconsciously' broken off. At times, the ants have
been observed to bite off the threads with their mandibles and to lay the
bits aside but close to the stigmata. The possibility is that parts of
these threads, as well as the cretaceous wax lying at the mouth of the
spiracular opening (Plate IX, fig. 10) become consolidated into a com-
pact mass thus blocking the spiracular opening and bringing about the
death of the females within resinous cells through asphyxiation. If the
resinous cells enclosing females within them be examined closely, the
anal tube as well as the two posterior spiracular shields over the two
posterior stigmata will be found to lie loosely within holes on the resinous
cell. By the frequent passing of the ants, such holes become blocked
with portions of cretaceous threads, unconsciously broken off by the
ants in their attempts to lick the honey-dew, that, asphyxiation and
subsequent dying off of the females takes place.  Whether this is the
only plausible explanation remains to be verified by a series of experi-
ments intended to solve the debatable point. (Text-fig. 10.)

The wingless, as well as the winged, males walk sluggishly over
the resinous cells fertilizing the females. After fertilization the females
develop fast. They take in more sap, consequently exude more resin
and swell up. At this time a copious amount of sugary liquid—tech-

* Diacamma vagons, Sﬁlit];;‘ é;rﬁ;alc;guala subnuda, Mayr. : Polyrhachis aiupk.r.
Mayr.; GBeophylla smaragdina, Fubr, ; Myrmecocystus setipes, Forel. ; Camponiiua mitis,
Smith ; Tupinoma melanocephalum, Fabr; ; Camponotus compressus, Fubr.
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consisted of male cells, Iy one instance at Bangalore, when Lorunthus
8p., growing as a parasite on a Shorea talury tree, became infected with
S. talura lac, the majority of the cells in this case 100 were those of the
male. '

In some places, especjally those where the cultivation of lac has
been started for the first t;

me, the inoculated trees are frequented by
ants* in large numbers to lick the honey-dew excreted by the female
insects through the ana] opening (Plate IX, figs. 8and 9). In such cases.
the consensus of apinion is that the ants cause the death of the fema.les
within the resinous cells by breaking away the whitish filaments which
come out of the three holes (the two posterior stigmata and the anal

tube) and were supposed to be the elongations of the traches (breathing
tubes), Plate IX, figs. 4 and 9,

The idea of the whitish waxy tnhread'!
being trachesl elongations is o

sinous cells through asphyxiation. If the

within them be examined closely, the
posterior spiracular shields over the two
d to lie loosely within holex on the resinous

4 ng of the ants, such holes become blocked
with portions of eretaceous threads, unconsciously  hroken off by the

. asphyxiation apnd
; females takes place.  Whether this is the
only plausible explanation re

, mains to be verified by a series of expen-
ments intended to solve the debatable point. (Text-fig. 10.)

The wingless, as well g5 the winged, males walk sluggishly over

the resinous cells iertilizin{; the females. After fertilization the females

consequently exude more resin

— oo 8 copious amoynt of sugary liquid--tech-

N I?.’ncamma vagans, Sxf»ith; Cremasiogasie ;b.u,,. n.y,:‘p;,—;;;,j,-, :..;Ju
M;yr. ; (Eca?h#ua maragding, Fuly, s jlmm,,,,, selipes, Porel, ; Campeniin: mit-.
Swith ; Tapinoma melanocephalum, Fabr, ; Camponory, CMmpressue, Faly
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EXPLANATION OF PLATE IX.

Male puparium and development of the fencale test,

Test of fomale—130-156 days after inoculation, - 32,
Male puparium— 150-153 days after inoculation, » 147
Teat of female teased out of resinous cell— 151.1

1

36 days after moculation, - 32

- Test of female —175-152 days after inoculation, - 32,

Test of female teaxed out of rosinous cell—-175- 182 days after inoculation, 5. 27,
Basal portion of anterior stigmatic process of female test— (much enlarged).

- Test of female teased out of resinous coll—207.2]2 duy~ after inoculation, » 27,

Anal process of female—207.212 duys after inoculation—(umuch enlarged).
Test of female teased out of resinous coll—23%-243 duys atter inoculation, x 10.

Anterior stigmatic process of fomale—238-243 days after inoculation— (much en-
larged). .
Anal process of female— 238-243 days after inoculation, x 27. ‘

Test of female—38 day s after inoculation, x 32.

Test of female toased out of resinous cell—58 days after establishment, > 32,
Male pupaiium (ventral viow)—58 days after inoculation, x 47.
1l are of lac on Ber (Zizyphus jujuba).

12— 11 are of lac on Kusumb (Schleichera trijuga).



PLATE X

Male pupasiutn and develepiment of the fegmale text,



PLATE X

LAC ON BER.

On the left a twig, show

ing the va v .
half-grown healthy la voung settled

; ¢ showing the charact
On the right, mature lac from +
hole from which has emerged

(l(fwln sh‘.r‘tl\' after inaculation.  In the middle,
. crstic white fluffy appe rance,

\ }llkl\ ﬂn}« young lm\:: cmersed. In the middle, s a single
ehe meth of a caterpillar that feeds on lac, (Al catural size)
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pically known as “ honey-dew ”—is excreted and this, falling on the
leaves, branches and the ground below trees, develops a black fungus.
The waxy hairs lengthen out and the branches covered with lac appear
white from a distance (Plate IX, fig. 4). If, however, the characteristic
whiteness is not seen, it is to be feared that the females have heen killed
either by heat or by parasites. Normally the female continues to grow
for eight months and a half in the October inoculation and for three
months and a half in the June inoculation. Three weeks kefore the
emergence of the larva she ceases to feed and her hody shrinke as eggs
are laid. If, therefore, the lac-bearing branches be cut a fortnight
before the coming out of the young ones no harm is done to the hrood-
lac on the branches of trees. This fact is of great use in sending brood-Jac
to distant places by post, in arranging exchanges of brood-lac from
different places and in carrying out the inoculation of trees on a large
scale. When the young insects again swarm out, they wander about
from 12 to 20 hours or even more and then settle down on the branches.
The emergence continues for over five weeks, but is at its height during
the first three weeks.

Life-cycle throughout the year.

In Northern India the life-cycle of the lac insect is approximately
as follows :—

Starting with the Baisakhi (summer) crop the young insects swarm
out by the middle of June. On coming out they wander about and
ultimately fix themselves on the tender branches and begin exuding
the resin which completely surrounds them. At first there is very little
difference between the young male and female insects, but a fortnight
after fixation the cells containing them become distinguishable. The
male cell is elongate, the female cell is roundish. Both continue to
grow until August when the wingless males emerge. These fertilize the
females and die. The female then begins to grow rapidly, takes in
more sap and exudes more resin. Thus she continues to grow until
the middle of September when she stops feeding, lays eggs and continues
to shrink until she also dies. (Plate X.)

By the beginning of October the young ones again swarm out and
continue to do so for five weeks. After wandering about for some time
the young ones fix themselves, suck the juice and the resin and wax
are then given out through pores all over the body and surrounds them
completely. By the end of January wingless, as well as winged males,
emerge, fertilize the females and die. The female thereafter continues
to grow until the beginning of June and then dies. The young ones

D
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then again couie out by the

widdle of June and thus complete the life-
eycle throughout the year,

Preparations prior to inoculation.

The first and most Important point to know in lac cultivation is

the local date of emergence of the young insects. In Northern India
the local dates vary from place to place

*, as has heen mentioned above.
The best way of knowing these in different places is 1o follow the direc-
tions given on page 3t and to ohse

tve the cergence during the year
from May-August for the By sakhi (sunmer) crop. and from October to
January for the Katihy fwinter) crop, Having once determined these,
they will be found to rewain fairly constant for the locality from year to
year. The next thing ix to cut the lac-bearing branches a fortnight before
the prohable emergence. This enables one to inoculate o large number
of trees, tn exchange brood-lac from distant places, and to sell the
remainder not required by the luic-breeder for his own use.

If a large number of ber trees are to be inoculated, a fortnight before
tmergence is the most convenjent date for cutting the brood-lac. If a
smaller number of be, trees are 1o be inoculated, the cutting may be
deferred until a week later. To remove the lac-bearing branches a man
goes up the tree with o long, strajght, sharp knife (Plate IV, ﬁg.'l) and
cuts the hranches (Plate X1, mal\:ing clean cuts only, and dressing the
ends of those which accidentally wet notched or otherwise lacerated.
Another cooly stands helow the tree and removes such portions of the
branches as do not hear any lac.  Having dressed the branches, he
Passes them on to a third cooly who =its near the tree and cuts them
into lengths of 8 to |1 inches with the outer blade of the heavy be,"t
knife (Plate 1V, fig. 3).  In cases where large areas are to be dealt \\:lth
this is not necessary. While cutting he also examines the lac-bearing
branches, and if any are found damuged or containing predaceous cater-
pillars he keeps them aside. When all the branches have been collected
and ent into lengths of 8 inches to Il inches, they are taken home and

spread on rows of bamboos to aérate in a cool, airy place. preferably
the verandah of a house,

In case where a large number of trees or a large area is to be in-

oculated. all that is NIECessary is to cut the brood-lac branches a week to
a fortnight hefore swarming and to examine them. Such branches as
contain a large number of holes of the exit of the predator moth
Eublenina amabilis (Text-fig 6) or the encrustation on them is poor (Plate
XL B), should be sorted oub and not utilized for purposes of
moculation. The resin from such stems should be scraped off and

PLATE X1

MAN C(UTTING DOWN LAC-BEARING BRANCHES,
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washolsd in water to remove the colouring matter—technically kno.wn as
the lac-dye—which should preferably be spread on the fields a.n'd incor=
porated with the goil. Only healthy branches should he utilized for
inoculating fresh trees. (Plate XIII, A.)

¥ " 8 X
’ - x> - ; N B,
o ST P PR g A i

F1a. 11.

Brood-lac sticks aérating on bamboos.

If, however, only a few trees are to be inoculated. the sticks should
he occasionally examined and turned over to aérate them well. Twelve
to fourteen days after, when a few, tiny, deep red insects are seen
crawling over the sticks, they are taken to the trees alread'y pruned_ for
the purpose and tied to their branches either with plantain bast, jute
or sanp-hemp fibre or any other cheap fibre. When large ?)el' trees are .to
be inoculated it is found convenient to haul up the. s.tlcks in shikias
(Text-fig. 7). Ininoculating a number of palas trees, it is 1.10t necessary
to cut the lac-bearing branches into pieces. All that is required is to cut
off the branches a fortnight before the emergence of the young insects,
and to remove such portions thereof as do not bear any la.c. Having done
this the branches are either to be kept for a day or two ina cool, shady
place to aérate or put directly on to fresh trees. By cutting the branches
just when the young insects are seen crawling over them much .of the
brood-lac is lost, as the ends of branches being then green, the insects
fix themselves there and are thus lost. Where labour is dea.r, bamboo
receptacles (Text-fig. 8) will be found very convenient for putting on t.he
brood-lac over a large number of palas and ber trees. They can easily

be made locally and can be had at twelve annas per hundred, or even

cheaper if obtained in numbers. Bach receptacle consists 'of 12 to 16
slips_of bamboo ; each slip is 32 inches long and § of an {nch broad.
They are loosely woven at the bottom and again at 7 to 8 lnchfzs from
the top—which remains open. Twelve to fifteen brood-lac sticks are
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put in each receptacle, and five, eight, ten, fifteen or even twenty of
these are easily put on the palas trees according to their size. (Plate
XII.) Before putting them on. their mouths are tied with string and
another small piece is attached at the bottom to keep them in position.
When the larvie hatch out, they easily pass through the string to the
branches and fix themselves there on the succulent portions. When
the emergence is at an end. the receptacles are removed. the sticks
taken ont and the lac scraped off,

Inoculation of trees.

Inoculation is the process of tying hrood-lac sticks to the branches
of pruned trees in such a wayv that their ends touch the branches. This
Is usually done cither ten to twelve days before the emergence of the
young insects or when they have actually begun to swarm out. The
object of doing this is to transfer the young insects from the brood-lac
to the tender branches of the pruned trees where thev fix themselves
and begin exuding resin. In the days when prices for stick-lac were
high, and lac-dye (colouring matter obtained by washing the stick-lac
with water) was a marketable product, the growers used to collect almost
all the lac before the emergence of the larva so as to get the largest
quantity of lac-dye, and in consequence very little brood-lac was actually
left on the trees for the following crop. This led to a heavy loss in the
quantity of brood-lac available for seed and a state would soon have
been reached when lac would have become scarce, had it not been for the
aniline colours which totallv  displaced the use of the lac-dye as a
colouring agent. Now with the fall in prices. the cultivator’s atten-
tion should be drawn to preserving sufficient quantities of brood-lac
and to improved methods of cultivation. which should result in the
production of the better quality of lac required by the consumer. The
first and most important point is to obtain and use only healthy brood-
lac and to reject such as has been damaged by

ants, heat, predaceous
caterpillars and parasites, (Plate XII1.) ’

Having done this, the next point is to attend to the details of
inoculation. Only so much brood-lac should be put on a tree as may
be able to grow on it successfully. To inoculate a tree heavily is to
kill it and thereby lose the brood-lac. The sticks should be tied to
branches with plantain bast, jute or S{mn-hem.p fibre in such a way that
their ends touch the branches. This is done in three ways :—

Firstly. Putting a hrood-lac stick on each branch in such a way
that its ends touch the branch.

B, Unbealtby Erocd-lac sticks,

PLATE Xl



CULTIVATION OF LAC 47

‘Secondly. Tying a stick to three or more branches in such a way
that it passes through two or more, and that its ends touch
the two terminal branches.

T'hirdly. Fastening a number of sticks at the base of a branch
and tying them with thread or some fibre in such a way
that the ends of sticks touch the stem both ways.

If, however, the sticks get loose, they must be tied again as before,
and when, two to three days after inoculation or a little later, the
branches appear red from below, the sticks are to be removed and
fastened to other pruned trees. Not more than half the lengths of
branches are to be allowed to be covered by the young insects. If this
is not attended to, the trees sufter from over-inoculation and a poor
crop is the result. With a large number of insects on them the branches
are unable to respond to the drain on them and they wither prematurely.
In some cases when the brood-lac is very healthy the emergence of the
young insects is so profuse that within a few hours the greater portions
of the branches become red. When such is the case the brood-lac sticks
should be removed promptly and put on to other trees kept pruned for
the purpose. Thisis to be repeated till the emergence ceases, when the
sticks are to be removed and the lac seraped off. The young insects
continue to emerge for over five weeks, but they generally come out
in numbers during the first three weeks; afterwards their number
rapidly declines. Such being the case, if at the time of inoculation it
be raining, or a strong wind be blowing, it is safe to postpone the work
until such disturbing factors cease altogether or their force is lessened.
It is no good inoculating the trees while it is raining as then the
young insects are liable to be washed off the trees. From experiments
it has been found that if five ber trees are inoculated during September-
October they will yield sufficient brood-lac during the following June
to inoculate 25 to 30 trees.

