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/8 G.0. No. 923, Revenue, dated 28th March 1917

tion on record on this subject.

" in conjunction with a co-operative credit society, and this will be borne in mind.

~ a failure on two, owing mainly to vagaries of the climate, but difficalties

IIOME DEPARTM}LN'I (EDUCATION)

g ———

: G.0. No. 459, 9th April 1918
Indigo S

Recording Doctor Marsden’s report on his inquiries into the method of mannfaotnre of —
in Madras,

Reap—the following papers :—-
1

Asstract.—Passing orders on the proposal of the Director of Agricultare for appolnhng
Docetor Marsden as indigo expert in the Agrienltural Department.

I

o

Letter— from G. A. D. StuarT,
To—the Secretary to Government,
Dated—the 13th February
No.—R.0.0. 567-Gl,

With reference to G.O. Mis. No. 923, dated 28th March 1917 I have the
honour to submit herewith an advance copy of Doctor Marsden’s report on his i mqmnes
into the method of manufactare of indigo in Madras.

2. 1 consider that Doctor Marsden has carried out the task entrusted to him most
ereditably. His report contains much valuable and interesting information and T am
publishing it as a bulletin, Up to the present there has been little definite informa-
‘We now have something definite to go on.

3. Doctor Marsden is not very hopeful of it being possible to improve the process =
of manufacture in Madras as yet, and I must agree with him. It may be possible to
improve local methods when the researches now in progress at Pusa have thrown
more light on the bacteriological processes involved. hen these researches are
completed, I should like to erect a vat upon one of our farms, say Nnndyal ‘and oan';
out full scale tests of the improved methods.

4. I am not very sanguine of the possibility of mduomg ryots to combine to
market their indigo, or better still, to club their produce while still in the form of
paste so as to manufacture a large qunntlt('iy of dye of uniform composition in a central
factory. Nevertheless this is a possible development which might be brought about

., I.C.8., Director of Agriculture, Madras.
venue Deparhnent. &
1918, - e

5. Doctor Marsden also suggests the advisability of controlling the su y of seed
from the Nandyal area. I do not think that any such control is y possible
The fraudulent mixing of old seed, and of seeg from other districts, \nt!lN 8
seed, was due to the great temporary demand for seed in 1916-17. This l!hu'
not hkely to recur.

6. Plots of Java-Natal mdxgo were sown last ear on five farms. El!homg«

tion also contributed. At the remaining places the grew and has only
been harvested for seed. 1t is too euﬂ;" to deal mthom results of this
mdtheymllbeconnderedmthemml It will in any cas
? work to enable us to decide whether there i is a future
he great difficulty in its way as pointed out by Doctor Mars
“be 1mpoemble to secure germination of the seed unless this is
sulphuric acid. This is possible in Bihar where the cultiv
Em'opean planters, but it would not be pouﬁle nnﬂar Hulras :
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7. Since I wrote my letter R.O.C. No. 94-Gl., dated 31st March 1917, the pros-
pects of natural indigo have considerably deteriorated. The crop of 191617 covered
449,900 acres, and would have yielded some 58,000 ewt. of dye if completely manu-
factured. The restriction of freight space, coupled with a falling off in the home
demand during 1917, led to a serious fall in price and in exports, as shown below :—

Exports from Madras are—

1013-14, 1916-16. 1916-17. 1917-18.

CWT. CWT. OWT, CWT.
1,787 26,171 12,280 1,234 uap'to the end of
g\lovember 1917.

The manufactare of artificial indigo in England and America has now commenced
and it is impossible to say what the dewmand for natural dye will be in the future
when shipping facilities become normal. It has to be remembered however that there
is the large market of China to be exploited.

8. Doctor Marsden’s term of special duty expires on 31st March 1918 and I do
not consider that it is necessary to employ him further on investigation into indigo.
He has gathered all the information possible, and further progress must depand on
the bacteriological work at Puasa, the result of agricultura! experiments on the Java-
Natal plant, and especially on the future gourse of the market for dye, which it is at
present impossible to foresee. As reported in my letter R.0.C. No. 188-Gl. quoted
in G.O. Mis. No. 593, Revenue, dated 12th February 1918, I have asked Doctor

Marsden to spend the remainder of his time at Coimbatore on investigation in con- -

nexion with castor seed and oil. From 1st April he may revert to his permanent
post under the Director of Industries, and his staff may be disbanded.

Excrosure

Doctor Marsden’s report on indigo manufacture in Madras.

Introduction—With the demand for dyestuff which become universal when the supplies of
synthetie dyes from Germany were cut off, those nataral dyes which were still obtainable found
a ready market. The most important of these of course was indigo and, although the extent to
which it was cultivated had serivusly deoroased in the last two decades, it was still a remuane-
rative crop in many districts, and under the alvice of officers of the Madras Agricaltural Depart-
ment ryots placed a great deal more land under indigo than they hid done for years past. The
normal area under indigo in ths Madcas Presidency was until a fow yearsago some 110,000 acres
but had decreased to some 80,000; in fact in 1913-14 it was as low as 55,000 acrss, but in
1914-15 there was a return to 71,683, and the effect of the high pricas then ruling was seen in
the following years when in 1915-16, 222 000 acres were sown, and ia 1916-17, 460,000 acres.

Cultivation was also extended in other Provinces and vory early the demand arose that if
possible the industry should bs placed on such a footing that it would be able to hold its own
against the synthetic product even after the war, and in February 1915 ths Goverament of
India held an informal conference at Delhi to econsider questions coanseted with the production
of the natural dye. Questions of agriculture, manufacture, an1 marketing were discussad and it
was recommended that a chemist should be engaged to make investigations upon possible
improvements in manufacture and standardization of the product, and the desirability of mar-
keting the natural indigo in forms suitable to the requirements of users was emphasised. As a
result of this conference Mr. W. A, Davis, B, sc., was appointed and, since his arrival in India in
May 1916, has been working at Pusa upon the problems indicated.

_ The matter was also taken up at home and an Indigo Committee was formed in Liondon and
has been advising upon the questions of marketing and competition with the syathetic product.
It snggested a selling organization in England and members of the Behar Planters’ Association
have subscribed a sum of money to thoroughly test the possibility of standardizing and supplying
natural indigo in various forms (cakes, paste, powder, ete.) and an agent has bsen appvinted to
push the business.

In G.O. Mis. No. 923, Revenue, dated 28th March 1917, the Madras Government accepted
the suggestion of the Director of Agriculture, Madras, that, working in collaboration with Mr.
Davis, I should undertake in this Presidency the investigation of the methods of manufacture
followed by the ryots, with the object of suggesting improvements in these methyds, of inguiring
into and if possible reducing adulteration aucgi generally report upon existing conditions.

The indigo season in Behar commencing rather earlier than is general in Madras, I was
enabled to visit with Mr. Davis some of the large Kuropean managed factories in the neighbour-
hood of Pusa and thus make myself acquainted with the conditions under which indigo is mana-
factured under the best modern conditions. Upon my return I toured in the different indigo
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growing districts of the Presidency, arranging my tours so that, as far as
on the spot when actual manufacture was in progress. Growers, vat owners an
spoken with and samples of indigo were taken from the different districts for anal
' Reganding the history of indigo growing in Madras there is little record, but ¢ d
igomﬂveilg early times is evident from the reference to it in the travels.of Marco Polo at the ¢
of the 13th century. He also refers to it as seen in Guzerat and it appears that West India v
theahief centro of the industry. It was not until the 18th century ,govever that it
imported into Europe and became an important article of commerce when the East

pany took an interest in it. The trade became so valuable that the growing
widely in the tropical colonies and especially in the West Indies, where the man
shed until sugarcane and other crops were found to be much more profitable ‘and displaced
The reputation of Indian indigo had suffered even then in consequence of the excessive adults
tion practised by the Indian manufacturers in whose hands the trade lay and the Hast
Company obtained the services of European Flant.ers from those other colonies and per
them to settle in Behar and Bengal, and it is from this time that the superiority of the indigo
a roduced in these provinces dates. The manufacture spread into the adjacent districts and the
grodnction from the western side gradually fell away. 5

Indigo in Madras.—Next to Bengal, Madras became the most important indigo-prods
province and exports were often more than 50,000 ewt. per annum, with a value of overa
of rupees. Recently the chief markets for Madras indigo have been in Kgypt and Japan
only very superior qualities were exported to Europe. . Saiad

The chief indigo-growing districts in Madras weré South Arcot, Ouddapah, Nellore, G
Kurnool, with appreciable quantities in Chingleput, Kistna, Chittoor and Vizagapatam.
Throughout the Presidency the cultivation and manufacture is entirely in the hands of Indians,
with the exception of Vizaﬁ?patam where Messrs. Ripley & Co. supply seed to the oh::%
control the manufacture, The produce from their fuctories does not come upon the ma:{a& here
but, being of high average quality, is shipped direct to England. The chief indigo markets are

~in Proddattur in the Ounddapah district and in Madras, and it appears that the produce from
Nellore and the distriots surrounding Madras is the best produced i:ure, being of good average
quality and free from adulteration. The lankas of the Godavari yield a medium quality indigo,
whilst that from the Ceded districts is very variable, some being exceedingly good whilst some is
of the lowest quality possible. : Sh

South of Madras the produce is in general not equal to that from the other districts, but this
may be due to the large proportion of dry leaf indigo made there, the practice of manul g
from the dried leaf not being followed outside South Arcot. SR

In my tours I visited vats in Vizagapatam, Godavari, Guntor, Cuddapah,
Chinglepat and South Arcot, to find that the conditions prevailing in the industr
comparable with those associated with it in Behar. It is only in Vizagapatam that Ex
firms have an£oontrol and there the lands are purely Indian owned, the ryots obtainin
from Messrs. Ripley & Co. at a fixed rate and sowing only as a cateh erop sger

‘one crop is possible before August and, if the rains which fall in that district abor
early, even this crop may be sacrificed by the ryots and ploughed in that the
F'epsred for paddy. Messrs. Ripley & Co. own all the vats which are larger
residency and are built in ranges so that there is factory production on a scal

that in Behar. Weavers here and there however have imitated the arrang
lines of earthenware pots of 70 or 80 gallons capacity in which the leaf is steepe
beaten. No careds exercised by them in the manufacture, the indigo
made only for their own use, but these pot installations are a source of annoya
factories, as they purchase leaf at higher rates and the factories lose when
produced from seed distributed by them. : ; o

© In Godavari the vats I saw had been erected by Nellore merch
on their own lands and selling the leaf at -upon rates to :
doubt to the difficulties of shipping, the Nellore people did not a
and the ryots worked the vats and manufactured the indigo themsel

_In all other districts the arrangements for manuf
is generally a better class ryot who has some porti
wrchase the leaf crop from his neighbours or hi
ture and dispose of the product themselves.
have not sufficient leaf for a vat filling
portion of leaf brought to the vat. Tk
md of a village than the vats ther
is a general practice, if :ﬂ‘p“lan 10
dry the leaves and mannfacture from

s

leamwillbedg‘alt with separately.
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Methods o{ agriculture in Madras.—1 am indebted to officers of the Agr@onlt&nr_al depart-
ment for details of the method of agriculture followed on indigo lands. Indigo is in general
sown as a dry crop but in some localities it is sown on garden and even 1n wef lands, ryot
knowing perfectly well that, although the plant grows much more luxuriantly under the latter
conditions, the dye content of the leaf is not so high as it is when grown on “ dry land ”.

Liand intended for indigo is genemlly manured either by penning sheep or goats on it or by
means of farm yard manure to the extent of some 10 carts per acre, although sometimes even
double this amount may be used. In dry lands it is often sown mixed with other crops (ragi,
mustard, gram, gingelly) the land having been fairly deeply ploughed and the irrigation for the
main crop assisting in giving the plants a good start. After the removal of the main crop, the
land is hoed, and the surface is broken up around the stubble after each cutting.

The general period for sowirg is in December—January but in dry lands in the Northern
districts 1t may be sown in June-July. The first cutting is taken in about three months,
followed at intervals of about two months by the sccond and third cuttings. Sometimes the third
crop is left to bloom for seed, but in the Naodyal division the seed is taken from the second crop
and the dye made from the third (ratoon) crop, whilst in Godavari the seed is taken from the first

crop and the second cutting is taken for dye manufacture. Itisa generally acoepted fact here @

that heavier cuttings are obtained from the second crop, the first and the third being about equal

to each other, but smaller than the second.

The ryots know that the yield of dye is higher from the plants cut just before blossoming,
but vat space is not always sufficient to deal with the plant at the right time so that much plant
of poor dye content often finds its way intg the vats.

'I'hroughout the Presidency only one variety of plant Indigofera Sumatrana is cultivated ;
it is bardy and well suited to the conditions and the preliminary trials of the Agricultural
department to grow the Java-Natal variety have not so far been really successful. The treat-
ment of the seed with strong sulphuric acid, which is necessary with this latter variety to ensure
germination, is not an operation which will appeal fo the ryots and, when it was attempted, the
germination results, probably owing to faulty treatment, were anything but good, and were not
of a nature to impress the ryot with the superiority of the Natal plant over the one the growing
of which he is accustomed to and understands.

