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CINCHONA CULTIVATION IN INDIA.

CHAPTER L.
PRELIMINARY.

OF the date and manner of the first discovery of the curative effects of Cin- mi - of
chona Bark in malarious fevers we know nothing. And we are almost equally g’"m’?-?" of
ignorant who the discoverers were, some writers claiming that merit for the parx™
aborigines of South America, while others assert, and with apparently greater
accuracy, that not only did the Indians know nothing of the virtues of the
‘bark until these were pointed out by their conquerors the Spaniards, but that
they still refuse to use bark as a febrifuge. The introduction of this medicine
to '_éumpa is associnted with the Countess of Chinchon, wife of a Spanish Viee-
roy of Peru, who, having been cured by its use of an attack of fever contracted
while in that country, brought a quantity of the bark to Europe on her return
from South America, about the year 1639. Jesuit missionaries appear also
to have taken an active part in its introduction. Henece the early names
iven to the medicine were Feruvian or Jesuit’s Bark and Countess’s Powder.
othing, however, was known to scienee of the tree producing this bark until Cinchona
1739, when La Condamine and Jussien, members of a French exploring known o
expedition then in South Ameriea, obtained plants with the intention of send-""
ing them to the Jardin des Plantes at Paris: but the whole collection unfor-
tunately perished in a storm at sea near the mouth of the River Amazon. The
first living Cinchonas ever scen in Europe were some Celisayae plants raised
at the Jardin des Plantes from seeds collected by Dr. Weddell, during his first
journey to Bolivia in 1846. In 1742 Linnwmus established the botanical genus
Cinchona, a term which continues fo be employed by the majority of Botanists,
although some writers prefer the name Chincliona, as morve accurately per-
Eetuating that of the noble lady who introduced this invaluable remedy to
urope.!

'lI‘hc number of species belonging to the genus Cinchona is reduced by Therarious
Messrs. Hooker and Bentham in their Genera Planiarum to thirty-six. Many Cincnona.
of these species are much given to variation or sporting, and a good many
varieties, originating in this way, have been elevated to the rank of true species
and deseribed as such, much to the confusion of all interested in them. 1t
would be entirely out of place to introduce here a botanical disqui-
sition on the perplexing nomenclature of the plants belonging to this genus,
and especially so as only about a dozen of the species yield bark of medicinal
value, and of these but six are cultivated in India.

The following table copied from the Pharmacographia of Messrs. Fliickiger

! Mr. C. B. Markham, c.B., F.B.5, whos name = so iolimabely ssociated with the introdoetion of Cinchono

:’m India, ix & warm supporter of tho spolling Chinchons. Mr. Markham has just published 0 biography of the Counties
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CINCHONA CULTIVATION IN INDIA.

Conspecins of the Principal Species of Cinchona.

shews at a glance the names of the principal species, together

—
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The trees producing the medicinal barks are all natives of tropical South

America, where they are found in the dense forests of the mountainous regions
of the western part of that Continent at a height of from 2,500 to 9,000 feet
above the level of the sea, and in an equable, but comparatively cool, climate.
The Cinchona-producing region forms a crescentic zone which follows the
contour of the coast-line, but nowhere actually touches it, beginning at 10°

N. and extending

to 20° 8. latitude.

This erescentic belt is nowhere much

above a hundred miles in width, but its length (following ifs curve) is more

than two thousand. During its course it

passes throngh the territories of

Venezuela, ! New Granada, Ecuador, Pern and Bolivia. The Government of
each of these countries has for years derived more or less revenue from the

suitable for plamanceutical purpoes.

! Park from Venezueln bes recemtly been intreducsd to the Germnn market. Though poor in Chuindne, it ie



FRELIMINARY. 8

duty levied on bark colleeted within its limits and exported therefrom ; but none
of them, except the last mentioned, has ever shewn any interest in the bark
trade beyond taxing it. Moreover, the more active inferference shewn in
Bolivia has been quite as disastrous as the lazy insouciance of the more northern
Btates. These Governments proved, however, one and all, exceedingly jealous
of any attempt to procure for more civilized countries seeds or seedlings of the
invaluable trees which they had done so little to conserve.
It must not be supposed that each of the medieinal species is to be found
growing thronghout the whole length of the zone just described : on the con-
the distribution of the various species is very local, not only as regards
latitude, but as regards elevation above the sea. The species found in the
ion between 10° N. and the equator (the barks of New Granada) were
deseribed by Mutis in the last century and more recently by Karsten in his
Flora Colombice.® Mutis's notes remained in manuseript until 1867, when
M. Clements Markham succeeded in unearthing and printing them, and both his
notes and drawings have still more recently been published at Paris by
M. Triuna in his Nowvelles Etudes sur les Quinguinas. The Cinchonas of the
region between the line and 14° 8. (the barks of Eeuador and Northern Peru)
were first examined by Ruiz and Pavon, and a magnificent work founded on
Pavon's specimens was published hfv Mr. J. E. Howard in 1862 ; while those
indigenous in the region from the fourteenth parallel of south latitude to the
extremity of the zone in 20° south were deseribed by M. Weddell in his splendid
munograph published at Paris in 1849,

The eommercial Cinchona barks may be arranged as follows :— Wk Dl
s Barks af
I.—DBargs vsep 18 Poaruacy, Commeres.

(1) Pale Cinchona Bark, Lova Bark or Crown Bark—chiefly the produce of Cinchona offi-
einafis and imported from New Granada and Ecuador, This bark is found only in the form of
quills (i. e., curled pieces derived from small stems or branches). The pieces have a blackish
brown or dark greyish external surface, variously blotehed with silver grey, and often beset
with lﬁge and beautiful lichens. The surface of some of the quills is longitudinally wrinkled
and moderately smooth, but in the majority it is distinetly marked with transverse eracks and is
mg_'h and harsh to the touch. The inner side 15 ulusl:l_!r striated and of a hright. }rellowish
brown. This bark breaks casily with a fracture which exhibits very short fibres in the inner
gide. Tt has a well-marked odour #ini geweris and an astringent bitter taste.

(2.} fed Cinchona Bark—the produce of Civcdona succirnfra and imported from Eenador.
This bark ocours either in large flat channelled picces sometimes as much as half an inch
in thickness, coated with their suberous envelope, which is rugged and warty, Its outermost
l.ﬂryer in the young bark has a silvery appearance. The iomer surface iz close and fibrous and
of a brick-red hue. The bark breaks with a short fibrons fracture.

(3.) Yellow Cinchona Bark.—This is the produce of Cinehone colizaya and is imported from
Bouthern Pern and Bolivia. This bark is found in flat pieces and in quills.

Far. 4: Flat Calisaya Fark 18 in irre%ulnrpimn foot or more in length by 3 to 4 inches
wide, but usually smaller, and #;ths to (%ths of an ineh in thickness: devoid of suberous layer
eonsisting almost solely of liber, of uniform texture, compact and pondercus. lis colonr iz a
rusty orange-brown, with darker stains on the outer smface, ® * ® The inner side has a
wavy, close, fibrous texture, The bark breaks transversely with a fibrous fracture: the fibres
of the broken ends are very short, easily detached, and with a lens are seen to be, many of
them, faintly yellowish and translueent.

Far, B: Quill Calisaya isfound in tubes $ths to 1} inch thick, often rolled up at both edges,
thus forming double quills. They are always coated with a thick rogged, corky layer, marked
with deep longitudinal and transverse cracks, the edges of which are somewhat elevated.  This
guberons cont 18 gilvery white or greyish, is essily detached, leaving its impression on the
cinnamon-brown middle layer. The inner side is dark brown and finely fibrous  The transverse
fracture is fibrous but very short. The same bark also oeenrs in quills of very small size and
is then not distinguishable from Loxa bark,

II.—Barks xot vseEn 1% PHARMACK,

These barks are exclusively used for making quinine, They are not used by druggists
for the preparation of tinctures, decoctions, &c. In the market they are known as Cofwmbian,
Carthagena or Coguela Bark and are produced by Civelona laneifolia and C, Pilayensis, They
are imported from New Granada, In appearance they vary much, but are generally orange-
brown in colour. The Pifayo barks ave usually imported in short flattish fracments or broken
quills of brownish, rather than orange, eolour, mostly covered with a dullish grey or iternally
reddish cork. The Pifaye barks are collected in the 8. W. districts of Colwmbia.

-—— — .

! For a list of modern works relating to Cinehons. see Appendix A,

? For more complete details see the Pharmacographie (London, Mocmillans, 18748 of Professer Flackiger and the
late lansented Mr. Dunicl Honbury,  leamed and daborate work just published, and from which the following informo.
Hon coscerning the comsenelal Clnchiona barks bas been combomsed.
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The most important and at the same time peculiar constituents of Cin-

of kn:h;:: chona barks are the alkaloids enumerated in the following table *:—

[ Ly &8

The Alkn.
lods fiese
separnbad.

Proportion of

Alkalsid. Chemical comporition,
Cinchoning C= H: N2 O
Cinchonidine (Quinidine of many writers) game formula,
Cluining e 1o N Oe
Quinidine [Conquinine of Hesse) game formula.
Gluinnming Cw H* N= O

There are other alkaloids, but they have no medicinal value so far as is yet
known. These alkaloids exist in the bark in eombination with certain organie
acids ealled Kinie, Cincho-fannic and Quinovie. Of the alkaloids above mentioned
the most valued is undoubtedly Quinine. Although Cinchona barks have been
employed in BEurope as febrifuges for the past two centuries, it was not until
the year 1520 that any of the several active principles to which they owe their
eflicacy was obtained in a separate form. The first to be so separated were
Quinine and Cinchonine. Quinidine* was discovered in 1833 and Cinchoni-
dine* not until 1847. Quinamine was discovered so recently as 1572 by Hesse
in bark of C. suceirabra grown in Sikkim.

Soon after the discovery of Quinine, the sulphate of that alkaloid began to
be used by the faculty as a medicine in cases where some preparation of ** bark ™
was uired, and gradually the new salt drove out of fashion to a very large
extent the powder, tinetures and decoctions of bark which formerly enjoyed
such reputation in medieal practice. Until the discovery of Quinidine and
Cinchonidine, commercial Sulphate of Quinine consisted really of a mixture of
the sulphates of all the Cinchona alkaloids, the outward appearance of these
being alike. With the separation of the new alkaloids, chemical tests for
their recognition began to be inserted in the various Pharmacopwias and pure
Quinine began to be insisted on in medical practice. The other alkaloids fell
therefore into unmerited negleet, and they are =lill excluded from the British
Pharmacopeie,  Their admission to the ecategory of officinal remedies can,
however, only be a matter of time, as their excellence as febrifuges, as will
be subsequently related, has now been thoroughly established by the trials
given to them by officers of the medical services of the three Indian Presi-
dencies. Cinchona bark still continues to be rated by the European Quinine-
makers in proportion to the percentage of Quinine it contains: the other
alkaloids being counted for little or nothing as marketable products. These
unsaleable alkaloids have aecordingly been accumulating in the hands of
makers in Europe, and are or were recently purchaseable at a comparatively
low price.’ Regarding the proportion of these alkaloids in Cinchona bark, the
learned anthors of the Pharmacographic® write as follows :—

“This is liable to very great variation. We know from the cxperiments of Hesse (1571)

Alkaloldsin ¢p ot the bark of € pmbeseens Vahl., is sometimes devoid of alkaloid.” Similar observations

Bark

made near Bogota upon C. pifagensis Wedd., €. corpmboss Karst, and C. loneifolia Mutis,
are due to Karsten. He ascertained® that barks of one district were sometimes devoid of
Quinine, while those of the same species from o peighbouring lecality yielded 34 to 44 per
cent. of sulphate of quinine,

Another striking example is furnished by De Vry? in his examination of quills of
. gffizinaliz zrown at Ootacamuond, which ke found to vary in percentage of alkainals from
11-96 (of which 91 per cent. was Quinine) down to less than 1 per cent.

Among the innuvmerable published analyses of Cinehona Ihﬂrlt, there are a great number
shewing but a very small percentage of the uselul principles, of which Guinine, the most
valuable of all, is not seldom altogether wanting, The highest yield, on the other hand, hitherto

. . - - i e — e

| Pharmecographia, p. 320,

2 Diseovered by Pelletior amd Cavenboa,

¥ Ihecavored by Honry and Delondee,

4 [Mmeoveral IJ_'|' Winchler, who named it lhhﬂinn

5 The Tollowing may be taken as approximates to the prices of the Cinchons alkaloids st the end of the vear 1874:—

wlph. Quining per oonee ., e

.
T Y-

Cincheniding
w Cinchonine o
»  Cuinidine

# Pharmacographia, page 324,

T Berichie der Déutoehen chem, Fexellsch., Rerlin, 1871, p. 518
Y Die med. Chinarinden Naiw-Granada’s, 17, 20, 39,

¥ Piarm. Jowrn., Septomber Gth, 1873, 181,
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observed, was obtained by Bronghton,! from a bark grown at Ootacamund. This bark afforded
not less than 13} per cent. of alkaloids, among which Quinine was predominant.

The few facts just mentioned shew that it is impossilble to state even approximately any
constant percentage of alkaloids in any given bark. We may, however, say that good Flat
Calisaya Bark, as offerad in the drug trade for pharmacentical preparations, contains at least
B to 6 per cent. of Guinine.

As to Crown or Loza Bark, the cortex cinclone pallide of pharmacy, its merits are, to say
the least, very uncerfain, On its first introduction in the 17th centary, when it was taken from
the trunks and large branches of full-grown trees, it was doubtless an excellent medicinal bark ;
but the same cannot be said of much of that now found in commerce, which is to a large
extent collected from very young wood®* Some of the Crown Bark produced in India is,
however, of extraordinary excellency, as shewn by the recent experiments of De Vry.®

As to Hed Bark, the thick flat sort contains only 3 to 4 per cent. of alkaloids, but a large
amount of colouring matter. The Quill Red Bark of the Indian plantations is a much better
drug, some of it yielding b to 10 per cent. of alkaloids, more than a third of which is Quinine
and a fourth Cinchonidine, the remainder being Cinchonine and Quinidine. .

The variation in the amount of alkaloids relates not merely to their total percentage, lut
also to the proportion which one bears to another. Quoinine and Cinehonine are of the most
frequent ocourrence ; Cinchonidine 18 less usual, while Quinidine 13 still less rmEllu::ll:Iy met with
nﬁ never in large amount. The experiments performed in India® have already shewn that
external influences contribute in an important manner to the formation of this or that alkaledd ;
and it may even be hoped that the culfivators of Cinchona will diseover methods of promoting
the formation of GQuinine, and of reducing, il not of excluding, that of the less valuable
alkaloids.