Cycle of pruning and inoculating.

When only a small number of ber or palas trees is to be utilized for
growing lac, it has been found advantageous to prune them carefully
at a time when they are dormant and to inoculate them with healthy
brood-lac obtained locally. Tt is no good pruning half the tree and
allowing the lac to remain on the other half. By doing so the vitality
of the tree suffers and the predators, as well as the parasites, increase
in numbers. In some parts of Bengal, especially the Bankura District,
the Sonthal Parganas and the Kolhan in Bihar and Orissa, the culti-
vators inoculate their ber trees in October-November and allow the
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crop to remain on the trees unti) t

he following Qctober when they remove
the crop. By doing so, the

y allow the predators—especially Eublemma
amabilis—and the parasites to breed unmolested during June-July and
to affect the crop in the f.

ollowing October. Those who know from
experience what a serious pest E. amabilis 18 to lac cultivation and exten-

sion will condemn this obnoxious practice and insist on the cultivators
to give it up entirely. By doing so they unconsciously do immense
‘harm to the industry without in the least profiting themselves to any
appreciable extent. It is not that they do not know the damage done
by the moth, but out of sheer regard for the practice prevalent in the
particular tract they inhabit that they carry it on as a mere routine
work. But now with the increase in the price of luc it is advisable either
to give up or modify the local practices to such an extent as not to
restrict the output and- the frst malpractice that has crept into the

lowing the crop of one season

should be stopped at once and, insteaq. ¢

one crop and carefully dressing and Pruning the trees should be followed.
Now that lac is a very valuable commodity, attempts should be made
to concentrate the cultivation in such a way a8 to produce the maximum
quantity per tree without unpairing its vitality and preventing theft.
This could only be done by starting fresh plantations of ber, palas and
kuswib in suitable localities. Within the last eighteen years that I
have been engaged in this work, I have not as yet come across any
locality, in any part of India. where intensive cultivation is done and
where the cultivation is concentrated within the limits of proper and
adequate supervision. 1If, even now, fresh plantatione of ber, paias
and kusumb are started in suitable localities, ten to fifteen vears after,
a fairly decent income would be derived and a great portion of the waste
land capable of bearing ber and palas would be utilized. Soil erosion
would be stopped and the circulation of sub-soil water would be better
regulated than now. The water level in the wells would rise or remain
fairly constant, the flow of water in the rivers would be better regulated
and the tract, where such plantations would be started in good numbers,
‘would be less liable to failures of rain. The question is worth considering
from an econowmic point of view and it would then be found that the
frequency of famines would be considerably lessened. The ber, as well
as the palas, grows well in light loam and even in laterite soils. A few
palas trees, grown in the light loaw of Pusa, were perfectly healthy and
thirty to forty feet high sixteen Years after planting. The girth of
trees, flush with the ground level, varied from 4 feet 8 inches to 5 feet
10 inches. Kusumb trees also planted at the same time and close to
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rty to forty feet high and the girth of stems varied
s to 4 feet 4 inches. (Plate XIV.) If such trees
1d be advisable to divide them into convenient
ive rest to the trees and to facilitate supervi-

sion. A block of fairly good-sized trees may be divided into three coupes

and, by a judicious system’ of rotation, fairly good crops would be

obtained without impairing the vitality of the trees. The trees should

be well spaced so as to allow air and sunshine to enter the rows of trees

and if the soil be not altogether sandy, a catch crop of millets or low-

growing leguminose, such as moth (Phaseolus aconitifolius), masur
(Lens esculenta), khesars (Lathyrus sativus), kulthi (Dolichos biflorus) or
guar (Cyamopsis psoralioides), may be taken off the ground between

the rows of trees. 1If palas trees be planted 20 feet each way, 130 such

trees would occupy an acre, leaving a small space for a footpath. If

however, the trees be spaced 22 feet apart, which I think is the optimun;

space for this tree, 110 such trees would occupy an acre. In the case-
of ber trees they should preferably be 30 feet apart each way ; 63 such
trees would fill up an acre, léaving a space which could conveniently
be utilized for a footpath. Ifa cultivator could manage to obtain lease
of ten acres-of land he should divide the whole plantation into three
compartments. By a judicious system of rotation he could obtain crops
from two compartments and give rest to trees in the third compartment.
The rotation would be somewhat on the following lines :—

palas trees, were thi
from 3 feet 10 inche
are planted en bloc it wou
coupes or groups, S0 a8 tog

A B ¢

Crops— Crops— " Crops—

Jﬁe-Ootober 1922, October 1022-June 1923. 1 June-October 1923.
‘October 1923-June 1924. June-October 1924. | October 1924-June 1925.
rest— ‘ rest— :

June 1923-June 1924. { October 1923-October 1924.

rest—
Qoctober 1921-October 1923

Tnoculate June 1922.

A. Prune February 1922
Inoculate October 1923.

Prune June 1923 . . . . .
B. Prune Jume 1922 . . . . . Inoculate October 1922,
Prune February 1924 . . . . Inoculate June 1924,
¢, Prune February 1923 . . . . Inoculate June 1923.
. . . .+ . Inoculate October 1924,

Prune June 1924

concentrated into compact areas the work of
inoculation, supervision and collection would be very much lessened
than when the trees are scattered about. As suggested above, it is

not absolutely necessary that the trees in compartments should get
lly. In some places, I have seen that where the

rest yearly or biennia
roots of ber trees had struck a clayey bed of fairly porous texture, they

By having the trees
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stood pruning and inoculation well.
found a rocky or impervious hed of ¢

stirring of the soil before they became fit to be inoculated. The system

of rotation, in cases like these, should he regulated according to local
climatic conditions and the kind of soil predominant in the locality.

But in places where they had
lav. thev required rest and

Cost and yield.

d. The lowest price was touched in Oetober 1914.,
but from Marel 1916 a steady rise in the price of shellac continued until
February 192¢ when the maximuin wus touched.  Thereafter, there was
2 fall in prices, but they still vemmined at A4 remunerative figure,
with the result that the Thiladurs (]'.*u.‘ic-hohlcm) revived their leases

and the cultivators, iy the Zemindary areas, began to grow and collect
lac. In some places, as alre

ady mentioned above (p. 7). an economic
displacement took place, which had 4 disquieting effect on the industries
displaced. Qpe such thing was the silk industry of Murshidabad.
People who were engaged in rearing silkworms gave up the industry
ing lac s a more paying business proposi-
od-lac could not, be easily procured in Fhe
ed to sell it in the local hats gave up doing
of the hrood-lac for their own use. The
ood-lac bec
xtend their cultivation could not
80. Evennow (May 1922), when shellac is
Rs. 182 4 maund of 82 11, brood-lac is not
3 to Rs. 4 a seer inclusive of woody portions
It is for this reason impossible to give accu-
n a single locality. Iy addition to the cost of brood-
[u places. where ample, though
» there has become such a dearth
ve been growing lac for more than
iling their work. Another trouble
s Lhave not come across a single
locality where lac  cultivation has been done on scientific lines and
continuously. The efforts in the past have been wiore or less spasmodic,
depending large

ly upon the erratic conditions of the shellac markets in
London and New York. When the prices fell, leases were either given

up or the collections were limited, bhut with a little improvement in prices
a scramble was made to collect 48 much as could be done in the forests,

tion. The result was that bro
local markets. Those who us
80 and reserved the whole

find enough brood-lac to do
being quoted at Calcutta at
to be had at less thay Rs,
on which there is no lac.

rate figures evep j
lac, labour too hg,
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' et at is that an average of f‘our to six
o - tballz Ib};a;: 2:;:da:fleat: agcre under pqlas trees, proyldeg tlllfe]:e
et llarged at proper time and inoculated with hea / v
B e p01 es where regular cultivation is done on ber. (Zzyp m.;
br?:bd -;ac. tr];x(la I\:v?tch twelve to sixteen inches in girt};’andl wal:}; Z ;g’leeolii
Juguoe, 8 to ten seers, though in exceptional cases
canopy, yields from four

ds of stick-lac has been obtai'ned from a single't_r—ee. |
2 et ortant centres of lac cultivation at present are :
ey . . Kamrup, Goqlparad zx;l;tio gti)l\l\g.;ong Districts. The
- . Dhltfﬁ:;l,, gi)ﬁﬁ‘:;gggj (Murshidabad district), Birbhum
Bengal ' ’ ) District.

i bhum, Palamau, Ranch‘i, Ha?,ari-
S“l‘agz}}llmhhﬁ?ﬁga:nSonthal Parganas, Gaya, Sam-
bhal{)ur and Mourbhanj State. Districte
d Provinces Part of Miczapurl and Sal;;g:n:ig:; .
The Unite . Tahsil (Hoshiarpur . )
The Punjab . - ’ gﬁgmli Jabalpur, Saugor, Hoshang&b&@e Bhandra,
"The Central Provinces . Chanda, Raipur and Bilaspur Distric ;h ,
State Rewah, Panna, Chhatarpur, Maihar and Bhopal.
Native States . " Sind, 5 ' .
Bombay - : %grthern and Southern Shan States and Karenui,
Burma .

Bihar and Orissa .

‘ id developments have taken place in the
Out of th? abovigrgﬁ’aiaglﬁ Cz;’rissa? In the latter province, forttg'

Central vamc?la roduce was not more than two thousand c.hesbl,
years ago the tian fIi)fty thousand chests of shellac are NOW obtamg, e
whereas more t zich is especially adapted for extensions of lac fultlva;_
o B s that it contains one of the favou'rlte food-p an st(?
tion for’ the reas:]ile alas—in large numbers. The soil and the clima 1{;
the ls.uf msects—; th zfoaVourable for the development of the hos(i'i as vxtri !
conditions are othe lac insect. The people are well verse in he
as the paraslte‘l‘t. ation and a large number of shellac factories ;
technique ° f .cut;l‘i; area—those at Ranchi, Jha_lda, Thulian, Puf'u 1:;;
situaed within keur, Kotalpokhar, Daltenganj and I‘nmn.lgar.l]. o
Balgrampur, *» i ’d efforts are made to extend the cult.lvatlon n llS
definite and determine regular and well laid out plantations, a sufp);
area onlx, by statt“_lged which would be able to meet tl_lree-fogg $ Of
could easily be Obmmumptio‘n of shellac. Such plantations, e; er of
the world’s total‘cogs could be started now and these., after a ap:et 03
ber or palas or MIX® ,could be utilized for lac product{on. It f;hes 1:;3&
nine fo t.::;l\;e yz?::;nce of 20 to 22 feet each way, the intervening sp
are planted at 8

ed i i ( aia’ﬂus

f able years when the rainfall is good and well distri-
indicus) in favour

. ( A atl-
f )’ €

-

@ 2,23
~M2B I 2

ey
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these would not only yield sufficient mahua Howers to be ultimately
distilled into cheap motor spirit, but would yield timber useful for agri-
cultural requirements. These trees, when well established, would miti-
gate to a certain extent the force and the effect of hot winds which
generally blow in this area during May and June. Since mahua is a
slow-growing tree, karanj (Pongania glabra), peepal (Ficus religiosa),
siss00 (Dalbergia sissco) and wveenme (Melia azadirachta) or some such fast
growing trees could be planted instead. Karanj grows well in the dry
laterite soil of the area, and yields a low grade oil chiefly used for
burning.

In an acre there could be planted 130 palus trees twenty-two feet
cach way, leaving a space which could be utilized for starting a nursery
to fill in the blanks as they occur in course of time. To inoculate these
trees, the cost varies between Rs. 30 to Rs. 10 when labour as well as the
brood-lac are to be paid for. In the second vear the cost would be
reduced by one-third at least, representing the cost of brood-lac which
originally had to be bought, but which in the subsequent years would
be obtained from the plantation. It is, however, advisable to divide
the plantation into three coupes or compartments and to work these
n such a way that rest is given to the trees in the three coupes by turns.
Such a system would keep up the vitality of the trees and would be found
to pay well in the end. The produce from an acre of palas trees has
been found to vary from four to six maunds in the Central Province-.
and taking the lowest produce per vear as the average, the outturn would
fetch Rs. 280 to Rs. 300 at the present time when the shellac quotation
at Calcutta is Rs. 182 per maund (25th May, 1922). But these are
abnormal prices and are not to be taken as standards of calculation in
any well thought out scheme of cultivation. The safest average rate per
maund could be taken at Rs. 30 which would thus leave an ample margin
of profit for his labour and investments. The guestion is at least worth
considering from a co-operative point of view, where a definite number
of villages would only confine themselves to propagating and selling
healthy brood-lac to the cultivators in the neighbourhood.

In the case of ber, the system in vogue in the Raghunathganj Sub-
division of the Murshidabad District in Bengal, and the Kolhan in the
Singbhum District in Bihar and Orissa, is worth consideration. In the
former, the cultivators grow ber trees on their field embankments. Thev
pollard them carefully every year and inoculate them ecither with brood-
lac obtained from their own trees or buy the required quantity in
the local hats. It is really a sight to see rows of vigorous tall trees growing
with a good canopy on the field embankments for miles together. When
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the insects begin to swarm at one place, the news spreads fast from
village to village and great activity is visible in the area.  Cultivators
are then to be seen either dressing up their trees, prior to actual inocula-
tion, or hurrying up from hat to hat in search of brood-lac. A good
sized ber tree is known to yield from two seers to half-a-maund. In
a work of this kind the great advantage is the simplicity of the work,
the inexpensiveness of materials required to start and carry on the work,
and the non-interference it causes to the agricultural operations of the
tract throughout the year. To grow lac on twenty ber trees does not take
more than a week in both seasons, and the profit by tke sale of the pro-
duce from trees on the home farm of the cultivator is sufficient to enable
him to at least pay off his rents and thus to reserve the produce of his
land entirely to himself. In the Kolhan in the Singbhum District, each
Lol has from four to ten trees round about his hut. These he pollards
carefully every year and inoculates them with brood-lac bought locally.
He is thus able to gain something out of the otherwise useless trees.
He is thus able to utilize the wasteland round his hut and occasionally,
when prices are high, he is able to obtain sufficient money wherewith
to have occasional bouts of his favourite drink, the Hands.

Scraping lac.