Seed.—'I'he seed which throughout the Presidency is looked upon as the best is that obtained
from the Nandyal division of the Kurnool district. Second comes that from the lankas of the
@oddavari, followed by Cawnpore seed and locals. Cawnpore seed is very mixed and that which
was obtained this last year gave very poor results, but the demand for Nandyal seed was
responsible for a great deal of adulteration being fraetioed there, and the ryots report that, not
only was a large amount of old seed found mixed in with what purported to be fresh seed, but
that consignments of seed were despatched from other districts to Nandyal to be disposed of from
there as pure ‘‘ Nandyal ", . :

Manufacture—The extraction of indigo from the plant is carried out in vats of brick coated
with cement, and generally rectangular in shape, but in Nellore and adjacent districts (as also in
Godavari where the manufacture is controlled by Nellore dealers) the steeping vats are
cylindrical. The usual capacity of the reotangnlar vat in this Presidency is about 500 to
600 o.ft. (15' x 12’ x 8}’) whereas the cylindrical Nellore vat has a capacity of about
150 o.ft., but they are generally arranged in batteries of 3 to each beating vat. 'Izhe steeping
vats are built at a higher level than the beaters, so that the steeping liquor flows from the former
into the latter by gravitation,

The plant is held down in the cylindrical steeping vats by means of large stones, but in
the rectangular vats flat iron bars are fixed upright at opposite sides (two pairs to each vat) and
baulks of timber with slits at the ends fit over these bars and are beld down by a stout iron pin.

The water employed in Madras is almost without exception well water and, the wells being
in constant use for manufacture and irrigation, there is not the liability of variation in quality @
which is a factor to be reckoned with in cases where the supply is from rivers or tanks. I saw
only one vat in Guntir working with water supplied from a tank, and in Vizagapatam where
the factories are near the river, water is not drawn direct from the river but from wells sunk
near the banks.

Filling.—When ready, the plant is cut about 4 inches from the ground, tied into bundles
and transported by carts or bead load to the vat where it is stacked (as far as possible) in the
shade. Cutting is carried out in the early morning and the filling of the vats may commence
about 10 am. or be delayed until early afternoon. The filling is done by opening out the
bundles and placing a layer (the shoots lying all in oné direction) upon the ﬂ%zr of the vat.
Each succeeding layer is placed in the alternate direction until the vat is sufficiently full when
light bamboo sticks or mats are placed upon it, poles which reach across the vat are laid upon
these about three feet apart and the whole contents of the vats are then compressed by two heavy

baulks of timber which are levered down and held in position by pins passing through holes in
the stanchions fixed in the walls of the vat. Water is then ran in until it stands just above the
level of the plant. & .

{

“boiled over an open fire.
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8teeping.—In some three to four hours evidences of fermenting action are seen and this
‘on increasing until the surface of the water is covered with froth formed by the bubble
-gas and, when this froth commences to subside, it is taken as a guide that
ended and the steeping liquor is ready for running off. This may be in 14=16 h
‘time of filling, but the vat is usually let off for beating at daylight the following mor:
steeping vat is then cleaned and prepared for filling with fresh leaf and only then is the bei
-or aeration of the steeping liquor proceeded with. e milne

o The officers of the Agricultural Department have pointed out, by leaflets and by

mouth, that delays are not conducive to the production of high quality indigo, that
-of 12 hours under normal conditions if'to be preferred, and that aﬁ delay in proceeding
beating should be avoided as leading to destruction of dye. From what I gathered it appe:
to me that the munufacturer realizes the soundness of the advice, but to out the recommen~
dations would necessitate the employment of extra labour and that he is not prepared to
"Working as at present, the whole of the operations of the manufacture can be carried throu
by one set of men, whereas by setting extra men on for aingle operations, there would not
day’s work for all and still a full day’s wages would require to be paid. It is usual for
labour to be paid at so much per vat manufactured, and this includes filling, emptying, beating,
boiling, draining and pressing. ; e Ll

Beating and boiling.—Indigo blue is produced from the steeping liquor by aeration but
‘there are slight variations in d.iifiorent localities in the way in which it is carried out. In South
Avrcot and around Madras flat ciroular pieces of wood are tied firmly to the end of bamboo sticks
about 5 feet long to form paddles and, standing in the vat in a rough circle, the beaters dash t
surface liquor against the walls of the vat, or facing towards the centre get « ‘swing’ on the
water so ;lhat the waves meet in the centre and the spray dashes up above their heads. s
‘Guntir and Kistna the beaters gradually move round the vat dragging the face of the paddle
through the water with semi-circular sweeps whereby they raise a big feather, whilst in
Vizagapatam district the water is dashed against the vat sides and into centre by sticks to
which are fastened short cross pieces of wood which are vigorously plunged almost horizon
along the surface of the liguid. ! ? :

" Under the influence of the aeration, the yellowish green fluorescing lignid rapidly ch:

in colour to a dull green. A thick foam is produced and beating is continued until the lig:
becomes dark in colour, and a little liguor being taken up on a plate, the indigo is seen to be
well granulated and separating well from the water. A little gingelly oil is now ed over
the surface to kill the foam, any scum which remains is removed from the surface m iquor
is left to settle. A vat takes from 2 to 2% hours to beat, and if all goes well and the indi
separation is good, the topmost plug may be opened in about three hours and the surface li
drained away. To assist settling it is nsual in the south of Madras to add a few buckets of clear
lime water to the beaten liquor just before the men leave the vat, but elsewhere the genera
practice is to add an infusion of the bark of the jambolana tree (Eugenia jambolana), v

The plugs in the wall of the beating vat are saccessively opened until all the clear liqu
-drained away or indigo sludge begins to flow. The thin sludge is then transferred by means
buckets to the boiling pan (a conical iron or copper pan set in an earthen fire-place) and !

Draining and pressing.—After boiling, the indigo sludge is bucketted on %o the
‘table—a thick cotton cloth supported upon sticks in a rectangular trongh. Until the por
cloth are closed, the liquor which filters through is blue in colour and is returned
until the filtrate is clear. When the boiler has been emgtied and no more liquid -
the tahle, the filtering cloth is lifted at the edges and the indigo paste scraped
-centre, scooped into buckets and taken to the press. ' S Rss e

The press box is a wooden frame made of thick, well-seasoned planks. Tt has
considerable pressure, so the ends of the side planks are bolted together by iron bz
the ends and fitted with nuts. These side planks are perforated with num
upon a board similarly perforated, thus forming a stout box. A el
the indigo paste from the draining table is transferred to it until the
-ends of the cloth are laid evenly over the surface and a board w! ;
‘laid on the top; the press itself consists of a strong frame (upon
two upright, threaded iron stanchions passing through a heavy w
being placed between this frame and the cover of the press box,
are slowly and evenly turned and the contents of the box are e
‘in the paste escaping through the perforations. The
more liquid can be expressed when, after standing, the pre

indigo is transferred to the eutting table where
‘to a drying room and there slowl)
- Some M

The above is a short descriptio

.out in Madras. It appears to be ide )
India up to the latter end of the last century, when in ]
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increased and steam power and machinery was introduced for beating and boiling, The-

number of vats to one estate and the scale upon which the operations are carried out give the
impression of a real factory and the controlling heads are trained business men open to sugges-
tions for improvement These have not been lacking in the past and the suggestions from other
managers, and especially from Mr. Rawson who made an extensive study of the conditions of
manofacture, have been taken up and tried and wherever found efficacious, have been adopted.

A single factory in Behar may easily have 5 to 7 thousand acres under indigo and to deal
with the produce from this area in the short manufacturing seasons, a complete organization of
labour and an installation of a large number of vats is sequired. As I have pointed out, the
vats in Madras are much smaller and are scattered about singly or in pairs near the villages, and
about thirty acres is the maximum area the produce of which can be dealt with by one vat in a
month, and although the average manufacturer in Madras knows a great.deal about the practi-
cal side of the work, his knowledge is traditional and empirical and not based upon the results
of recent experiment and research as in Behar. :

The records in Behar factories show the area sown, the yield of plant, the amounts filled
daily into the vats, the daily yield of indigo, the quality of each day’s production, everything in
fact which is necessary for effective control, whereas in Madras in general there are no records
kept whatever and the statements made to me as to yield of plant per acre, the amount of plant
lzaded into vats, and the yield of indigo, varied so widely that no reliance could be placed upon
them.

As an average I would say that witha good crop a first cutting yields about 9 to 10 thousand
1b. of plant per acre and the second cutting 10 to 12 thousand 1b., whilst the figures given to me
indicate that from 25 to 30 Ib. of indigo are obtainable from 5,000 Ib. of leaf. These figures are

much higher than those for Behar, even allowing for increased efficiency which may result from the-

use of smaller steeping vats and for the lower quality of indigo produced, and I can place no reliance
upon them. The Saidapet Farm records show that the orop from one acre there was 12,000 1b.
of plant and the dye-yield was given as 50 Ib. To obtain accurate information upon this point
I feel that it would be necessary to be present during the operations and weigh not only the plant
from a given area but also the finished indigo. :

The high quality of Behar indigo in general is due to the care and control exercised at every
stage of the manufacture. The plant is cut and carefully loaded so that it is not contaminated
with earth, it is weighed as it enters the factory, and is loaded immediately into the vats and
watered. Hxperience has shown that if the steeping water is too cold (below 90° F.) the
extraction takes too long and the produce suffers in quality, so that it is usual there to have
steam pipes from the boiler into the water reservoir or supply channel and the water is heated up
to about 94° F. before it enters the vat. The temperature during the steeping is noted at
intervals by means of a thermometer, and without reference to the appearance of the fermenta-
tion, but solely by the average temperature, the time of steeping is regulated and the liquor is let
off usually in 9 to 11 hours. Beating starts whilst the liquor is still being run off from the steeping
into the beating vat, so that all loss of indigo, which may be very appreciable if the liquor stands
at this stage, is avoided ; and if the factory routine is such that the vats are let off at night, the
beating is carried out by artificial light—so great is the stress laid upon this point. The beatin
finished, the 1iquor is left at rest, but running off is not delayed until the sludge has settle
completely, for in place of a series of holes at different heights as used to be the case, a single hole
is provided at the base of the vat wall; in this is fixed a pipe and within this a pipe of a smaller
diameter with a flanged end and to which is fixed a flat funnel the opening of which can be
placed at any level in the vat. Immediately there are a few inches of clear liguor therefore, the
top of the funnel is brought just below the surface of the liquid and the refose water is run awa.
whilst the indigo goes on settling and, as may be required, the funnel is gradually lowered until
the indigo is completely settled and all clear water is run off. The indigo sludge is then without
delay washed into the collecting sump, pumped through a strainer into the boiling pans and there
boiled with acid (by means of steam), settled, the top liquor run off, boiled again with water, and
run on to the draining tables. :

Throughout the process the fact is acted upon that, once the liquid is drawn off from the
leaf, bacterial action cannot result in the production of indigo but only in its destruction, so no
delay is permitted in getting the sludge into the boiler where all bacterial action is stopped and
practically within 24 hours of the plant being cut the extracted indigo has had its first boil.

The manufacturing ryot in Madras cannot be expected to have the same knowledge as the
Behar plantet and his manufacturing process is controlled not so much by his knowledge of what
is required for the production of indigo of good guality as by questions of labour, its cost and
convenience. He knows that, once the indigo has ﬂ{)wered, the dye content of the leaf dimi-
nishes, but good plaut and that which has blossomed find their way indiscriminately into the
vat, Leal caked with mud from the fields also goes in, and usually little care is taken (when as
is usually the case the leaves are stacked beside the vat before filling) to see that no further mud
or dirt is taken up. %

Experienced ryots I find know that the indigo contents of the leaf diminish when there is.

delay in filling into the steeping vat, but if the operations connected with the previous day’s
manufacture are not completed, no extra labour is put on, but the leaves are left to lie until the-

&
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&

-
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n are ready ; also when the nmhueofthemphqsnotbeagsmadeon,the nd but takes
;‘1:00 at the vyﬁ’s side upon the gnis of the amount of plant delivered, much delay is caused
the lengthy chaffering which goes on until a rate is agreed upon, and the delay does not impre
the plant. As previously mentioned, the manufactare is contracted for at a fixed rate vat,
the same gang of men carrying out all the operations. The time of ing is not controlled by
soeing that conditions for fermentation are of the best; water is otalmn ot from the well
of eourse the temperature of well water is seldom above 80°-84 F. even in very hot w
go that it takes some time for fermentation in the vat to become brisk. The time of steepi:
therefore much longer than in Bebar and, as it is customary for labourers here to work only
the day time, running off and beating cannot be amn&ed or at night. Even in Vizagapatam
where the supervision approximates to that in Behar, the labourers could onlt{ébe brought to alter
their habits with difficulty, and during my tour there I had an example of extreme icion
with which they looked upon any change, even the minutest, and experienced the difficulty in
getting any alteration made even in the way of experiment. In the the time of steeping
2 seldom less than 18 hours and is often as much as 24 hours ; add to this the delay in beating
the steeped liquor and one can realize how easily the decrease in the quality of indigo can be
accounted for. A still more serious delay however takes place very often before boiling, for—if |
the sludge obtained is not sufficient to fill the pan, it is kept unboiled until the gll-oduct from the
succeeding steep is ready aud only then is boiling proceeded with. It is not at all ancommon for
three to four days to elapse between the cutting of the glant and the boiling of the indigo paste,
and throughout this period influences are at work which are destroying indigo.