The practice of the bark collectors in the wild regions in which Cinchonas mede or
naturally grow involved the destruction of each tree felled for its bark, yet no &niiods *
measures were ever taken by the owners of either public or private forests to ™*™*
secure supplies for the future by comservancy or replanting. Meanwhile the
consumption of bark in Europe steadily increased, and, as a natural result,

ices rose, and fears began to be entertained that the supply would ultimately Fears
il. The British and Dutch Governments being, by reason of their tropical 5 ¥ajure of
possessions, the largest consumers of Cinchona barks and of the alkaloids pre- ™%
from them,” their attention began to be seriously attracted to the increas-
ing price and scarcity of the drug. So long ago as 1835, Dr. Forbes Royle, Introduction
then Superintendent of the Botanical Garden at Seharunpore, sugzested to the fo fndia firs
Indian Government that efforts should be made to introduce Cinchona on the ™%
Khasin and Nilgiri Hills, In 1847, and again in 1853 and 1856, he repeated
his suggestion. In 1850 Dr. Grant, the Honourable East India Company’s
Apothecary General in Caleuttd, urged this measure, and in 1852 Dr. Falconer,
then Superintendent of the Caleutta Botanical Garden, recommended that an
intelligent and qualified gardening collector should be deputed for a couple
of years to the mountains of South America for the purpose of exploring the
Cinchona forests and of procuring an ample stock of young plants and seeds of
all the finest species. His proposals were, however, not approved of, and instead,
an unsuceessiul attempt was made to procure seeds througzh the ageney of Her
jesty’s Consuls on the west coast of SBouth America. Three years after Dr.
Falconer’s suggestion had been made and disapproved, Dr. T. Thomson (his
suceessor at the Calentta Garden) again pressed the matter, as also did the late
Dr. T. Anderson. The Medical Board supported the proposals of these officers
in an elaborate Minunte. It was not, however, until 1858 that the despateh of
a special agent to South Ameriea was sanctioned by the Secretary of State for
India. M. Clements Markham, a gentleman who, besides a knowledge ﬁrﬁn C. B.
Spanish and of the Quichua tongue ® possessed a knowledge of the country and appoinied to
people, volunteered to divect this arduons undertaking.  In the meantime a few : %ﬁ;
seeds of Cinchona Calisaya were got by Dr. Royle from Dr. Weddell, a sargeon oo
who had accompanied a French expedition to South Ameriea, and who is the
author of a valuable monograph of the medicinal Cinchonas. These seeds were
sent to Calentta but failed to germinate. Plants were, however, raised from
some of Dr. Weddell's seeds in the Botanical Gardens of Kew and Edinburgh,

Blue Book— Eas® fadian Cinohose Manf, 1870, 282 Fear Book of Phariacy, 1871, 55,
3 See Howord's dnalysie and oervations, Pherm, Jowra,, X1V, (1855), 61—a3,
¥ Pharm. Jonrn, Sepleaber 6, 1970, 184 .
1 Tlue Boolk, 1870, 116, 158, 205,

* For n stafoment of tho quantity of Uuiniee purchased by the Indinn Govermment from the year 1867 to 1572, see
Appouidix B
& The Imm afl the Tediane of a district where some of the Goest l]miw of bark troes ane inl;li.g\qm
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COLLECTION OF CINCHONA SEEDS IN SO0UTH AMERICA.

CHAPTER TI.
COLLECTION OF CINCHONA SEEDS IN SOUTH AMERICA.

Ix 1852, the Minister for the Colonies of Holland proposed to the Govern- The Dutch
ment of the Hague that a properly qualified man should be sent fo South Ezpedition
America to collect Cinchona seeds and plants.  Accordingly, M. Hasskarl of
the Botanical Garden of Buitenzorg in Java was despatched on this mission.

This gentleman arrived in Peru during the year 1853. Affer prolonged wan-
derings and exposure in the forests of Southern Peru, M. Hasskarl returned
to the coast wItE a quantity of plants. These were suflicient to fill twenty
Wardian cases, and, after a prosperous voyage, they were safely landed by him at
Batavia in December 1854. M. Hasskarl had not the advantage of any loeal
knowledge of the wild regions where he travelled, neither had he any acquaint-
ance with the language of the natives. ITis avowed intention was chiefly to
find seeds of Calisaya, but unfortunately he entered the Cinchona zone at a point
where neither that, nor indeed any valuable, species grows. He, however,
collected the seeds of the species he found, imagining one of them to be true
Calisaya. A portion of these seeds he sent by post to Holland, where some of
them germinated, and the rest he despatched direct to Java. During his wan-
derings, M. Hasskarl did ultimately penetrate into a Calisaye region where
he remained for a short time, but while there he appears to have trusted too
implicitly to a native collector who led him to believe he was collecting the

Calisaya, while he was in fact gathering a worthless species. The twenty
cases landed in Java by M. Hasskarl did not contain, it is believed, one plant
of any valuable variety of Calisaya. A single plant of true Calisaya raised from
some seeds brought to Paris by Dr. Weddell had, however, been sent to Java
from the Jardin des Plantes, Paris, even prior to M. Hasskarl's appointment as cincnons
collector. The Dutch experiment thus bezan with one plant of the best sort of {15 "
Cinchona received from Paris, with a plentiful enough supply of doubiful

ies brought by M. Hasskarl, and with a quantity of seeds of the New

nada species ();ﬂncgfoim,) which had been sent by Dr. Karsten. This rather
unfortunate beginning was followed by errors in cunltivation, among which may
be specially mentioned the method of sowing single seeds in separate bamboo
pots, of planting out the seedlings, not in clear open ground, but under the
shade and drip of the gigzantic trees of the virgin forests of the mountains of
Java, and finally of mistaking the worthless species brought by M. Iasskarl
from Peru (and subsequently named Pahudiona) for a valuable Quinine pro-
ducing sort. At the end of the year 1860, the stock in the Java plantations
consisted of nearly a million plants of Cinchona Paludiana, with only about
7,000 of Calisaye. Maving discovered the worthlessness of Paludiana, the
Duteh, in 1862, abandoned its cultivation. They also gave up (in 1864) the
plan of p]anﬁmg out under forest shade. They have in recent years repeatedly
got supplies of seed and plants of the best medicinal sorts from India and
Ceylon, and their success of late has been great. According to the latest re-
turn (31st Mareh 1875) there are in the Java plantations about two millions of
Cinchonas of various ages. At least half of these are of undoubtedly valuable
species, and amongst them are a hundred thousand of a variety of Calisaya,
samples of the bark of some trees of which are said to have yielded on
analysis the astonishing amount of from 10 to 13} per cent of erystalline
Sulphate of Quinine.

The introduction of the medicinal Cinchonas into British India began Brifish Ex-
under more favourable circumstances. Mr, Markham, having volunteered to focoliee
direct the collection of seeds and seedlings in the Cinchona forests, organised -

a three-fold expedition, the seetions of which began their explorations simul-
taneously early in 1860. Mr. Markham himself undertook to colleet seeds of Mr. Mark-
the Calizaya or Yellow Bark Tree (the most valuable of all the Cinchonas) in ,I,‘EE-&;;;;[
the forests of Bolivin and Southern Peru, where alone it is to be found. He
arranged that Mr. Pritchett should explore the Grey Bark forests of Huanaco

and Humalies in Central Peru, and that Messrs, Spruce and Cross should

collect the seeds of the Red Bark tree on the eastern slopes of Chimborazo in

1 This wondorful variety of Colisoya baving been originally waised from seeds mL].ugl_nl.l by Mr. Ledger, has béen
called by the Duteh €. Colitaye, variely Ledyeriana,
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the territory of Ecuador. Mr. Markham has narrated his adventures in an
interesting volume', in which he -has besides collected much valuable informa-
tion concerning the inhabitants and flora of the regions he traversed, Landing
at Islay in March 1560, Mr. Markham, accompanied by Mr. Weir (a practical
gardener) proceeded inland in a north-easterly direction, crossed the two
chains into which the Andes are there divided, and, after considerable hardship,
arrived in one of the serics of long valleys which stretch along the western
slopes of the SBnowy Range of Caravaya and descend to the great plain of
Western Brazil. Mr. Markham penetrated this valley (ealled Tambopata)
to a point beyond that reached by the distinguished French traveller
M. Weddell, and by the Duteh Agent M. HHasskarl, and, notwithstanding that
his proceedings were prematurely eut short by a failure in his food supplies,
he was suecessful in ecollecting 497 plants of Cinchona Calisaya and 32 of the

biarof 1 less valuable species, ovala and mieranthe. The Colisayas were found chiefly

nedwre o to inhabit a belt of forest extending from 5,000 to 5,400 feet above the sea,
while mierantha was found in a belt below, and the higher regions were occu-
pied by €. epate. The vegetation and soil of the region are thus described by
Myr. Markham® :

This region is coverad, with fow excoptions, from the banks of the river to the summits
of the mountain peaks, by a dense tropical forest. The formation is everywhere, as I have
before said, an unfossiliferons, micaceous, slightly ferrnginons, metamorphic clay-slate, with
veing of quartz, and the streams all contain move or less gold-dust. When exposed to the
1mr4:.'1'l.]11.'rJ this ulu}":i]nlc {Luit_']ii}' turns to a at[ulq.' _}'ﬁi]ﬂw muﬂ, and lower down it is very hriﬂ.l.ﬂ,
and easily breaks off in thin layers, The soil formed by the disin ion of the rock, mixed
with decayed vogetalle matter, is o heavy yellowish {mwn loam, but there is very little of it
on the rocley sides of the ravine, and no depth of soil except on the few level spaces and gentle
slopes near the banks of the river.

- 'I;h& ﬁacat trees were found in clear open spaces where they enjoyed plenty
of light and air.

The half-caste collector who accompanied Mr. Markham, distinguished
three distinet varieties of true Calisaya which he named fina (=0C. Calisaya
veva), morads (=0, Boliviana), and verde. There is, besides these, the shrub
form which has a wider distribution and which is known locally as yehe an
botanically as Cinchona Calisaya, variety Josephiaua. The climate of this

nsctimate. Tambopata valley (which lies in the very centre of the Calisaye region) is
wet and disagreeable. An intelligent settler gave Mr. Markham the following
account of the scasons as regards rainfall? ;—

Jdanuary.—Incessant rain, with damp heat 1|:1].r and ni.g-!:i. Sun pever seen.  Froits ripﬂn.

Febrpary~Inceszant rain and very hot.  Sun never seen. A coea harvest.

Mareh.—~Less rain, hot days and nights, little sun. Banavas yield most during the rainy
Season.

April.—Less rain, hot, humid nights, and little sun in the day-time. .
Mayp—A showery month, but little heavy rain.  This is the month for planting coea and

sugar-cane, and what is ealled the miekeq, or small sowing of maize, as well as yucas, arcachas,
camodez, and other edible roots,  Coffee harvest begins,

Juse—A dry hot month. Much san and little rain.  Coea barvest early in the month.
Oranges and pageays ripen.  Cool nights, but o feree heat during the du}r. .
Jily.~The hottest and driest month, but #ith cool nights. Very few showers. Time
for sowing gourds, pumpkins and water melons,
Augnst,—Generally dry. Trees begin to ud. A month for planting.
September.,—Rains bezin.  Time for blossoming of many trees. Coca harvest.
Uctober.—Rains increasing.  Maize harvest, and time for the * sembra grawde,” or great
sowing of maize,
November —lleavy rains. A coca harvest,
Lecewmber.—~Heavy rains. Pumpkins ripen.
My, Markham's observations* of the temperature of the Carayaya region
extended over only the first fourteen days of May. They show a mean tem-
ture of 694° Fahr. and a mean dew point of 61¢. The highest temperature
e observed was 75° and the lowest 56° Falhr., The mean minimuwm temperature
at night he found to be 622° Fahr, and the mean variation in 24 hours 10} Fahr.
ot Catianye The tree Calisayas vun up to a height of from 30 to GO feet, and their
bensi: stems have a girth equal to the body of a man, sometimes to that of two men.
The shrubby variety runs from 6} to 12 feet in height. Both varieties flower
in April and May ; their blossoms are white, fringc&, and very fragrant.

U Travale in Pera asd Tudia, by Cloments K. Markbam, c58., 788, &, Loogon, John Murmpy, b6
2 Narkkaw's Troocls in Prru ond Indis, page 267.

1 Dil'e it pages 245 and 246

* Ditio Ditte page 268
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On his return journey, Mr. Markham found the jealousy of the people Mr nark.
aroused by rumours which had got abroad as to the nature of Eia 1o the Coast
mission. To return along the road he eame by would have insured the destruc-
tion of his plants and possibly mischief to himself, so he had to resort to the
stratagem of sending Mr. Weir back by the old route, and of himself proceeding
with the plants in a straight line towards the coast through an unknown coun-
try and without a guide. After much hardship, he arrived in ten days at the
town of Vilque with his plants in good order. A few more marches brought
him to the port of Islay. Here, however, further difficulties awaited. The
Custom House authorities, having discovered what the plant cases econtained,
would not allow them to be shipped without an order from the Minister of
Finance, which Mr. Markham had himself to go to Lima to procure. This
caused a delay of three weeks. On the 24th June the cases were at last
embarked on board a steamer bound for Panama, but not before a scheme had
been set on foot by some patriotic Bolivian to kill the plants by pouring
hot water on them through holes to be bored in the cases. Her Majesty's
steamer Firen, was at this moment lying idle at Callao, and eould have taken
the plants straight fo Madras with every chance of saving them all alive.
Instead of this simple route Leing aﬂtgl:lﬂd, Mr. Markham was compelled by his
orders to take his plants to India rid Panama, England, the Mediterranean and
the Red Sea, and thus to expose them to transhipments and alterations of
temperature which ultimately killed them all.

About the timeMr. Markham was exploring the Yellow-Bark Forests of Mr Erit
Southern Peru, Mr. Pritchett was collecting seeds and plants of the speciesiecting =~
producing Grey Bark in the forests near Huanaco in the northern part of the %ﬂaﬁirrhm
same territory, and was successful in bringing to Lima in the month of August g
a collection of seeds and half a mule-load of young plants of the three species,
micrantha, Peruviana and nitida. The two former arve large trees with trunks
often 70 feet in height and 30 inches in diameter. They grow at a height
of from 4,000 to 7,000 feet above the sea, while nifida grows at a greater eleva-
tion and is a smaller tree,

The task of colleeting seeds and plants of the Red Bark had been underfaken messes.
by Mr. Spruce, a distinguished traveller and botanist who had been wandering oz ned
in South America for some years prior to Mr. Markham’s mission. Six months ditien "
before Mr. Markham sailed from England, Mr. Spruce left his temporary home
at Ambato in the Quitenian Andes to make a preliminary exploration of the
forests where Red Bark trees were still to be found and to aseertain at what
season the seeds ripen. Having fixed on Limon as the most snitable head-
quarters, he purchased from the owners of the forests (which in that region are
private property) the right to collect seeds and plants. He further made an
arrangement to accompany Dr. Taylor of Riobamba to Loxa, a town in the
south of the Ecuador territory, for the purpose of procuring seeds of the Pale
or Crown Bark. This latter arrangement was, however, frustrated by the pro-
longed and severe illness of Mr. Spruce. In July 1860, or nearly a year after
his first start, Mr. Spruce was joinedt at Limon by Mr. Cross, who had heen
sent out from England by Mr. Markham with Wardian cases to receive the
plants that he and Mr. Spruce might succeed in collecting. Mr. Spruce having
already thoroughly familiarised himself with the Red Bark forests, the work of
collection was begun as soon as Mr. Cross arrived. Mr. Cross established a
nursery at Limon, and there put in a number of cuttings of the Red Bark tree.
He attended to these while Mr. Spruce searched for seeds. After spending
about five months at Limon, Mr. Cross conveyed his rooted cuttings to the
port of Guayaquil, and—thanks to his skill and excellent management—ulti-
mately suceeeded in taking them safely to India by the same route (but at a
more favourable season) as Messrs, Markham and Pritehett's collections.
M. %mm’a collections of seeds were sent to India by post.