When the younginsects have ceased to emerge, the sticks bearing
lac encrustations are removed, brought home and the resin scraped with
knives (Plate IV, Figs. 2 and 4) in the case of ber lac (Plate XV). For
palas and kusumb, the resin easily comes off if twisted with the hand
and no scraping with knives is required. If, however, the lac-bearing
branches have remained unscraped for long, the resin is easily taken
oft by crushing the sticks with a dhenkli (Chunam grinding-mill), care
being taken that the resin is not ground too fine. As far as possible,
the resin should be scraped off immediately after removal of the sticks
from the trees, otherwise caterpillars spoil it and render it useless for
commercial purposes. The scraped material—commercially known
as stick-lac—should never be exposed to the sun as then the edges of the
cells are likely to melt and turn over, forming compact masses—which
is commercially known as agglutinated lac or blocky-lac—from which
the cost of removing the dye is considerably increased. It should not
y bags after scraping, as then the heat of fermenta-

“he kept also in gunn ;
tion spoils the resin and lowers its marketable value. As far as possible

the stick-lac should be sold after scraping. If this be not possible,
it should be washed, the seed-lac stored and the lac-dye used as

manure.

P. 1 and 2, Broud lac sti ks free from caterpillars. 3 and 4, Brood-laz stj-ke jnfested with caterpillars
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Adulteration of stick-lac.

When prices are high, there is a great incentive to unscrupulous
dealers to adulterate the stick-lac. This I have seen to he especially
bad in the Dhulian and Protapganj lac-growing tracts in the Murshida-
bad District. The people generally put out the stick-lac in the sun and
when sufficiently hot sprinkle fine sand over the material and rake it
frequently. The hot sand sticks fast to the resin and renders it unfit
for the manufacture of shellac. They also scrape very fine the bark
of babul trees (Acacia arabica), moisten it with water and sprinkle it over
stick-lac which is constantly raked until the adulterant is fully incor-
porated with it. Makua seed, ground fine, as well as block salt are
also used as adulterants. The only way to stop these malpractices is
either to buy seed-lac from the cultivators or to penalize them by
refusing to buy their produce until they give up their pernicious
habits. With a little determination on the part of the manufacturers,
the practice is bound to disappear very soon.

Storage of stick-lac.

The present system of storing stick-lac is open to serious objections.
It not only deteriorates the quality of resin by long storage under un-
favourable circumstances, but encourages the breeding of harmful
insects, especially Holcocera pulverea, in enormous numbers. In several
instances, I have seen godowns simply swarming with it. The direct
effect of such a gystem may not be felt in a place like Mirzapur which
is far away from the centre of cultivation. But in other places like
Daltonganj, Umaria and Pakaur the annual loss brought about insi-
diously by this tiny buff-coloured moth wust be very great indeed.
In a godown in one of the above places, 1 found enormous swarms of
the moth in every stage of development. The number of adult moths
within it was so great that it was impossible to enter it without having
to cover the face. The adult moth is found both in the stored lac, as
well as the brood-lac on the trees. The moth lays its eggs on the resinous
cells, preferably in the depressions between two cells. The young cater-
pillar on hatching enters the cell, and goes in directly for the dried and
otherwise affected cells. But in doing so. it damages the healthy females
within resinous cells, and is partly responsible for the subsequent meagre
emergence of larvee. It occurs along with Eublemma amabilis and consi-
derably damages the crop on the trees, as well as in the godown. The
fullfed caterpillars, prior to pupation, spin narrow, silken galleries which
are freely interspersed with pellets of excreta and bits of resin from the
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this moth in its various stages of development
g:c b::n;.alals,l}g?s;;n‘}ftghun&ber and Ficus stick-lac but 'have not‘ found
it in jalla stick-lac (Shorea talura) from Mysore. There its place is o
bably taken up by Anatrachyntis fal_catella_ (Plate XXI.I, fig. ¢). The
effect of the presence of these caterpillars is that the stick-lac doe*f ;mt\,
wash out well and if the stuff has become exposed to johe hea.t,, eithes
directly or indirectly, it becomes blocky and as such deteriorates in Valu(:.
Ttis always better to insist on the 'p\'u.'c?lase of seed-lac only. This
innovation is fraught with great possibilities for fu_ture gooq. if th.e
facturer will persist in buying seed-lac the cultivator will cut his
manu ftfa the emergence of larvee has taken place. This will yield more
joc ad 1I wherewith the cultivation will expand. If, however, the
broq o will be advised to wash the stick-lac immediately after collec-
cpltlvattl?l‘ ravages of the predators such as Eublemma amabilis and
Blon, *he l,,efm would be reduced considerably. If he will spread
H olcoc(eim Ofl’:uring matter—technically known as the lac-dye—over his
the re dc' corporate it with the soil the land would benefit to some
" 81':1 ’Ilflllle ﬁanufacturer’s bill for washing charges will be reduced
extepd- bly and he will be rid of the foul smelling lac-dye which is a
o }:1 a source of danger to public health, especially in the vicinity
nmsanfc y : . jes. If, however, it is not found practicable to change the
of ;;h:s a;: t(;:‘e (:,ulti\,'ators, it is advisable to fumigate the stuff either
:lv?tli ca(l)'bon bisulphide or hydrocyanic Acid (HCN) under proper super-
igi i figs. 13, 14).
Vlm%%:i%izzd:fl (f)\,lmiggating tl)le stick-lac immediately after scraping
it will be apparent from the following experiment .conducted from brood:
lac sticks obtained from Mathurapur Zemindari in Bgngal .Whel‘e c'ultl-
tion of lac on ber forms a part of the yea.rly zernmdan operations.
Two s ts of 50 brood-lac sticks, each stick being 9 inches to 11 inches
'11(; :;.vaere put in four parasite-breeding cages of a spfzcial design.‘ As
soon, as emergence was over, one set was fumigated with carbon bisul-

phide and the other remained unfumigated.

NoT FUMIGATED.

. f larve, put in on 21st November 1919,
. 95 brood-lac sticks after emergence o
oo A Novembor 1019 until 23rd August 1920—

N . . . . 586
Holcocera 124
Fublemr . e e 349
Chalcididee . . .

ToOTAL . 1,059
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Cage B, 25 brood-lac sticks after emergence of larva, put in on 21st Novemt.er 1919.
From 29th November 1919 until 23rd August 1920—

Holcocera pulverea . . . . . . . . 100
Eublemma amabili« . . . . . . . . 10
Chalcididae . . . . . . . . . . 176

ToraL . 286

(In this cage, ants entered on the 16th April 1920 and retarded the full emergence of
predators).

Fowiearen wirn €S,

Cage C, 25 brood-lac sticks after emergenee of larvee, fumigated with (S, on 21st
November 1919, ’

From 29th November 1919 until 23nd August 1920, No moth or Chaleid emerged.

Cage D, 25 brood-lac sticks after emergence of larvie, fumigated with €S, on 21st
November 1919,

From 29th November 1919 until 23rd August.  No moth or Chaleid emerged.

From the above it will be seen that from 50 brood-lac sticks a total
number of 1,345 predators and parasites emerged, whilst from the fumi-
gated material not a single predator or parasite was found to have
emerged.  As is the system at present, the Beparis and Arahtuyas’
godowns are generally present in the lac-growing tracts, these obnoxious
insects ultimately make their way to the crop on the trees and in course
»f time reduce it considerably. Those who have worked at this problem
for some time know that in some vears the number of parasites and
predators is quite abnormal. The factors which govern the phenomenon
are not weli understood at present. But from what is shown above it is
clear that these contribute no less to the poorness of the crop which is at
times erroneously ascribed to other factors. It is therefore advisable
either to wash the scraped material immediately after scraping it from
the branches or to fumigate it and then store it in bags in godowns which
should frequently be cleaned and fumigated with sulphur (Appendix (,
figs. 13 and 14).

Washing lac.

After scraping, the lac should be thoroughly dried in the shade
and sold to the nearest shellac factory or the local agents of these factories.
f there be no agent in the neighbourhood or there be insuperable difficul-
ties in disposing of the produce, it should be ground with an ordinary
hand-mill (Plate XVI, A) and soaked in water for 24 hours. If the
quantity is not large it can easily be rubbed with the hands in a stone
vat or nand (an earthen vessel with a wide mouth and a thick bottom)
until the colouring matter—commercially known as the lac-dye—is
separated. More water is added and the stuff strained through a piece
of cloth. The colouring matter is allowed to accumulate in 8 vessel

PLATE XV1

B._Sifting ground stick-lac,
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and the stuff again put back into the vat and briskly rubbed. More
water is then added and the washed material again strained. This
is continued until no more colouring matter comes out. A little washing
soda (monohydrated sodium carbonate) is then lightly sprinkled over
the washed product at the rate of 4 chhitaks (8 0z.) to a maund (40 seers
or 80 1b.) and the whole again rubbed briskly and' more water added.
By doing so the last trace of the colouring matter is taken out and the
resultant washed material is of a beautiful, pale orange colour—which
is the seed-lac or dal of commerce. If an excess of washing soda is added
it takes away the wax adhering to the particles of the lac which when
warmed beconies very brittle. |

Samples of treated seed-lac were sent to Messrs. Parsons & Keith,
London, and their report on them is quoted below in extenso :—

1. Kusumb . . Untreated, 45s. per cwt.=Rs. 24-11-3 per maund (82
1b). Remarks—Good quality, only a limited sale.
2, Kugumb . . Treated, 85s. per cwt.=Rs. 46-10-9 per maund (82 1b),

Remarks—Very fine, bold, clean seed-lac. We have
not seen any a8 good as this before here. There
would be a good ready sale if the price could com-
pete with fine orange shellac and Karachi seed-lac.
In Karachi there is a fairly large business done,
but this quality would be preferred by buyers.

3. Palas . . . Untreated, 35s. per cwt.=Rs. 19-3-6 per maund (82 Ih).
: Remarks—Small stick-lac, not very saleable.
4. Palas . . . Treated, 75s. per cwt.=Rs. 41-2-11 per maund (821b).

Remarks—Good quality, pale seed-lac, rather
small. The same remarks apply to this.

They further said : ““ Before speaking with absolute certainty, we
shall have to test the samples marked ° treated’ to see that they are
saleable, but judged by their appearance buyers seem to be taken with
the treated samples, especially the kusumb. This class of lac has only
been shipped here in small quantities so far from Mirzapur and it oceasion-
ally fetches a high price for special purposes. To be sold in large quan-
tities it would have to compete with shellac and the price would vary
with the price of shellac. We believe the treated wopld meet with a
ready market and would fetch, roughly speaking, double the price of
the untreated. Based on the present price of shellac, we think you could
safely reckon to sell the kusumb treated in quantity at 85s. per cwt.
and the palas treated at 75s. per cwt. We should recommend a trial
shipment of 20 to 25 bags of each quality.”

From available information, it appears that such a special brand
of seed-lac is required for special purposes only, as for lacquer work and
in casings to cable.

In factories, the washing is done in large stone vats placed in a row
on a pucca or cemented platform. (Plate XVII, A.) Ground and sifted
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stick-lac is put into these vats and soaked in water for 18 to 24 hours.
The professional washers then stand upright in the vats and gyrate
briskly, taking for their support bamboo poles fixed by their sides.
When the material is sufficiently washed the plugs at the bottom of the
vats are opened and the washed stuff run out on to graduated sieves
placed below the plugs. The colouring matter runs out and accumulates
in a large tank especially built for the purpose. The half-washed resin
is again put back into the vats and the washing continued until no more
colouring matter comes out. The seed-lac is then dried in the sun and
graded into granular seed-lac and dust—commercially known as gund.
The lac-dye in the tank is then precipitated either with quick-lime,
ime-water or oxide of tin.

A professional washer can wash from one maund to a maund and
a half at rates varying from annas eight to annas twelve a maund. But
a cultivator —who is not accustomed to washing—cannot be expected
to wash more than 15 seers per day. )

A maund (40 seers or 80 1b.) of ber stick-lac ground and washed with
water will yield 18] seers of clean seed-lac with 30 to 32 gallons (150
to 160 seers) of workable lac-dye. A maund of ber stick-lac experiment-
ally crushed and washed gave :—

Before washiny After washing
Srs ch. Srs, ch.
Giranular .- . .23 4 Granular . . 18 8
Small granular and dust . 12 12 Small granular and dust . 10 4
Refuse, sticks, thorns, etc. 2 0  Lac-dye, ete. . . .on o4
ToraL . 40 0 TOTAL . 40 0

The quantity of water required to wash the above was 140 gallons (17}
mds. or as much as could be contained in 35 kerosene tins).

Uses of the lac-dye.

By washing stick-lac with water two things are obtained :—
I. Pure resin commercially known as seed-lac and used for the
manufacture of shellac.
II. Laec-dye.
Before the introduction of aniline colours the latter product was exten-
sively used for colouring wool, leather and silk and generally represented
the manufacturer’s margin of profit.

But now it has to be thrown away and better prices are paid for a
material which contains a smaller quantity of colouring matter in it.
The dye can still be used for the manufacture of alfas or balls of cotton-
wool soaked in concentrated lac-dye and used by Hindu women for

PLATE XVIl

A, Washinz laz.  (Jrizinal)

- B. Sifting seel-lac from molamma, (Original)
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colouring the soles of their feet. Besides, it contains some nitrogen
and as such could be used advantageously as manure for the rice fields.
The dye should be extracted from stick-lac as soon as it has been scraped
from the branches, as it has been found that by long storage the manurial
ingredients of the lac-dye diminish. Large quantities of the dye in
the form of cakes are now available, and if these could be used for the
extraction of carmines, the manufacturers would gain something out
of the by-product. A portion of nitrogen is present in the form of
ammonia, while the balance is contained as an albuminous substance.
. The following analysis by the Imperial Agricultural Chemist, Pusa, of a
Bengal sample exemplifies this :—

Specific gravity . . . . . . 1-003
Nitrogen . . . . . . . 0+014 per cent.
Phosphoric acid . . . . . 0004 ,,
Potash . . . . 0-008

3 23

After washing, the lac-dye can be spread over fields and worked into
the soil with an ordinary plough. It can also be used for dyeing eri-silk.
The cloth, if previously mordanted with alum, takes a beautiful red
colour which is not affected by human perspiration. For dyeing eri-
silk take 3} chhitaks (7 oz.) of stick-lac free from dirt, pieces of sticks
and other impurities, grind it fine and boil it in a seer (2 1b.) of clean,
soft water until a deep red liquid is obtained. Then take it off the fire,
cool, strain and keep aside; the silk thread to be dyed should be
mordanted with a saturated solution of alum in cold water and spread
out to dry ; the latter is then to be boiled in the former until it assumes
a deep red colour ; when cool it is to be rinsed with cold water and
spread out to dry in the shade. If desired, the colour can be softened by
acidulating the water with a trace of fresh lemon juice.