- Adulteration.

se delays will account perhaps for the poor ave quality of the mdxﬁo fmm
oomgvlsitil:triota 1iky; Gantir where li)t is not usual for the p::dgueot to be .vnlfully adun mtqd,
and no care with the object of obtaihing high grade indigo can be expected in those other districts
(South Arcot and Cuddapah) where the adualteration by_addm‘%ﬂne clay mud to the paste in the
boiling pan is with many manufacturers a regular practice. here a deposit of extremely finely
divided clay is found, it may become a reoogm?:od com.modxty and bought for th% parpose
of indigo adulteration. Thusa ‘blue’ mud (in reality dark grayin coloar) 18 d in the
Pulivaga near Rajampet in the Cuddapah district and  is largely used, whilst near Cuddapah
itself. and Koncamangalam near Nellatur, South Arcot, other muds are found which are m& -
for the same purpose. There seems to be no shame attached to the use of these muds, the
question being considered merelz from the point of view of the price which could be obtamed. g
As one ryot pointed out, the highest price he could get for his best indigo was Rs. 80 per maand ;
by mixing one maund of clay with three maunds of this indigo he obtained Rs. 70 per maund,
5o that he made an extra profit of Rs. 40 almost for ev. maunds and appeared
unimpressed by the consideration that, when the demand eor.ea,sqd, as it then llgoyed signs
doing, such adulterated indiso would not find purchasers ; his view was that, if 1&4 won.ld
gell, he could plant other crops which would pay him just as well. L Shis
In general it may be stated that it was the high prices ruling for indigo in 1915 which
caused the large increase in adulteration and the cultivation will only be continned so long
the orop yields a better return than any other which can be laid down. The ryot is
individualist, without sentiment where his living is concerned, and if merchants w
adulterated indigo, he will put in just as much mud as will pay him. Of course mud can
employed without the appearance of the indigo suffering, so that it is not an uncommon
for the fruits of the prickly-pear to be hruised and the juice, which has a bright purplp
added to the mixture of mud and indigo to enhance the brightness of the violet streak whic
seen when indigo is scratched, The highest refinement in adulteration, I think, w
Cuddapah district where I found that magenta, a bright coal-tar colour which is
siliceons matter, was used to colour the mud and give it a colour whioh is very s
coppery streak of indigo. : ] i
> : Cost of cultivation and vetwrn.
Tn conversation with ryots and manufacturers I tried to obtain informaf
oost of oultivation and the return, and alsoof the lowest prices for indigo at
could be made to pay. The statements made were so contradictory that little
value could be gleaned. The cost of cultivation for dry land seems to ba ab
and the yield of leaf therofrom valued at Rs.80-45 per cutting. The cos
from Rs.  10-12 per vat and the yield of dry indigo may be placed at about
of 25 1b. per acre per cutting. With indigo at Rs. 40 per maund r
Rs. 18 and the value of “ seet ”’ or refuse plant from the steep
out at Rs. 8540 per acre. The price of indigo at Rs. 40 ,
seems to be about the lowest at which the ordinary
and in general it appears to be the price obtainable f dye which
the value of the erop tothahndmtofnhonmthothar_snptgpz:mﬁl,
Appreciation of ‘seet’ as a manure.—~Some ryots recognise the
and esg:e’;auy iat{is the case in the neigkbourhood of garden land
Ré. 10 per cart load. The value of indigo as green manure is als
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not a to be appreciated that, if indigo is grown, it is far superior as a manure affer the
dye been extrggted than it is in the green state. In dealing with a refe‘lt'onoe from the
Director of Agriculture regarding Baron ttky’s claims, I wrote in 1913 : “If the indigo
plantis worth growing for manurial p with the dye stuff as a bye product, the outlook is
. Tf however the dye is to be a main factor, I am afraid the competition will prove to b’o’
too great and the sale price in the end be found to be too low to yield the expected return.
Rawson in his report to the Indigo Planters’ Association makes the statement that at prices ruling
at the time the value of the “seet” asa manure was practically equal to that of the indigo
obtained and stated : “The high value of seet as a manure has an important bearing on the
position of the industry. Whatever may be the price of indigo as a dye, 1t should in my opinion
pay to continue to cultivate the plant in conjunction with other ecrops, provided the seet is

judiciously applied. The soils of Behar and, in fact, of India, generally, are deficient in nitrogen v

and, in order to grow such crops, as sugar, tobaceo, cereals, ete., successfully, nitrogenous
manures must be employed ; and for these purposes seet is eminently snitable.”

The Behar cultivator also appears to appreciate the value of seet and seet water as a8 manure
more than the cultivator here and a most successful planter informed me that he was prepared to @
grow indigo whatever the value of the dye, as he found that in rotation with indigo he obtained
a return from gountry crops which paid him well, thus confirming the opinion expressed by
Rawson.

Marketing.

In Behar and Bengal the indigo having been manufactured and dried is usually
forwarded to agents in Calcutta who forward it to England for sale. It is only the produce of
the Vizagapatam district I imagine which is forwarded direct from the manufacturer in this
Presidency. The usual practice is for local merchants to purchase from the ryots, to grade the
indigo into various qualities and dispose of it to larger merchants or shippers in centres, like
Proddattur (Cuddapah) and Madras. The grading of the indigo and the price offered is generally
determined with reference to the specific gravity of the cakes, colour, nature of fracture, porosity
and the appearance when scratched with the finger-nail.

Valuation of indigo.—The tests applied give some indication to an experienced man
regarding the quality of the manufacture and the behaviour to grinding, but leave much to be
desired as a means of determining the colour content, which after all is the main thing. To test
the acouracy of the merchants’ valuation I obtained from the largest dealer in Proddattur (which
is the biggest indigo dealing cenfre in the Presidency) samples of different grades with prices
&Jreferred to a sample of Gundalur indigo which is looked upon as one of the best qualities in the

residency) and analysed these for real indigotin. content. P
‘ _Vu!no of
Price. Perconta Prioe per unit | indigotin
8 { sample. ArreE ek
oo | of indigotin. | of indigotin. ”m;ﬂ
2 | at Rs. 90,
" A .
1. Gundalur 90 | €30 091 a
2. Payakal .. 80 { 626 0°81 804
3. Nandyal 80 ! 668 0-92 80
4. Vontimetta 80 ! 57-8 088 8
5. Kurnool .. 80 . | b44 0-94 77
8. Tadpatri 3 70 ! 600 076 85
7. Cuddapsh S e e R e 60 ‘ 505 076 72
8. Proddattur T, lowest qualivy.. .. .. .. 55 494 071 7
9. Db W do. R P il 50 ’ 60°7 063 72
10. Guntar, lowest quality 3 A e = 4b ! 47-2 061 67

Stated in this way it appears that, whatever the ryot may assert in justification of adultera-
tion giving him increased. profit, competent merchants pay proportionately less per unit of indigo
in low quality grades, which is what conld be expected seeing that the ultimate purchaser (the
dyer) is at greater relative expense in preparing such qualities for his purpose. The analysis of
Nos. 2, 3, 4, 5, 6 show further that the physical tests relied upon by the merchants do not grade
the indigo in gmportion to the real dye content and it appears to me they are largely guided in
the valuation by their knowledge ot fhe district from which the indigo comes, for in a pearance
and general characteristics there was hardly any difference between the Tadpatri sample (6) and
the preceding ones. Ina rongh way however the dealer is able to grade gis indjgoes by the
te:tfj he applies, even though he is not able accurately to grade those of approximately the same
quality.

.. From a consideration of the scale upon which ryots manufacture here and their general
indiffernce to “ quality ”, T do not think they woald take advantage of any facilities offered them
ith merchants who pack for shipment however the

for h.avuixg analyses of their indigo made.
-case is different ; analyses wonld be useful to them, but to be of any value such analyses would

require to be made upon samples drawn in the most careful manner so that each sample properly

- complete extraction of the pla
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to the shipper, but it must not be overlooked that ﬂwy‘:{. value will be deci .wll!ﬂ_ i il
analyses of the sample drawn upon arrival at the port of destination and much will depend upo
~the competency and experience of the analyst to whom the sample is forwarded there.

Conelusion.

® With regard to the growing and mmufaotnring of indigo, all the recent work of i ati
and improvement has beenunrr?ed out in Bengal and Behar and with reference to the conditio
there. The report of Mr. Rawson for the Behar Planters’ Association in 1904 itut
complete record of the conditions at the time, and many practical suggestions are made in it
Under_subsidy from the Government of Bengal research work was continued at Dalsingserai
under Mr. W. P. Bloxam and at Sirsiah under Mr. O. Bergtheil until it was transferred to P
to the Imperial Agricultural Research Institute. S e

Rawson dealt with matters like the indigo content of different varieties of plant, compositi
of soils, manures and their effects, methods of u%’nng and beating, addition of chemieals,
and the work at Sirsiah fol'owed similar lines. With sem
18] Bonnh soloaiog aod st 1 i il e
(2) thorough cultivation and application of phosphatic itrogenous manure,
(3) avoidance of delay bet.woenppontkiqg and steeping, : , .
(4) proper loading of the vats, & i e
(b) atteation to the temperature of the steeping water that it should not be below 90° F,
(6) restriction of the time of steeping ing to a temperature scale, e
(7) use of fresh water free from organie impurity, ’ ' -
(8) use of mechanical aids to reduce the time of beating,
{9) use of acid in boiling the indigo :

(10) and the avoidance of all de a}s between the operations from tmthng to " l .
peared that improvements in obtaining the l{?heat yield and guality of p ﬁﬂ ,
al the

eir Jimit and Rawson’s words “ any further aid (from a technical point of view) to improve
position of the indigo industry can only come, in my opinion, from improvement of the plant
natural selection or by the introduction of some other species (such as Natal plant) eapable
yielding a greater amonunt of colouring matter ” seemed true. e

The Sumatrana variety of plant is still largely cunltivated, but an increasing area has i
coming uader the Java-Natal plant and increased yields were being obtained, bat the lutte
variety has shown itself in Behar peculiarly liable to “ psyila ” and * wilt ”” disease. Mr. .
the Imperial Indigo Chemist, looks upon the latter as caused by :
regard to the manufacture he considers (from the evidenee he has at

‘the existing methods are very inefficient and that, were the w carried v
. chemical and bacteriological control, the yields in many eases could be increased by as
100 per cent. He lays stress especially upon the im of the bacteriologica
from the investigation and results of Mr. C. W. Hutchi lmperial B
great interest in the work, it seems certain that the establishment

who is taking a e va
a snitahleh%teriul flora would enormously improve the yield and the average of regula
the product. Results already obtained show clearly that the efficiency of the prevalent pre
~of extraction depends entirely un the mature of the bacteria present in the steeping vat and
a%oordu‘;guthmm of a favourable or unfavourable type, very different yields of i
. obtained. ‘ ~ R
In different districts, in different waters and on different days, variation in
bacteria predominating may occur and account for the variations in yield and
noticed. The well known fact that in the early days of a season’s manufacture
are low but progressively improve, certainly points to the influence which
growth may exercise and, if all inimical i i _an

could be eliminated anc
nondestructive of indigo or indigo yielding material established, both yield ar
show an enormous improvement upon the present average.

One point which may account for the generally reported high yie
with Behar, is the much smaller ca o?ﬁ!e steoping ve )
(2,000 cubic feet) the ratio of wall space area to caps &
rectanguiar Madras vat of about 500 cubic feet. Wall

; ing vat provide lod t aress for bacteria and es
vats and trellis work or bamboo fra '

ﬁgh&rtheﬁeldtnd:qn?lity- of the p
: e rapid growth of bacterial :
o

uality of indi uced in certs
for as regards the details of manufacture there is
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This line of investigation is, I understand, being energetically followed at Pm and the~
results and recommendations may be awaited with interest. : .

Mr. Davis has also drawn attention to the serious losses which may result from bad settling
of the indigo separated in the beating vat and to the efficacy of the addition of a solution of
dhak gum (from the Butea Frondosa or Bastard teak) in promoting a thorough deposition.
In Madras a decoction of the bark of the jambolana tree (Eugenia Jambolana) is generally added
to the vat, and whether it be from the use of this or to the fact that well water (free from the
low forms of life prevalent in stagnant of tank water) is used, the set‘thng 80 far as I bave seen
here is good and there does not appear to be the same tendency to ‘green’ vats as in Behgr.‘
I find aiso that there would be great objection to the employment of dhak gum here, as its price
is high owing to the demand for it for medicinal parposes. = : : ; i

arketing.—As already pointed out, the Indigo Committee in London an ¢ Behar

lenfMers’ Assx?ciation working ?n conjunction have taken steps to test the possibility of marketing
indigo in various forms. 'Where almost direct contact between consumer and manufacturer can
be thus established and the’consumer’s requirements met without delay, 1:.here is every prospect
of a business being established. It may not be out of place then to consider in this connexion
the position in Madras, and one is immediately struck by the difference between this province
and Behar. In the latter province we have large factories undgr .the ooqtro] of men who have
associations with the outside world and are members of an assoeiation which can speak for them
as for one man. Arrangements may b: made therefore to make contracts and to bring their
produce on to the market in the quality and form contracted for. Outside of Vizagapatam no-
such condition exists in this Presidency ; compareq with the Behar factories ours is a /wxdespre.ad
village industry, the manufacturer disposing of bis produce to merchants who colleet for ship-
ment, Bulk quantities of indigo are in the hands of the larger merchants and shippers and
from a commercial point of view these are more in a position comparable with the factory
owners in Behar than are our manufacturing ryots, except that they deal with the product in
eake form as it comes on to the market, whereas the large factories can presumably supply cake,

paste, or powder at demand without incurring extra expense for grinding or other treatment, but -

may indeed save expense by shipping the product at some desirable intermediate stage of the
manufacture.

From a commercial point of view this consideration is of extreme importance; for the

minutes of the Indigo Committee show clearly that in the competition between the natural and
synthetic product the price at which a suitable product can be delivered to the consumer will be
the main deciding factor. COake indigo is a form in which the common physical tests to obtain an
approximate valuation can be applied, and this form may find favour among backward peoples
but since indigo can only be used in dyeing in a very finely ground condition, the avoidance of
the expense of grinding (which is a tedious and expensive operation) is a wei hty oonsldemthn
and I am confident that both manufacturer and consumer in up to date dyeing centres will

refer if possible to deal with standardised products of guaranteed /indigotin content as shown
Ey chemical analysis, and in such cases the nearer the form of the indigo to that which causes
the consumer the least troublé and expense in application, the greater the favour with which it
will be received. Unlike the synthetic product, the natural dye can never be economically
placed upon the market in the ‘reduced ’ state ready for direct addition to the dye vat; since
in the paste form (as it is taken from the draining table) natural indigo is in the best possible
state preparatory to reduction, the pressing and conversion into cakes by drying are stages
which have later on to be reversed by the dyer and the grinding which this necessitates entails
a cortain amount of loss and expense.