Mr. Spruee deseribes the Red Bark forests as nearly exhausted. He met napura
with only a few trees which had not been touched by bark-collectors ; all the nchons
others which he saw consisted of shoots from the stumps of trees that had been * ™™™
felled. The Red Bark tree is naturally very handsome and attains a height of
50 feet. The climate of the country it inhahits is not so humid as that of
the Caravaya and Huanaco forests where the Yellow and Grey Barks are found,
and there is a distinet dry season extending from June to December. The follow-

¢
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ing table, ' compiled b;r Mr. Spruce, and founded on nearly a year's observation,
gives some idea of the temperature :—

Mean minimum .. 61} Fhi.
Mean maximum Lot TR
Mean temperature at 6§ pog., TN e

Highest temperature observed . 80} ,, on July 27th.
Lowest ... PR L1th.
Entire range w334
Mean daily variation ... ok

b

vk IeeEapEshS
Coitection of After depositing his Red Bark plants in the Nilgiris early in 1861, Mr. Cross
Crown returned to South America and was commissioned to procure seeds of the Pale
ki) Barks in the forests near Loxa. These barks have a peculiar interest as being
the first known in Europe. It was by the use of one of them that the
Countess of Chinehon was carved, and it was on the flowers of one of the trecs
producing them that Linnweus founded his genus Cinchona. Mr, Cross started
from Guayaquil in September 1861, and, after mueh hardship and exposure in
the mountains near Loxa, he suceeeded in returning to that port, after little
more than two months’ absence, with one hundred thousand seeds of Cinchona
Chakuarguere and a smaller parcel of Cinchona crispa, both varieties of the
Linnwean species officinalis.  These seeds he forwarded to India by way of
Southampton.
Habitatu of On arriving in South America, Mr. Cross found that, owing to the long
Bark. continued export of the Pale Barks of the Loxa country, but few trees remained
in accessible places. In steep ravines and rocky gorges he succeeded, however,
in finding a few mature trees. The soil of the region he describes as funda-
mentally composed of decomposed micaceous schist and gneiss, but wherever
Cinchona trees oceurred, he found this to be covered by a layer of vegetable
mould. Cinchona efficinalis is a slender tree from 20 to 30 feet high, with a trunk
from 8 to 10 inches in dinmeter at the base. Most of the plants he met with
liad been cut, but numerous shoots had grown from their stools. Acconding to
Mr. Cross's account, the climate is disagreeably moist. The rainy season begins
in January and continues until May. June, July and August are windy, with
oceasional heavy rain : the remainder of the year is fine, but showery. The
temperature ranges from 34% to 70° Fht., seldom falls below 40¢ and but
rarely rises above 659,
Collostion of Through a misunderstanding, a fine collection of Pifayoe bark seeds made
Fitayo by Mr. Cross in 1863, was detained in South America until the vitality of most
of the seeds had been impaired. These seeds, when ultimately sent to India,
entively failed to germinate., The valuable species vielding the Carthagena
barks (Cinchona lancifolia and Cinchone Pitayensiz) were therefore the last to
be introduced into India. It was not indeed until 1868, that the same intrepid
and skilful collector who had brought the Crown Bark seeds, was commissioned
to undertake his third Cinchona expedition and to proceed to New Granada to
colleet seeds of these two sorts,  Landing at the port of Buenaventura in the
end of May of that year, Mr. Cross proceeded up the river Dagua as far as the
village of Las Juntas, crossed the Western Cordillera and made his way up to
Cauca village and thence to Pitayo, a hamlet standing nearly 9,000 feet above
the sea level in latitude 2° 30' N. Here he collected a quantity of good seed.
Ile found the trees growing, at elevations of from 7,300 to 9,800 feet, on slopes
more or less steep, the surfuee soil of which was nearly pure vegetable mould
but very mealy and dry. The subsoil he found to be a vellow porous clay, in
general loose and friable. Only a few Cinchona trees remained, and these were
mostly small and mutilated. Mpr. Cross's collections of seeds, numbering in all
fiftty-five packets, were despatched by post and reached the Nilgiris during the
end of the year 1868. Mr. Cross's account of the elimate of the Pitayo region
shews it to be very damp, rain and mist being common during the greater part
of the year, He says, * As* for New Granada, particularly the States of Cauea,
(in which Pitayo is situated) and Panama, no dry or summer weather necd
be relied on or looked for at any time during the whole year. The cold climate
of Ecuador is in general healthy, even where there is much rain with damp

Esrks.

' Warkham's Travels in Peru and Tudia, page E21.

* Report on the Cotieclions of Serdy aud Plants of the Cinchonas of Pitaye, by Bobert Cross, Lombon, 1871
page 3.
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and fogs, whereas on the mountain slopes bordering on the Cauca Valley, the
inhabitants are often trembling with ague at an elevation of 7,500 feet above
the level of the sea.”” Mr. Cross gives no detailed meteorological observations
in his report. His general account of the temperature of the Pitayo Quinine
region is that *“it ranges from 45° to 75° Fahr.,, but the general variable
temperature of the Pinon is from 45° to G0° Fahr.” He adds, “The climate
indicated for Pitayo Bark is exactly the same as that requived for the Crown
Barks.” During October Mr. Cross collected 270 plants. These were, after
considerable trouble and hardship, landed at the coast in February 1869. There
they were shipped, and a month later they were safely deposited at the Koyal
Gardens, Kew. In October following they were sent by overland route to India,
and ultimately found a home —half on Nilgiris and half in the Sikkim Ilimalaya.
Mr. Cross states that the Quinine trees of Pitayo are being rapidly extirpated.
Writing in 1871, he says, * At present it is not possible to examine a developed
healthy tree, as those from which I collected seeds were mere bushes, the
natural habit of the plants having been much injured from barking or ill-

treatment.”
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CHAPTER I1T.
INTRODUCTION INTO INDIA.

It had been previously settled that the Cinchona experiment in India
should be begun in the Nilgiri Hills, and on the recommendation of De.
Cleghorn, then Conservator of Forests for Madras, and of Mr. MeIvor, Superin-
tendent of the Government Garden at Ootacamund, a pateh of forest-land
fifty acres in extent, situated behind the Government garden, was aecordingly
taken up and prepared for the first Cinchona experiment. Mr. Markham's
consignment of Calisaya plants baving reached England in a promising state,
continued in that condition until they reached Alexandria. The passa
through the Red Sea in the month of September and a week's unavoidable
detention at Bombay, however, proved too great a trial for them, and on their
arrival in the Nilgiris in October they were all in a dying state. Some cuttings
were nevertheless made from them, but not one of these struck root. Mer, Pritchett’s
plants of Grey Bark were quite as unfortunate, for they reached India either
dead or dying. Mr. Cross’s plants of suecirubra raised from cuftings at Limon,
together with six calisyas which had been raised at Kew in 1862, were the
only living Cinchona plants collected by Mr. Markham’s triple expedition that
reached India in good condition. Mr. Cross deposited his plants in Mr.
Melvor's hands at Ootacamund on 9th April 1861 in excellent order. The
supplies of seeds procured by the three expeditions were more fortunate than
the plants. These were sent in the first instanee to the Royal Garden at Kew
where some were retained and sown. A few of the plants brought from South
America were also retained at Kew, so that a sort of reserve depOt was formed
there in case of failure in India. For the successful introduction of Cinchona
into India and other British possessions, Government are largely indebted for
advice, as well as for more active assistance, to S8ir William and Dr. Joseph
Hooker, the illustrious botanists, father and son, with whose names the fame of
the great national institution at Kew has for half a century been identified.

The seeds not retained at Kew were sent to India: those of the Grey Barks
arrived in the Nilgiris in January 1861 and those of the Red Barks two months
later. In the month of December 1861 Dr. Anderson delivered over to Mr.
MeIvor at Ootacamund the plants he had brought from Java,' viz., fifty Calisaya,
four lancifolia and two hundred and eighty-four Pakndiana. Onthe 4th March
1862, Mr. Cross's collection of Pale or Crown Bark seeds from Loxa arrived and
the introduction of Cinchona to India became thus an aceomplished fact.

1t had been determined to take advantage of Mr. Markbam's experience
of thelocalities which form the natural home of the Cinchona by deputing him to
choose suitable sites for its cultivation in India. My, Markham accordingly
arrived at Calicut in October 1860 (bringing his Calisaye plants with him) and
for the next few months he was engaged in exploring the various hill ranges of
Southern India with this object in view. The site selected by Dr. Cleghorn
and Mr, Melvor at Ootacamund was approved of by Mr. Markham as resem-
bling in its physical features and vegetation the natural habitats of Calisaya
in the Caravaya Forests. Planting in this site was greatly extended in subse-
quent years, and this tract of Cinchona is now known as the Dodabetta planta-
tion. Mr. Markham examined the Nilgiri, Coorg and Pulney hills, as also the
Wynaad districts in the Madras Presidency and the Mahableshwar Hills in
Bombay. He did not visit any part either of the Himalayas or of the Khasias,
although both ranges had been suggested for Cinchona by Royle, Falconer
and others, Mr. Markham’s opinion was that the Nilgiris offered decidedly the
most suitable home for Cinchona, and on that range three sites were accordingly
selected. The Dodabetta site was retained for the species affecting higher ele-
vations and a cooler temperature, while for the more tropiecal species a lower
site was chosen at a place called Neddiwattum, situated on the northern slope
of the Nilgiris and on the cart-road from Ootacamund to the Malabar Coast.
Next to the Nilgiris Mr. Markham econsidered Coorg the most favourable

b A referees to De, Anderson’s vislt to Jova will be found at g 18 of this Rtpﬁl'l-.
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district for Cinchona, and a spot near Mercara on the road to Mangalore was
accordingly chosen for a plantation should it be found advisable to extend
Government operations beyond the Nilgiris. The Pulneys were considered to
afford a less suitable soil and elimate, while the Mahableshwar elimate, with its
six months of incessant rain alternating with six of parching drought, was con-
gidered too extreme to offer much chance of suceess; the Mahableshwar soil
was moreover found to be Jroor. The Anamallays, Shervaroys and the hills near
Courtallum were all considered too low. Of localities beyond Madras, My,
Markham regarded Ceylon as the most promising, and after that island he
believed Penang, the higher parts of Tenasserim and the Khasia hills likely to
offer the most suitable sites for plantations,
The Dodabetta site is thus deseribed by Mr. Markham' :— Te i

It is a shola, or wooded ravine, at the back of the range of hills which rises behind the §ijeon the

Government gardens, and which entirely protects it from the west winds; whilst another high

ridgg mmpletelr gereens it from the east. 1t is 7,450 feet above the level of the gea, and from

its sheltered position warmer by several degrees than Uotaeamund. Like the thickets where

the Cixedone grow on the pajonales of Caravaya in Peru, it is surrounded by steep grassy slopes, voreration
with a vegetation analogous to that of the Caravayan pajonales. Thus, the tree Rbododendron snd Ciimate.
takes the place of the purple Melestoma, a large white lily that of the lilincecus sayri-sayr,

while tha Gaulideriz, Lycopodie, and Gallic appear to be almost identical in the two regions.

The vegetation of the interior of the ravine also resembles that of the pajonales of Sandia to

gome extent. It containg Osbeclias, Holly, Cinnamon, Mickeliar, Faccininm, Sc., with an
undergrowth of Lodelia, Acanthus, and ferns, and species of Cinclionaceous shrubs. The
temperature appears to be almost identical with that of the pajonales above the valley of Sandia

in Peru, and the spot receives a moderate supply of rain and mist dering both monsoons. It

i true that this wooded ravine is more elevated, by mnearly 1,500 feet, than any point in

Caravaya where 1 found the Cinchona growing; but Ootacamund is more than two degrees

nearer the Equator, and the temperature of the two places appears to be nearly the same. It

is no small advantage, too, that the ravine is so near the Government gardens, and that the

Cinchona plantation will thus have the benefit of Mr. Meclvor's constant supervision.

With regard to Neddiwattum Mr. Markham writes® :— The

The conditions most favourable for the production of Quinine in the bark of Cinchona F«mlﬂi!u-

nis are those of continuous vegetation, with a mean temperature of from 60° to 70° ~° "
of Fahr., varving aceording to the epecies, an almost constant supply of moisture, and am
elevation of from 5,000 to 8,000 feet, In every part of the Western Ghilts the vegetation is
snbjected, during the last three months in the year, to an amount of dryness which is never
known in the forests in South America, but I have seen no locality in India which more nearly
meets the requirements of a Cinchona plantation than that which we selected on this oceasion.
It is, or was, within the Wynaad district, x i # L
but it iz in fact a portion of the northern elope of the Nilgiri Hills. The site is close to
the travellers’ bungalow at Neddiwattum, near the crest of the Ghit, on the road leading
from Ootacamund to Manantoddy, The forest covers a declivitous slope, at an elevation of
about 5,000 feet, and extends to the verge of the stecp descent into the table-land of Wynaad.
There is & supply of water in the forest, and the soil is rich, its base being a mixture of
syenite and laterite, curiously combived in strata. In this forest, amongst other plants, I ana
found the Hymenodielyon excelsum (called by Roxburgh Cinekona ercelsa, but excluded from the veetation.
list of Cincdone by Weddell), an dndromeda, wild yam, cinnamon, pepper, coffee, wild ringer,
an Osbectia with purplc flowers, and momerous ferns and orchids, [oas in great :|||antiiiea
was banging from the branches and trunks of the trees, a sure sign of great moisture. The
Jungle is within the narrow limits of the region which receives both the monsocons. Though
protected, to some exteut, from the south-west, it receives a full share of the monsoon, during
the sgummer, and is also refreshed by the north-cast monsoon coming across Mysore from October
to Embar. During the remaining months it is not without mists and beavy dews at
night.

In the end of the year 1862 a third plantation was opened out near Tus pykars
Pyecara waterfall on the northern side of the Nilgiris, and about a year later (in *"*
1863) a fourth plantation was begun at a place called Mailkoondah on the maixeonaas
Koondah Range, adjoining the Nilgiris. The sanction of the Secretary of State 5
was also about this time given to the propoesdl to plant out one hundred
and {fifty acres of Cinchona annually for ten years. This was, however,
subsequently modified and twelve hundred acres were set down as the
limit to which Government planting should be extended. The Koondabs are

hl;‘ggmﬂ-lggﬂunh-ﬂmf fudia (Cinckong Plant), ordered by the Howo of Commons 0 be printed, 20tk

# Parlinmentary Retwrn.— Easi India (Cinchong Planf), ordered by the House of Commons to be printed, 20th
March 1863, page 142, i

ji]
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vegetation  degeribed by Mr. Markham as the finest hills he had visited in India. e

Hoondnhs. Eﬂ}'ﬁ ;l__

The forests cover their sides and crests, which bear more resemblance to the superb
wmanlanas alftas of some purks of the Eastern Andes than to the m‘ruhby sholasr of the Ni!gi_ris_
The soil is of exteaordinary depth and fertility, both in the forest and grass land, and there are
nbondant supplies of water. bl » % The land reserved by Government is, I am fully
convineed, the best site for a Cinchona plantation that has yet been selected, superior either ta
Dodabetta or Neddiwattum. The lind 15 well pn:-t.c:c:‘tml from severe ga.]es.

These advantages were, however, found to be counterbalanced by the
distance of Mailkoondah from the station of Ootacamund and by its inacces-
sibility—no sufficient road having ever been made to it. The difficulties of
getting and retaining labour sufficient to cultivate the plantation and of effec-
tive supervision, were cansequently found to be considerable. During 1572 it was,
therefore, determined to abandon this plantation (an attempttosellithaving failed)
and to leave the seventy-five acres of Cinchona trees which had been put out there
to hold their own, as far as they ean, against the indigenous vegetation, without
help, and thus to form “a wild Cinchona wood.” The expenditure on Mailkoonhal
up to the date of its abandonment had been Rs. 43,776,

Under Mr. MeIvor’s skilful management, the three plantations of Dodabetta,
Neddiwattum and Pykara continued steadily to prosper, and My, Markham, who
re-visited the Nilgiris in 1865-66, considered the suceess that had been *attained
in the short space of five years as quite astonishing.”

Mr. Melvor's Alr. Melvor's treatment® of the plants he had received was precisely that

irestment  t0 Which amy experienced and skilful gardener would have submitted them.