Manufacture of shellac.

As soon as hranches bearing lac have been cut from the trees, they
are either put on to other trees already pruned for the purpose so as to
infect them with the lac larvee or they are put out in the sun to dry.
A week or so afterwards, lac from such branches is either scraped off
by knives (Plate XV, A) or by being broken under a dkankali or chunam-
grinding mill. The eultivator takes this stuff for sale to the local markets,
and it is there purchased by Beparis on their own account or for the
Arahtyas residing¥in important lac-growing centres. The Bepari
purchases the lac on the basis of beuls, i.c., clean, dry stick-lac without
any adulteration. The manufacturer, after purchase, grinds the stick-
lac in hand stone-mills (Plate XVI, A). The crushed stick-lac is then
winnowed and sticks and other foreign matter are picked out by hand

E
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colouring the soles of their feet. Besides, it contains some nitrogen
and as such could be used advantageously as manure for the rice fields.
The dye should be extracted from stick-lac as soon as it has been scraped
from the branches, as it has been found that by long storage the manurial
ingredients of the lac-dye diminish. Large quantities of the dye in
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After washing, the lac-dye can be spread over fields and worked into
the soil with an ordinary plough. It can also be used for dyeing eri-silk.
The cloth, if previously mordanted with alum, takes a beautiful red
colour which is not affected by human perspiration. For dyeing eri-
silk take 3} chhitaks (7 oz.) of stick-lac free from dirt, pieces of sticks
and other impurities, grind it fine and boil it in a seer (2 Ib.) of clean,
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mordanted with a saturated solution of alum in cold water and spread
out to dry ; the latter is then to be boiled in the former until it assumes
a deep red colour ; when cool it is to be rinsed with cold water and
spread out to dry in the shade. If desired, the colour can be softened by
acidulating the water with a trace of fresh lemon juice.

Manufacture of shellac.

As soon as branches bearing lac have been cut from the trees, they
are either put on to other trees already pruned for the purpose so as to
infect them with the lac larve or they are put out in the sun to dry.
A week or so afterwards, lac from such branches is either scraped off
by knives (Plate XV, A) or by being broken under a dhankali or chunam-
grinding mill. 'The cultivator takes this stuff for sale to the local markets,
and it is there purchased by Beparis on their own account or for the
Arahtyas residing¥in important lac-growing centres. The Bepari
purchases the lac on the basis of beuls, t.e., clean, dry stick-lac without
any adulteration. The manufacturer, after purchase, grinds the stick-
lac in hand stone-mills (Plate XVI, A). The crushed stick-lac is then
winnowed and sticks and other foreign matter are picked out by hand

E



60 CULTIVATION OF LAC

(Plate XVI, B). The sifted material is then soaked in stone vats for
24 hours. It is then worked out by men who stand upright in the vats
and turn sidewavs.  Water is then -added and the material is then
strained through cloth bags (Plate XVII. A). This is repeated until
no colouring matter, technically known ax the lac-dve, comes out of the
stuff.  The washed product. technically known as seed-lac. is then spread
out in the sun to dry in a thin layer on a pr = p'atform within the factory.
;;fhen thoroughly dry, it is again sified and graded into (Piate XVIL,
)=

[. Lasge granvlar - Used exclusively for the manufacture of superior
grades of shellac such as Standard T and super
fine,

Il. Smali granular | . Geonerally mixed with I and utilized for the manu-
facture of T. N. shellac.
L Dusc . . . . Known as Molamma, which is used for the manu-

facture of low grade shellac and is gencrally
mixed with No. IL. Tt is also used for making
toys and bangles locally. (Toxt-fig. 12)

Eig. 12. S:fting molamma. (Uriginal.)
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To the granular seed-lac is then added 2 to 3 per cent. of vellow
orpiment or arsenic to impart colour, and 4 to b per cent. of pine resin
to lower the melting point, especially when the stick-lac was old or stored
for a considerably long time. If, however, a special brand of shellac
is to be manufactured, such as that used for coating chocolates and other
confectionary, arsenic is totally avoided. If shellac is to be used for
the manufacture of high grade varnishes, or electrical composition
material, no resin is mixed. But these are some of the special uses.
Ordinarily the trade allowance is 1} to 2 per cent. of resin, though a stuff
with the above limit is not generally met with. At times, when the
prices of shellac are high, the percentage of adulteration with resin is
very high, and in the past efforts were made to find out an easy process
whereby the adulteration could be readily and definitely checked and
this was known as the iodine-test of shellac. Recently the important
shellac manufacturers have formed associations of their own, such as
the Chapra Vyapar Vardhini Sabha of Mirzapur, United Provinces, to
put down the nefarious practice of adulterations. Such a society limits
the admixture of resin, and if a manufacturer persists in putting up for
sale a resinous material, heavy refraction is charged as a deterrent.
After mixing, the mixture is filled into long, narrow double cloth bags

10 to 12 yards long and 2 to 3 inches in diameter. The bag is generally

made of Cawnpore drill No. 2 selling now at 10 annas a yard, and generally
contains 20 seers of mixed seed-lac. It is usually worked by two men
and a boy or woman. One end of the bag is held by the karigar who
sits at one end of the bhatta (oval oven) in which charcoal is kept burning
and the other is turned round on a pherki by a boy or a girl. The twist
given to the pherki by the boy is opposite to that given by the karigar.
At one time or another about five feet length of the bag is in front of the
bhatta, and in consequence the mixture of chauri—technically known
as seed-lac—arsenic and resin gets cooked up. The melted resin oozes
out of the bag and drops on the stone slab in front of the bhatta. The
karigar keeps the bag slowly turning round and at the same time watches
the melted resin. That which sticks to the bag he scraps out witha
chadna and mixes it with that which has dropped on the stone slab.
He then briskly mixes up the two together either on the bag itself in front
of the fire or on the stone slab below. When the mass has become
thoroughly incorporated and has assumed the particular consistency,
the karigor hands over the melted mass of resin to his assistant, the
bhilwaya, who promptly takes hold of it and lays it on the porcelain
cylinder containing hot water. With a double sheaf of palm leaves,
locally known as nera, he spreads it flat. If, however, any excess is
left over it is handed over to the karigar to be worked up again (Plate

E 2
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XVIIIL, A). The bhilwaya then takes up the thick piece of hot resin
in front of the oven and when it has regained the proper amount of heat
by exposure, he moves away and holding the sheet between his toes,
hands and teeth, quickly stretches it into a thin, long sheet (Plate
XVIII, B), and keeps it flat on the ground.  When a sufficient number
of sheets have thus been got ready, they are examined for any defects.
If there are hard knots or unsightly air-bubbles, these are punched out
along with the thick borders of the sheets. These are again ground
fine and filled in the bags. The whole process is expeditiously and
smartly done by men who mostly come from Mirzapur in the United
Provinces. With the opening of the shellac factories in most of the
lac-growing tracts such as Ranchi, Jhalda, Purulia, Balarampur, Dalton-
ganj, Pakaur and Calcutta, a nunitber of local men have also learnt to
make shellac but the productions fall much inferior to those manufac-
tured by Mirzapur karigars. A worker with two assistants is capable
of turning out a maund of shellac per day, for which he charges Rs. 2-12.
The average cost of production of a maund of shellac is Rs. 15 though
this sum varies considerablvy from place to place. An average of 20
seers of shellac is obtained from a maund of good, clean beuls lac.

In large factories where large stocks accmhulate, the sheets of shellac
after examination are broken up into small pieces. These are then spread

out in large well ventilated rooms to aérate. At times, and especially

during the hot season. when the maximum temperature outside ranges
between 110° and 115° ., fans are worked in such rooms to keep the tem-
perature down (Plate XIX, B). When thoroughly dry. it is filled in
gunny bags and sent down to Calcutta (Plate XX, B) where it is refilled
in chests by the shippers who exportit. Each chest contains two maunds
of shellac and bears distinctive trade marks.

During the process of manufacture of shellac, the karigar relieves
the bag of its extra weight so as to prevent it from =agging unduly before
the fire in the bhatta by punching out the hot kiri (Plate XIX, A) with
kiri-kudna. This falls as a blackish semi-solid mass on the stone slabs
in front of the bhatta. It is then worked up into round, flat slabs known
as hiri-cakes which are locally used for making bangles and toys. The
twisted ends of bags, known as dandis, are boiled down in huge copper
cauldrons, which ~immer over a ~pecially designed bhatti, in which
refuse from lac washings, known as bhusi, is burnt. With the addition
of monohydrated sodium carbonate the refuse matter coagulates and
floats over the surface of the cauldrons in the form of a brownish flaky
mass (Plate XX, A).* Ttisthen laddled out and, whilst still hot,is

* The ﬁgu;;s;:; Plates XVI—XX have been inserted El;.rough the courtes of Lala
Mahadeo Prasad, Proprietor of the Firm of Mahadeo Prasad Kashi Prasad, Shellac
Manufacturers, Mirzapur, U, P,

PLATE XViil

(Original.)

A, Preparation of shellac— before the bhalta,

(Original.)

B. Drawing out melted stellac into a sheet.
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PLATE XIX

A. Punching out kivi from the cloth-bag, (Original)
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B, Bags of shellac ready for export, (Original.)
B. Aerating shellac during the hot weather. (Original.)
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compressed into circular flat cakes known as Passeva which is reground
and worked up in the bags again.

Uses of shellac.

The present uses of shellac locally are :—

(1) For making bangles, toys and laequer work. The woodwork of
Benares, Jaipur and Chennapatna in the Mysore State are
exquisite pieces of delicate workmanship.

) For making milk churns, shuttles and bobbins.

) For making grinding stones.

) For fixing hafts to swords.

) For making bracelets and sealing-wax.

) By goldsmiths for filling ornaments.

) For the manufacture of micanite, with alternate layers of shellac
and mica dust.

(8) For the manufacture of gramaphone records.

(2
(3
(4
5
(6
(7

Its foreign uses are :—

(1) For the manufacture of gramaphone records and pianola
rolls.

(2) For the manufacture of varnishes and polishes. High grade
shellac is especially used for varnish for aeroplanes.

(3) For the manufacture of sealing-wax and lithographic ink.
Bleached shellac is now much used for the manufacture of
variegated, perfumed sealing-wax sticks.

(4) It is used instead of gelatine for stiffening hats.

(5) Tt is used as a substitute for leather ; canvas and shellac being
used now-a-days for the} manufacture of shoe tips.

(6) It is used for Semaphore signalling and as a filling material
for shrapnels.

(NIt ig used by manufacturers for silvering the backs of
mirrors.

(8) For plastic or composition material.

(9) As an insulating material in electrical works.

(10) In confectionary, as a cover to chocolates, etc. Kor this
shellac, without arsenic, is generally used. ’

(11) For painting the bottom of ships to prevent the corrosive action
of the water on steel plates.

(12) For encasing cable wires.

When shellac is bleached, it is put to a number of uses. T
. ’ . For
chlorine was mostly used for bleaching shellac, but now betteroifs(ifll{z
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have been obtained by using sodiuw hypochlorite. The uses of bleached
shellac are :—
(1) Imitation ivory, especially for the manufacture of billiard balls.
backs of brushes, combs, tasth-brushes, poker chips, ete.
(2) Al white insulated gouds,
(3) For the mannfacture of paper
Bleached shellae, if exposed 10 the artion of the sun and the air. chaoges

colour zun_l deteriorates fast. It is, therefore, stored iy water in large
drums which are then exported.,
When shel]

and leather varnishes.

. ac s velined for special purposes. « wax is obtained which
15 used for casting medallions and coips, It is alwavs used for realing
valuable documents and is oue of the hardest waxes known. It is also
used as an ingredient i boot and shoe polishes.  When freed of the
wax, \'\'hcllac becomes especially adapted for the manufacture of plastic
material so much now utilized for the making of soft felt hats.

Adulteration of shellac.

1}1 seasons when the crop is poor the prices of shellac occasionally
%0 high and this leads to the manufacture of various grades of adulterated
shellac.  So much skill and tact is brought to bear upon the guestion
that, h}ld the same energy been directed in proper direction, the present
ery raised by the foreign consumers against the Indian product would
not have been heard of. A number of unscrupulous manufacturers
use v:%rious ingredients to adulterate shellac; of these pine resin is the
most unportant.  [n some vears very high adulterations of resin have
been detected and this detracts from the special uses to which shellac s
P“L‘ Any adulteration over 3 per cent. is sure to facilitate the intro-
duction of the synthetic product in the market. As at present, the
synthetic product cannot hold its own against the special qualities of
shellac, first and foremost of which is that it prevents oxidation of the
surface over which it is applied as a thin film, and secondly that it does
ot crack 5o vasily when exposed to the atmosphere, The admixture
of.o.ther foreign substances with pure resin prevents shellac from being
utilized for special purposes for which it is eminently suited. Two
decades back it wag not very casy tuo detect the adulterants with any
amount of certainty, hut now n_mt-hodx have been perfected by which
they may be detected. There are special uses to which shellac is put
now-a-days, and it is advisable that manufacturers should clearly state
that the stufl does ot contain any trace of orpiment and that it does not
contain more than 2 to 3 per cent. of pine resmn, Of course, there are
certain uses where resinous shellac is required, and in such cases it would
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be better to specify clearly the percentage of resin in the material offered
for sale. The petty manufacturer in the outlying places dogs not fgel
the gravity of the situation, and does not probably feel the 1mn_1en51ty
of mischief that he 18 doing to the trade. The foreign consumer 18 very
sensitive and wants to have a standard material of uni‘form con81§tency
and composition, and I think, it behoves all who are interested in the
trade to see that malpractices are put down and that. sustained eﬂ9rts
are made to produce only standard material for foreign consumption.
1f this is done, it will be seen that the consumption of shel'lac would
increase and that better prices would be obtained. The stigma that
attaches to the Indian product would be removed and it. would once
mnore establish its reputation for purity and uniform consistency.

Enemies of lac. -

Every one who is engaged in the cultivation or manufacture of shella¢
knows that it is seldom that a normal crop of lac is obtained. It is
suseeptible to the influence of many factors of which the following are

the most important :—

1., Insect Pests :
(a) Predators.
(b) Parasites. .
11. Frost, forest fires and hot winds. . - |
1II. Other factors such as men, monkeys, squirrel and cai.:ble browsing against
inoculated trees.