With freights at the present high rates, it would not pay to ship paste owing to the high

sroentage of water it must of necessity contain, but means have been devised which appear to

Egep the paste in good condition during transit, and at normal freight rates indigo in paste
form would generally in my opinion he preferred to cakes.

What is the position then in Madras as compared with Behar, with regard to supplying
anv demand of this sort ? It must be admitted that from the size of the factories there, the
scale of their daily production, and the capacity of their managers, conditions to meet the
demand could be more readily assured than in Madras where the individual installations
are so small that a week’s production almost (even assuming tha.t.it were  of regular
quality) would only make one shipping case. The possibility of getting manufacturers to
deliver paste to a central factory for working up and standardising was discussed at the
Oonference at Delbhi in 1915 and if some such co-operative scheme could be established in the
main indigo centres here, we should be more in a position to meet possible demands from indigo
consumers. It wonld no doubt be difficult to get vat owners to combing in this way, but the
idea of central factories which with me was purely a suggestion has, I find, been .a fact in

Vizagapatam for some years, as Messrs. Biploy & COo. in that district use the old lines of vats -

for steeping and beating and, after a preliminary boil, the drained paste is carted to one of the
ecentral factories where it is finally treated and prepared for market.

An orgenization to control the manufacture of a wide area and capable of markéting the -

product in bulk and of guaranteed quah'tg' at intermediate stages of manufacture would be more
useful, I think, than one which took the

~

&

-or only at what he consi

~delusion in assuming that adulteration
districts it is well known that adulteration is the

ng ,
firms have ceased to pu
“ment has been - r
risk i
~persuade them of their mi. i
nished product as it leaves the manufacturer’s hands -
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at present and brought it back at material expense into the form desired by the dyer.
organization wouid also be able probably, to co-operate with the Indigo nittee in Tiondon
;as is being done by the Behar Planters’ Association), but I cannot imagine the"zeﬁ, ‘manu=-
acturing snd selling on the present lines, doing anything but producing cakes and ma ng
as at present » :
o Although low grade indigo will never be in much demand in the European market,
may be use for it in China which appears to have been a large consumer of the synthetic dy
Growing and manufacturing is carried on in China, but the process followed there (as di d
in an article reprinted in the Madras Mail of 28th Deoemgor 1917) is one which indicates a
lack of all knowledge of the nature of the plant principles and suitable methods of treatment,
To mix the plant extract with lime milk, as there given, accounts for the nature of a prode
analysed by Mr. Davis at Pusa which showed an indigo content of almost negligible quantify.

With a complete organization in India, high quality indigo misbt. be supplied to European
markets, whilst low grade qualities might be readily taken up in China as being much superior
to the indigenous product manufactured there. S

In the early part of the year the Agricultural Department issued a leaflet (No. 4 of 1917)
upon *‘ Possible improvements in the manufacture of indigo in the Madras Presidency ” which
contains all the advice which we are at present able to give to the ryots. To give fuller details
and confirm or disprove the wide variations in statements regarding yield per acre and produce
and fix the best conditions of manufacture as applicable to Madras, we ahoul‘:ie require to control a
planted area and at least a couple of vats for some time that we might make proper observations,
or we must await the results of the work now being carried out at Pusa and persuade the ryots
hers to work upon the lines thus found to be the best. : ; et

The future of indigo growing for dye will in this Presidency be enmomW‘b, the
market price, and at normal pre-war rates the return is not nearly so great as some other
(especially food) crops ; we shall certainly see a great reduction this year in the avea plante
compared with that of the last two yesrs, owing to the slump which af t rales on account
of the nbsence of freight and, though the introduction of the Java-Natal species would increase
the yield per acre, I do not expect that its cultivation will be widely taken up, owing to the
necessity of treating the seed with vitriol, or scarifying, to ensure proper germination of the seed,
and to the fact that so far it has not been proved that for the climate here it is so suitable as the
Sumatrana variety. The latter is hardy and seems to thrive well here under normal conditi
and its treatment is understood by the ryot ; the only complaint I have had is of the diffienlty
ensuring a supply of sound seced and one point which might be taken up with advantage
is the regulation of the seed supply from the Nandyal division of the Kurnool district. Th
seed grown there appears generally to be considered "the best throughout Madras, and on -
account much cld seed and seed of inferior quality has been forwarded there from other districts
and distributed from there as pure Nandyal. 5

Adulteration.—Regarding the low average quality of Madras indigo, this appears tc

due—

(1) to inability to control the manufacture ; ] ;

(2) to deliberate adulteration with mud in some two or three districts only.

- In Vizagapatam, Kalahasti, Nellore, etc., it appears possible to uce indigo we
the average quality of Behar, but there is no doubt that the produ&ﬁmny varies
quality, due to the empirical nature of the observations by which the manufacture
trolled. This cannot be avoided until we are in a position to lay down definite ru
ryot for the coutrol of the fermentation in the steeping v:
which will show that the steeping is sufficient, and 1 am hopeful that the in
(when complete) will provide t%ese. At present, however, an indigo prepared w
the ryot to the best of his ability may be lower in quality than another which
berately adulterated. Both are marketable and are graded and sold i 3t i
on the basis of the appearance and behaviour of g ke. The lou
aims at adding just as rauch foreign matter as will not spoil ﬁb!:n' P
ers too low a figure, he i

attitude ap to be that :;bufoys him. If the market price
‘e is prepared
bis land under other crops. 1 am inclined to think howe :

vat and decide npon th

in this direction. Were :’i
attracted them on account of abmmml
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APPENDIX A.

MANUFACTURE oF INDIGO BY A BOILING PROCESS IN THE Gopavarr DisTricr.

The general method of indigo extraction prevalent in India at the present day is that of
steeping the plant in water, whereby a vigorous fermentation is induced and when fermentation
~commences to subside, the steeping water is let off and violently agitated with air unsil separation
of the indigo is complete.

The plant constituent from which the indigo is produced is soluble in water and the rate
of extraction increases with rise of temperature ; thus at the ordinary temperature the complete
diffasion takes some hours, whereas at the boiling temperature it is complete in a few minutes.
In the latter case the constituent (indican) is extracted and may be separated in an unchanged
condition, but in the former during the lengthy period required for extraction the fermentative
changes which take place affect the indican in such a way that oxidation results in the formation
of indigotin—the blue dye stuff. The indican solution obtained by extraction with boiling
water does not yield indigotin by simple oxidation, but requires first to be treated with an acid ;
this treatment results in the decomposition of the indican into its components, one of which is
the basis of indigotin and is transformed into this by oxidation.

1t has long been known that for the production of indigo from the plant fermentation was
not necessary and in an essay on the ‘ Cultivation and manufacture of indigo’ by Doctor Shortt
published in 1860 and awarded a prize by the Madras Government, a process for extraction by
boiling is given in some detail. It is not clear, however, whether the description is that of a
process actually in use or indicates lines upon which such a process should be worked.

After diseussing the varicties of plants from which indigo may be extracted Dactor Shortt
describes the method of cultivation of the plant common in Madras (Indigofera Tinctoria),
avari (Tamil), seel (Hindustani), neeli (Telugu), and goes on to mention the ordinary steep-
ing process of extraction |as_we know it today. He calls this the ‘country’ process, but in
the chapter on ‘ manufacture’ he devotes himsell entirely to what he terms the ‘ Kuropean’
method of manufacture and although I have not found traces of or heard of any installation
working in the manner described the instructions are so definite that it appears to me they
must be based upon practical observation. He writes :—

“ On the arrival of the plants at the factory no time should be lost in stacking them into
large boilers filled with water for the purpose of being boiled. The boiling should be continued
until the leaf yields its colouring matter to the water; in the meantime esch boiler should
have.an attendant with a large prong with which the plants shonld be constantly kept under
water, and who should be careful to see that the heat of the fire is reduced the moment ebulli-
tion ocours, for, if the boiling is carried on longer than necessary, the colouring matter will be
destroyed. This requires a great amount of practical knowledge, and no rale can be laid down
which alone will be sufficient for the guidance of the inex);;erienoed. By opening the cocks
oceasionally, and observing the colour of the decoction (which should be somewhat oily in
appearance, and have a reddish colour with a peculiar musty odour), we may judge that the
period for discontinuing the boiling has arrived.”

“ At this stage the liquid should be drawn off into the beating vat and there beaten
with oars or paddles.”

In the attempt to improve the manufacture of indigo in Bengal attention was also devoted
to a boiling process and a patent was actually granted for one which closely followed the method
described by Doctor Shortt. Trials were made on a large scale about 1900, but Rawson in his
report to the Behar Indigo Planters’ Association considered that although the process was capable
of yielding an indigo of high quality the cost of fuel was prohibitive «nd other considerations
cavsed him to doubt whether the process could ordinarily be made remunerative. He thought
however that the uniformity in the high grade product obtained made it a process which deserved
the attention of managers of factories in which the quality of the indigo produced was always
poor. Investigation and research have now taken another line which has for its object the
improvement of the steeping process by characterisation and regulation of the bacterial fermenta-
tion and if this results in the improved outturn expected there will be little chance of experiments
upon the boiling process being renewed.

That a boiling process has been employed for some time however is seen from the Vizaga-

tam Manual of 1869 in which it is stated that the couctry method of indigo extraction was
‘E; slowly heating the leaves with water in earthenware chatties over a fire and when the boiling
reached a certain point pouring the liquor into another larger pot and churning. The ‘ pot’
menufacture which I found at present in vogue in Vizagapatam district is nothing but a steeping
rocess carried ou$ inefficiently on ‘a-very small scale, but iv certain villages in the Gdodavari
galta ryots still manufacture indigo by the process indicated in the Vizagapatam Manual. Watt
in his article on indigo in the Agricultural Ledger (page 62) indicates that this was in reality
the general country method of manufacture. He states: “ Throughout India, wherever Earopean
planters’ influence has not extended the natives extract their blue dyes by a very similar process
to that formerly pursued by the woad manufacturers,” i.e., by the use of warm water ans lime,
-and goes on to mention #s an example the practice as followed in Godavari. 4
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- removed, the pots refilled at once with leaf and water, and placed ready by the boiling range to

<

- difference was much greatér in favour of the hot water process. v

~indigo from the plant is

 content begins to diminish when the normal course of

~and the changes in the plant juices must be constantly tliering‘imﬁl e oul
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As seen by me this process was carried out as follows :—

A fire place of mud some 15 feet long by 3 feet broad by 18 inches high is built iu the

- open, and holes are loft in the top in which a double row of earthenware pots, 12 in number, are
placed. e pots are of 3-4 gallon capacity and the indigo plant being stripped of large stems

the leaves and small twigs are pressed into the pot and covered with water. The larger stoms,

pymyra leaves and brushwood serve as fuel, the fire beneath the pots being continuously

replenished and the smoke escaping by a hole at one end of the range. ;

The liguid in the pots is not heated to ebullition but the worker in charge of the boiling
stands by with a small scoop with which from time to time he lifts some of the liquor and notes
its colour and, judging from his experience that the extraction i$ right (the liquor being of 8
bright amber colour and free from any dull brownish tinge) the pot is removed and emptied into
a large earthenware jar of about 80-gallon capacity whilst a freshly filled pot takes its place on
the boiling range. One potful of cold water is used to rinse the leaf in each two pots after
boiling, the washings being added to the liquor in the large collecting jar. The boiled leaf is

fill the range as required. A full range is thus always being heated and the process is practically

eontinuous.

Immediately one of the collecting jars is full the contents are aerated whilst still hot by
vigorous plunging with a stout rod, split at the bottom and the ends fastened to a riag of twisted
fibre about 6 inches in diameter. At first a vigorous frotbing is caused but this rapidly subsides
and the beating is complete in about,onedourti of an hour. A small quantity of an infusion of
the bark of the jambolana tree (Eugenia Jambolana) is then added, a few more strokes of the
plunger given, and the contents of the jar left to settle. : T

Some six inches from the bottom of the jaris a hole in the side closed by a plug; after
settling, the plug is removed and the clear liquor, free from indigo, is run off. The jarisslowly
tilted to bring the level of the draining hole lower and lower until the deposited indigo i
begin to come away with the liquor. - The residual contents of the jar are then strained through
a very rough woven cloth to remove leaves and small twigsand the thin indigo sludge is collested,
drained on a fine cloth to remove excess of water and sols as a thick paste to merchants, or dried
in the form of small balls and sold to local users. ;

About nine boilings in each pot are obtained per day and the total daily yield is about
4 1b. of indigo ; there were some eight men and boys working together and I caleulated that
they were earning less than 4 annas per day. The indigo I obtained direct from the workers
was [airly bright in colour and analysed 43'5 per cent indigotin in the dried state. I had
had forwarded to me previously however two samples of what purported to be indigo of this
manufacture, but obtained from merchants to whom it had heen aoltfo in the paste form : these

samples contained only 7 and 8 per cent indigotin respectively and had been heavily adulterated
with red clay and charcoal, i

From the large scale experiments conducted by Rawson in Behar there is no doubt tha
althongh the total weight of matter extracted from the plaut is smaller in the hot water process
than by the usual steeping method, the quality of the indigo is uniformly higher. In two trials
indigo testing 75 per cent was obtained with hot water whilst the comparative steeping trials on
the same days yielded indigo of 65 and 60 per cant, respectively, and in trials in s

The difficulty in the steeping process lies in the lack of control which can be exercised
bacterial fermentation ; in the hot water process the period of action is so short that the
are not able to multiply to any material extent under the conditions under which the pro
carried out, and the resolution of the indican extracted frond the leaf must be due entirely
enzymes present in the plant. Rawson states “ When indigo plant is immersed in
temperature of 150°~160° F the colonring principle is %aiokly extracted and trahsforn
the agency of enzymes (unorganized ferments) into a form of indoxyl which is e
indigotin by the action of air.  Experiments made on a small scale have shown that ¢
tion and transformation take place in the course of 20 minutes or half an hour.”