Plants.  Little was known accurately of the exact conditions as to temperature and
humidity which were likely to suit them best. Instead, therefore, of treating
the living cinchona plants entrusted to him in the open air, Mr. McIvor at
once put them under the protection of glass, thus affording them an artificial
climate which e could modify as to moisture and temperature in whatever
way might appear desirable for their welfare.

The seeds were, with equal judgment, sown in boxes filled with
carefully prepared, free, light, scil. As soon as the living Cinchonas
which had been brought from South Ameriea had s;l,lI§‘|."'m;'|,{-.]1ﬂ;,.r recovered from
the effects of their long journey, and the plants raised by him from the South
American seeds had become large enough, Mr. Melvor began to propagate
from them, at first by layers and afterwards by cuttings. The operation of
layering so commonly emploved in horticulture need not be deseribed at length
here. A peculiarity in Mr. Melvor's treatment was that, in order to absorb
the woisture flowing from the wound, he put a small piece of dey brick under
the eut when pegging the branch down into the soil. Propagation by cuttings
and by leaf-buds was also pushed forward as rapidly as possible. All these
operations were condueted with bottom heat, that is to say, in soil brought to a
comparatively high temperature by artificial means. When sufficiently large
plants had been obtained, Mr. MeIvor, after acenstoming them to the tempera-
ture of the open air, planted out a number under different conditions, especially
as to shade, with the view of diseovering the best system of cultivation. 1t
was found at the end of six months that plants which had been put out in the
open without any shade, either artificial or natural, much surpassed in size and
health others which had been planted out at the same time under the shade of
forest trees. My, Melvor, therefore, decided to adopt the plan of planting in
open cleared ground, instead of seattering his plants here and there, each in its
own small clearing, in a virgin forest. :

The Java Several well-meant endeavours were at this time made by gentle-
weatment,  men who had visited the Dutch plantations in Java, to induce Government
to sanction the adoption of the Duteh mode of cultivation in the Nilgiris
in preference to that practised and advocated by Mr. Melvor. The Java
plan of sowing seeds was as follows. Each seed was sown separately in a
bamboo pot filled with rich soil. These pots consisted of joints of bamboo,
the transverse partition of the joint serving as a bottom. These were arranged

! Parlimmentary Retwrno—East fudia | Ciachonn Plasd), ordered by the fouse of Commons to be printed, 15th
Juno 1566, page 221.

# Mr. Meolvor las himself described i€ in bis notes on Cinchona cpltivation, a little book published originally
in 1863, and of which s sccond and calarged edition appesral in 1865,
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in the open air on long raised mounds of earth without any protection from
rain. Prior to being sown, the seeds were steeped in water for twenty-iour
Liours and, until they germinated, the soil in each pot was kept sufliciently moist
by an oceasional squeeze of a wet sponge. Buch seeds as germinated yielded
in about a year or eighteen months plants about a foot in height, and these
were planted out in the forest in the sites they were intended permanently to
occupy. These sites were well-dug cireles of about six feet in diameter * from
the neighbourhood of which brushwood and overhanging trees had been cleared
away, so as to admit the light perpendicularly while the side lizhts were some-
what exeluded.” The distance of these well-dug circles from each other was
considerable, so that seattered over each acre of virgin forest there were only a
few Cinchona plants. This was the system which it was proposed to substitute
for the workmanlike plan adopted by Mr. MeIvor. Fortunately, however,
My, MelIvor was allowed to follow the method of his own choosing—a method
which was approved by the gentlemen who had seen Cinehona in its native
forests, viz. Messrs. Weddell, Markham, Cross and Weir. Forty acres were,
however, planted out in the Dutch mode; but of these, thirty were soon after
cleared of their shade trees and converted into open plantations, leaving ten
acres as a sufficient illustration of the disadvantages of the “Java method. A
few years later, the Dutch authorities themselves adopted the English practice
and abandoned their own, Mr. Melvor was put in entire charge of the eul-
tivation in the Nilgiris, and such was his sucecess in propagation that on the
30th April 1562 (a little more than eighteen months after the beginning
of the experiment) he was able to report the following stock of plants at
Ootacamund, exclusive of two hundred and four that had been sent to
Bengal :—

Bed Barks (€, siecirubra) ... e 14450
Yellow Barks (€, Calisaga) ... o 337
Crown or Pale (€. officinalis) and its three varietios ) 8100
Condamines, Douplandia, erispa. ;

Pale Bark (€. lancififia) 1
Grey Barks (. nitide, micrantha, Peryviana) sew | BATE
The worthless species from Java (€. Padudiana) 425

Toran s 21,495

Four months later, these numbers had been more than doubled. As has
been stated, seeds or plants of all the valuable species of Cinchonas found in
South America had been supplied to Mr, Melvor chiefly through the India
office and by the excellent arrangements of Mr. Markham. At the first start
of the experiment on the Nilgiris the supply of Calisaya was very small. This Species
was, however, amply compensated in 1865 by the offer of Mr. Money to ex- the Kilgiris
change no less than thirteen pounds of seeds of the finest Bolivian varieties of
this species which had heen colleeted by Mr. Ledger, for a quantity of the
Red Bark seed, which had by that time begun to be freely produced on the
Nilgiri plantation, These thirteen pounds, on Mr. MeIvor's lowest caleulation of
twenty thousand seeds to the ounce, should have yielded four millions of
plants. Only sixty thousand plants were however raised, but these proved
to be of three most excellent sorts. A plant of a very fine variety of Yellow
Bark was also presented by Mre. J. E. Howard in 1867, and some supplies of
seeds were likewise contributed by Mr. Marklham. The eultivation of Calisaya
has never, however, been very successful on the Nilgiris. In Mr. Melvor's
words, * The habit of this species on the Nilgiris is less vigorous than the Red
or Crown Barks, the stems scaveely increasing more than half as much as these
species in thickness during the same period of growth, and consequently as a
bark-producing tree it is less valuable.” Mr. Melvor also complains of the
thinness of the bark. Mr. Broughton's report on the Nilgivi-crown Calisaya
hark is, however, favourable. He found in 1870 that bark from comparatively
young plants yielded about 4% per cent of medicinal alkaloids, of which nearly
half was Quinine SBulphate. He accordingly recommended the extended enlti-
vation of this species. This recommendation has, however, not hitherto been
acted on. The ecultivation of C. sweciredbre on the Nilgiris since Mr. Cross
landed his collection of living plants there has been a steady success. The
species is one very little liable to variation and it is the hardiest and most easily
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propagated of all the medical Cinchonas. Mr. Cross' original collections of seed
of the Pale Barks had germinated so well at Ootacamund that little was left
to be done subsequently in the way of adding new varieties of this sort. Mr.
IHoward, however, sent a plant of writusinga to Mr. Melvor, from which a
stock of that variety was ultimately obtained. Of the fifty-five packets
of seed of Pitayo Barks sent from New Granada by Mr. Cross, forty-seven
packets arrived at Ootacamund during the years 1868 and 1869, but they
yielded in all only eighty-six plants. This result is attributable to their
mouldy condition on arrival. My, Cross’s consignment of living plants of
Cinchona Pitayensis, after having been nurtured at Kew for more than six
months, was taken to India under the charge of Dr. B. Simpson, of the Bengal
medieal service, and deposited by him, half on the Nilgiris and half in Sikkim.
The Nilgiri consignment reached Ootacamund in the end of 15869. The plants
have since been slightly inereased in number.

Discovery of During the year 1568, the attention of Mr. Broughton was first attracted

miratilisor by a few plants in the Pale Bark plantation at Dodabetta which differed from
their neighbours by having narrower leaves. On analysis, the bark of this
variety was found to wield the unprecedented amount of from 7 to
10 per cent. of “crystalline quinine, the total alkaloid in the bark being
more than 11 per cent. Provisionally christened Cinchona mirabilis from
this eircumstance, the specific name of this variety has been changed into
angustifolio.

o The limit of twelve hundred acres fixed for the Nilgiri plantations

Puantatons. having been reached during the official year 1869-70, propagation and planting

in 1860-70. on the scale hitherto followed became no longer necessary, and the establish-
ments on all three plantations were considerably reduced. Any extension
which has since taken place, bas been entirely of the new and valuable sorts
more recently received, eviz., Calisaya, Pitayensis and the wonderfuily rich
angustifolia discovered by Mr. Broughton at Dodabetta, From an early period
in their history and until 1869, the Nilgiri plantations were largely worked by
conviet labour, and jails were ereeted at Neddiwattum and Dodabetta for the ae-
comodation of the prisoners. This arrangement appears to have worked satis-
factorily. Since the end of the official year 1868-G9, the labour has been of the
ordinary sort., The distribution of Cinchona seeds and plants to private persons
has all along been a prominent feature in the operations of these plantations.
At first, so high a price as' four annas was charged for each plant ; this was sub-
sequently reduced to one anna, and more recently to two pies. For publie pur-
poses plants have of late been given gratuitously. The total number of plants
distributed up to 31st January 1875 is 235, T47. The Red Bark trees began to
yield seed in 1866, and the other species followed soon after. Up to the date
just quoted, thirty pounds of Cinchona seed of sorts had been distributed gratui-
tously. With the view of recouping Government for the past expenditure on
Cinchona and of redueing the annual outlay for the future, it was decided early
in 1871 to sell the Pykara and Mailkoonda plantations. As already mentioned,
no one would buy the latter, and it was consequently abandoned. An offer to
lease Pykara was however made, but being considered unsatisfactory, was
declined, and the plantation is still worked by Government.

Presoal At the end of the official year 1873-74, the total number of trees in

Wilgms. permanent plantations in the Nilgiris stood as follows® :(—

|

|

i | .

I Total of plante of all sorts on Neddiwattam we  STLTHIO 455 i ||

’ % . Dodibetta . 345,950 a8 | esres |

|‘ . -  Pykars o BD8ASE 6| 24500

[ 1120204 1,160 LN 1)
Mailkoonda {nbandoned} ... e BERZE | ] drzg |l

i: Total 2ae 11540458 1240 | [MEFT r

! The equivalents of these sums in English money are respectively sixpence, three half-penes and a farthing.
# For minuter details see’ Appendiz O, ] .
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This gives an average of about 1,042 trees per acre for Neddiwattum, 915
per acre for Dodabetta, and 906 per acre for Pykara. The trees are not, however,
equidistant in all parts of these plantations, for some of the older trees stand
12 x 12 feet apart and a small number so close as 3 x 3 feet.

The cost of these plantations to the same date has been as follows' :—

General eharges— Rs.

For Direetion, Offices, and Propagation ... ain o LBL1TS
Special charges—

Expenditure at Neddiwattum ... Bapoag
Dodabetta ... 1,028,518
Pykara B1,501
6,083,059
At Mailkosnda (abandoned) e e 43,776
: Torar 10 31st Manca 1573 o 6,756,026

This gives an average, excluding Mailkoonda entirely, of about Rs. 542 per
surface acre, and 8 annas 9 pies (or one shilling and a penny) a tree. It is
important to note that for years conviet labour was largely used on the planta-
tion. On the other hand, the revenue received from the plantation since its
commencement to the end of the official year 1868-69 has been as follows® :—

Ra,
Bale of plants in 1863-84 ... ... .. .. A, e 5,100
: FRCR LT ey ML o AR
= v T | e A GO
: . 1868-69 . 1,680

Cinchona cultivation in the Bengal presidency began under less favour-
able circumstances than in Madras. No plants were sent hither from South
Ameriea, nor was the experience of Mr. Markham available in the selection of
the most hopeful localities in the Himalayas or Khasias. From its commence-
ment, and until his departure from India in 1869, the superintendence of the Cin-
chona experiment in Bengal was under the direction of Dr. Thomas Anderson,
Superintendent of the Royal Botanical Garden, Caleufta. Exposure in the
feverish regions of the outer Himalaya, together with almost daily subjection,
for weeks on end, to the sudden changes of temperature incident on passing from
the cold climate of Darjeeling, where he lived, to the hot steamy valleys
of the Cinchona reserve, then a houseless waste, laid the seeds of disease of the
liver which caused the premature death during 1870 of this able and zealous
servant of Government. Subsequently to 1869 it has been under the direction
of Dr. Anderson’s successors. Since 1866, the Sikkim plantations have heen
under the executive charge of Mr. J. Gammie, the resident manager, and to
him their success has been largely due. The first Cinchona seeds received
by Dr. Anderson were some sent by Sir W. J. Hooker to the Botanical Gardens,
Caleutta, in 1861. In December of that year these had produced thirty-
one plants. During the same year the Government of Bengal and the
Supreme Government of India had taken up the matter in earnest, and ae-

Intradoation
11 Hengpnl

cordingly, in the month of September, Dr. Anderson was sent to Java with pe. Ander.
the double object of familiarising himself with the Dutch mode of cultivation (5%

and of eonveying to India the plants which the Governor of that colony had
ganerouslﬂ offered to the Government of India. Dr. Anderson returned from
Java in November, bringing with him 412 living Cinchona plants and a
quantity of seeds of C. Pahudiana. Shortly after his return from Java, Dr.
Anderson proceeded to Ootacamund, and there made over to Mr. Melvor
fifty of the Celisaya, two hundred and eight-four of the Pahudiana and
four of the lancifolia plants which he had brought from Java. In return
he took to Caleutta from Ootacamund one hundred and ninety-three
plants of suceirubra and of the species yielding Grey Bark. Bome of the Java
plants died in Caleutta, and on the 19th January 1862 the total stock of plants

' See Appendix D for foller details.  This is exclasive of all charges connectod with My, Breughion. His pay s
Cuinslegist and the expondifure on hic analyticsl laborstory and factory bhave been quite distinet from the plantation
seeounts.  The Sikkim charges given in Appendix F ioclude, on the other band, not culy the eost of plantation but alss
ikt of the Quinolegist’s latoratory amid factory as well,

* Aeconntant-Geneenl's lebtor dated 19¢h Jannary 1870,
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in the Botanieal Gardens there from all sources consisted of two hundred
and eighty-nine plants. Dr. Anderson recommended that these should be
sent to Sikkim, that being the part of the Himalaya which offered, in
his opinion, the greatest hope of success. Government sanctioned this pro-
posal, and in March of the same year Dr. Anderson proceeded to Darjeeling,
accompanied by a gardener in charge of the plants (two hundred and
forty-nine in number). The eonduet of the Sikkim experiment in its earlier
stages was influenced by the error of over-estimating the amount of coolness
and moisture required for Cinchonas. The accounts of the explorers of Cin-
chona forests (founded of course on imperfect experience) on the whole rather
countenaneed the notion that all the species except Calisaya thrive best in
regions where, in the scanty intervals between the showers, there is more
mist than sunshine. A wearied collector who had spent the day in climb-
ing rugged hill-sides under a hot sun in search of Cinchona trees, shivering
at night in an open shanty high on the Andes, was naturally dnelined to consider
as extremely cold a night temperature which a thermometer shewed to have
been only about 40° Fht., and such impressions formed a large part of the infor-
mation which the introducers of Cinchona into India had to guide them in choos-
ing sites for plantations. With the view of finding for them as wet, chilly and dis-
agreeable a climate as possible, Dr. Anderson ehose a spot near the summit of
ginchul, a mountain of the outer range of the Sikkim Himalaya which rises to an
elevation above the sea of nearly 9,000 feet and thus intercepts a laree share of
the clouds passing northwards from the plains. A conservatory was quickly ex-
temporised there by adapting an empty house to the purpose, and a propagating
pit was soon built, in which the plants, now reduced in number to 211, were
placed on the first day of June 1862, Under the care of Mr, Jaffrey, these
were rapidly increased during the succeeding five months, The winter elimate
of Sinehul proved, however, by far too severe for Cinchonas. Most of the land
in the Darjeeling district having been previously taken up by private specu-
lators for Tea cultivation, it was difficult for Dr. Anderson to find any suitable
locality for a Cinchona plantation. After much search, however, he succeeded in
hiring for a nursery, a house and garden at Lebong, a warm, well-sheltered spur
below Darjecling, and 6,000 feet above the level of the sea. The Sinchul stock,
amounting to 2,484 plants (chiefly Paludiana, but ineluding 30 Pale Barks
derived from Ceylon seeds and also some succirubra and Calisaya), was aceordingly
removed there on Ist April 1863. These were supplemented by 97 sueceirubras,
21 Calisoyas, 94 officinalis and 115 Grey Barks received from Madras about the
same time. LFor the formation of a permanent plantation, Dr. Anderson
had to be content with land in the then densely forest-clad and little-known valley
of the Runghee, twelve miles distant from Darjeeling and at that time uncon-
nected with that station by any road. Dr. Anderson’s early difficulties are well
deseribed in his own words :—