I (a). Predators.—-Of these, (1) Eublemma amabilis, Moox:e, causes
considerable damage to the brood-lac on Fhe trees as well‘ as in stores.
The moth (Plate XXI, 1)is cretaceous whl'te with brownish, 1.rre‘gula.u'
markings on the forewing. The adult mqth is crepuscular, agd remains in
hiding during the day either in the crevices between the lac incrustations
or etgn on the branches of trees. There is a great variation in the @ark-
ings of the forewings of adults. From what I have seen of the specimens.
in Northern and Southern India, t.here appears to k)e great necessity of
a critical study of the species found infesting the species of the lac lnsect.
The moth lays dull, white, round eggs, depl:essed in t'he centre, in the
crevices of lac incrustations. The tiny, whitish caterpillar that hatches
out, begins to bore immediately into the lac cells which it penetFatgs
: 't,s attempts to reach the developing larve and ‘t.t§e temales w1th1n
:-,Itlu; resinous cells. The hole of entry is se small that it is not seen easily.
The caterpillar, as it grows, continues t'unnelhflg l?elow the mcrusta,tlon.
and as such is not seen easily. . In doing so it kills a large number of
females, the larvee from which fail to come out. When fu.ll-fed the cater-
pillar is pinkish white on account of the lac females that it has devoured
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and has a prowinent chitinized head. [¢ lines its passages with fine
silken threads, freely interspersed with its excreta surcharged with
resin. Prior to pupation it makes a large circular hole (Fig. 6) which
it lines from below with 4 thick, siiken covering.  When the woth is
about to emerge, it ruptutes the silken covering over the mouth of the
hole of exit and comes out. {4 then remains resting for sowme time near
the hole and then moves away.

In some localities the moth s so plentitul that all atteispts made
In the past to introduce lqc cultivation there have failed. The moth
breeds twice or thrice during the year but there are overlapping genera-
tions with the result that adults and larva are plentiful from July to
October. In Bengal and Bihar it 1s so plentiful that at one place
5% 1b. of lac scraped inmediately from brood - Jac sticks that were removed
after the swarming of lurvae had Cohie to an end, 466 moths and cater-
pillars were found. The moth is predaceous not only on the lac insects,
but also on other scale insects (Coccrdi) as well, and this rather compli-
cates the adoption of measures to lessen its ravages. It is only by
sustained efforts that any tangible results are expected to be achieved
aud if this hope is at all consummated, it will be found that the produc-
tion of lac would be increased 20 t0 25 per cent.  But before any measures
could be adopted, it would be hecessary to work out its life-history, its
seasonal distribution, alternative hosts and parasites and predators
that prey upon it. It has up to this time Leen reported from Pusa, Bar-
pani Estate (Assam), Kheri (U. P.), Dehra Dun (U. P.), Jabalpur (C. P.),
Bungalore, Banganapalle (South [ndia), Melghat (Berar), Mathurapur
(Bengal), Daltonganj (Bihar), Damol, Raipur (C. P.), Sonapur (Assam)
and Aramboly (8. Travancore). It has also been reported by Mons.'h-
Duport as attacking lac in Tonkinf (lndo-China). But I think, with
lurther study it will be found to be widely distributed in the country.

(2) Holcocera pulver. a, Meyr. .
Blastobasis pulverea, Meyr. Bomb. Jour., Vol. XVIII, p. 131, 1907.
* Hypatima pulverea, Meyr. loc. cit.
Hypatima pulverea, Meyr. Lefroy, Ind. Ins. Life, p. 536, 1909.
Hypatima pulverea, Meyr. Misra, Bull. No. 28, Agri. Res. Inst.,
Pusa.
Holcocera pulverea. Fletcher, p, 24, 1912; Mem. Dept. Agr..
Ind., Vo). VI, Nos. 1—9, pp. 130—131, Nov. 1920. 7
4 Duport, L L inscote a stiekios Dol Econm. Le. L Indochine. No. 112, 1915,
pp. 187188,

* Mr. E. M"yljick wrote on the 21st Scptember 1908, < Hypatima pulverea and
U, deleropa Pass into one another and Tepresent one species, for which the name A.
pulverea must be adopted.”
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2, Holcocera pulverea.  (Original.)

|, Eublemma amatilis.
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Next to E. amabilis, Holcocera pulverea damages the brood-lac on
the trees as well as in store. The dark, fuscous, tiny moth is specially
abundant in stores. In brood-lac on the trees it is found along with
E. amabilis. The moth (Plate XXI, 2) lays tiny white eggs in the
cavities between incrustations and the tiny, dark brown caterpillar
enters the resinous cells. It goes in more for the dried or otherwise
dead females than for the living ones. But in its eagerness to devour
the visceral contents of dead or dry females, it pierces through the living
females and thus brings about their death. In some localities this moth
preponderates over E. amabilis. The full-grown caterpillar 1s 10 mm.
long by 2-3 mm. broad, with a brownish chitinized head, with long dark

t prothoracic shield. When full-fed it pupates

hairs, and a prominen
in thin white silken cocoons within the incrustation. Externally there
is no sign of the presence of the caterpillars within. Hitherto it has

been reported from Pusa, Kumaon (U. P.), Protapganj (Bengal), Berar
Palamau (Bihar) and Coimbatore (S. India). Bo far as 1t has beer:
possible to determine, the caterpillars are not much parasitized.
3) Anatrachyntis falcatella.
Gracilaria ? falcatella, Stainton. 7. E. S. (n. s.), V, 121, 1859.
Pyroderces spodochtha, Meyr. Bombay Jour., 607, 1905.
Anatrachyniss falcatella, Meyr. Exotic Mucro., 1, p. 325, 1915,
Anatrachyntis  falcatella, Meyr. F letcher, Mem. Depi. Agri
India, Vol. VL. Nos. 1—9. p. 99, Nov. 1920. '
Anatrachyntis falcatelia, Misra, Proc. Fourth Entl. Meeting, Pusa
1921, pp. 249-251, Plate 1. o

The moth (Plate XXII, a, b, ¢, d) has hitherto been recorded from the

following places :—
Pusa, 1913, 1914, 1916. From cotton, cottun buds, in cage containing Dactylopin®

sp., from Eublemma cage and on lac.

Calcutta.

Shillong, October 1916.
Gobichettipalayam (Coimbatore District) on a rotten pomegranate.

Kandy (Ceylon)., Larva in resinous masses of lac Coceid, T'ackardia albizzic.
Belgaum (Bombay). Cotton seed.

Myingyang (Burma). Cotton.
Shripur Farm (Bihar and Orissa). Cotton seeds.
Sonapur Tea Estate (Assam). On Lac.

illars occur in healthy brood-lac along with Eublemma
ly been found in brood-lac on Jalla (Skorea
talura) from Bangalore (Mysore State). In North India, the moth has
been recorded mostly as & feeder on rubbish, etc., the only exception
being in one instance at Pusa where it was recorded on lac. In the

The caterp
caterpillars. They have most.
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specimens of brood-lac on Shorea talura received from Bangalore, the
caterpillars were fairly abundant and could be ecasily differentiated from
E. amabilis caterpillars which were also present in the same sticks along
with them. The methods of working of the two predaceous caterpillars
are fairly distinet. K. amabdis caterpillars work from the side, as well
as from the top side of the 1 sinous cells enclosing lac females on the
branches. Anatrachyntis faleatella caterpillars prefer to work mostly
from the sides of the resinous celts.  The caterpillar gnaws a hole at the
side of the resinous cell and penctrates within, The passage of the
E. amabilis caterpillars is filled with flat, oval, dises of resin mixed with
body juices of their victims.  In some cases the resinous cells are com-
pletely hollow and are tilled with dark crimson, flat, ovalish discs. The
cocoon of the caterpillar consists of whitish silken threads glued together
with deep crimson, flat, oval discs.  Prior to pupation the Eublemma
caterpillar makes a hole of exit, closes it with whitish silken threads
and pupates immediately below it,

The Anatrachyntis falcatelle caterpillars also wake their way inside
the resinous incrustation by gnawing bits of resin and then attacking
the females. The bits of frass left by these caterpillars in the tunnels
made by them are different from those of Eublcmuma caterpillars. In
this case, the granules of resin are small and round. Both resinous
and other granules consisting of chitin, dye and other visceral portions
from the body of the lac females lie about the tunnels made by the cater-
pillars.  So far as it has been possible to determiue. the caterpillar in its
attempts to reach the dead and dry female lac cells bites its way through
the living cells as well, and thereby causes their death. In one case,
a caterpillar was seen to enter the resinous incrustation on a Shored
talura stick from the side and within three days it had penetrated a
length of 20 mm. when it began to pupate. It bad thus killed off
seven healthy lac females. The full-fed caterpillar 1s light crimson of
much the same colour as the lac females. It is 575 mm. long, and &
little over I mm. broad. Itis light to bright pinkish in colour on account
of the body juice of its victims which it has gorged. The head 1» jet
black, with small whitish porrect hairs. The mandibles are jet black
in keeping with the general colour of the head, and are very powerful.
There is a shiny, black thoracic shield with an obsolete indentation in
the middle. The general colour of the caterpillar is light pink with
small white hairs on the body. There is a fine transparent longitu-
dinal line from the first abdominal segment to the anal end through
whicl the pulsation of the heart could be seen under high magnifica-
tion. The caterpillar, when full-fed, spins a thin whitish cocoon. Prior
to pupation it makes a circular hole on the resinous incrustation which

Anatrachyntis falcatella, Stainton.
a, larva ; b, pupa; ¢, moth, naturalsizes and megnified ; d, side-view of head of moth (magnified).
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it lines with & thin, silken webbing and pupates within. The pupa.
when taken out of the cocoon, i8 brick brown in ocolour with a slight

bloom. It is 3 mm. long and & little over & min- broad, the two black
_Phere are a few short hairs at

spots on the head represent the eyes.

the posterior end (Plate XXII, fig- b). The adulf is pale brown. When
resting on the lac-covered sticks it rests at an angle, the anterior part
of the body being slightly raised. The moths 87° ot -very brisk fliers.

They have hitherto been observ' to be quiet during the greater part
The moth has slso been reared ab

of the day. (Plate XXIL fig. - bean reaT
Kandy (Ceyloy) from larvs i resinous wasees of lac, Tachardta albizziae.
(Bom. Jour., Vol. XVI, p: 607, 008). - : :
) Besides these, two other tiny moths, OW venusiae, Meyr..-,
Exot. Micr., 1, p. 97, Aug. 1915, has been bred from colopies of Tachardia
lacca at Jabalpur, C. P. snd O oypris, Meyr., Bom. Jour-
XV, p. 608, 1905, Kandy, Ceylon, has been bred from colonies of
Tachardia albnzziae or T heobroma . An Anthocorid bug T riphlez)s
sp. has also been noted to affect the gF vid lac fernales at Bangalore 10
South Indis. ,
I (b). Parasites. The damsge that is done t0 brood-lac by cater-
pillars is partially seen, but the 1088 that is annually csused by the little
parasites belonging to Ichneumonid® Braconide and Chalcidide is very
great. The study of these parasites is extremely fm.gmeytary agd the
exact role played by them in the economy of lac cultivation 18 still un-
determined. Anyone who has follow oritically the dgvelopment of the
lac insect must have been struck at parts times with the ab_normal
presence of the parasited which i,,,monsly‘la.y a heavy toll of life. In
particulsr sessons the loss is so great that & good portion of the brood-lac
; op Purposes. These

18 utterly destroyed or anfit for «Propg.gati
pargsite;y are esgecitilly gbundant in Anguat-Seytember ax.ld February-
April. An examination of the ber broad-lac ot Pusa during February
and March 1922 revealed the fact that more than half the Fema.les were
parasitized. When the female colls were seased open, pinkish white
grubs were found (Plate XXI11, #) in thed From these, adult Braco-
nidse (Plate XXIII, b) emerged, jch are to be seen hovering round
the encrusted branches. ¢ number of Chalcid _pamsltes is far in excess
of either the Ichneumonid® °F the Bmct_)mdse. Tachardigphagus
thoracicus, Gir., heavily parasitizes loc in Sind, as well as lac in
Ceylon. A host of parasites o8 the lae insect have been reared at Pusa.
mostly on lac on ber, but these are awaiting identification. The para-
sites in turn are Pu“;ﬁ,ed by other small parasites, technically known

a8 hyper-parasites, and until more work i8 doue in this direction, no
definite recommendations ¢A% pe made t0 check »them.

i b
a, Grub,
Braconid parasite on the female ]al::' :ﬁiﬂk fc?(‘)a:;;ind )

(Both figures are highly magnified.)
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II. Frost, forest fires and hot winds. Much damage is also done
to the crop on the trees by frost, forest fires and hot winds. If the fall
of frost synchronizes with the emergence of the males, large numbers
of them are killed off without fertilizing the females. When fires break
out in forests considerable damage is done to the crop on the trees.
The only way to check the inoculated trees from being damaged is to
make clearings and to plough up the ground round them. The hot
winds generally begin to blow from the middle of April to the end of May
when the crop, if exposed, is seriously damaged. The body contents
of the female insects dry up and in consequence the female dies.  This is
apparent by the pitting up of the resinous cells in the centre. The
colour too, of the cells affected with hot winds, changes. They become
translucent, pale brown, with the shrivelled up body of the female in the
centre.  In some cases, when the hot winds continue to blow for a
number of days at a stretch, the resin melts and drops down on the
ground, leaving the dead females sticking up on the branches of trees.
If the trees are in the open nothing can be done to check the crop on
them from being affected with hot winds. But in any new scheme of
starting fresh plantation for the cultivation of lac, much could be done
to lessen the effect of hot winds by planting a fringe of trees——preferably
mahua (Bassia latifolia), karanj (Pongamia glabra), babul (Acacia arabica)
or akast neem (Mellingtonia hortensis) to act as buffers to break the force
of the winds.

III. Other factors. In localities where lac cultivation is a paying
industry, many thefts are committed and much traffic goes on in illicit
collections. The proximity of a village Bania, or Bepari as he styles
himself, is an indication of the possibility of an illicit trade being carried
on and if a sharp eye is kept on him, much can be done to mitigate
the evil. Some of the jungle tribes are especially troublesome. They
lead a nomadic life and generally move about at night. They have been
known to cover from 20 to 30 miles during the night, remove the crop
from the trees and to return to their temporary quarters before day-
break. Much could be done to reduce their activities by employing
them as watchmen or giving them the lease of trees at a nominal cost.

Recommendations for the extension of lac cultivation.