.  APPENDIX B. o
MANUPACTURE OF INDIGO FROM THE DRY LEAF.
Although the most %eneral aud apparently the most economical method o
! y the steeping of the whole plant, it is sometin
with the whole of a crop at the proper time in the vats avai
the practice of manufacturing from the dried leaf is in vogne.
According to the season of the year and the age of the

indigo yielding content of the leaves, but it is well es

In life the destructive and building up changes 'bdhnoeom a1
remains fairly constant over given periods; with the cutting
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withered. In the case of the indigo ‘Flnnt the most evident fact is that a progressive loss of -
indigo yielding material oceurs, and if the drying period is snf!imenl:.ly prolonged, steeping and

formentation will yield no indigo at all. By exposure to rapid drying conditions however the

changes appear to be largely prevented by the evaporation of the juices and when ?nigie dry the
indigo yieYding contents are preserved and can be extracted after long periods of ftime. The

real indigo yield cannot be so bigh as from the frosh plant but wher it is impossible to deal with
this, extraction after drying appears to be profitable. No exhaustive investigations _have been
conducted upon the conditions of drying and the process followed in South Arcot is probably

ovolved as a result of observation and experience o practical results.

The plant is cut and spread in thin laf'ers so that by exposure to sun and wind the leaves:
are rapidly dried and are then stripped, collected and stored in bags. For indigo manufacture
the dried loaves are steeped in water, the weight of water being about six times that of the leaves,
but the time of steeping is usually much shorter than in the case of the freshly cut plant. The
liquor is strained through cloth upon being drawn off into the beating vat, where it is beaten in
the ordinary manner, but it s ppears usual $o add a rather larger quantity of lime water (or even
milk of lime) at the conclusion of the beating to assist the deposition of the granulated indigo.
All cther operations are identical with those followed in the manufacture from the green plant.

The quality of the indigo manufactured in this way is not equal to that manufactured under
the best conditions from green leaf, but the better qualities reach a fairly high average, in
general quite equal to that of the adulterated product of the South Arcot district. was
supplied with dried samples of different market qualities and found all to be quite good as
regards appearance of the cake, whilst analysis showed the first quality contained 45 per cent .
indigotin and the lowest about 20—-30 per cent.

F. MARSDEN,
4th February 1918. Special Indigo Research Officer.

Order—No, 459, Home (Education), dated 9th April 1918.
Recorded.

(True extract)

T.. D. SWAMIKANNU,
Acting Secrelary to Government.

To the Director of Agriculture.

,,  Officer in charge of the Department of Industries.

,» ‘Revenue Department.

.+ “Indian Engineer,”’ Madras.

,»  “Merchants Friend,” Tanjore.

., South Indisn Skin and Hide Merchants’ Association, Madras.

» Indian Agricolturist, Caloutta.

s  Tropical Agriculturist, Colombo.

,» Agricultural Journul of India, Pusa.

., Indian Forestry, Dehra Dun.

,» Nations] Fund and Industrial Association.

., United Plantere’ Association of Bouthern India, Bangalore.

,, Petit India Commercial Intelligence Bureau, Bombay.
Editor, “The Capital '’ Caloutta.

Editors’ Table (omitting Appendices A and B of Dootor Marsden’s report).




(1) For orders whether the draft order may now issue. g’? It is for m
whether the letter of the Director of Agriculture fonm'dmg Mnrsden’l upm
1 may also be placed on Editors’ Table.
8.K.—3-4-18. j
N.K.—4-4-18. : SR - :
C. H. Brows—5-4-18.
(1) Yes. : o
| (2) Yes. :
' L. 1. SWAMIKANNU—6-4-18.

Yes : including Dr. Marsden’s report in full, but without the appenﬂieeo 3L
and B.
' I have edited Dr. Marsden’s report.
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¢
C. I\Q. ““ ,l From the

P. R[asacoPALA ACHARIVAR —8-4-18,
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AssTracT.—Passing orders on the pro of tHe Director of Agricultare for appointing
Mr. Marsden as indigo expert in the Agric tuﬁal Department. ' il
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Letter—from G. A. D. Stuarr, anf.'iol.o.s.. Director of Agriculture, Madras. |

To—the Secretary to Grovernment,
Dated—the 13th February 1918.
No—R.0.0. 567-G1.

venue Department, . :

With s 0. Mis. No. 023, dated 28th March 1017, I have the

honour tosubmit herewith an advance copy of RBeebor Marsden’s report on his inquiries
into the method of manufactare of indigo in M LA
9. I consider that Deeber Marsde carried out the fask entrusted to him most
creditably. His report contains much valuable interesting information and I am
publinhing it as a bulletin. Up to the present there has been little definite informa-
tion on xecord on this subject. We now have something definite to go on. 5
3. « Marsden is not very hopeful of it being possible to improve the process
of manufacture in Madras as yet, and I must agree with him. It may be possible
improve local methods when the researches now in progress at Pusa have thro
more light on the bacteriological processes involved. When these sarch
completed, I should like to erect a vat upon one of our farms, say Nandyal, and carry
out full scale tests of the improved methods. AT : i
4. T am not very sanguine of the possibility of inducing ryots to combine
_market their indigo, or better still, to club their produce while still in the form
paste so as to manufacture a large quantity of dye of uniform composition in a cent
factory. Nevertheless this is a possible_development which might be brought abow
in conjunction with a co-operative OWMS will o, hors deiuailil <
._ ¥ Marsden also suggests the advisability of controlling the supply of seet
from T do not think that any such coatrol is practi mlfy ¢
The fraudulent mixing of old seed, and of from other distriets, with B
geed, was due to the great temporary demand for seed in 1916-17. This situ
not likely to recur. i o
6. Plots of Java-Natal indigo were sown last year on five farms. The
a failure on two, owing mainly to vagaries of the climate, but dificulties of g
tion also contributed. At the remaining places the crop grew and has only
been harvested for seed. It isToo early to deal with the results of this es
and they will be considered 10 TH annual reports. It will in any case take
years’ work to enable us to decide whether there is a future for this crop in
The great difficulty in its way as pointed out by Baebwr Marsden, is that it ap
be impossible to s germination of (he saed unluss this is first treated witl
sulphurie acid. 5is possible in Bihar where the cultivation is conti
Kuropean planters, but it would not be pogsible under Madras conditions,

.
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7. Since I wrote my letter R.0.C. No. 94-Gl., dated 31st
peots of natural indigo have considerably deteriorated. The crop of
449,900 acres, and would have yielded some 58,000 ewt. of dye if
factured. The restriction of freight space, coupled with a falli
demand during 1917, led to a serious fall in price and in exports,

Bxports from Madrasare— ... . %o o0 e
. 1913-14, 1916-16. ° - 1916-17. e Y

| 1,787 1717 o A,

The manufacture of artificial indigo in England and America has
¢ and it is_impossible to say what the demand for natural dye will
when shipping facilities become normal. It has to be remembere

. is the large market of China to be exploited. i
8. Deater Marsden’s term of special duty expires on .
- / not consider that it is necessary to employ him further on
He has gathered all the information possible, and further progress

the bacteriological work at Pusa, the result of agricaltural expe
Natal plant, and especially on the future course of the market for

resent impossible to foresee. As reported in my letter R.O. ’

: in G.O. Mis. No. 593, Revenue, dated 12th Febroary 1918,

. Marsden to spend the remainder of his time at Coimbatore on i
nexion with castor seed and oil. From 1st April he may revert to
post under the Director of Industries, and his staff may be disbanded.
Excrosurg. Leh
: O¥ [ Lagcton Marsden’s report on indigo manufacture in Madres.
Introductlon.—With the demand for dyestuff which become universal when the s
: e A : synthetic dyes from Germany were cut off, those natural dyes which were still
4 ' PR Y a ready market. The most important of these of course was iudigo and, althoug
. ; ; 2 B AT : which it was cultivated had seriously deereased in the last two decades, it st
; j 8 ) rative crop in many districts, and under the advice of officers of the Madras Agriot
ment ryots placed a great deal more land under indigo than they had y fory

S > . e but had decteased to some 80,000;in fact in 1918-14 it was as lo

: 1914-15 there was a return to 71,683, and the effect of the high prices t

the following years when in 1915-16, 222,000 acres were sown, an in 1

Oultivation was also extended in other Provinces and very early the d

ble the industry should be placed on such a footing th it wa e g

against the synthetic product even alfter the war, in Febr
India held an informal conference at Delhi to consider

of the natural dye.~ Questions of agriculture, manula

a R : : ; b improvements in manufacture and standardizatio
% : — keting the natural indigo in forms suitable to the |
e Y i R * result of this conference Mr. W. A, Davis, B, sc., wa
: 4 e May 1916, has been working at Pusa upon roble
,. \ et e , ’ The matter was also taken up at home and an
£ : : AT & o has been advising upon the questions of marketing and
g ko 1t saggested a sellir g organization in England and
have subscribed a sum of money to thoroughly test
' natural indigo in various forms (cakes, paste
push the business. T
, 3 L . - In G.0. Mis. No. 9
: : 5 j Z5 e " the suggestion of the
1 : ! - }Jﬁﬁs,ei ‘sho:lbd M@wmﬁn gy
2 i 2 followed by erym, 1th objm S
" into and if possible reducing adulterati
The indig SRR
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. from Missrs. Ripley & Co. at a fixed rate and sowing only as a catch crop afier th

dry the leaves and manufacture fr

No. 459, Hour (Epucatrox), 9rm Aprir 1918
growing districts of the Presidency, arranging my tours so that, as far as
ou the spot when actual manufacture was in m{a-.‘ Grow: ar_st'v'aﬁ'
spoken with and samples of indigo were taken from the different districts
Reg the history of indigo growing in Madras there is little record, bu
from very early times is evident from the reference to it in the travels of Marco P
of the 13th century. He also refers to it as seen in Guzerat and it ¢ 8t
the chief centre of the industry. It was not until the 18th century .

pany took an interest in it. The trade became so valuable that the rowi
widely in the tropical colonies and especially in the West Indies, where the m
shed until sugarcane amd other crops were found to bo much more profita

ever
o imported into Europe and became an important article of eommerce when the

Company obtained the services of European rla
them to settle in Behar and Bengal, and it is from this time that the
produced in these provinces dates. The manufacture spread into
production from the western side ually fell away. : .
Indigo in Madras.—Next to Bengal, Madras became the'most important
province and exports were often more than 50,000 cwt. per annum, with a val [
of rupeos. Recontly the chief markets for Madras indigo have been in Kgypt and J
only very superior qualities were exported to Furope. g e
_ The chief indigc-zrowing districts in Madras were South Arcot, Cuddapah, Nel
Kurnool, with appreciable quantities in Chingloput, Kistna, Chittoor and V
Throughout the. Presidency the cultivation and manufacture is entirely in the hands
with the exorption of Vizagapatam where Messts. Ripley & Co. supply seed to the ry
control the manufacture, 'I'he produce from their fuctories does not come u n the mar}
but, bei igh average qustity, is shipped direct to England. The ohi’e?q igo
i Pro intho Uaddapah district and in Madras, and it appears that the
Neliore and the districts surrounding Madras is the best produced here, being -of
quality and free from adulteration. The lunkas of the Gddavari yield a medium q
whilst that from the Ceded districts is vory variable, some being exceodingly good w
of the lowest quality possible. 3 el
South of Madras the produce is in general not.equal to that from the other distr
may be due to the large propoxtion of dry leal indigo made there, the practice of ma
from the dried.leaf not being followed outside South Arcot. e
Inmy tours 1 visited vats in Vizagapatem, Godavari, Guntor, Cuddap
Chingleput and South Arcot, to find that the conditions pmvailin&én‘ tie industr;
comparable with those associated with it in Bebar. It is only in Vizagapatam th
firms have any control and there the lands are purely Indian owned, the ryots ob

one crop' is possible before August and, if the rains which fall in that district a
early, even this crop may be sacrifized by the ryots and ploughed i
pared for paddy. Messrs. Ripley & Co. own all the vats which are
F%maidehoy and are built in ranges so that there is factory prodaction
that in Behar. ‘Weavers here and there however have imitated the ai
lines of earthenware pots of 70 or 80 gallons capacity in which the leal
beaten. No care is exercised by them in the manufacture, the indigo is ¢
made only for their own use, but these pot installations are a source of ann
factories, a3 they purchase loaf a5 higher rates and the factories lose
produced from seed distributed by them. LAk A
In Godavari the vats I saw had been erected jit
on their own lands and selling 1pon ra

doubt to the difficulties o!*!hippn:nf _people did nof
and the ryots worked the vats and manufactured the indigo

In all other districts the arrangements for m_‘annfmmf,
is generally a better class ryot who has some portion of his la
porchase the leaf erop from his neighbours or hire the vats to
ture and dispose of the product themselves. It is n neomm
bave not sufficient leaf for a vat filling t> combine an
Kmportion‘of leaf brought to the vat. The area s

0od of a village than the vats th deal.