“1 lahoured,” he writegin 1563, “ under the disadvantage last year ! of being quite iznorant
of the nature of the country of British Sikkim bevond what I could learn from the accounts of
Dr. Hooker, as well as from the eolleetions of dry plants from Sikkim which exist in the Calentia
herbarinm. T had formed very inadequate ideas of the difficulty uf'rmhing Dﬂ.l‘jl:ﬂli'ﬂg, of the
condition of the roads leading to it, and of the resources of the station as regards labour, especi-
ally such skilled labour as I requived, such a8 pative gardeners, carpenters, and masons. [
also supposed that no difficulty would be experienced in obtaining abundance of land, the property
of Government, in the neighbonrhood of Darjeeling, that glass for the congervatory, and flower-
pots, fc., could be procured in Dagjeeling.  Some idea, however, will be obtained of the dilli-
culties with which the experiment had to contend when I state that noe suitalle Government
land could be ot nearer than twelve miles from the siation, and that, to reach this wot, an
almost impenetrable forest had to be passed through, requiring every step to be cleared by Lepehas
with their long koives. On leaving Calentta, I had hoped that the &'H:rmmnt- propagating
houses, the gardener’s house, and huts for the coolics, would have been finished in three months ;
instead of which, it soon appeared that until a bridle path, eight miles long, could be
finighed, the buldings eould not even be commenced, and that, instead of three months I;eing
required to ecomplete them, two years was the shortest time in which fhey could be ready.
Mo temporary buildings could be obtained either, execept barracks on the windy and cold erest
of Sinchul, 8,600 feet above the sea. Before these could be converted into a conservatory,
glazs had to be procured from Caleutta, 400 miles distant. The manufactory of flowe

was also unknown at Darjeeling, and so even they had to be obtained from Caleatta. Then,
0o labour of any kind conld be got to supply the place of the two Bengalee gardences, who

; l’:l‘]iahll‘tl:lr__"" Heturn, — East .fﬂ'd'l-ﬂ { Cimeh m'.':t.:lr lered by the House of Commons w-i‘ Frinted,
Bth June 15966, page 208,




INTRODUCTION INTO INDIA. 19

insisted on returning to Caleutta within three months of their arrival at Darjeeling ; and the
European gavdener had therefore to perform all the operations of the simplest kind with his
own hand, and this is still the case. Suech an apparently easily procurable substanee as white
river sand could not be got in Sikkim, not that none existed there, but that, during the raius,
the courses of the rivers were so full of water that the beds of sand were all concealed. Ae-
cordingly, a maund of sand was sent for from the Botanic Gardens in Calentta, No pack-
ages of any kind ever reached Darjecling from Caleuttn in less than six wecks, the usual
time occupied in the transit being two months. It will thus be seen that the commencement
of Cinchona ecultivation in Sikkim cntailed a great many preliminary operations before the
propagation of plants could be attempted; and it is only now ¥ith tools, flowerpots, bell
glasses, and hand-frames received from Caleutta, and a determination to be contented with such

means as are procurable in Darjecling, that the success I have been able to report has been

abtained.”

It was found mnecessary to continue the nursery at Lebong until
April 1865 and to open another at Rungyroon, a spot half-way between Dar-
jeeling and the future plantation at Rungbee, the Rungyroon location being
especially adapted for a distribufion pursery. Ground was broken in the
Rungbee Valley, in June 1864, at a spot 4,410 feet above the sea level, on the
south-eastern slope of a long spur running out from the main ridge of Sinchul.
The elevation of the lower part of this spur is about 1,300 feet. Below 4,000
feet, the land in the valley had been previously cleared for native cultivation of
Indian corn and millet. Higher up, the spur was (and still remains) eovered
with a wirgin forest of tall trees, the stems of which are clothed with moss,
ferns, epiphytal orchids, arcids and Begonmias. The undergrowth consists of
ferns, Aeanthacee and other shrubs, especially prominent among the latter
heing several species of shade-loving Cinclonacew. In the weiter places are

tehes of wild plantain, and here and there occur impenetrable eane-bralkes.
he first and only piece of planting dome during the year 18G4 was a patch
containing the following :—

Cinchona sucetrnbre ... i S T p]ulltﬁ.
s Cfficivalis ... sss 00,
. micranifia ... i 71 S
i Colizaya ... — — L B
sy Paludiana,.. s 211
Torar Praxts a2d

At this time the out-door plantations on the Nilgiris eontained 165,351
?],&uh. Two hundred seeds of C. Calisaya of Weddell’s stock were received
rom Java during this year, but of these only nine germinated. Some seed of
C. Pitayensis, received from South America throngh Mr. Markham, entirely
failed. On the abandonment of the nursery at Lebong all the stock of plants
was removed to Rungbee, which henceforth became the headquarters of the
cultivation, and four fresh spots were opened there at various elevations with the
view of discovering a snitable home for each species. One plantation was formed
at 5,321 feet above the sea ; othersat 5,000, 3,332 and 2,556 fuet respeetively, and
towards the end of the year 1565 a small plantation was formed as an experi-
ment in the Teesta Valley, in an open Bl forest, at an elevation of only 1,000
feet above the sea and in a locality of which the climate differs considerably
from that of any part of the Rungbee Valley. During the official year 1865-66
nearly 6,000 plants were put out in permanent plantation, and the total
stock of all sorts and ages amounted at the end of that year to 178,741.
At the same date the Nilgiri plantations contained about a million and a lalf
plants of all ages, of which 41,000 were in permanent plantations,

Propagation by cuttings of . suceirnbra and C. officinalis went on
vigorously during succeeding years. It gradually, however, hecame apparent that
qﬁ‘:s?:am does not thrive in Sikkim, and, after about four ]mmlm}] thousand
plants had been put out, all further planting of this species was discontinued,
and not only so, but three-fourths of the area covered by it were replanted
with sueeirubra. Only one hundred and twenty-five thousand plants of offiei-
nalis are therefore now returned. Of (. swecirubra there were on 1st April
1875, two millions three hundred and ninety thousand trees. The propagation
of this species is now thoroughly understood and can be carried on with ease to
any extent that may®be considered desirable. The best of all the medicinal
Cinchonas—namely, Calisaya or Yellow Bark—promises to do well in Sikkim, and

Spesoies
guliivated
At Hunghbas,
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there were in the plantation on 1st April 1875, 354,500 trees of that species,
besides young plants in the nurseries. The great preponderance of swecirubra
treesin the plantation is not due to a preference for that species over Calisaya, but
to the fact that the Red Bark tree is hardier, much more easily propagated and
has a much wider range, as regards conditions of growth, than Calisaye. Owing
to the backwardness of Caliseya to yield seed, propagation by artificial methods
had to be relied on until 1874, During that year the Calisaya trees for the
first time seeded freely; it was therefore hoped that rapid extension of this
species by seedlings could then be begun. In the meantime Mr. Wood, the
recently-appointed Quinologist, had analysed the bark of the numerous varieties *
of this species which oceur on the plantation, and had pointed out that whereas
certain of these varieties yield a bark eontaining as mueh as 7} per cent. of
total alkaloid of which nearly the whole is Quinine, others yield so little as 13
per cent. of total alkaloid. ‘The best varieties (yielding from 5] to 7} per cent.
of total alkaloid) are all eharacterised by narrow leaves (in one of them these
are purple below), perfectly white flowers and small seed vessels. The bad
varieties, on the other hand, have large broad leaves, purplish flowers and large
seed vessels,

Although seed was saved from the fine varieties only, so large a proportion
of the resulting seedlings shewed such a marked resemblance to the bad varieties
that it was resolved to plant out none of them, and to trust to propagation by
cutfings for any further extensions which may be decided upon. Of other
species originally introduced into Sikkim, one—namely, C. Pakudiana—proved
worthless, and its cultivation has long since been entirely abandoned. The Grey
Barks (C. micrantha, C. Peruviana, C. nitida) being poor in Quinine, the eultiva-
tion of these species is now no longer carried on. €. Pilayensis is closely allied
in nature to gfficinalis and apparently will not succeed in Sikkim. One import-
ant species is now receiving special attention. This was referred to in the
earlier reports on the Sikkim plantation as a hybrid. The first plant of this
appeared amongst a set of seedlings raised from seed got some years ago from
Dr. Thwaites, F.R.8., Director of the Royal Botanical Gardens, Ceylon. It is
possible that this may turn out to be a distinct species and not a hybrid. Ana.
lysis of its bark shews it to contain much (uinine. Since the discovery of this
fact every effort has been made to propagate this variety., Experience, more-
over, proves that it grows well in Sikkim and at a higher level than Calisaya,
OF this variety 21,000 plants were in permanent cultivation on 1st April
1875. Like Calisaya, this variety does not come true to seed, a large majority
of its seedlings closely resembling C. officinalis in appearance.. It must there-
fore be propagated by cuttings in the manuer to be deseribed hereafter. A
form similar to this sprung up accidentally in some of the Nilgiri plantations,
but does not appear to have been propagated to any extent on those belonging
to Government.

The details of the Sikkim plantations, as they stood on the 1st April 1875,
will be found in Appendix E of this Report. The total expenditure on the
Sikkim plantations to the date just mentioned, including all quinological
charges, has been Rs. 6,46,243. The total revenue to the same date amounts to
Rs. 7,958, but the plantation has not as yet begun to be worked for revenue.

A Cinchona plantation was begun by a private company in Sikkim almost
simultanecusly with that belonging to Government. Patches of Cinchona
were also planted in several tea gardens in the district, but the eultivation has
not commended itself to private enterprise to the same extent in Sikkim as in
the Nilgiris.

"Mr. Wood's aunalysis of six varietice of Sikkim Calisape is contained in the following table, extracted
from his report to the Government of Bengnl, dated Sih Angust 16746, The varicty marked Ko 1 in the table may be
taken as & fair cxample of the bl vardotie, which number about half a dozen,

— =

Cinchena Colisays varietics. [ 1 | b | a * ] B | G
Moto) alkeadedd ... .. 16 (1 ey | T 55 4
Alkaloid sol. in Kther (&2 58 52l [ 575 4
Cryet. Bulphate of Guinine Wone, | #G6F &G g o84 i
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¥ Bpe Appendix F.
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Encouraged by its snccess on the Nilgiris, Cinchona cultivation was Introdue.
warmly taken up by European residents in the other high lands and hill psessof
ranges of the Madras presidency. The coffee planters of 'ﬁ'gunnd put out . -

a good many Red Bark trees on their estates. These are found fo grow well : Wynasa
their bark, however, in common with that grown at low elevations elsewhere, is
comparatively poor in alkaloid, and the results on the whole are not very
encouraging.

In South Canara a small plantation was formed in 1869 at a place called In Soutn
Nagooli above the Koloor Ghéit and at an elevation of 2,500 feet above the '
sea, but the experiment there was pronounced by the Madras Government
as unlikely to be productive of useful results, and has therefore been practi-
cally abandoned.

On the Mahendra Mountain in the Ganjam district, the opening of a small In Ganjan

lantation was sanetioned by the Madras Government early in 1871.

Under the Forest Department an attempt was made to introduce Cin- In the
chona on the Nulla Mully hills, but the fisst hot weather killed all the plants il
(Red Barks), and, a similar fate overtaking a second supply planted in 1867,
the experiment was abandoned. As the highest peak of the Nulla Mullys
rises to only 3,300 feet and the whole range is exposed to hot winds for two
or three months of the year, the result is scarcely to be wondered at.

The following account of Cinchona cultivation in Coorg has been fur- 1a coor:.
nished by order of the Chief Commissioner :—

“ With the object of introducing the experimental coltivation of Cinchona into Coorg,

a piece of ground about an acre in extent was taken up in 1863 by the distriet officer, and

ged under the charge of the HRevd. Mr. Richter, the Principal of the Central School.

n 1872 the ground was enlarged by adding to it o neglected coffee garden of about seven

acres in extent, and, besides the caltivation of the Cinchona plant, an effort was made to in-
troduce and acelimatize fruit and other useful trees.

% The number of Cinchona trees within the limits of the original plantation is now about
412, of which 323 are from three to ten years old. Their condition is stated to be satis.
fastory, though there have been several easualties from dry rot.

# From the nursery attached to the garden some of the coffee planters and ryots of the
district have obtained seedlings, and the cultivation has, it is stated, become somewhat extended.

o In 1870 some of the bark from the Government trees was sent to Mr. Broughton, the
; Quinelogist, for analysis. His re-

am:mw? SRS R £:5 s gg'”: port shews the results marginally
Clachonins and Cinohouiding S LT noted. The bark Mr, Brougrhton
Crystallized Salphates of EEE:M . gﬁ prononnced of good appearance and

Tll'l-ll 'ch'lLdEm E;IP]IIIH obdakmed 2 B Ei“i :l]:il'ml'ﬂnﬂf 1m & WE“-PIE‘IMIT& atate.

“The cost of establishment was for the first ten years at the rate of only Rs. 6 per men-
gem, but when the planfation was enlarged the expenditure increased, and from Sepiember
1873 to July 1874, Its. 235 were spent in clearing the old jungle, eutting a new road, and
forming a nursery, as well as effecting other improvements. Mr. Richter's own labours
are gratuitons,

“ The Mysore Government is not fully satisfid that the maintenance of this garden is
justified by the results that have been obtained, and the Superintendent of Coorg Las been
Eli.l‘mml to report more fully on the subject.”

The average girth and height of the trees in June 1875 was as follows : —

— ——— ——— ..I
Age of trees. | Averape girth. Avorage height. |
12 years. | 28 inelies, 30 foel. |
[ | 2l 40,
ﬁ E 1] | l G 1] 1? ]
4 ¥E | l. 1] ﬂ 5

The Travancore Government, by the advice of the Resident, Mr. Malthy, 1,
opened in 1862 a plantation of Cinchona at Peermede, near the station of Mary- Trevaneers
ville, a promising locality on the Travancore portion of the Western Ghits and
elevated about 3,000 feet above the sea. This locality was visited in 18G5 by
Mr. Markham and Dr, Cleghorn, then Conservator of Forests for Madras, and
was approved of as likely to suit Cinchona. In 1869 the plantation contained
3,052 trees, chiefly Red Bark, and in 1870 these were reported by the Resident at
the Travancore Court as * looking generally very well.”  Shortly after this, they
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were visited and reported upon by Mr. Melvor, whose verdict was that the trees
were cankered. The existence, however, of a certain amount of disease, of the
nature of eanker, is one of the accidents of Cinchona cultivation in all parts of
India, and its occurrence need not be regarded as necessarily proving the un-
suitability of any particular locality for Cinchona cultivation.