I. Issue of forecasts. Unlike other industries, the lac industry
suffers much from violent market fluctuations in the prices of shellac
in the consuming countries. The reasons which bring about such changes
are still not definitely known. When the prices fall, as was the case
before the war, the cultivators, as well as the lease-holders, give up collect-

OULTIVATION OF LAC 71

ing lac from the trees with the consequence that the predz‘ztors and the
paragites increase abnormally and the subsequent productions are poor
in quantity as well as quality. With the shortness of the crop, the prices
of shellac again rise and there is a general scr.amble to beneﬁt bY'the
increased rates as far as possible. But the required quant'lty <?f stick-lac
is not obtainable. Efforts are then made to start culfmvatlon in old
localities, but it takes time to restore the equihbr.lum. It is t}}us essential
to stabilize the rates of shellac, as far as possn.ble., .but this is not an
easy task and far beyond the capacity of any 1nd}v1dual or a society.
Much could, however, be done by the issue of rel.lable forecasts based
on some definite data. These will allay the ax}mety and uncertainty
that is at present created by the issue of unreliable reports circulated
i ted persons.
> lillﬁer&sanugacture of unadulterated shellac. Secondly, the manu-
facturers should, as far as possible, put down the practice of adulterating
gtick-lac as well as shellac. If any adglterated mai:,erial is brought
by the cultivators for sale, it should be dlsca}'ded and if the cultivators
of a particular locality persist in this malpractice, they should be banned
from marketing their produce. The manufacturers should themselves
make honest efforts to manufacture only .unadulte.rated shellac. The
foreign consumers are at times put to great inconvenience by not having
standard shellac to use for their partlc}llar requirements. If they can
be assured of a regular supply of a uniform product, tlrey begin to
use more of it for their other requirements as well. People who have
been in the trade for many years inform me that, %f this were done con-
scientiously, the consumption of shellac Woul.d Increase enormously.
II1. Payment of fair prices to the cultivators. Along with the
standardization of shellac, the manufacturers should, through their
Beparis, Arahtyas and Gomashtas, arrange for the- payment of fair prices
based on a sliding scale on the- prices of shellac in the Calcutta market
to the cultivators in the interior. These people are very often duped
by the itinerant, petty Bepar_zs who use false weights and make their
urchases generally on the basis of beuli. These people generally charge
from 15 to 20 per cent. more in weight and thus rob the cultivator of

his proper dues. I have known cases personally, where the cultivator

was paid only Rs. 22 per maun.d, whilst shellac quotations were from
Rs. 182 to Rs. 185 per maund in Calcutta. The fair price to be paid
in that case should have beel} frorp Rs.. 70 to Rs. 75 per maund of 82 Ih,
Had the cultivator been pa{d t}.ns price, he would have got an extra
incentive to increase his cultlYatlon and thereby to produce more stick-
lac. The present inﬂated. prices of shellac do not augur well for the
industry. I think the prices of shellac should range from Rs. 80 to
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Rs. 100 per maund and accordingly the price of stick-lac should vary
from Rs. 30 to Rs. 40 per maund according to the quality of the material.
This will amply compensate the growers, will leave sufficient margin
to the manufacturers and will finally lead to the greater utilization of
shellac.

IV. The establishment of nurseries is essential in any scheme of
extension of lac cultivation. Without opening up new areas where
success may be doubtful, if nurseries are established in the area already
mentioned before (p. 21) the production of stick-lac could easily
be doubled. When prices of shellac are high, as at present (May 1922),
it is difficult, if not impossible, to secure brood-lac in bulk for purposes
of extension of cultivation. The cultivatorsare loath to part with their
hrood-lac and ask exorbitant rates. When shellac is at Rs. 182 a maund
in Calcutta—25th May 1922—as much as Rs. 120 a maund has been
asked for a maund of palas brood-lac. This is not only exorbitant but
fatal to the extension of cultivation. It is, therefore, extremely desir-
able that nurseries should be started in the area referred to above, and
the prices of brood-lac should be adjusted on the basis of prices of shellac
in Calcutta. If the zemindars and others, owning fairly good, forests
stocked with either palas or kusumb, could be induced to confine their
attention to this aspect of the industry, a time would come when brood-
lac would be readily available in quantities and at fair prices.

V. Collection of Phunki lac only. The early history of the lac
industry shows that lac was used for the colouring matter which it
contained, when prices of cochineal, for which it was used instead, went
high. Later on, when the qualities of resin came to be known, the use
of the lac-dye fell off. But still it remained a marketable commodity
and fetched some price. In fact, it represented the manufacturer’s
gain from a by-product. But with the introduction of German synthe-
tic colours, it rapid'Ty fell into disuse. At present it could be had from
Rs. 3 to Rs. 4 a maund. The cultivators, before the advent of synthetic
colours, used to collect lac before swarming took place so as to have
the maximum of colouring matter in the material, with the result that
the healthiest and most virile of the specimens were killed off from year
to vear. This process has heen in practice for the last fifty to sixty
vears and it is a wonder how the industry has survived such a drastic
treatment. But, as every biologist would tell you, it is only the prolific
fecundity of the insect that has survived the rigorous treatment meted
out toit. Now that lac-dye is of no commercial importance, it is proper
that steps should be taken now to regenerate the insect and to resus-
citate the industry on sound economic lines. As a first step towards
the attainment of this object, the manufacturers should only buy phunki
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lac. Material collected before swarming should not he purchased at fl“.
‘This would lead to the production of large stocks of brood-lac wherewitl
to extend the cultivation and to lessen the cost of production. Within
a decade of the adoption of this measure, more stick-lac will come 1o
the market for sale and the prices of shellac would automatically adjust

" themselves according to the stocks of stick-lac available each year.

V1. Modifications in the terms of lease to thikadars or con-
tractors. The terms of lease given to thikadars should be more [iabl.
than is the case at present. They should be given lease of the forest
for such period as would enable them to make a fair profit and to improve
the estate. As a condition, thgy should be asked to collect all brood-
lac from trees during a season, and to use it for inoculating other trees
within the terms of lease. This would prevent multiplication of the
parasites and predators. They should also be asked to stipulate to the
inoculation of a fairly good proportion of trees under their charge so as
to increase the supply of brood-lac. - They should be asked to collect
brood-lac a fortnight before the local date of emergence of lac insects
and to utilize it for putting on to other trees within their charge.

Vil. Fresh plantations of Ber, Palas and Kusumb should be
gtarted so as to increase the cultivation, and to utilize the poor soil
to some useful purpose. Hitherto, there has been no cultivation in the
proper sense of the term. All that has been done hitherto is collection
only. If, however, regular cultivation on block system is started now,
the area under cultivation would increase, the cost of cultivation would
be reduced and the dangers of theft would be minimized. Ber is a
very hardy plant and grows well even in poor soils. The only trouble
with it is that it requires some care in the beginning to establish it. But
when once the trees have established themselves well, very little care
is required subsequently. Even seedlings three to four feet high have
a long tap-root and as such could only be transplanted with some diffi-
culty. Tt is,. therefore, easier to raise the seedlings in a nursery and
thercafter to transplant them twenty-four to thirty feet each way. The
only after treatment required is to occasionally hoe up the soil helow
trees. Palas could be easily raised from seeds either broadcasted in the
beginning of the rains, or the seeds dibbled iP at regular distances during
the rains, the gaps in the plantation being filled up with seedlings from
the nursery. The plants, when well established, could be thinned out
gradually, until seven to ten years after planting they are twenty feet
apart each way and are fit to be inoculated. If, however, the soil between
the rows is fairly firm in texture, a catch crop of millets or bajri (Penni-
setum typhoideum), or arhar (Cajanus indicus), oxr khorasani (Guizotia
abyssinica) could be raised to meet a part of the cost of establishing the
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. ks
plantation. The area should however be divided into thrt:: l:‘:; b
Or coupes so that with a well adjusted system of rotation, pl?’;t between
coupe would get rest. If possible, sufficient space should be left Jabra),
the coupessoas to plant mahua (Bassia latifolia), karany (P Oﬂgamfhye trees
babul (Acacia arabica) or other fast growing trefes to protect has been
in the plantation from being affected with hot winds. Mahua o of
called the motor tree of India and could be utilized for the Pmd“c”, and
cheap motor spirit whext well established ; the other two, karan

. . tral
babul, could be used for fuel, as is the case in Berar in the Cen
Provinces.

The kusumb tree

. . is rai
of nallaks or mountain streams in the interior of forests. 'It ‘im two
from seed which is first 80WN in nurseries. When the seedlings

As the
to three feet high they are to be planted out petmanfmt!y .
seedlings are tender, great care is necessary in the beginning.

the seedlings are well

established no more care is necessary than 1:::;

up the soil near the roots. The tree grows ;an tod
and becomes fit, for inoculation fifteen to twenty years after being pian®
out. Its timber ig g

ood and it yields an oil which is used for burning
orfor the manufacture of cheap soap.

VII. Exchange ot brood-lac. When brood-lac on the ssme food-

jon for 8
plant and in the same locality is used for purposes of propagation fo?
number of years, it g

egenerates and requires to be changed. In doing

s ore
80, care should be taken to obtain brood-lac from such localities Wh .
the climatic and soil co!

. v m
nditions are very much like those obt.am}l,‘:god’
the locality where it i5 intended to be introduced. Only healthy of
lac, free from predators 8nd parasites, shonld be used for p“fpoiesba,
propagation. For the time being der brood-lac should be P“d° palas,
palas brood-lac on R¥as, and kusumb brood-lac on kusumb an el
In the Central Provinces fusump brood-lac when put on palas hes s}; ot
well and inthe Bankurs District in West Bengal the lac cultivator
palas brood-lac on ber, but not ber brood-lac on palas.

of occasionally stirring

'de ’ -
grows well in clayey soils, preferably by the 8
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with their botanscal and provincial equivalents.

7

Central

Punjab. Provinces. Bombay.
i Bher, ' Bori, | Ber, Jangri (Sind),

Ber, Berl Rings (Gond). {  Ber, Bhor, Bordi,

Bér, Béra.

Bera, Bor, | Bar, Barghat, War and Bur (Sind),
Bohir, Bar- Barelli Wad, Vad, Bar-
gad. (Gond). ghat, Vada.

, Bar- | Babul Baval (Guj) Bahbula, |

Vabbula, - Ber Kl Kiker (Sind).

bara.

Samma, Jamos,
Gausam,
Kussumb.

Palas

War, P&lkhi,
Batbar, Piph,
Pakri.

-~ Pipal, Bhor ° .

Arhat, 'Dingel‘,
Tohar.

Ksthgular,
Rumbal,
B&tbﬂry

Palik.
Dadhari,

Kussum, Kojba

Chiulha, Palas .

Serilli- (Gond),
Pakri,

Pipal
Siris, Saras .
Arhar, Tur.

Umbar-gular

Katber, Ghota,
Ghoudi
Ghunt-ber.

wer

Peduman, Kosam,
Kosamb, Kocham,
Koshimb.

Palas, Khikara,
Khakharo, Tesu-

ka-Jhar, . Khak- {.

hado, Khakhar-
nu-Jhada, Paras,

Phalasa-cha-Jhada.! -

Pepar, Pipli, Pakri,
Gandhaum-bare,
Pepri.

Pipur, (Sind), Pim-

pal, Piplo, Pimpala.

Sirus (Sind),’ Chicho-
Ia, Math4 Siras,
Pelo-sarshio.

Tuvero, Tdar, Tuver,

Umbar, Umbara,
Atti, Rumadi

.

Kankoe, Ghot, Suti,
Bhorgoti, Kande
Gossi, Guti.

Madras.

Elandap, Yellande,
Elladu, Régu,
Ganga Regu, Ya-
lachi, Yagachi.

Ala Mari, Peddi Mari,
Ala Peralu,

Tima, Nellabuma,
Gobli, Karrijali.

Pavi, Pilachi, Puma-
rum, Puvu, Pusku,
Roatanga, Posuku.

Porasan, Parasa,
Purashu, Puraishu,
Palasham, Moduga,
Mohtu, Palédulu,
Muttuga, Thoras,
Muttaga-a-Mara.

Pepre, Kurku, Jooi,

Jewi, Yuri, Kari.
Araga, Aswartham,
Rai, Raiga Ravi

Vaghe, Kot Vaghe,
Darshan,

Thovaray, Tuvarai
Kandalu, Togari,

Atti, Moydi, Bodda
Paidi.

Goti, Gotte, Challe,
Mulla Kare,

Taluva, talavi, Jalari
Jalavanda, Jalada.
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APPEN
*Names of trees on which lac can be groum,
Name used in | Botanical i
the Bulletin, name, Bengal. Assam. Pr‘i?i:gs.
Ber Zazyphus juju- | Kal, Ber, Bor. ‘ Ber, Beri .
ba, Lam.
Baror Bargad Ficus bengal- | Bar, But Ranket (Garo), Bargad, Bar,
ensts, Linn, Bot. Bargst.
Babul . Acacia arabi- | Babul, Kikar, Babul, Babur .
ca, Willd. - Gabur Bab-
Ia.
Kusumb  , | Schleichera Kusamb Kosum, - Gan-
trijuga, X ., Kusum.
Wwilld. osano -
Palas . Butea  fron- | Palas, Faras- | Laho Kung | Dhak, Palas,
dosa, Roxb. Parss (Lepcha). Tesu, Kank-
(Bihar). rai, Chiohra.
Pakur . . | Ficus infecto- | Pikar, Pakur. | Prab (Garo), | Pakhar, Pakri,
ria, Willd. Kangji Khabar,
(Lepoha). gaknr.
Pi o > . ©
pal . Ficus religiosa,| Aswat, Asid,| Bor-bur Pipal
Linn, Asvattha. {Cachar).
Siri \s
s . . | Albizzia lebbek,| Sirisha, Siris. Siris, ~Siras,
Benth. _ Birin, Sirai.
Arhar . anus indi
bar « | Cajanus indi- | Arhar, Oror, | Mirimah, Arhur, Tuar
cus, Spreng. {  Orol. Garo-mah.
Gular . B '
F ":AGIZ‘ glome- | Jagya Dumar, | Tohongtayj | Gular, Umra,
» Roxb. |  Yajna Du- | (Lepchs). Paroa, Umar,
mar,
Ghunt Ber . | Zizyphus Kat-ber, Ghont
Xylopyra. Ghunt.
Jalla . « | Shores talura
* Watt, G.

The Dictionary of Beonomic Products of India,
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Altas

Anti

Arahtiya

Bahilwaya

Batta .

Beuli lac

Bhatta or Bhatha

Bbusi .,

Button lac

Chaprs
Chowrie
Dandi

Deongi
Dust lac
Fine orange

Ganthi
Garnet lac

.
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APPENDIX B.
Terms used in the lac trade.

- .

Cotton-wool or fibre of madar (Caloiropis giganied)
soaked in concentrated Iac-dye. Theee are
generally used by Hindu women in Bengal,
the United Provinces, the Punjab and parts
of the Central Provinoes for colouring the soles
of their feot.

A branch of tree 8 inches to 11 inches long covered
with brood-lse. Fifty such sticks form &
bundle known as Tudi or Tura.