is a general practice, if the plant
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A boiling seon in the Godavari distriot and the process of manufacture fr
luvuwﬂlbomth soparately. i il s
: Idmzayﬁouuwcialadru.-lm indebted to officers of the Agricultural depa
ment for details of the method of agriculture followed on indigo lands. Indigo is in ge
mucdr{.ompbntinmmlooshﬁeuitilwwnongudenmd lan
knowing perlectly well that, although the plant grows much more
conditions, the dye content of the leaf is not so high as it is when grown on
Land intended for indigo is ﬁenemﬂy manared either by penning sheep
emeans of farm yard manure to the extent of some 10 carts per acre, although sometimes
double this amount may be used. In lands it is often sown mixed with other crops
mustard, gram, gingelly) the land havink been fairly deeply ploughed and the irrigation
main crop assisting in giving the plants a good start. r the removal of the main o
land is hoed, and the surface is broken up around the stubble after each cutting.
The general period for sowing is_in December—January but in dry lands in the Norther
districts 1t may be sown in Jane—July. The first oum taken in about three month:
followed at intervals of about two months by the sccond and third cu ings. Sometimes | )
crof is loft to bloom for seed, but in the Nandyal division the seed is taken from the second
and the dye made from the third (ratoon) crop, whilst in Godiavari the seed is taken from
crop and the second cutting is taken for dye manufacture. Itisa Eenorally acoepted fact her
that heavier outtings are obtained from the second crop, the first and the third being about equ
to each other, but smaller than the second. ; :
The ryots know that the yield of dye is higher from the plants out just before blossor
but vat space is not always sufficient to deal with the plant at the right time so hat much
of poor dye content often finds its way into tho vats. : : i
'l hroughout the Presidenoy only one variety of plant Indigofera Sumatrana is
it is bardy and well suited to the conditions and the preliminary trials of the 4
department to grow the Java—Natal variety have not so far been really successful.
ment of the seed with strong sulphuric acid, which is necessary with this latter variety to
germination, is not an operation which will appeal to the ryots and, when it was atte
germination results, probably owing to faulty treatment, were anything but good, and ¥
 of a nature to impress the ryot with the superiority of the Natal plant over the one the
of which be is accustomed to and understands. el i B
Seed.—'1'he seed which throughout the Presidency is looked upon as the best is that ob
from the Nandyal division of the Kurnool district. Becond comes that from the lankas of
Godavari, followed by Cawnpore seed and locals. Cawnpore seed is ¥ mixed and |
was obtained this last year gave very poor results, but the demand for ;
responsible for a great deal of adulteration being practiced there, and the ryots
only was a large amount of old seed found mixed in with what gm- -
that consignment/of sced were despatched from other districts to Nandyal
there as pure ‘‘ Nandyal . . e ! !
Manufacture—The extraction of indigo from the plant is carried out in vats of b
with cement, and generally rectangular in shape, but in Nellore and ad jacent districts
Godavari where the manufaoture is controlled by Nellore dealers) she steepin
oylindrical. The wusual capacity of the reotmg:.lu vat in this Presidency is &
600 oft. (15' X 12’ x 8}') whereas the cylindrical Nellore vat has a ca
150 o.ft., but they are generally atranged in' batteries of 3 to each beating
vats are built at a higher level than the beaters, so that ths steeping liquor
into the l;gr by gravitation. : Ay SRl
~ The plant is held down in the cylindrical steeping vats by means of large sto
the rectangular vats flat iron bars are fixed upright at opposite sides (two pairs to e
baulks of timber with slits attheendlﬂtomﬁ%aehumdm held down by a stou
_ - The water employed in Madras is almost without exception well water and,
in constant use for manufacture and irrigation, there is not the liability of vai
which is a factor to be reckoned with in cases where the supply is from rivers or
only one vat in Guntar working with water supplied from a tank, and in Viza;
the factories are near the river, water is not drawn direct from the rive
Filling—When ready, hﬂ:dphnt is out about 4 inches from the
and rted by carts or load to the vat where it is stacked (as:
shade. Cutting is carried out in the early morning and the f the
about 10 a.m. or be delayed until early sfternoon. The ~do
‘bundles and placing a layer (the shoots lying sl in one direction,

e
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¢ until the filtrate is clear. When the boiler has been emstied and no more liquid will
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ach sucoceding layer is placed in the alternats direction until the vat is sufficiently
light bamboo sticks or mats are placed upon it, poles which reach across the vat are
these about three feet apart and the whole contents of the vats are then 1 by
&ulh of timber which are levered down and held in position by pins passing through

he stanchions fixed in the walls of the vat. Water is then run in until it stands just a

level of the plant. : - e
* Bteeping.—In some three to four hours evidences of formenting action are seen and this

% ing until the surface of the water is covered with froth formed by the bubbles of escapin

and, when this froth commences to subside, it is taken as a guide that the fermentation i
ended and the steeping liquor is ready for ranning off. This may be in 14-16 hours from the
time of filling, but the vat is usually let off for beating at daylight the following morning. The
steeping vat 1s then cleaned and prepared for filling with fresh leaf and only thea is the 2
or aeration of the steeping liquor proceeded with. 5 - R

- The officers of the Agricultural department have pointed ont, by leaflots and by word of
mo}th, that delays are not conducive to the production of high ‘?\uhty indigo, that a steeping
of 12 hours under normal conditions is to be preferred, and that all delay in ing with the
beating should be avoided as leading to destruction of dye. From what I gathered it
to me that the munufacturer realizes the soundness of the advice, but to carry out the nmer
dations would necessitate the employment of extra labour and that he is not propared to ¢
Working as at present, the whole of the operations of the manufacture can be carried th
by one set of men, whereas by setting extra men on for single operations, there would not )
day’s work for all and still a full day’s wages would require to be paid. It is usual for the
labour to be paid at so much per vat manufactured, and this includes filling, emptying, beating,
boiling, draining and pressing. ; i §

Beating and borling—Indigo blue is produced from the steeping liquor by aeration but
there are slight variations in different localities in the way in which it 1s carried out. In South
Aroot and around Madras flat ciroular pieces of wood are tied firmly to the end of bamboo ¢
about 5 feet long to form paddles and, standing in the vat in a rough cirele, the beaters dash the
surface liquor aguinst the walls of the vat, or facing towards the centre get o ‘swing’ on the
water so that the waves meet in the centre a.ndnt.gha spray dashes up above their heads. I
Gruntir and Kistna the beaters gradually move round the vat dragging the face of the padd
through the water with semi-circular sweeps whereby they raise a big feather, whilst in
Vizagapatam district the water is dashed against the vat sides and into the centre by sticks

e

which are fastened short cross pieces of wood which are vigorously plunged almost horizontally
along the surface of the liquid. A : '
Under the influence of the aeration, the yellowish green fluorescing dignid rapidly change:
in colour to a dull green. A thick foam is produced and beating is continued until the liquic
becomes dark in colour, and a little liquor being taken up on a plate, the indigo is seen to.
well granulated and separating well from the water. A little gingelly oil is no‘:nlsn :
the surface to kill the foam, any scum which remains is removed from the surface and the
is left to settle. A vat takes from 2 to 2 hours to beat, and if all goes well and the indi
scparation is good, the topmost plug may be opened 1 about three hours and the surface liquo
drained away. To assist settling it is usual in the south of Madras to add a few buckots f cle
lime water to the beaten liquor just before the men leave the vat, but elsewhere the gei
practice is to add an infusion of the bark of the jambolana tree (Eugenia jambolana),
The plugs in the wall of the beating vat are successively opened until all thé clear
ined away or indigo sludge begins to flow. The thin sludge is then transferred by

buckets to the boiling‘pm (8 conical iron or copper pan set in an earthen ﬂm-phoo} M

boiled over an open fire. : e
o sludge is bucketted on to the

lemn;:n{ and pn’m':ilg.—After boiling, thef?g e g oo
tablo—a thick cotton cloth supported upon sticks infa rectangular trough. Until the pores
i blue inoolourko:;:din returned to the

cloth are closed, the liquor which filters through

the table, the filtering cloth is lifted at the edges and the indigo paste scraped
centre aeoopedintol?fckenmdhhntothe . : e
'l:bepre-boxinawoodeniz;memdoo thick, well-seasoned planks. It hi
considerable pressure, so the ends of the _side planks are bolted by iron b
the ends and fitted with nuts. These side planks are perforated with numerous
:ggla.boud similarly perforated, thus forming a stout box. A cloth b e
indigo paste from the draining table is transferred to it untik
ends of the cloth are laid evenly over the surface and a board -
laid on the top; the press itsolf consists of a strong frame (upon
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two upright, threaded iron atanchimgmng’ ‘through a heavy wooden besm.
huinﬁl;:ﬂhgoedbetwoenthilﬁnmand o cover of the press box, nuts workin
are slowly and evenly turned and the contents of the box are compressed, the water
in the paste escaping through the perforations. The pressure is gradually increase
more liguid can be expressed when, after standing, the is opened up and the s
eindigo is transferred to the cutting table where it is cut b a wire into cubes which are tran
to a drying room and there slowly dried ; when dry they form the indig cakes of com
Some remarks upon the manufacture wn Madras and Behar.
The above is a short description givi% the essentials of the manufacturing process
out in Madras. It appears to be identical with the process carried out in all ind
India up to the latter end of the last century, when in Behar theSize of the vats beg
in and steam power and machinery was introduced for beating and boiling
number of vats to one estate and the scale upon which the operations are carried out
_impression of a real factory and the controlling heads are trained business men open to
tions for improvement. These have not been lacking in the past and the mgguﬁum
managers, and especially from Mr. Rawson who made an extensive study of the co
manufacture, have been taken up a rever found efficacious, have been ad
A single factory in Behar may easily have o to ousand acres under indigo an
with the produce from this area in the short manufacturing seasons, a complete «
labour and an installation of a large number of vats is required. - As I have j
vats in Madras are much smaller and are scattered about singly or in pairs near
about thirty acres is the maximum area the produce of which can be dealt with by
month, and although the average manufacturer in Madras knows a great deal abe
 oal side of the work, his knowledge is traditional and empirical and not based u
of recent experiment and research as in Behar. . : :
The records in Behar factories show the area sown, the yield of plant, the a
daily into the vats, the daily yield of indigo, the quality of each day’s production, e
fact which is necessary for effective control, whereas in Madras in general there
kept whatever and the statgments made to me as to yield of plant per acre, the
:;aded into vats, and the yield of indigo, varied so widely that no reliance could
em.
As an average I would say that with a good crop a first cutting yields about
1b. of plant per acre and the sccond ocutting 10 to 12 thousand Ib, whilst the figures
indicato that from 25 to 30 Ib, of indigo are obtainable from 5,000 Ib. of leaf. These f
much higher than those for Behar, even allowing for increased efficiency which may ult from
use of smaller steeping vats and for the lower quality of indigo produced, and I can place no
upon them. The Baidapet Farm records show that the crop from one acre there was
(I,f plan; and the t{ge};yield was give:e as 50 lb.d To obi'.tunth in accurate information upor
feel that it would be necessary to be present during the operations and weigh not on
from a given area but also the finished indigo. G dday g
The high quality of Behar indigo in general is due to the care and control
af.ﬁe of the manufacture. The plant is cut and carefully loaded so t i
with earth, it is weighed as it enters the factory, ~and is loaded imm
watered. Experience has shown that if the steeping water is too
extraction takes too long and the produce suffers in quality, so that it is usu ‘
steam pipes from the boiler into the water reservoir or supply channel and the
$0 about 94° F. before it enters the vat. The temperature during the st
intervals by means of a thermometer, and without reference to ‘the aj '
tion, but solely by the average temperature, the time of steeping is re
off usually in 9 to 11 hours. Beating starts whilst vhe liquor 1s still
into the beating vat, so that all loss of indigo, which may be ver;
at this stage, is avoided ; and if the factory rontine is such
beating is carried out by artificial light—so great is the stress
finished, the liquor is left at rest, but running off is no
etely, for in  of a series of holes at diffe
is provided at the base of the vat wall ; in this is
diameter with a flan s
D e Tonl s T e ek W Al 3
top of tho funel is brought just below tho surface of the liquid
_. wfim the indigo goes on settling and vy be require g
the indigo is completely settled and all cl it

boiled with acid (by means of steam
tup on to the croining tables.
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¥ hout the process the fact is acted upon that, once the liquid is drawn off
leaf, bae action cannot result in the production of indigo but only in its destruction,
delay is itted in getting the sludge into the boiler where all bacterial action is stopp
praotically within 24 hours of the plant being out the extracted indigo has had its first bo
_ The manufactaring ryot in Mgdnu cannot be expected to have the same knowledge ai
Behar planter and his manufacturing process is controlled not so much by his knowledge of
® is required for the glodncﬁon of indigo of good quality as by questions of labour, its e
convenience,. He knows that, once the indigo ‘Lu flowered, the dye content of the leaf
nishes, but good plant and that which has blossomed find their way indiscriminately i
vat, Leaf caked with mud from the fields also goes in, and usually little care is taken (w
is usually the case the leaves are stacked beside the vat before filling) to see that no :
or dirt is taken up. Th
Experienced ryots I find know that the indigo contents of the leaf diminish when there
delay in filling into the steeping vat, but if the operations connected with the previous
anufacture are not completed, no extra labour is put on, but the leaves aro loft to lie until
men are ready ; also when the purchase of the crop has not been made on the round but
Place at the vat side upon the basis of the amount of plant delivered, much lay is caused
the longthy chaffering which goes on until a rate is agreed upon, and the delay does not in
the plant. As proviously mentioned, the manufactare is contracted for at a fixed rate per
the same gang of men carrying out all the operations. The time of stee‘ning is not controll
seeing that conditions for fermentation are o?ethe best ; water is taken direct from the well a
of course the temperatare of well water is seldom above 80°-84° F. even in very hot wea
60 that it takes some time for fermentation in the vat to become brisk. The time of L
therefore much longer than in Bebar and, as it is customary for labourers here to work
the day time, running off and beating cannot be arranged for at night. Even in Vizaga;
where the supervision approximates to that in Behar, the labourers could on:{abe brought to alter
their habits with difficulty, and during my tour there I had an example of i

‘extreme su

with which they looked upon any change, even the minutest, and -experienced the dif
getting any alteration made even in the way of experimont, In the vi the time of st
15 soldom less than 18 Lioars and is often as muoh as 2¢ Lours; add to this the delay in g
the steeped liquor and one can realize how easily the decrease in the quality of indigo can be
accounted for. A still more serious delay however takis p'acy very often before boiling, for—if
the sludge obtained is not sutficieut to fitl the pan, it is kept unboiled until the product from the
succeeding steep is ready aud only then is boiliag proceeded with. It is not at all uncommon for
three to four days to elapse betwoen the cutting of the plaat and the boiling of the indigo paste,
and throughout this period influences are at work which are destroying indigo. 2

Adulteration.