Insbe mine In the Pulney Hills the introduction of Cinchona has received some atten-
tion both from Government officials and from private parties, notably from the
Roman Catholic Missionaries. Planting has not been pursued on any large scale,
but it has been tried at several places. The experience is that the trees grow
fairly, but that the bark is not very rich inalkaloids. In Oetober 1872 there were
seven hundred healthy Cinchona trees in the Mission House garden at Kodieanal,

TR lly In the Tinnivelly Hills experimental plantations were made at various ele-

Hills. vations from about 2,700 to 4,300 feet, and under various conditions of exposure
and soil. Some trecs were planted on virgin forest land eleared for the purpose,
others were put in grass land. At one of the spots near Papanassam (3,000
feet) thirty-two swecirubra trees and ninety-cight of officinalis were planted in Sep-
tember 1866. Three years later, thirty of the former and seventy of the latter
were in good eondition, the tallest of them having reached a height of 13 feet,
and the average height of the whole being 8 to 10 feet. When it is stated that
these trees had neither been planted nor tended by skilled labour, but had been
under the care of wild hill-men, this result is very favourable. The portion of
the Tinnivelly Hills where the plantations are situated being practically un-
inhabited, the experiment cannot be said to have had the amount of attention
that it merits.

gathe On the Shevaroy range Cinchona succirubra seems to thrive. A hundred

Hills. seedling Red Barks planted in October 1866, although damaged by five and in-
jured by transplantation, seem to have done very well.

In Britiah It was considered that the higher parts of British Burma offered a suitable
elimate for Cinchona, and it was thought of much importance to interest the
Karen population in the cultivation. The matter was therefore taken up with
some vigour by the Forest Department. The following account of the experi-
ment in that province has been drawn up by Mr. Ribbentrop, the Officiating
Conservator of Forests':— :

¢ The first mention of Cinchona cultivation in Burma is in the annual forest report of 1865-66,
where it is stated that a few Cinchona plants were planted on the top of the lay Hills
past of Tuunglmﬂ. In the repork for 18G7-65 it 15 noted that of these plnul:a ouly two sur-
vived, and these trees are still in exictence and doing well. In December 1268, 158 plants of
Cinchona suecirndra were planted out at Phunado, at an elevation of 2,100 feet; and of these
there were surviving, at the close of Mareh 1870, 57 plants in the upper site and 59 in the
lower. A large number of cuttings were obiained from these planis and sueeessfully propa-
gated in new series. Two Karen lads, who had been placed under the care of Mr. Melvor,
Ootacamund, in September 1808, returned to Rapgoon in November 1560, having gone
through a course of traiving. Unfortunately one of these lads, Fandee, died on the 2)13 April
1870, A spot called Thandoungyes had been 1m the meantime selected as the h-anl;lqua.]ters
for Cinchona E]unti.n,f:, and Phupado was in great part abandoned. Thandoungyee is situated
18 miles north-east of Tounghoo, and the hills on which the present plantation iz located vary
from about 8,700 feet to 4,400 feet above the sea level. One bundred acres were hersa made over
to the Forest Department in March 1870, but owing to seed having failed to germinate, there
was nothing done till 1871,  In this year the cuttings raized at Phunade in 1870 were re-
moved to Thandoungyee and planted out, and by the end of the planting seazson 500 plants
had been put out in the main plantation, while the raising of seedlings was being carried on
in the propagation-house, It was in the beginning of 15872 that Dr. Adamson received charge
of the Sittang Division, involving the charge of the Cinchona plantation, and at that time
the establishment consisted of the trained assistant Takoi, 2 other assistants under instroction,
and from two to four ecoolies as required.  Duoring 1872 large numbers of seedlings were raised
in nursery beds and in the propagation-house, but only a few cuttings were planted out in the
main plantation. At the eloze of the official year 1872-73, there were about 500 young trees
in the main plantation, and 18,000 to 20,000 sexllings and cutlings available for planting ont
in the raine of 1873 and ensuing years  In 1873 an area of about 9 acres was taken in hand,

 felledd, burnt, and planted up, and al ber upwards of 6,000 seedlings and cuttings were put
out. In 1874 a fresh cleanng of about 27 acres wos made in the usual manner, and about
15,000 seedlings and cuttings planted out. In 1875, a still more extensive clearing having
Leen made, 23,000 seedlings and cuttings were transplanted from the nursmy beds to the clear-
ing, while about 3,200 were utilised in filling up blanks of the previous two years’ cultivation.
Such iz o short résnmé of of the progress of Cinchona planting in Burma during the last five
years, the total nnmber of trees reported alive at the end of Oetober 1875 being abont 44,000,

¥ Lotter to tho Scevetary to the Clied Comnstmcomer, dated 27th Novembor 1575,
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“ The following statement shews the proportion of the different varieties of trees planted ont
in different years :—

1873. 1574 o 1875,

Ciwchona snccirabra i L 2,024 7,490 18,023
) Calisaye iy o 198 50 6410

o Comdamineas ., " 2,809 4,000 7,806
5,051 12,440 26 469

% It has been found by experience that the variety Cinshone swecirndrs succceds best in the
Karen Hills. The plants are put out at a distance of 7 by 7, giving 49 square feet per plant.
There are thus at leagt 50 neres coversd with Cinchona trees, to which has to be added the area
consisting of roads, and that covered by the village and other offices. The original area
marked off (100 acres) has thus been already fully occupied.

“The eoil is a light red soil, the result of decomposition of granitic rock, with, however,
a great preponderance of rather coarse quartz sand. The surface =oil is only to a very small
da{h, nowhere exceeding a foot, dizcoloured either by the decomposition of vegetable matter
or by the ashes of burnt-down vegetation. Huge ronnded granitic boulders are scen here, as
everywhere, in the Karen hills, striking out from the ground or lying loosely on or along the
ridges or carried down to the choung.

* The lowest and highest temperatures of the past vear were as follow :(—

T #pom [
January 1dth .. e 3" Fht. 73 55"
April 19th 0 e M | 84* i

* The rainy season lasts from May to October.
“ T subjoin a statement of the heights and girths of 15 trees of those planted out at Than-
doungyee in 1871, taken in November 1872 and again in October 1574,

e ————— -

NOVEMBER 1872 OCTOBER 1873 ||
Ha HEemaeT. GIeTH. Hricut. l GirrTH. ‘
0 B I
Bt. | I | Fo | In | Fe | o | Fu| Ia |
II | . —
" |
I = | & (1] i 4 13 0 1 0
11 ) 7 2 af | 12 4 1 o |
| 1t Al TR 0 i 4 | 13 0 1 o |f
' w sl [ AL e 4 | 10 4 o | 11 |
| L 5 1] 4 | 10 10 1 o
- VI R (R e PR ) (. o | 1 |
| Vil 4 o 4 | 12 3 1 1 |l
VIII & 1 T a1 | 13 4 1 T |
Ix B 14 sl 11 | 10 1 2 |
| X G i 4 | 11 B 1 0 |
Xl 4 o 4+ | 12 [ 10 1 s
| XII & @ 4 | 13 1 1 8
X111 2 | 1 2j | 12 2 1 il
X &' | F ‘ 4 | 11 ] 1 i)
v 5 | 1 < | 1 7 1 1|

“On the 31st October 1875 there were in nursery beds 10,000 voung seedlings of Cinchons
suceirwbra and 4,700 cuttings of Cinchona Condaminea. About 3,000 seedlings were distri-
buted at the llq:inniug of the rains of 1875 to Karens, whuiammim] to plant them under the
auspices of the Missionaries (Reverend Father Biffi and Reverend Mr. Bunker), and Mr.
Adamson reports that be heard from the Reverend Father Biffi that those he planted were
doing well. There can be no doubt that the Cinchona trees at Thandoungyee have succeeded
very well as yet. Mr. Kurz, of the Caleutta Botanical Garden, was of opinion that they
would do so, but that they would never attain the size of full-grown trees, but always be
stunted and branched like the surrounding evergreen vegetation,

“ Three specimens of bark were sent in 1873 to the Government Quinologist at Madras,
and the following report on them was received :—

“ *'The specimens were three in number and were respectively labelled, Let, bark from upper
plantation, Phunado ; 2nd, bark from lower plantation, Phunado ; 3rd, bark from one of the two
trees at Bogalay. Of the age or part of the trees producing these epecimens I am ignorant,
but imagine the age to be aboat 5 years. The bark, which was that of Cinchona swerirudra,
had a thin and bad appearance, and gave me the impression of being grown at teo low an
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elevation. Submitted to analysis they yielded the following percentages of alkaloid in 100 parts

of quite dry bark :—

.

I! Upper planta- | Lower planta-
| tion, Phunado, | tiow, Phunade.

One of the two

{trees st Bogalay.

Total alkaloids . 3 A 420 493 213
Quinine and Quinicing .. = = i | 032 1158 48
Cinchona and Cinchonidine - & 37 305 215
Pure Quinine Salphate obtained Crystallized . 027 049 056

w Cinchonidine Sulphate =, 22 1'756 106 78

¢ The barks thus contain a satisfactory amount of allaloid, but practically yield scarcely
any Quinine Sulphate. From this cireumstance and their bad appearance, they give little

hope of fitness for export. For local employment as a febrifoge they are

guite suitable.

This l.l|ilit|iUL‘I ig of course bosed on the mumpliull that the speu:imeua are fur samp].w, of the

barks produced by the trees.”

T doubt,” continues Mr. Ribbentrop, © very muoch whether an extension of Cinchona

plantations in Burma well ever repay the nunavoids ]J.r Iarge outlay, labour {and

that of a wvery

wferior kind) being so costly as compared with other parts of lndin; moreover it has been
neceszary for the last two years to supply the coolies employed at Thandoungyee with their

staple food, rice, from Tounghoo, owing to the famine that has, within that peri

, existed in the

Karen eountry, and which still continues with no prospect of a speedy termination. This,

though not adlding to the expense of the plantation, as the coolies repay all

expenditure on

account of purchase and transport of rice or paddy, has greatly added to the work of the
divisional officor, and much diffieulty has been experienced in procuring carriage, especially
during the rains. Taking this into consideration, but bearing at the same time in mind the
wighes of Government to train Karen Inds in the planting and raisivg of Cinchona with a view

to introduce the plant amengst the Karens and other hill tribes, T have ondered

for the present

year an extension of only 3 acres, which will soflice for the training of the lads, perhaps even
by more instruction, as Takai will bave more of his time to give to their education. At the
same time a considerable quantity of seedlings will be reared for gratuitous distribution.

1 annex a memorandum of expenditure during the past 4 years which has been wholly on

aecount of Thandoungyee, except Hs. 450 for the pay of one man at Phunada.™

1571-72 ... Iz, 1,834
TARGTR il =i 1 s 2,041
1873-74 ... » 2,358
1874-75 R T
In the, Xha- In 1867 a Cinchona plantation was opened at Nunklow on the north-

west slope of the Khasia Hills, This was stocked with six hundred plants of
C. succirubra and fifty of C. mierentha from the Sikkim plantation. A supply

of seed of C. officinalis from the same source was furnished at

a later date.

The plantation was begun by, and remained under the care of, Mr. A. Biermann
(one of the Rungbee stafl) for three and a half %*ears. Mr, Biermann put out

several patehes on the slopes of the Khasias at elevations varying
feet above the sea down to the level of the plain of Assam.

from 4,585
On the 1st

August 1869 there was in the various Khasia plantations a total stock (includ-
ing trees permanently planted, seedlings and nursery stock plants) of about
twenty-seven thousand Cinchonas, chiefly Red Barks. As the Sikkim planta-
tions were promising so well, it was not considered desirable to extend opera-
tions on the Khasins, The European gardener was therefore withdrawn, and
the. plantations put in charge of a small native establishment sufficient to keep
them fairly free from the heavier weeds. Mr. Biermann's opinion was that suwe-
eirubre promised well on these hills at suitable elevations. The trees grew
freely as low as 800 feet and as high as 4,5800. At levels above 4,800 fect they
failed from excessive cold: at lower levels, and especially on the plain of
Assam itself, they presented from the first a sickly appearance and rapidly died
out, thus confirming the conclusion arrived at in other places that Cinchona

will not answer on level ground.
XpEaiarth. Cinchona cultivation received a very patient trial for several

years in the

Finow: North-West Provinces. The experiments were carried out by the staff of the
Botanical Garden at Seharunpore, and for some time were under the immediate

charge of a gardener who had been for several years employed in

the Govern-

ment Cinchona plantation in Sikkim, and who was therefore familiar with all the
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practical details of propagation and eultivation as earried on there. Reviewing
the various experiments which had been made in these provinees, Dr. Jame-
son, Buperintendent of the Seharunpore Garden, thus writes' :—

“ For several consccutive years Cinchona cultivation has been earried on in the Din and
Eohiztan of the North-West Provinces, or from altitudes of 2,500 feet above the level of the
sea up to 6,600 feet, and in all localities 1t has failed. It has been tried at Chandwallah and
other Jocalities in the Dehra Diin at 2,500 ; at Chejuri in Garhwal at an pltitwle of 4,500 :
at Mussooree, altitude 6,500 feet. In the Kumaon Babar, altitude 2,000; at Hawal Bach in
Kumaon at an altitude of 4,500 ; at Ayar Toli and Raneekhet, altitude 6,000 ; and at Urkalli,
altitude 6,500 to 7,000 feet. In all these localities, '|'J:|.rl'i1:|g the Babar of Kumaon, the
I‘;Ituta progressed doring the hot weather and roins. In the cold weather it was deemed
necesszary to protect them from the frost, and this was done for three years, and until many
of the nts had attained & hrighi- of from .j.i to § fect, These, with many others, r;l.n;.:iug
from 24 to 3 feet, were then lelt uncovered during the cold weather, and the result was the
destruction of every plant in all the localitice mentioned. At Rancekhbet, plants of the Cin-
ehona emecirnbra ies from 4 to b feet in beight were also eut down, even though partially
protected, in a similar manner to those in the Dehra Thin, &e. This, therefore, shews that
the plant iz not at all fitted for the Didn or Kohistan of the North-West Provinees or Punjab.
To rear the plant, particularly the species Cinchowa succirnbra and Cinchona afficinalis, there is
no difficulty, and at the present moment there are at Hawal Bagh opwards of seven hundred

lants, under glass, in a thriving condition. But these plants are of no practical use, as
Em'm_g the extensive trials which they have received for several consecutive years all have been
dﬂtruyad h}- the frost during the cold seagon. To continue the erowth of the plant as an ex-
iment, in view to the enltivation for economie purposes, wounld be a mistake, and the time,
therafore, has come to close the experiment which has been eardied on with the utmost care,
labour, and atiention, and to declare that the Dins and Kolustan of the North-Western o=
vinces and Punjab are not fitted for the cultivation of Cinehona plants for commereial pur-

poses,

Cinchona received an extended trial on the plantation of Colonel Nassau- in the
Lees-in the Kangra Valley. This gentleman threw much spirit into his efforts vaiis
to introduce the plant. He provided himself from Java, Ceylon and the Nil-
giris with seeds or seedlings of all the leading species, and he imported from
Scotland a trained gardener to superintend the cultivation. He was also sup-

lied by Mr. Markham with seeds of C. Pifayensis,” a species which thrives at
Eigh nﬂitudes on the Andes, and which it was hoped would thrive in the com-

ratively severe winter climate of the Kangra Valley. Colunel Lees’ planta-
tion ecalled New Quito is in latitude 30° 7'8" North and at an altitude of 4,500
feet above the sea. Experimenis were made by others in the Kangra Valley,
and for some time the prospects of success appeared moderately hopeful.
Ultimately, however, the majority of the plants succumbed to frost, and the
final result is almost identical with that obtained in the North-West Provinees.

In the Bombay Presidency, the Mahableshwar hills were chosen as the gnme
locality most suitable for Cinchona. A site was accordingly selected in 1564 e Ml
at Lingmulla on the banks of the Yenna stream. This spot is described as
having * a northern aspect, protection from the prevailing winds, a good soil and
subsoil, and the least possible (for Mahableshwar) rainfall, iz, about 150
inches.,” At the close of the year 1864 there were sixty young plants, and by
February 1866 they had been increased to two hundred and seventy by layering.