Commission agent. Thikadars, as well as other

onllectors, bring their collestions for
raicd to Arahti z,ngwho either sell the stuft

on commission or bay it for themselves.

Is the Karigar's assistant. It is his buainees to

strotoh the Pagh or Pag with palm-leaf on the
in cylinder, and ultimately to draw it
out into a thin sheet, known as sheliac.

Refraction on resinous lac. The trade generslly
allows a refraction of 1 to 2 per cent. resin.
Over and above this, Batta_is charged.

Lac free from dust, pieces of stick, or other adul.
teramts.

Open oven in which charcosl is bumt¢ snd before
which s portion of the cloth-bag, containing
seedluc, is exposed.

Pieoes of stick-lac, etc., obtained by washing stick-
lac with water. It is usually wsed in the
furnace for reclaiming Passeva.

A fine grade of shellac, melted and spread into
small circular thick dises on plantsin stems
This contains neither orpiment nor resin and,
as such is much used for varions purposes
where colour is not the object.

Shellao.

Seedlac.

Twisted ropes containing shellsc. When thess
are boiled down in big caunldrons, with an
alkali, the shellac adbering to the cloth-bag
floats on the surface. 1t ia then skimmed ount
and pressed into thick, fiat cakes 12 inches
to 14 inches in diamster.

Flat pieces of stone in front of the oven on which

ted 1ao from the cloth-bag cozes out and
falls down.

Bee Molamma,

A o of shellac. It is fine, golden yollow in

ns.

Knots, scoumulation of dirts, ete., in the sheet lac.

A grade of shellac made from small, ular

seodlac. Sheets or pieces sre gene one-
tenth of au inch thick. It is mostly dark-red

in colour.

 Livery loaf

th
K‘lv'. .

Karchhola .
Karigar .

Khadowls
Kham lac .
Khud or Garda

Kih .

Kiri-Khudna

I‘O-dy‘ .

Lakbdans

.

Molamms

-

Z!(orha .
Nagli or Nago
Neoers . .

Orange leal
Pag or Pagh

Pank .

Panns - -

-

.
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.

Is the under-broker to the manufacturer. It is
his business to keep his chief informed of the
market conditions of his place.

Powdered aticklac.

An instrument to stir up fire in the oven.

Is the chief worker, who sits near the oven and
holds the cloth-bag at one end, whilst the other
is slawly turned round by a woman, hoy or
girl.

Fine dust obtained by sifting washed seedlac.

Stick-lac.

Fine dust obtained by sifting ground sticklac
before washing it with water.

The residue left within the cloth-bag after thé
melted portion has been turned into -shellac.
It is taken out of the bag by the Karigar with a
Kiri-Kbudna and, while hot, is turned into
cironlar, flat cakes. These are used locally
for bangle-making, etc.

Is an instrument with which the Karigar takes
out the hot Kiri from the cloth-bag.

Is the oolouring matter obtained by washing
sticklac with water. The colour is run into
large vats where it is allowed to gettle. The
gupernatant water is then drawn off through
a series of graduated plugs and the thick,
erimson,  pulp consisting of chitin, visceral
eontonts of dead lac females, wax, and dirtis
put ander presses and then eut out into small,
circalar pieces or turned into large, flat cakes.

A grade of shellac.

Fino dust obtained by separating the washed
peedinc. It is generally mixed with khud for

_ making bracelets, sto. | . ,

A twig eavered with lac.

Kusumb sticklac.

Palm-leaf 18 inches to 2 feet long, 3 to 4 inches
broad, used by the Bahilwaya for spreading
out Pag or Pagh on the porcelain cylinder,

A grade of medium quality of shellac.

Melted shellac that oozes out of the cloth-bag

,Im?s falls :ex:i the qb(;ne slabs in front of the oven,
¢ is wor up into proper congistency by t
Rasigar pe: ency by the

Is the ;:fuse colleoted on the cloth in straining

Melted lac drawn out inte a sheet by a Bahil.
waya.

Is the regidual matter left in the bag. This is
obtained by boiling the rope-like t:vgisted bags
in big iron cauldrons containing an alkali.
Sometimes the twisted bags are soaked in
tanks containing mothylated spirit, The resi-

- nous portion is taken omt and pressed flat

into flat roupd oakes 8 to 12 inches in diameter
snd § to § inches thick.



Phirki or Charkhi

Phunki or Phungi lac

-
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A thick piece.of stone with a cavity in the centre
for holding water. It remains close to the
Karigar,

Porcelain cylinder closed at one end.and open at
the other. It is filled with hot water and is
placed at an angle by theside of the ovep close
to where the Karigar sits.

Is that portion of the cloth-bag which is imme-
diately in front of the fire in the oven.

A stout iron spatula with which the Karigar
scraps the melted lac from the cloth-bag and
cooks it in front of the fire in the oven.

Is a revolving wooden disc with four short blades
attached to one end of the bag, It is usually
worked by a woman, boy or girl.

Sticklac collected after the emergence of young
insects.

Palas sticklac, so called on account of its con-
taining a large quantity of colouring matter.
Is lac obtained by soaking and washing ground
stick-lac with water.

Seed-lac mixed with resin and orpiment, cooked
and drawn into thin sheets. Superior grades
are beautiful pale orange in  colour. The
colour and texture depends upon the variety
of stick-lac from which it is manufactured.
Lac cells from which the young insects have
swarmed out.

Lac collected either before or after the emergence
of young insects.

A grade of shellac contsining 3 to 3 - per cent of
resin. It is also. manufactured pnre without
any resin or orpiment according to trade re-
quirements.

A apecial grade of shellac made from transparent
pale yellow twisted flakes of resin on female
cells,” Itis usually made in the form of lustrous
fine threads. : ’
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APPENDIX O.

Fumigation of stick-lac before storage.

(From * Indian Insect Pests.”)

The best method of preservation is to fumigate the stick-lac and then to store
it in insect-proof bins or jars or boxes. Fumigation is the process of exposing the
soraped lao to the fumes of carbon bisulphide at a proper strength for a definite

riod, Stick-lac exposed to the fumes of carbon bisulphide at the rate of 1 oz.

r 10 cubic feet of space for 12 hours will be freed from the injurious caterpillars
that spoil the resin. When large quantities are to be fumigated carbon bisulphide
at the rate of one to one and a half pound per ton (27 maunds) may be used.
Before pouring in the carbon bisulphide all the doors must be made air-tight.
After 24 hours the fumigated stick-lac is to be taken out and aérated with a piece
of muslin over it to prevent moths from again laying egge on the fumigated material.

= e e mmmw —— - e ————

Fro. 13. The fumigating-box.



Publications of the Imperial Department of Agriculture in India.

To be had from :—

The Office of the Agrioultural Adviser to the Government of Indi i
and from the following Agelftlse 1:1_0 India, Pusa, Bibar,

(1) Thacker, 8pink & Co, Caloutta. 1 (6) D. B. T :
(2) W. Newman & Co., Calcutta. ((7; Thackera;;agg:eiil;’ %%l:;bivco.’ Bombay.
(3) Rai M. C. Sarkar Bahadur & Sons, Caloutta. (8) Sunder Pandu.ang ‘Bombay

{4) Higginbotham & Co., Madras. (9) Rai Sahib M. Gulah Singh S}Z Sons, Lahore

{5) Thompson, & Co., Madras. !(10) Manager, Educational Book Depat, Nagpur.

A complete Ii.st of the publications of the Imperial Department of Agricuiture in India can be ob-
tained on application from the Agricultural Adviser to the Government of India, Pusa, Bihar, or from

any of the above-mantioned agents.

These publications are :—
1. The Agricultural Journal of Indic. A Journal dealing with subjects connected wi i

ecox.xomigs,.ﬁelt.i and garden crops, economic plants and fruits,lsoils, manures, :llet&gg:lglfﬂ:?zf:" !

vation, irrigation, climatic conditions, insect pests, fungus diseases, co-0 erative credit r;-

cultural cattle, farm implements, and other agricultural matters in India. Iﬁustr&tions, inc’luadgin-

t feature of the Journal. It is edited by the Agricultural Advisef

coloured plates, form a prominen
to the Government of India, and is issued once every two months or six times a year. Annual

Subscription, Rs. 6 or 9s. 6d., including postage. Single copy, Re. 1-8 or 2s.
. Scientific Reports of the Agricultural Research Institute, Pusa.
" Annual Review of Agricuttural Operations in India.

. Proceedings of the Board of Agriculture in India.
. Proceedings of Sectional Meetings of the Board of Agriculture.
. Memaqirs of the Imperial Department of Agriculture in India:

(a) Botanical Series.

(b) Chemical Series.

(c) Entomological Series.

(d) Bacteriological Series.

(e) Veterinary Series.
. Bulletins issued by the Agricultural Re
. Indigo Publications.
. Books.

@ Sb 0o 1D

search Institute, Pusa.

© W -3

The following are the publications ot the last two years:—
Boientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial
_ Dairy Expert and the Secretary, Sagar Burean), for the year 1920-21. Price, R. 1-8
Bcientific Reports of the Agricultural Resoarch Institute, Pusa (including the Reports of the Imperial
Dairy Expert and the Secretary, Sugar Burean), for the year 1921-22. Price, As. 14.
Review of Agricultural Operations in India, 1920-21. Price, R. 1-4.
Review of Agricultural Operations in Indis, 1921-32. Price, R. 1-4.
Proceedings of the Board of Agriculture in India, held at Pusaon the 13th February, 1922, and
P following days (with Appendices). Price, Re. 1
roceedings of the Third Meeting of Mycological Workers in India, held at Pusa on the 7th February,
P 1921, and following days. Price, As. 11.
roceedings of the Second Meeting of Agricultural Chemists and Bacteriologists, held at Pusa on the
Pro. 7th February, 1021, and following days. Price, As. 10.
coedings of the Fourth Entomological Meeting, held at Pusa in February 1921. Price, Rs. 7-8,
(Out of print.)
1
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5 i, ﬂany;'ﬂ iming §j¢§’
b

Fia. 14, Details showing construction of the fumigating-box,

(a) Tin-lined gutter and the flange.
(b) The lid in position with water in the gutter.

As carbon bisulphide is extremely inflammable and unpleasant to handle,
the following precautions must be taken :—

(1) Keep the carbon bisulphide in stoppered (not corked) bottles under
lock and key.
(2) While fumigation is going on, nobody is to be allowed to go into the
room.
(3) No lights, lighted pipes or cigarettes or any form of fire must be brought
near the fumigating room.
(4) If the smell of carbon bisulphide be noticed, no one should be allowed
to go near with & light.
(5) Do not place a bottle of carbon bisulphide in the sunlight or in ap,
place where it will beoome hot. d
(6) Never take a bottle of carbon bisulphide near a fire or lighted lamp.
The above eou!d best be used for fumigating small quantities of stick-lac,
Where large quantities have to be dealt with, fumigation with HON-Hydrooyanic
acid in specially built chambers or moveable boxes or tents will have to be done.

— Waler
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APPENDIX D.
Some useful formulem,

Many enquiries have been made in the past about the use of small quantities
of Iao produced locslly and which have no marketable value. These may be utilized
in preparing varnishes and polishes for home use. Two simple formule are given
below, but before being used for this purpose the material should be washed accord-

ing to the instructions on page 20—
L—Formula for making spirit varnish.

Methylated spirit . . . . 10 ozs. (25 tolas).
White regin (Fine} . . . . 1oz (2} tolas).
Seeddac o . . e o (24 tolas).
Dragon’sBlood . . . $ oz. (4 mashas).

[Vernsoulsr : Kan Kharaba, Aprang, Hiradukhi (Hindi).]
I1.—Formula for making French Polish.

Seed-lac (ground fine) . . . 3 ozs. (7} tolas).
Methylated spirit . . . . 200z3. (50 toles).
Boiled linseed 0il . . . . a little,



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE,

No. 112.
No. 113,
No. 114,
No. 115,
No. 118,

No. 117,
No. 118,
No. 119,
No. 120.
No. 12].
No. 122,

No. 123.

No. 124,
No. 125.

No. 126.
No. 127,
No. 128.
No. 129,
No. 130.
No. 131.
No. 132.

No. 133.

No. 134.
No. 136.
No. 136.

No. 137.

No. 138.

No. 139.
No. 140.
No. 14l
No. 142,

No. 143.
No. 144,

. Napavas Rao. (In the press.)

PUSA— (concld.)

Notes on Rearing Insects in Hot Climates, by T BAISBRIGGE FLETCHER, R.X., ¥.L.S.,
P.E.8,, 7.2.8., and C. C, GHosH, B.A. Price, As. 7.

Hints on Collecting and Preserving Insects, by T. Barxsricox FrErcmee, B.N., B.LS.,
F.E.8, F.2.8, Price, As. 10.

TlxasPIeparation and Reproduction of Scientific 1Mustratione, by A. W. SLaTER. Price,

N olt;; on il:nt Imports into Indis, by T. Barvpaigar FrLETCHER, B.N,, F.LS., P.R8., .4,
ice, As, 7.

A Survey of the Indian Poppy-growing Districta for Morphine Content of the Opium pro-
duced, by H. E. ANXETT, D.8c. (LOND.), F.IC., M.S.E.A.C., HARY D48 Smw, M.50., and
Haz Dayar 81x6B, B.50. Price, As. 2.

Ex};eriments with Castor Seed Conducted at Sabour, by C. SoMERs TAYLOR, B.A. Price,

3. 3.

The Saving of Irrigation Water in Wheat-growing, by ALBERT HOWARD, O.LE., M.4., and
GaBereLLe L. C. HowaARDp, M.i. Price, As. 4.

The Agricultural Development of Raluchistan, by AuserT Howarp, O.LE., M.A., and
Ganrgierry L. C. HowaRp, M.4A, Prico, As. 6.

The Serum Simultaneous Method of Inoculation against Rinderpest, by W. A. Poor,
M.R.C.V.S. Price, As. 2.

Notes on Contagious Abortion in Pony and Donkey Mares, by R. BRanyorD, M.B.C.V.8
and T. M, DovyLe, F.R.C.V.8. Price, As. 5.

Pusa 12 and Pusa 4 in the Central Circle of the United Provinces, by B. C. Bugr, N.B.B,
B.8c., F.C.§., ALBRRT HOWARD, C.LE., M.A., and Gasrrerie L. C. Howazp, a.a,
Price, As. 11.

The Bundelkhand Cottons. Experiments in their Improvement by Pure Line Selection,

by B. C. BurT, M.B.E., B.S¢., ¥.C.8., and Nzauupprx Harper. Price, As. 4.