These delays will account perhaps for the poor aver%ge quality of the indi
some districts like Guntir where 1t is not usual for the product to be wilfully adult
and no care with the objeot of obtaining high grade indigo can be expected in those ot
(South Arcot and Cuddapah) where the adulteration by adding fine clay mud to the pa
boiling pan is with many manufacturers a regular practice, Where a eposit of ex
divided clay is found, it may become a recognized commodity and bought for the
of indigo adulteration. Thusa ‘blue’ mud (in reality dark ray in colour)
Pulivaga near Rajampet in the Cuddapah district and is large

fy used, whilst
itself, and Konnamangalam near Nellatur, South Arcot, other muds are found
for the same purpose. There seems to be no shame attached to tho use
question being considered merely from the point of view of the price which coald
As one ryot pointed out, the highest price he could get for his best indigo was Rs o
by mixing“one maund of clay with three maands of this indigo he obtained Rs. 70 per
80 that he made an extra profit of Rs. 40 almost for every three mauuds, and appea
unimpressed by the consideration that, whea the demand decroased, as it then
doing, such adultevated indiso would not find purchasers; his view was that,
sell, he could plant other crops which would pay gn'm just as well. AT
In general it may be stated that it was the high prices ruling for indigo
caused the large increase in adulteration and the cultivation will only be coatir
the orop yields a better return than any other which can be laid
individualist, without seatiment where his living is conceraed, and
adulterated indigo, he will put in just as much mud as will pay hi Of eo
employed without the npfuranﬁe of the indigo suffering, b n
for the fruits of the prickly-paar to he bruised and the
added to the mixture of mud and ludtgo to enhance the

Cud districk where I found that magenta, a brig
siliccous"matter, was used to colour the mud and give
coppery streak of indigo. ; oa A
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could be made to :
- value could be@ned. The cost of cultivation for dry land seems to be about Rs. 15

S e a 0 er-nail. ;
. —Valuation of indigo.—The tests applied give some indication

. 3 6. Tadpatri o e -n"‘
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Cost of cultivation and return, e

InNconversation with ryots and manufacturers I tried t¢ obtain information
cost of citivation and the return, and also of the lowest prices for indigo at ,which ¢
. The statements made were so contradictory that little information

;

and the yield OF leaf jtherefrom valued at Rs.30-45 per cutting. The cost of manafacture
from Rs. 10-12 per vat and the yield of dry indigo may be placed at about one Madras 1
8f 25 1b. per acre per cutting., With indigo at Rs. 40 per maund, the return from, seed at
Ras, 18 and the value of ogi{’ or refuse plant from thouhopmt at Rs. 8, the return
out at Rs, 35-40 per acre, The price of indigo at Rs. 40 per Madras maund in the first i
-seems to be Jabout the lowest at which the ordinary ryot here would continue to grow
and in genefal it appears to be the price obtainable for the dye which will be the d
the value of the crop to the land in rotation with others not apparently being appreciate
Appreciation of ‘seet’ as a manure.—Some ryots ise the value of “seet’” as a
and especially is this the case in the neighbourhood of garden lands where it may be so
Rs. 10 per cart load. 'I'he value of indigo as green manure is also recognised, but the poin
not appear to be appreciated that, if indigo 1s grown, it is far superior as a manure affer L
dye has been extracted than it is in the green state. In dealing with a reference from
Director of Agriculture regarding Baron Schrottky’s claims, I wrote in 1918 : “If the
plant is worth growing for manurial purposes with the dye stuff as a bye product, the outlook is
good. If however the dye is to be a main factor, 1 am afraid the competition will prove to be
too great and the sale price in the end be found to be too low to yield the expected return.
Rawson in his report to the Indigo Planters Association makes the statement that at o%rum i
at the time the value of the “seet” as a munare was practically equal to that of the |
ohtiined and stated : ““ The high value of seet as a manure has an important bearing
position of the industry. Whatever may be the price of indigo as a dye, 1t should in my
pay to continue to caltivats the plant in conjunction with other crops, provided the seet
judiciously applied, The soils of Behar and, in fact, of India, generally, are deficient in
and, in order to grow such crops, as sugar, tobacco, cereals, ete., successfully, ni
manures must be employed ; and for these purposes seet is eminently saitable.” s
The Behar cultivator also appears to appreciate the value of seet and seet water as a ma
more than the oultivator here and a most successful planter informed me that he was prepared
grow indigo whatever the value of the dye, as he found that in rotation vijh indigo he obta
‘R retura from country crops which paid him well, thus confirming the opinion expressed
awson. o
Marketing. B
In Behar and Bengal the indigo hiviog been manufactured and dried is
forwarded to agents in Calcutta who forward it to England for sale. It is only the prod:
the Vizagapatam distriet I imagine which is forwarded direct from the manufactarer
Prosidenoy. Th usual practice 1s for local merchants to purchase from the ryots, to

indigo into various qualities and dispose of it to merchants or shippers in o
-%‘iﬁgl‘._(ﬂnddapnbl_and Madras. }}0;: grading of the indigo and the price offered
rmined wi ence to the specific gravity of the cakes, colour, natare of frac

 when scratehed with the finger-nail.

to an
regarding the quality of the manufacture and the behaviour to grinding, but
desired as a means of determining the colour content, which after all is the main
the acouracy of the merchants’ valuation [ obtained from the largest dealer in Pre
is the biggest indigo dealing centre in the Presidenoy) samples of different
referrad to a samplo of Guundalur indigo which is looked upon as one of the best qu:
rosidency) and analysed these for real indigotin content.

.

Bource of sample.

1. Guadalur L Enii e
4. Payakal .. " ., . .
3. uln’l’l] Ol T s e

4. Vontimesta .. ., .
6. Karnool ., . . ‘.

S8 Poleme -t Lok iy
9. ﬁ - e e
10, Guntar, lowest quality ..

e
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@ represented the case to which it referred.\ Such ana

o chemical and Tacteriological control, the yields m
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Stated in this way it appears that, whatever the ryot may assert in justification
tion giving himﬂimmudp:oﬂt,oompetentmmhanta Y proportionately
in low quality grades, which is what conld be expeuee,s. seeing ﬁmﬂw tim

d . r) is at greater relative expense in preparing such qualities for hi purpose. ]
N 5.2, 8, 4, 5, 6 show further that the pl{yuioal tests relied upon by the merchants do
: portion to the real dye content and it appears to me they are largel:
‘e valuation by their knowledge ot the district from which the indigo comes, for
{:e& general characteristics there was hardly any difference between the Tadmd [
e his in

preceding ones. Ina rongh way however the dealer is able to grad -
tesis Le applies, even though l'\lg is not able accurately to grade those of approximat !
quality. : £ Ao

l{rom 8 consideration of the seale upon which ryots manufacture hero and their on
indiffernce to “ quality ", I do not think they woald ﬁ:{o advantage of any facilities offers
for having analyses of their indigo made. {Vith merchants who pack for shipm,
case is ditferent ; analyses woul be useful to them, but to be of any value such anal
require to be made upon samples drawnlin=the most careful manuer so that each samp

to the shipper, but it must not be overlooked thiat the sale value will be decided by
analyses of the sample drawn upon arrival at the port of destination and much will de
the competency and experience of the analyg tolwhom the sample is forwarded there,
- Conclusion.
_ With regard to the growing and manufacturing of indigo, all the recent work of :
and improvement has been varried out in Bengal and Behar nﬂ with reference to the ¢
there. The report of Mr. Rawson for the Behar Plante ciation in 1904 constitu

complete record of the conditions at the time, and many practical suggestions are made i
Under subsidy from the Government of Bengal research work was continued at D '
under Mr. W. P. Bloxam and at Sirsiah under Mr. O, Bergtoeil until it was transferred to
to the Imperial Agricultural Research Institute, ~

Rawson dealt with matters like the indigo content of différent varieties of plant, compo
of soils, manures and their effects, methods of steeping and busting, addition of chemies

and the work at Sirsiah fol'owed simiiar lines. With g o

. (1) care in the selection of land and seed, ¢ g
(2) thorough cultivation and application of phosphatic anl nitrogenous manire,
(8) avoidance of delay betweer. cutting and steeping, e
(4) proper loading of the vats, ; : ‘ Sl
(8) atteution to the temperature of the stee ing water that it should not be belo
(6) restriction of the time of steeping aooor&ng to a temperature scale,
(7) use of fresh water free from organic impurity, L4
(8) use of mechanical aids to reduce the time of beating, . -

\9) use of acid in boiling the indigo, ¢
(10) and the avoidance of all de ays between the operations from _cutting to b
appeared that improvements in obtaining the highest yield and quality of product ha

their Jimit and Rawson’s words * any further aid (from a technical view) i

position of the indigo industry can only come, in my opinion, from improve

natural selection or by the introduction of some other species (such as »

yielding. s greater amount of colouring matter ” seemed true. - : ;

The Sumatrana variety of plant is still largely cultivated, but an increasing area has
coming uuder the Java-Natal plant and inereased yields were being obtained,

variety has shown itself in Behar peculiarly liable to™ psyila” and g

the imperial indigo ghemist, looks upon the latter as caused by phosphate starv

regdfd to themanufacture he cousiders (from the evidence he has ;

the existing methods are very inefficient and that, were the v‘mkm%aomiei oul

many cases could be incre:

100 per cent. He lass stress especially upon the im rtance of
from the investigation and results of Mr. C, W. Hutchins
who is taking a great interest in the work, it seems cert.in thal
a suitable bacterial flora would enormously improve the yiel
the product. Results already obtained show clearly that the
of extraction depends entirely on the nature of the bacteri
according as these are of a favourable or unfavourable
obtained. hi

In diﬂerenig distriots, in different dwa

ria predominating may occur an

-noticed. The wall?k?fmn %adi,th&t‘
are low but progressively impro
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| growth may oxoerciso and, if all inimioal baoteria could bo climinated_and

‘ g material established, both yield and qu:
show an enormous improvement upon the phgsent average.
One point which may account for the geénerally reported high yields in Madras, as

with Behar, is the much smaller onlfmity the steeping vets here. In the large vats
(2,000 cubic feet) the ratio of wall space area to u%noity is only about § of that in the
¥ F o rectangular Madras vat of about 500 cubic feet. “Walls, floor, and mnent fixtures i
i1 stegping vat provide lodgement aress for bacteria and experiments in Behar indicate that sn

. | vats and trellis work o boo frames kept regularly in them tend to induce a more
2 complete extraction of the plant. The more rapid and the complete extraction of the
; } higher the yield and quality of the product, so that it is important to induce conditions
: : ) v : , for the rapid growth of bacterial colonies and from the start of the man ing season fq
; i Vo Weng N / ensure that suitable bacteria are in the ascendency. Such conditions may account for fact thi
; the quality of indigo produced in certain districts of Madras is much lower (even though there it
: * i no adulteration parctised) than in others, and there is” probably no other reason than that the
f g - 2 water-supply contains different types of bacteria, less efficacious in one case thau in the other
3 e ; =" E- o Afor as regards the details of manufacture there is no noticeable difference. Sibhesa
} ’ i iw This line of inveatigation is, I understand, being energetically followed at Pusa and

‘ $ results and recommendations may be awaited with interest. B
-. : ! . Mr. Davis has alse drawn attention to the serious losses which may result from bad settl
! ‘ ; n of the indigo separated in the beating vat and to the efficacy of the addition of a solution

i ' - ’ ; dhak gom (from the Bufea Frondosa pr Bastard teak) in promoting a thorough deposit

i Yy , In Madras a decoction of the bark of the}jambolana tree (Lugenia Jambolana) is genera y add
WS e . 8. : to the vat, and whether it be from the &so of this or to the fact that well water (free from
4 ; ; ! ' : = low forms of life prevalent in stagnant or water) is used, the settling so far as I have
A ] : o here is good\and there does not appear to be the same tendency to ‘green’ vats as in B
' : ¢ N ! I find aiso that there would be great objection to the employment of dhak gam here, as its
E is high owing to the demand for it for medicinal purfhses. ; :

o Marketing.—As already pointed out, the Indigo Committee in London and the
) PlanterskAssociation working in conjunction have taken steps to test the possibility of marketin
4 ‘ 2 indigo in various forms. here almost direct contfact between consumer and manafacturer ca
‘ : : g bo thus established and the consumer’s requirements\met without delay, there is every prospec
- 5 : o of a business being established. It may not be out of place then to consider in this conn
. e the position in Madras, and one is immediately struck by the difference betwee
. 4 and Behar. In the latter province we have large factories under the control of
4 B : associations with the outside world and are members of an association which can

nondestructive of indigo or indigo yiel

o ‘ : ' : as for one man, Arrangements may bo ‘made therefore to make contracts and to bri
Y . ‘ 5 1 ¢ ~produce on to the market in the quality and form contracted for. Outside of Vizaga

such condition exists in this Presidency ; compared with the Behar factories ours is a
. ! ; village industry, the manufacturer disposing of his produce to werchants who ¢
B ~ment. Bulk quantities of indigo are in the hands of the larger mercha
i ; R 4 from a commercial point of view these are mora in a position comparable
: x : E & A2/ owhers in Behar than Segur manufacturing ryots, except that they deal with
» i e = ~ cake form as «liﬁ eome; on tc:i the l:narket,‘ whereas the large fu},ﬁori'es ez:ln;g) s
paste, or powder at demand without incurring extra expense for grin ing or othe
= : = ?x:ay indeed save expense by shipping the product at some desirable intermedia
: N manufacture. . : = S
S - From a commercial point of view this consideration is of extreme importal
: - . minutes of the Indigo Committee show clearly that in the competition betw
B synthetie product the price at which a suitable product can be elivered