The plants did not thrive well, and in 1874 the Bombay Government asked
Mr. MecIvor, of the Nilgiri plantation, to visit and report on their condition.

At the date of Mr. Melvor's visit there were in permancnt plantation at

Mahableshwar the following trees * :—

Cinckona sueciruira _,, o 13418
= Condaminea b 401
Torar ... 13,007

Mr. MeIvor considered that, as regards soil, exposure and cultivation, the
Mahableshwar plants eould not have been more favourably situated, but in his
opinion the climate is unfavourable, presenting, as it does, such extremes of
drought and moisture, and he attributed the prevalence of disease among the

1| Memorandim on Cinclons Culfévafive n fhe Dhie ond Kobidan of the North.Werd Prociaces, dated 14¢h

b-ri B
2 Calleeted by Mr. Crose
3 The above rotarn does not include mursery stock.
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trees to this cause. e recommended the immediate abandonment of the
plantation. The Government did not, however, at once act on his advice, but
decided to keep it on for another year in order to try whether a plan proposed
by Mr. Woodrow (the SBuperintendent of the Botanical Garden) Whlﬂc{}u not
prove beneficial.  Mr. Woodrow thought that a form of canker was the cause
of the unhealthiness of the trees and that by protecting the soil from sun
and rain by a covering of dead fern fronds, the roots of the trees could be
defended from the extremes of heat and eold and of moisture and drought,
and that thus an improvement might be effected. A year’s trial of this plan
shewed no good results, and the plantation, on which about Rs. 64,000 had
been spent, was finally abandoned.

In Ceylon the ecultivation of Cinchona was begun in 1861, and so long
ago as 1864, Dr, Thwaites, F.IL8., the distinguished Director of the Botanieal
Gardens at Peradenia and Hakgalla, was able to report that the “ plants ex-
Libited the most perfeet health and vigour.” “Thesite of the plantation at
Hakgalla,” writes Mr, Markham (who visited it in 18635), * has been so admir-
ably selected and resembles so closely the native habitat of the Cinchona in
South America that the bealthy growth of the plants there must have been
a certainty from the first.” The growth of the two species suecirubre and
officinalis at Hakgalla has been excellent, and the ground under the trees by
the sides of the roads in the plantation and all waste spots near it are erowded
with spontaneous Cinchona seedlings—a circumstance which clearly proves
the thorough suitability of thespot to the requirements of Cinchona. From
this Hakgalla plantation hundreds of thonsands of seedlings and many ounces
of seed have with the greatest liberality been given away to planters in the
colony, by whom Cinchona cultivation has been taken up as an adjunct to
coffee-planting. The recent progress has (as will be seer from the following
extract from the Ceylon Directory for 1575) been most striking :—* The Direcs
tor of the Royal Botanical Garden in his report for 1873 mentioned that he had
applications during that year for over a million of Cinchona plants, 800,000 of
which he was able to supply. FPreviously, it is estimated, half a million of
plants were issued. During 1874 the Director reports that 826,000 additional
have been issued, and, counting the number of plants obtained from private
nurseries and estates, very nearly three millions will thus be made up.” 1 am
informed by My, Fergusson, the Editor of the Ceylon Observer, and himself a
suceessful Cinchona planter, that durink 1875 about a million and a half
plants, raised in Government and private nurseries, were planted out, and that
the acrcage under Cinchona from 1872 to 1875 may be stated as follows :—

1872 L T o B0 acres,
1878 PR [T | TR
1574 2,000

1875 3,000,

Large extensions are now been carried on, and by the end of 1876 the same
authority estimates that the Cinehona trees in Ceylon will number nearly six
millions, The Red Bark tree from its rapid growth and the t it gave of
yielding a quick return on ca];ilal was at first the favourite with planters. But
now that the merits of the Pale Barks are becoming better understood, C, offici-
palis is also being largely planted. C. Calisaya has as yet made little way in
Ceylon, Ceylon-grown bark has been repeatedly analysed and shewn to be rich
in alkaloid. No attempt has been made, nor probably will any be made, to
extract the alkaloids locally; repeated consignments of bark have, however,
been sent to England for sale and have brought good prices.

The cultivation of Cinchona has been begun in Jamaiea, and in others of
the West Indian British colonies, in the French colonies of Bourbon and
Féunion, in 8t. Helena, the Mauritivg and elsewhere. In all these loeali-
ties, suceirnbra is the speeies grown : it is, therefore, probable that the European
market will soon be flooded with supplies of Red Bark, and it is not unlikely
that the price of that sort will fall correspondingly.

Hoo Appendliz G
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CHAPTER IV.
THE CULTIVATION OF THE CINCHONA TREE.

Write regard to the climate snitable for Cinchonas, it may be laid down SIPHS o
as a universal rule that none of the medicinal species will stand frost. They prefer Uipchona
rather a cool elimate in which the contrast between summer and winter, and
between day and night temperatures, is not very great. These condifions are

in some measure obtained in the Nilgiris and in Sikkim. At Ootacamund,

about 7,500 feet above the sea, the minimum lowest temperature in the shade, qe ™
caleulated on an average of three years, is about 49° and the maximum 69° Fahr.;

and at Neddiwattum, situated about 2,000 feet lower, the minimum, caleulated

also over three years, is found to be about 54° Fahr. and the maximum 66° Fahr.

Full details will be found in the Appendix.'! Observations taken in 1866 and

1867 at an elevation of 3,332 feet in the Runghee Valley, in Sikkim, shew a
minimum temperature of 40° and 41° Fahr., and a maximum of 88" Fahr., the

mean minima for the two yearsbeing 59°20" and 57-53°, the mean maxima 717" and

72-28° Fahr., and the mean temperatures 65°6° and 64-80° respectively. Detailed
statements of observations for these years, made at five stations in the Rungbee

reserve, at different altitudes, are given in an Appendix.®* The latter figures

give an idea of a climate fairly suitable for swecirubra, but rather cold for
Calisaya. A more congenial climate for both species iz indicated by the

fizures obtained at a lower station (elevation above the sea 2,550 feet)

which, for the yvears 1866 and 1867, are as follow :—

Minimum temperature ... 40° and 41° Fakr,
Mazimunm - 92" and 94° 5l
Mean minimum temperature HAE 595 and GO-B4°
s INAXIMUM o e 06" and 51:50° fr
» temperature T0-1%and T1-28° ,,

In varions parts of Ceylon a favourable elimate for Cinchona is obtained,
as will be seen from the following extract from a most reliable local publie-
ation * :—

“ In the Dimbula district, for example, there is a mean temperature of 65-5° Fahr. with
nothing colder in the shade in winter than $4-57 (12° abeve freezing point), and nothing hotter
m the shade in summer than 59°, Loth extremes being exceptional, and the latter helping to
produce o maximum temperature favourable to coffee cultivation, equally so to Tea and Cinchona
without being injurions to human health, Dismissing the rarely ocourring cxtremes, we et a
mean mazimum in the shade of 73-2% Fahr. againgt a mean minimom of 554 Fahr, result-
ing-,, as we have :lemlg not.ia:mﬂ, in a mean shade temperatuns of 65-8° Fahr, But #* #* =
on a clear January morning, before the sun has dawned, the exposed thermometer may indicate
i eold of 33° Fahr, or only one degree above freezing point; while at noon-day in April {our
hottest month) the mercury way, under the full influence of the sun’s rays, rize to 156° Fahr.
But these, again, are the extremes on the grass and in the sun; the mesn maximum of the
exposed thermometer being only 103-5% Fahr, against a mean minimum of 54'1° Fahr.”

In the matter of moisture, the peculiarities of the Cinchonas were at first rainsan.
rather misunderstood, their preference for incessant rain and mist having been
ezaggemted. It is found, especially on the Nilgiris, that all the species, and
particularly the Red Barks, withstand long droughts. All the species assume a:

llowish tint during the rains (indieating an excessive supply of moisture),
and (in the Nilgiris) all make their most vigorous growth during the seasons in
which sunshine and showers alternate. After a continuance of dull steamy
days all the species seem to become tender, and a sudden change to bright
sunny weather affects the plants in a most marked way, causing their leaves to
ﬂiﬁé In Sikkim, sweecirubre makes its most vigorous growth during the latter
of the rains, but both on the Nilgiris and Himalayas the trees continue to
grow for two months after the rains cease.

Observations which have been made shew that (caleulated on the returns
of five years) there are at Ootacamund no fewer than 218 dry days in the year,
and at Neddiwattum about 240 dry days. The rainfall of the former locality
(on an avernge of three years) is about 44 inches per annum, and that of
Neddiwattum 105 inches, The amount of moisture in the air is indicated

1 8en Appendix H, : 2

% Zpe Appendix 1,
# Bee a pamphlet on the climate of Dimbuls published at the Ceplon Observer ofice, Colombo, 1575
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by the returns for the year 1868.69, which are given as an Appendix’ to
this report. The rainfall in Sikkim is muech heavier than on the Nileiris, but is
much affected by locality. At Rungbee, altitude 5,000 feet, during 1872,
1G5°56 inches of rain were registered, while at Rishap, 3,000 feet lower and
four miles distant, only 120°6 inches fell.* The general features of the climate
have been thus deseribed in one of my reports :—

“The climate of the Runghee Valley is peculiar. Being so completely shut in upon all sides,
it is protected in a striking degree from wind, and up to the higher limits of the Cinchons
belt, the air i= rarely stirred by even the mentiest brecze—a state of things in striking contrast
to that obtaining in the Nilgiris, where in exposed places great and permanent injury is done
to the Cinchona plants by the high winds. At the lower levels frost is completely unknown,
and the climate is indeed sub-tropical, while on the higher southern and western slopes frost,
and even snow, are the order of the day during the cold season. Occagionally heavy hail-
storms pass over the valley, tearing to pieces the thin broad leaves of the Red Bark trees.
The mischief thus dene i, lowever, rapidly rccovered from. The rainfall is heavy, but not
equally o, in all parts of the valley. The warm vapour-laden air, passing up from l_.]j';u plains,
has its moisture condensed into elonds by the eool, high, forest-clad ridees that form the
northern and western boundary of the valley, and for a great part of the year the higher part
of these are l,'nwluped in 1|ri?.1.¥iu;: fug\ Even at the dricst season one 15 struck hr the amount
of mist which, eondensed at the |Ii::'hL"r elevations, almosk Vary wening crecps well down their
slopes, while the whole of the opposite side and of the lower part of the valley continue quite
clear. During the monsoon the rainfall on these high southern ridges must be very great.
Some idea of ils éxtent may be formed from the fet that at o bunealow ﬂtnlirling in the southe
western corner of the valley, at an elevation of ouly 5,000 feet, and thos far below the crest,
the rainfall for the vear averages about 200 inches. At lower levels in the valley the minfall
is very mueh less, and no part of the Government Cinehona cultivation is exposed to such a
dﬁwnimur. For PI:lmp]L‘:, at the Hiﬁlla]r ]1]:m!ulin:u. hut (2,000 feet above the sea), where &
rain-gangre has been kept for some years, the averngre is shewn fo be about 120 inches, and as
the mouth of the 'Hi:”]i'_f and the Teesla ave spprosched, the climate becomes very much drier.
The northern side of the vu]ll.":r |.n.'51|f,-; itself r:um[:-::rnliwl_].' low and cleared of rnmst, and bm'.ng
besides beyond the influence of the high ranges, shares in the drier climate.™

Cinchona appears to find a congenial home in the uniformly moist climate
of Ceylon in the distriets of Dikoya and Maskeliya; for example, the rainfall
ranges, as far as the fizures available enable us to judze, from 120 to 145 inches
for Dikoya, and from 130 to 150 inches for Maskeliya. This rainfall is well
distributed over the year.

In the adjoining distriet of Dimbula the annual rainfall is about 108 inches,
and the number of dry days in the year about 145, In all three the rain falls
uniformly and gently, violent storms being rare. The meteorological returns
in the Appendix ? (for which I am indebted to Mr. Fergusson, Editor of the
Ceylon Observer) will give a good idea of the climate.

The Nilgiri and many of the Ceylon plantations are much exposed to continu-
ous and high winds; those of Sikkim are on the other hand but rarely subjected to
even a moderate breeze.  Wind, when excessive and frequent, appears to do eon-
siderable and permanent damage, especially to seceirabra, the leaves of which
are large and tender. 1ail, if heavy, strips a plantation of its leaves, but the
check to growth caused by this is but temporary, as new leaves speedily appear.
In standing the violence of storms, says Mr. Melvor, *the Crown Barks rank
first, the Red second, the Grey third and the Yellow fourth.”

As regards elevationabove the sea it is found that, in the Nilgiris, suecirn-
bra succeeds best at altitudes of from 4,500 to 6,000 feet. An elevation of
7,000 feet is found to be too high, the growth heing too slow to be profitable.
Fale or Crown Barks thrive in a zone above this, and seem to sueceed well even
up to 8,500 feet. Calisaya on the Nilgiris has not been a suceess at any ele-
vation, but it does rather better, as also do the Grey Barks, within the succirubra
zone than at higher elevations. In Sikkim, 16 degrees further north, experience
has shewn that suceirabra and the Grey Barks thrive well from 1,500 to 3,500 feet,
and can be got to grow both as low as 800 feet. and as high as 5,000 feet ; Calisaya
thrives between 1,500 and 3,000 feet ; officinalis does not thrive at any elevation.

All the species are most impatient of stagnant moisture at their roots, and
therefore require an open sub-soil, a sloping exposure and the other conditions
of perfect drainage. They cannot be got to grow on flat land. Like most
other plants, they prefer a rieh soil, and for this reason they do beiter in
newly-cleared forest than in grass lands of the sort so extensive in the Nilgiris.

— = ———— e S
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The Crown or Pale Barks, however, are more tolerant than the others of a
soil in vegetable humus, and grow fairly well on grass land as well as
on * laterite soils.” The freer and more friable the surface soil the better, but
an open well-drained sub-soil is above all things indispensable to their successful
with. As soon as the roots of a Cinchona tree get down into sub-soil in
which there is any tendency for moisture to collect, the plant most certainly
begins to sicken and die. The basis of the soil of the Nilgiris is decomposed
eneiss ; in Sikkim it is composed both of gneiss and of decaying mica selist.

In Sikkim and also in the Nilgiris and elsewhere in India where Cinchona Diseass.
has been introduced, the plants are subject to two forms of disease. Both
diseases were common on the older parts of the Sikkim plantations, and
attracted some attention during the meeting of the Cinchona Commission there
in 1871. Mr. Melvor apparently considers them more serious than they have
turned out to be. They are thus deseribed in my report on the Sikkim planta-
tion for 1871-72:—

& After very carelul examination it appears plain to me that two distinet forms of disease
oecur in the Sikkim plantations,—the one, a constitutional malady affecting the whele plant
and muaﬂy fatal; the other, lecal and by no means fatal. The former disease is confined en-
th'elj.r to trees which have been nri;;inull_r p!aniﬂl 1 d:unp gituations, or in situations which
have become damp subsequently by the ocozing of drivage water. Disease firet attacks the
roots of such trees. Ite existence becomes apparent by the discolouration of their leaves,
which ultimately all fall off. Gradual shrivelling of the eortical and wiody tissues then takes

lace from the reot upwards, and before this process has gone far the death of the plant has
Eegun. This disease iz in fact apparently nearly identical with that known to gardencrs in
England as ‘ canker;’ it is not in any way infections or contagious, as some appear to think.
It depends entirely on a local canse—namely, excess of moisture in the soil ; and where that
does not exist, it cannot occur.  In the Cinchona planted on the western end of the Runghes
valley, patches of trees killed by this disease are not uncommon, Such patches are invariably
eo-extensive with damp, watery soil.