Safflower Oil, by ALBERT Howarp, C.I.»., M.A., and J. STEWABRT REMINGTON. Price, As. 4,

The Weevil Fauna of South India with special reference to species of Economic Import.

ance, by T. V. RAMARRISENA AYYAR, B.A,, F.ES., F.2.8. Price, R. 1-4,

Cawnpore-American Cotton, II. Further Field Trials (1918-20), Spinning Trials and

Market Organization, by B. C. BURT, M.B.E., B.8¢., ¥.C.8. Price, As. 4.

The Coconut Bleeding liseue. by S. SUNDERARAMAN, M.A. Price, As. 8.

Helminthosporium Disease of Paddy, by 8. SUNDERARAMAN, M.A. Price, As. 9.

The Preparation of Anti-rinderpest Serum using Animals of moderate susceptibility as
Virus Producers, by W. A. Poor, M.B.0,v.8., and T. M. DovLe, ¥.B.C.v.8. Price, As. 12.
Feeding Experiments at Government Cattle Farm, Hissar, by R. BRAXTORD, M.E.C.V.8,

and E. SewerLr, M.0.,, M.2.0.v.8. Price, As, 3.

An Entomologist’s Crop Pest Calendar for the Madras Presidency, by T. V., RaMakrisaxa
AYYaAR, B.A., F.ES., F.2.8. Price, As. 2.

Report of Campaign against Spodoptera maurilia, Boisd. (Noctuide) in Malabar, by E.
Barraep, B.A., F.E.S. Price, As. 2.

Results of Investigation of Bionomics of Platyedra gossypiella, Saunders, in South India,
together with some notes on Farias insulang and E. fabia, by E. BALLAED, B.4., 7.E.8.
Price, As. 5.

Supplementary Observations on Borers in Sugarcane, Rice, etc., by C. C. Guosy, B.a,
Price, As. 6.

Some Observations on the Control of Field Rats in the Punjab, by M. A. Hussamv, M.4.,
and HeM SixcH PrRUTHI, M.80. Price, A. 1. .

The Hydrogen Ion Concentrations of Some Indian Soils and Plant Juices, by W. R. G.
ATKINS, 0.B.E., 8¢.D., F.1.C. Price, As. 4.

Note on the Probability of an Inter-relation between the Length of the Stigma and that
of the Fibre in some forms of the Genus Gosaypium, by Ram Prasap, Price, As. 4.

Methods of Examination of Certain Characters in Cotton, by G. R. HiLsow, B.sc.
Price, As. 8.

List of Publications on Indian Entomology, 1920-21 (Compiled by the Imperial Entomolo-
ist). Price, R. 1.

Tﬁe })ctermination of Prussic Acid in Burma Beans (Phascolus lunatua)——-(Pmliminary
Note), by J. Crmarrroy, B.sc. Price, As. 5.

Comparative Manurial Value of the whole Plants and the different parts of Green Mapures,
by N. V. Josul, B.a., M.8¢., L.ag. Price, As. 6. ) -~

The Cultivation of Lac in the Plains of India, by C. 8, Misra, B.a. Price, R. 1.8,

Ber (Zizyphus jujuba) Fruit and its Fly Pest, by J. L. Kuaze, FE.8. (in the press.)

Observations on the Morphology and Life-cycle of Filaria recondita Grassi, by M. Axawr

No. 145 Some observations on the Barren figs r Bari Doab 'Colony in the Punjab, by

&M, Nasie. (In the press.)
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Vol.
Vol.
Vol.
" Vol.
Vol.
Vol

Vol

Vol

Vol.

Vol.

Vol.

Vol

Vol

Vol.

Vol.

Yol

Vol.

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA

X1, No.

XI, No.

X1, No.
X1, No.

X1, No.

XI, No

Botanical Series
II. Studies in Diseases of the Jute Plant. (1) Diplodia Corchori, 8yd., by F. J.

F. Suaw, Dn.sc., A.R.C.8., F.L.8. Price, Rs. 2 or 24, 8d.
ITII. Morphology and Parasitism of Acrothecium Penniseti n. sp. (A New Disease
of Pennisetum lyphoideum), by MAXORANIAN MrrRa, M.Sc. Price, R. 1-4.

IV. Studies in Gujarat Cottons, Part I, by MagaxraL L. PaTEL, B.Ag. Price,
Rs. 2 or 2s. Gd.

V. Die-back of Chillies (Capstcum spp.) in Bihar, by Jemaxame Farpuxit Dastus,
y.sc. Price, R. 1 or 1s. 4d.

VI. The Influence of Atmospheric Conditions upon the Germination of Indian
Barley, by W. YoURqMax, B.sc. Price, As. 9 or 1s.

VIL Correlation of Colour Characters in Rice, by G. P. HEoToR, M.A., B.8c. Price,

R. 1-4 or 12. 84d.

X1, No.VIIL. The Inheritance of Characters in Rice, I, by F. R. PARNELL, M.A., Ag. DIP.

(Cantab.) with the assistance of G. N. RANGASWAMI AYYANGAR, B.A., K.
RAMIAR, L.Ag., and C. R. BRINIVASA AYYANGAR, L.Ag. Price, R. 1-4 or 1s.8d.

XJ, No 1X. A New Ginger Disease in Godevari District, by 8. SuNpDaRA MaN, M.A. Price,

R.1. or la. 4d.

X1, No. X. Helminthosporium spp. on Ceresls and Sugarcane in India, Part 1 (Diseases

of Zea Mays and Sorghum vulgare caused by species of Helminthosporium) b
M. MiTra, M. 8¢, (In the press.) Yy spec my porium) by

XII, No I The Wheats of Bihar and Orisss, by ALBEAT HOWARD, C.L.E., M.A"; GABRIELLE

L. C. HowsrD, M.A. ; and ABDCR RanMax Kuax. Price, As. 8 or 9d.

Chemical Series

V, Nos. VII The Gases of Swamp Rice 8oils, V—A Methane-oxidizing Bacterium from
& VIII. Rice Soils, by P. A. SuBRaEMANYA AYYAR, B.i.; and The Gases of

vV, No.

V, No.~

V1, No.

VI, No.

Vi, No.

Swamp Rice Soils, VI—Carbon Dioxide] and Hydrogen in relation to Rice
Soils, by W. H. Hannisox, p.sc. Price, As, 12 or 1s. 3d.

IX. The Retention of Soluble Phosphates in Calcareous and Non-calcareous Soils,
by W. H. HarrIsox, D.8c., and SURENDEA LarL Das, M.8c. Price, R. 1.
or ls. 4d.

X. Windrowing Sugarcane in the North-West Frontier Province. Part I. The
Effect on the Economical and Agricultural Situation, by W. RoBERTSOK
Browx. Part II. The Effect on the Composition of Sugarcane, by W.
H. Harnisox, p.sc., and P. B. BaNvar, M.sc. Price, As. 12 or la.

I. Investigations on Indian Opium No. ). Non-environmental Factors influen-
cing the Alkaloidal Content and Yield of Latex from the Opium Poppy
(Papaver somniferum), by HaroLp E. AxxzrT, D. 8¢. (Lond.), 7.1.0., M.8.E.A.C.,
Hagr Das SEN, m.5c., and Hak Dayay Sixgn, B.sc. Price, R, 1-8 or 2s.

II. Investigations on Indian Opium, No. 2. The Effect of Non-environmental
Factors on the Alkaloidal Content and Yield of Latex from the Opium Poppy
{Papaver eomniferum) and the bearing of the work on the functions of Alka-
loids in Plant Life, by HaroLp E. AxweTT, D.8¢. (Lond.), r.1.0., M.8.%.A.C.
Price, Rs. 2 or 2s. 9d.

I11. Studies in Soil Moisture, PartI, by B. H. WiLspox, B.a. (Oxon.), L.E.8. Price,
R. 1-8 or 2s.

VI, Nos. IV Variations in some Characteristics of the Fat of Buffalo and Cow Milk with

& V.  changes in Season and Feeding ; The Mutual Applicability of the Analytical
Figures for Butter Fat and Ghee, by F.J. YMEN, A.0.6.1., and A. R.
PADMANABHA AIYER, B.A. Price, As. 12 or 1s. 3d.

Vi, No. VI. Investigations on Indian Opium No.3. Studies in the Meconic Acid Content of

Indian Opium, by HaroLp E. ARNETT, D. sc. (Lond). . L 0, K. 8.E.AC.
and MATHURA NATH BosSE M.A. Price, As. 6 or 6d.

Yol VI, No. 1L ass Gall
Vol. VI, Nos. IV & V. New Indlan

Entomological Series
Midges, P, Felt. Price, As. 10 or ls.
Indian Crats GsuMidges (Itonligdigw), %y E. P. Ferr ; Three New Wasps from

Price, As. 12 or 1s.

dis, by G. R ry Dipters : Sphryracephala hearseiana, Westw.,,

VI Life-histories of Indian Insects.

vol. VII, No. by 8. K. SEN, 5.80. Price, As. 12 or 1s.

‘ Nos. VII New and
Vol VI, N o, e
ol VI, No. IX. Notes 50

dian Odonata in the Pusa Collection; Further Notes on
Rsh;elfrlm by Maior F. C. Peasse, LM.s. Price, R. 1-4 or 1s. 9d.
dian Diptem by RosALD SExioR-WHITE, F.E.S. Price, R. 1.12

or 2s. 3d.

Rhsnocyp.

Saund, Pink Boll-worm in South India, 1920-21, by

Vol. VII, No. X. Platyedra gossypiella, res  {In the press.)

vol. VI,

No., XL gtféief?ﬁ'ﬁﬁ;f 5;rmaptua, by MorGaN HEBARD. (In the press.)
0.

her Notes on Pempheres affinis, Fst. (The Cotton Stem Weeril), by

Yol VII, No. XIL I']‘Eu"% ALLARD, B.A., R.ES. (Inthe press.)

of Experiments on the Control of Siga (scheenobius) incertellus

Vol VII, No. XIHL ?: tﬁ:‘gxﬁ“ry Delta, by E. BALLAED, B.A., F-ES. (In the press.)

Vol. IH9 .No.
No, III. Bovine Lymp
VYol. IH: No v

Veterinary Series
berole Bacilli isolated from Bovine Lesions in Indis, by
1. ThAe lh‘élmﬁ.so., ;.z.c.v.s. Price, R. 1.4 or 1s. 8d.

hangitis, by A. L. SHRATHER, B.8¢., M.B.0.V.6. Price, R. 1.8 or 2e.

Studies in Rinderpest, by W. A. PooL, M.B.0.V.8., and T. M. DoyLy, F.R.O.V.S.

Yol III, No. * " Price, R. 1 or 1s. 4d.

Vol III, No.

Eiology of Equine Contagious Abortion in India, by T. M. DoYLE, ¥.R.C.V.8.
V. Price, As. 8 or 9d.

~

" BULLETINS 15SUED BY THE A(;RUIB(AULTURAL RESEARCH INSTITUTE,

List of Ipdisn Crop-Pests, by T. BAINBRIGGE FLETCHER, R.N., P.LS., F.ES.

No. 100 r.l-ﬂr;mls m:l';noted as Injurions in Sounth India, by T. V. RAMARRISHNA AYYAR,
‘101, Some ice, As. 8,
Fo. 101 ""’;’é"f' r.z.s.e. 1;;::, eto., by T. BAINBRIGGE FLETCHER, R.N., I.L:S,, F.E.S., F.Z.8,
' . Borers A, Prio . .
‘Nof 102 and c&ﬁh Enonﬂon onl:i: Aleylsos'idm, by C. 8. Misra, B.a.  Price, As. 8.
No. 103, Some In Teaf-hoppers, by C, S. M1ses, B.A. Price, As. 6.
o. 104, The Bwlg tworms in Indis, gy %’ Baxsriaot FLETCHER, R.X., F.LS., F.E.S., F.2.5., and
. ice, As. 8.
No. 105 0'19'1%,;;;‘& II::noe t, by Lewis H. Gouvex, Ph.p., F.ES. Price, R. 1.
No. 108. The in t on the Survival of the Pink Bollworms (resting stage larva) in Ripe
No. 107. Cotton Bolls buried at different depths, by F. C. Wirrcocgs. Price, As. b5,
" , ests of Cotton in North Bihar, by C. 8. M1sga, B.A.  Price, As, G.
No. 108 Some %M of Mulberry, by C. 8. Mrsra, B.A.  Price, As, 4,
No, 109. Tﬂb"’m‘ﬁm of Wood against Termites, by T. Barnsricox FrETCRER, R.X., F.LS,,
No. 110, The 108 26, and C. C. Gmoss, B.a. Frice, As. 3.
’ . ¥ B Dests, by T. BAINBRIGGR FLETOHER, B.., F.LS, FES., F.2.8, and C. C.
No. ll ']

GBOSE, B.A Price, At 14,
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7. Tho Conditions sfBeoting the Quality of ke Java Indigo Plant (Leaf yicld and rr
No. the leaf in indigotin), by W. A, DavIs, B.S0., A.0.8.1.  Price, As. 0. yield and richness of
No, 8 Note on the Development of the Indigo Industryin Assam in conjunction with Tea and

other Orops, by W. A, Davis, B.Sc., A.C.G.1. Price, As. 3. )
9. The Nature of the Changes Qocurring during the Extraction of Indigo from the Java Plant

No.
(Indigofers aﬂeqta), _by w. A. Davis, B.SC., 4.0.G.I. Price, R. 1.
No. 10. Note on the Da&e:lo;atlon of Indigo Seed during Storing, by Major W. R. (. Atrixe, sc.p.

y.1o. Price, L .
Changes occnrring in the Indigo Steeping Vat, by W. A. Davis, B.Se.

. The nature of
No. 11 ACGI Price, Re. 1-10

BOOKS.

o Wheat in Indis, ll’{ys A;,z:x;’: gzwmn, M.A., A.R.C.3., F.L.S. ; and GaBrieiLr L. C. Howarp, M.a.

288 1P, on of the Tmperis] Bactericlogical Laboratory, Muk

LN on o gica ora , Muktesar: I »

mmnPJ. D. E. HoLMES, M.A., D.8C., M.E.0.V.S, PﬁggAs. 8 or 9!;; ts Work and Products,” by

# Agrioulture in India,” by JAMES MACKENNA, M.4., 1.CS, Price, As. 4 or 5d.

# Gome Dissases of Cattle in India. A Handbook for Stock-owners.” Price, As. 8 or 9d

# The In;port;:oe of Bacterial Action in Indigo Manufacture,” by C. M. HurcHiNsox, B.A. Price
29 . » B.A. ;

Report on the Disoases of Sflkworms in India, by A. Pringle Jameson, D.So. Price, Rs. 3
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