= ' ; i & the main deciding factor* Cakjndigo is a form in which the common physical tests
r approximate valuation can be applied, and this form may find favour among 1
5 i 3 v @ but since indigo can only be used in dyeing ina very finely ground conditio
. the expense of grinding (which is a tedious and expensive o n) is a w
andf { § afm ooxglidentdtm{t b:;.h mm;imturmnd m:fm % ;
: prefer if possible to deal wi uw:ud ised products of guarantec
1% ; : e by chemical analysis, and in such cases the nearer the form of the
) | ' j . the consumer the least trouble and expense in “sppliol‘tipn the gr
. : i will be received. Unlike the synthetic product, the natural dy

~ : : . o placed upoun the market in the  reduced ’ state read direc

_in the paste form (as it is taken from the draining table) nal

state proparatory to reduction, the pressing and conversion

‘which have later on to be reversed
& certain amount of loss and expense

el b e e (1T e
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L With freights at tho present high rates, it would not o,
: Eevmentsge of water it must of naoe-g:ey contain, but meannpa
B 0 % ‘keep the in good condition during transi ”

- form would generally in my opinion he
What is the position” then in |

demand could be more , ras
= ; are so small that a weel production almost | even~ assumin
; quality) would only make one shi ping case. The possibili
deliver paste to a central factory gor working up and :
Cenference at Dolbi-in 1915 and if some suoh Xo-ope
main indigo centres here, we should be more
consumers. It would no doubt be difficult
idea of central factories
izagap?tam for some ye

central factories where 1t is finally treated and
~ Ang anizatisn 1f;o control the manufact
roduct in and of gua ‘
m, I think, than one which took the rodt i s th
at present and brought it back at material expenso into the form desired :
organization wouid also be able ’})robapl to co-operate with the Indigo Committee
gu is being done by the Behar Plan ociation), but I cannot imagine
acturing and selling on the present lines, doing anything but producing cakes
- as at present. : : 7 e
Although low grade indigo will never be in much demand in the Ea
may be use for it in China which appears to have been a large consumer of
Growing and manufactffg is carried on in China, but the process foll
in an article reprinted i the Madras Mail of 28th December 1917)
1*:,! all knowledge of the nature of the plant principles and suitable _
ToMmix the plant extract with lime milk, as there given, accounts for the natu
analysed by Mr. Davis at Pusa which showed an indigo content of almost mgliﬁle,
o

by the dyer.

With a complete organization in India, high quahty indigo might
markets, whilst low grade qualities might bo readily taken up in

to the indigenous product manufactured there. =~ ° : ¥
. e

In the carly part of tho yoar the Agricultural Departuiot issiod s Ie;ﬁq
upon ible improvementa in the mmﬁ%"@inﬁmiin ‘s Mt Bres.
containsfall the advi\e which we are at present able togiv - !h_ y

»

and confirm or disprove the wide variations in s
and fix the best conditions of manufacture as applicable
planted area and at least a couple of vats for gome time
or e results of the work now being carri
lines thus foand to bo the bast.
‘The future of indigo growing for dye will in this Presid
market prioe,ar):d at nomngs::l-w rates the return is n
espocially food) crops ; we certainly see a great
gonl:patedywith that of the last two yes o the
of the absence of freight and, thougl the
: ' the yield per acre, I do not exp ot that
T e © necessity of fheating the seed with vitrio
o and to the fach that so for it has not been
- Bumatrana variety. The latter is hardy
and its treatment is undamto:ge?th ryo
* ensuring a supply of sound seed
is the regulation of the '
seed grown thete
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In Villglyltlllu Kalabasti, Nell ok : % i - :
the average quality of Behar, but there is no doubt blutg noem
quality, due to the ical nature of the observations by w. the manufacture
trolled. This cannot be a od until we are in a position to lay down definite rules
ryot for the control of the fermentation in the steeping vat and decide upon the in
.. which will show that the steeping isgsuffi ’At oient, and 1 am hopeful Mthmnlhgnﬁnn
prepared

wtions
o mﬂorovxdethm 'ﬁ
adulteratod—

delusion in ,
@ districts it is well known that adulteration is\¢he custom, 8o merchants pro
b%the prices they offer upon the assumption that adulteration has place.
firms have ceased to purchase 1n some of these districts where adulteration was rife and
ment has been undertaken by small growers who took advances and shipped to London &
own risk ; sometimes they made a profit, but more often a loss, and have ceased their
in this direction. ryots dependent upon the indigo crop, means might b
porsuade them of their mistake, but as it is clear that the cultivation in many
attractod them on account of abnormal prices, they will retarn to their normal orops when

: < APPENDIX A. . : o
MaNUFACTURE OF INDIGO BY A 'BOILING PROCESS IN THE Gopavart DisTRICT.

The general method of indigo extraction prevalent in India at the present day is that of

steeping the plant in water, whereby a vigorous fermentation is induced and when fe
commences to subside, the steeping water is let off and violently agitated with air until
of the indigo is complete. o ; : e
The plant constituent from which the indigo is produced is soluble in water
of extraction increases with rise of temperature ; thus at the ordinary temperature
diffusion takes some hours, whereas at the boiling mmFeutnre it is complete in a
In the latter case the eonsatuanb (indican) is extracte: and _may.b'e separated
condition, but in the Tormer during the lengtlzgmd required for extraction the f
‘changes which take place affect the indican in such a way that oxi lation re
~ of indigotin—the biue dye stuff. The indican solution obtained by extraction
water does not yield indigotin idation, but requites first to be treate
this treatment results in the decompositiox of. the com;
the basis of indigotin and is transformed into this | -
~ 1t has long been known that for Phw

s
g:il.ing is given in some detail. .
process actuall y in use or indicates lines upon °
After discussing the varieties of plants
desoribes the method of cultivation of the
5 ”’?MTmﬂ)f,_n (Hindustani), necli (Te

: workti%g e ner deacr:hed the h?:
must be upon practical observation. R0
" On the arrival of tho plauts at the factory no
large boilers filled with water for the porpose of
until the leaf yields its col ing matter to ¢
have an attendant with a rong with w
water, and who should be care to see he
tion occurs, for, if boiling is carried on longe
destroyed. This requires a great amount of prac
whioh alone will be safficient for - gui

period f

/ﬂ/’/ appearanco, and have
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' gentinuous.
; yigorous plunging with a stout rod, split at th.e bottom and the ends fastened to a ric
"~ fibre about 6 inghes in'_digeta . At first a vigorous frotbing is caused but this rapi

- and the beating-is compl i

No. 459, Hour (Epvoatros), 9Ta APRIL 1918 i
In the attempt to improve the manufacture of indigo in Bengal attention was also
to a boiling process and a patent was actually ted for one which closely followed the
described by Doctor Shortt. Trials were made on a 1 scale about 1900, but Raw
report to the Behar Indigo Planters’ Association considered that although the proces:
of yielding an indigo of high guality the cost of fuel was prohibitive «nd consi
wavsed him to doubt whether the could ordinarily be made remunerative. He thoug
however that the uniformity in the high grade product obtained made it a process which deserved
the attention of managers of factories in which the quality of the indigo produced was a
poor. Iavestigation and rescarch have now taken another line which has for its objest the
improvement of the steeping’ process by ohgw%xg regulation of the bacterial fermenta-
tion and if this results in the improyed outiurn expect ere will be little change of experiments
upon the boiling process being renewed. : g VL
That a boiling process has been employed for some time however is seen from the Vizaga-
tam Manual of 1869 in which it is stated that the couotry method of indigo" extraction was
%; slowly heating the leaves with water in earthenware chatties over a fire and when the boiling
reached a certain point pouring the liquor into another larger pot and churning. The ‘ pot’
roanufacture which L found at presenc in vogue in Vizagapatam distriot is nothing but a steeping
process carried out inefficiently on a very small scale, but in certain villages in the G&dtvg
delta ryots still manufacture indigo by the process indicated in the Vizagapatam Manual. Watt
in his artiole on indigo in the Agricuitural Ledger (page 62) indicates that this was in reality
the general country method of manufacture. He states: * Throughout India, wherever European
lanters’ influence has not extended the natives extract their blue dyes by a very similar process
to that formerly pursued by the woad manufacturers,” i.e., by the use of warm water and lime,
and goes on to mention 2s an example the practice as followed in Godavari. el
As seen by me this process was carried out as follows :— e T
A fire place of mud some 15 feet long by-3 wvbroad by 18 inches high is built iu the
open, aund holes are left in the top in which a double of earthenware pots, 12 in number, are
placed. The pots are of 3-4 gallon capacily and the indigo plant being stripped of large stems
the leaves and small twigs are pressed into the pot and covered with water. The larger stems,
palmyra leaves and brushwoed serve as fuel, the fire beneath the pots being o’ominnosr
repleuished and the smoke escaping by a hole at one end of the range. ‘ i
Ihe liquid in the pots is nob heated to ebullition but the worker in charge of the b
stands by with a small scoop with which from time to time he lifts some of the liguor and
its colour and, judging from his experience that the extraction is right (the liquor be
bright amber colour and free from any dull brownish tinge) the pot is removed and em
a large earthenware jar of about 80-ga'lon capacity whiist a freshly filled pot takes its place
the boiling range. One potful of cold water is used to rinse the leaf in each two pots alte
boiling, the washings being added to the liquor in the large collecting jar. The boiled leaf
removed, the pots refilled at once with leaf and water, and placed ready by the boiliug range
fill the range as requiredr A4 full range is thus always beiug heated and the process is practio

TImmediately one of the collecting jars is full the contents are aorated whilst stil Do

in about one-fourth of an hour. A small quantity of a
the bark of the jambolana tree (Eugenia Jambolana) is then added, a few more stro
plunger given, and the coutents of the jar lelt to settle. ;

Some six inches from the bottom of the jaris a hole in the side ¢'osed by a
settling, the plug is removed and the clear liguor, free from indigo, is ran off. Th
tilted to bring the level of the drai hole lower and lower until the deposited indigs
begin to come away With the liquor. The residual contents of the jar are then strained
a very rough woven cloth to remove leaves and small twigs and the thin indigo sludge
deained on & fine cloth to remove excess of water w sold as a thikk paste to merchan
in the form of small balls and gold to local users. 5 E :

About nine boilings in _pot are obtained per and the total
4 1b. of indigo ; there were some ¢ ht men and boys working together and I calo
they were earning less than 4 annas perday. ‘The indigo I obtained direct from th
was fairly bright in colour and analysed 43'5 per cent indigotin in the dried
had forwarded to me previously however two samples of what purported t i
manufacture, but obtained from merchants to whoutN{¢ had been sold in t

_ samples contained only 7 and 8 per cent indigotin respectively and had beer
with red clay and cha cowile i e e

‘From the large scale experiments conducted by Rawson in
although the total weight of matter extracted from the plant is small
than by the usual steeping method, theqnglit{ of the indigo

:%mdt:ng 75 per cent was obtained with hot water whilst

same days yielded indigo of 65 and 60 per cent, ively.
difference was much greater in favour of the hot water :

The difficulty in the steeping process liés in the lag
bacterial fermentation ; in the hot water process ti
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Q In life the destructive and building up changes balance one another and the

o not able to multiply to any material extent under the conditions
:::riod out, and the resolution of the indican extracted homih loaf m :
engymes present in the plant. Rawson states “When indigo plant is immersed in
temperature of 150°— 60° F the colouring principle is qaickly extracted and tfansform
the agency of enzymes (unorganized ferments) into a form of indoxyl which is conve
indigotin by the action of air. Experiments made on a small seale have shown that the e:
tion and transformation take place in the course of 20 minutes or half an hour.” .
. , » APPENDIXEB.. 5 . oy
MANUFACTURE OF INDIGO FROM THE DRY LEAF. L e
Although the most general and appasently the most economical method of manufas
indigo from the plant is by the steeping of the whole plant, it is sometimes impossible
with the whole of a crop at the proper time in the vats available, and especially i Honth |
the practice of manufacturing from the dried leaf is in vogue. i s
According to the season of the year and the cﬁg‘e of the plant there are variations
indigo yielding content of the leaves, but it is well established that whatever the season
content begins to diminish when the normal course of the plant life is interrupted by ou

remains fairly constant over given periods ; with the outting of the plant the balance
and the changes in the plant juices must be constuntly altering until the cuttings are
withered. 1n the case of the indigo plant the ‘most evident fact is that a progressi
indigo yielding material oceurs, and jl the drying period is sufficiently prolonged, st
fermentation will yield no indigo at all. By exposure to rapid drying conditions ho
changes appear to be largely p: evented by the evaporation of the juices and when qui
indigo yielding contents are pregerved and can be extracted after long periods of. 1
real indigo yield cannot be so high as from the frosh plant but whero it is impossible to de
this, extraction after drying appears to be profitable. No exhaustive investigations haw
conducted upon theeonditions of drying and the process followed in South Arcot is
evolved as a result of observation and experience of practical results. o R
B The plant is cut and spread in thin layers so that by exposure to :
are rapidly dried and are then stripped, collected und stored in bags. For
the dried leaves are steeped in water jthe wight of water being about six times th:
but the time of steeping is usually much shorter than in the case of the freshly out plant.
liquor is strained through cloth upon being drawn off into the beating vas, where it is .
the ordinary manner, but it appears usual o add a rather larger quantity of lime water (or
milk of lime) at the conclusion of the beating to assist the deposition of the granulated
All cther operations are identical with those followed in the manufacture from the
The quality of the indigo manufactured in this way is not equal to that manu
the best conditions from green leaf, but the better_ T redoh & faiiv i
general quite equal to that of the adulterated "product of the South Arcot
supplied with dried samples of different market qualities and found all
regards appearance of the cake, whilst analysis showed the first quality con
indigotin and the lowest about 29-—380 per cent. : R i

: M?@brmy 1918. ¢ i ; B e e
Order—No. 459, Home (Education), dated 9th April 1
‘ : Hecorded: =
- (True extract)
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