“Mhe gecond form of disease does not affect the entire constitution of the pla'nt, but
manifests itsell in patches on the stem and branches, The appearance of one of these patehes
is ag if some escharotic had been dropped on the bark, which iz of a dark, unnatoral eolowr,
shrivelled, dry, and brittle; occasionally these appearances extend to the wood, but as a rule
they do net. In size the patehes vary; many are about the size of a ghilling, others are
much larger, They are not numercus on one tree, and are often confined to a single branch.
‘When small, no apparent affeetion of the general health of the plant occurs, and growth goes
on unchecked. Where, however, a large patch occurs on a small tree, involving the bark
pretty nearly all round the stem, death results. Death from this disease is, however, as far
as my observations go, not common ; and it is a well-established fact that a tree which has
been extensively affected will often, when cut down, throw up from its stump perfectly healthy
ghoots; while in hundreds of trees at Runglbee I have seen illustrations of recovery, the little
patches of diseased bark being thrown off and replaced by perfectly healthy tissue, and the
plant spparently as robust as if 1t never had been attacked. I had not sufficient leisure last
year dunng the season at which this affection is most prevalent—namely, the rains—to make
successive observations on the state of the diseased tissues, and T am prepared with no theories
about its cause; I hope, however, to find out something during the approaching rains. This
digease is not confined like the last to certain loealities, but is found on plants in all parts of the
hl;ntnﬁnn. I do mot think it is to be feared mueh, and I eertainly do not eoncur in Mr.

Ivor's views concerning its dangerous nature.  In my opinion it must be accepted as one of
the drawbacks attending the Cinchona experiment,”

It is quite possible that, as some observers are inclined to think, both
these diseases may be ﬂsaentlailll'? one in nature, the second being a mild form
of the first and caused by some of the roots getting into uncongenial sour soil
and so becoming diseased. On this view recovery would be accounted for by
the gradual penetration of the roots into more suitable soil.

Cinchona seeds ripen duri the dry season that follows the rains.! Mode of
They should be carefully gathered just as the seed vessels bagin spontaneously seed. -
to burst. After being gathered the latter should be laid out in shallow boxes
to dry until the seeds fall out of their own accord. Exposure to strong sun-
light is unnecessary, and the seeds probably dry best if laid during the day in
a place exposed to a current of air. At night they should be put under shelter
for protection from rain and dew. The seeds of all the species are oblong,
{lattened and very light. M. Melvor calenlates that * an ounce of clean seeds
produces on an average from 20,000 to 25,000 plants.” These seeds do not
retain their vitality long and shonld be sown as soon as possible after eollection.

—_— —— e e

Vin Sikkim, seecirubra seed begins to sipen about the end of the rainy semson 3 E';uu_u'a seod doce ot ripen st
abont January.
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For transport to a distance they travel best if packed in porous eloth and
sent by post. Wax cloth makes a bad covering, as it prevents ventilation.

“ Cinchona seeds,” says Mr. Melvor, © germinate best at a temperature vary-
ing from 65° to 70° Fabr; they will also germinate, though slowly, at a tem-
perature of 55° Fahr. and will sustain a temperature of 80°Fahr."” During the
cold season seeds should therefore be sown under glass, but during the hot
weather and rains they should be sown in open beds which are sheltered merely
by thatehed roofs. In either case the seeds must be sown in fine, rich,
thoronghly-decayed vegetable mould, either pure or mixed with an equal volume
of clean sharp sand which does not feel clayey or sticky when a little of
it is taken up and compressed between the fingers. Mould can usually
be easily collected in the forest and is specially abundant at the base of old
clumps of bamboo. After being sifted, the soil so eollected should then be
spread in layers about two or three inches in depth and five feet wide, on
beds of ground which have been previously well cleared. These beds may be
of any length that is convenient. They should run east and west and should
have their open side directed towards the north. They should slope to one side
s0 that no water whatever may lodge in them at any season, and should
be protected from rain and sunshine and from all dvip by a single sloping
thateh,' the slope of which should be in the same direction as, though of course
much greater than, the slope of the bed. It is convenient to have a path in
front of each bed. The drainage of each bed should be distinet from that of its
neiglibour. In most places where Cinchona is likely to be grown, perfect
dramage can always be secured by making the beds on terraces on a hill-side.
Before sowing the seeds, the soil of the seed-bed should be brought to a uni-
form degree of firmness by working it through and gently pressing it down
with the expanded fingers, If this be not attended to, but on the eontrary the
goil be left loose in one part and mmi}r&ssed in another, water will penetrate
unequally, and unevenness of surface will ultimately result. The surface should
from the first be smooth and even, but not hard and compressed, The seed
should then be seattered pretty thickly on its surface, and afterwards a very
little fine earth or sand may be sprinkled above it.* Tt is not desived fo cover the
seeds, but merely to steady them by a little earth above them here and there, and
to get them into proper contact with the soil. It is a very good plan after
sowing the seed to press the surface of the bed very gently with the expanded
walms or with a smooth board. Water should be given in the early part of the
!In].r rather than in the evening. Watering must be done judiciously, and any-
thing like deluging must be carefully avoided ; at the same time a uniform
state of moisture should be maintained. This is best managed by using a very
finely bored garden syringe and forcing the stream of water through it at some
distance from the bed to be operated on, so that the moisture may fall on the
soil in the form of fine spray. Very cold water should be avoided; it may
therefore often be necessary to allow water to stand for some time ina warm
sunny place before using it, so as to bring it as near to the temperature of the
air as possible. The seeds will germinate in from two to six weeks, according
to temperature. Besides the morning watering, it may be necessary to water
the mIllings slightly onece or even twice during the day, but watering late in
the evening should be avoided. From the time the =eed is sown, it will some-
times be necessary fo give the beds a more complete protection from wind, rain
or sunshine than is afforded by the thatch above deseribed. When this is
necessary, it can be easily done by putting up mats at the exposed parts of the
bed. If seeds are sown under glass, they should be well shaded, and especial
care should be taken in watering seedlings under glass to allow the leaves to
become quite dry before shutting the frames. Young seedlings are especially

'L i oot convepient to have the thateh too low. If §¢ be mado five fest alove the soll at the froat or Ligher
anil twa feet at the back or lower side, codlies can ensily work under it and plenty of light and wie are besides ad-
wilied,  During the mins it is cepecially neecssary to admit a froe corrent of air.

¥ In hin mobes on Bho gution aof Cinchonna (Gaatzs Brothers, Maodms, 1967) Mr. Melvor reconumeiuds that, if
thi siwals he fresh, th:-_v sl h-wﬂ In eold water for twelve lvours befom Iuinp;ml:utif e sevds have come from
& great distanee or have besn kept for some Gime, six bowrs steeping will, be consbilers, be mfficient, = The mest oom-
wen el wiy,” writes Mr, Hi:Irm', i stenp the seeds iz to ||].|.mu them lﬂw'lj in & hag and fmmerse the sume in water.
When the seds have boon soaked tho proscribed time, take the bag oot and drain off te water ; the seeds will be found
Lo have swollon cotsilerably, and in onler (o separate thim, miz thos with about fwios tlsely bulk of dry sand. In this
way e malsture aroand the seeds is absorbed, snd on being stirmed gently the seds soparate from each cther freely

aml infermix with the sand.  In this eondition they are sovm on the garface of the soil. ad lightly coverad over with m
mer sprinkling of dry sand™
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liahle to damp off, and every precaution should be taken to prevent this aceident.
In Sikkim, more particularly in very damp weather, the seed-beds are ocea-
sionally infested by the myecelium of a fungus, the minute threads of which
ramify in the soil and kill many of the tender seedlings. Gentle stirring of the
soil is found to be of some use in checking the ravages of this pest.

The next operation is to prick the young seedlings out into nursery beds, Prickingout.
This first transplantation should be done when the plants have got two, or
even three, pairs of leaves. The best way to remove them is to insert a small
flat-pointed stick into the soil under the plants and then to press the point of
the stick gently upwards, so stirring and loosening the soil as to allow the
plants to he nasf!:,' removed from it without breaking their tender rootlets. It
is a good plan to begin this operation at one end or side of a seed-bed and to
work across it in one direction until all the plants with two or three pairs of
leaves are taken out. Probably a few days later some seeds hitherto dormant will
have germinated ; these can then be removed in their turn. The seedlmn:s taken
out should be transplanted into nursery beds formed in ev ot like the
seed-heds, but with a thicker layer of vegetable soil. They s uu]x be pricked
out in lines at distances of a little less than 1} inches with a space between
the lines of about 2 inches. A bed, 5 feet wide, will thus give transverse lines
holding about 50 plants each. The holes for the roots of the seedlings are
readily made with a blunt-pointed stick. In this, as in subsequent transplan-
tations, care should be taken not to double up the roots, but to make the holes
" deep enough to receive them stretched outto their full length. The roots of
the seedling being put into the hole, the earth should be filled in, and care
should be taken to press down the earth and so fill the hole thoroughly to the

hottom. A careless planter will often press the soil firmly into the upper
part of the hole, leaving the bottom of the latter imperfeetly filled with soil.
It is often of advantage to prick the seedlings out into shallow boxes instead of
the open ground. They are thus under command and ean be put under glass
frames if necessary to establish them. After having been pricked out the plants
should remain untouched until they are about 4 inches high, when a seeond trans-
plantation will be necessary. On this second oceasion they should be planted
out in the same manner as before, only at distances of about 4 by 4 inches each
way. When from 9 to 12 inches in height, the seedlings are ready for trans-
planting into the situations they are permanently to occupy. If left too long
in nursery beds, they are liable to become unhealthy. On the other hand, it is
a mistake to put out too small plants. To harden them for the final trans-
plantation, the thateh by which the seedlings have hitherto been protected
should be removed, and they should be {:xpuscd frecl E to the weather for at least
a fortnight prior to remov al, but dull cloudy weather must be chosen (for the
beginning at least of this hur-:lemu:' process), for sudden exposure to a bright
san would be disastrous. From the sowing of the seed until this final trans-

lantation, probably eight to twelve months must elapse, and during this time
Judicious watering is necessary whenever the soil is dry, eare, however, being
taken not to overdo it.

Cinchona succirubra is propagated from cuttings with great readiness, and Propagstion
this method is probably easier and, to the unexperienced eu]n'mmr safer than "7 ">
propagation by seedlings. The best wood fo chumse for cuttings is the thin, but
not too succulent, wood of the current year's growth, that yiclded by young
shoots springing from the lower part of the stem being preferable to the branches
of the tree. The euttings should be cut just below the joint, or point where
a pair of leaves (Cinchona leaves always are in pairs) originates. The larger
leaves should be removed all except their ham, but the yoinger unexpﬂnded
leaves, if any, should be allowed to remain. Cuttings of this species answer
very well if put out in thatehed beds of the sort a]malh described for seedlings.
They err be also tried in shallow boxes about two inches deep, filled with
a layer of fine vegetable mould mixed with sand. A layer of pure sand ahove
the mould iz of great use, as it promotes drainage, and ﬂutl:mga are very apt to
vot off at the level of the soil if it is not thoroughly drained. Red Bark cuttings
form roots in from two to four months aceording to season and temperature, Tor
out-door euttings, the months from April to Angust are found in Sikkim
to be the most favourable. In drier localities, April will probably be found
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too early; but the most suitable season must be determined for every locality
by experience.

In his admirable treatise on the principles and practice of horticulture,' a
book deserving of eareful study by all interested in the growing of plants, Dr.
Lindley makes the following remarks which are particularly appropriate to the
artificial propagation of Cinchone Calisaye : It is known,” says Dr. Lindley,
* that plants possess some quality analogous to animal irritability, to which, for
want of a better, the name of excitability has been given. In proportion to
the amount of excitability in a given plant is the power which its cuttings
possess of striking. The great promoter of vegetable excitability is heat.
Therefore the more heat a given plant has been exposed to, within certain
limits, the more readily its cuttings strike root. This explains what seems to
have puzzled Mr. Newman.* ‘The young wood,’ he says, ©of trees growing in
the open air will not do for cuttings : and yet if those same trees are forced in
a hot-house, their enttings are almost sure to suceeed.’ "  This is the case with
Cinchona Calisaya, in Sikkim at least. When, therefore, it is necessary to resort
to artificial methods (as is the ease with Calisaya) of propagation, the first step
is to establish stock plants from which to take cuttings, This is easily done
by making layers in the usual way. The operation of layering consists in
bending the branch of a tree into the soil and half cutting it through at the
bend, the object being to cause the upper part of the branch thus partially
separated to form roots on the cut surface. The eut part is then put into the
soil and, if necessary, pegged down, a quantity of sand being put round the °
wound so as to ensure good drainage. It is often found useful to bend the shoot
well back before putting the wound in the ground, so as, in a measure, to obstruet
the channels by which the sap passes, and thus, by impeding the return of sap
from the layer into the main stem, to secure it for the layer itself. As the
wood of Calisaya is rather brittle, bending, if practised at all, must be done care-
fully. If the branches of a Cinchona tree, as is usually the case, cannot be
conveniently bent down to the natural seil, soil must be elevated to them.
This is easily done by filling boxes with well-selected earth and raising them
on posts. In the course of three or four months Calisaya layers are found to
root. While rooting they must be ecarefully watered : the beginning of the
rainy season is thercfore the best suited for layering. When well rooted, the
layers should be transplanted into glazed frames (made like ordinary cucumber
frames), and planted in good soil at distances of about six inches apart,
These are called séock plants, and about every month, or every second month
according to circumstances, they will yield a erop of cuttings. Each of the
cuttings so yielded will of course consist of soft young wood. In taking the
cuttings from the stock plants entire shoots should not be removed, but a bud
or two should always be left on the part of the shoot remaining on the stock plant
to provide new shoots. The cuttings themselves ghould be about three to four
inches long. The fully-developed leaves on the cuttings should be cut so as to
leave only their lower halves on the cuttings, but all young leaves should be
allowed to remain entire. The cuftings should be put into shallow boxes of
the sort already described. The soil in these boxes should consist of fine, perfect-
Iy-decayed, vegetable mould, mixed with from one-half to one-third its velume
of sand, and on the top of the soil should be spread a layer, about two-thirds
of an inch deep, of pure sand to promote drainage. It is preferable to put the
cuttings into boxes, as deseribed, than to put them into open soil under frames ;
for when the cuttings are rooted, the boxes can beremoved, so as to harden the
cuttings gradually without disturbing their delicate roots,

“ What is demanded,” says Dr, Lindley in the work * already quoted, * when
enttings of plants are to be struck is a due adjustment of heat, light, and
moisture. The first stimulates the vital processes, the second eauses the forma-
tion of matter out of which ronts and leaves are orzanised, the third iz at once
the vehicle for the food required by the cutting and a part of it. The difficalty
is to know how to adjust these agents. If the heat is too high, organs are formed

! Fhe Theory and pracfice of Horliewltnrs, by John Lindley, F.R.E, &o, &e.  Longmans & Co, London, 1575
* The authior of on exedbent treatise cn the propagution of plouts,
? Theory and Proctice of Horticellire, page 259,
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faster than they ean be solidified; if too low, decay comes on before the
reproductive forees can be put in action. When light is too powerful, the fluid
contents of the cutting are lost faster than they can be supplied; when too
feeble there is mot a sufficiently quick formation of organisable matter to
construct the new roots and leaves with. If water is deficient the cutting is
starved ; 'if overabundant, it rots.” Bearing these principles in mind, therefore,
care should be faken to provide mats to lay on the glazed frames, so as to shade
them when the sun’s raysare too powerful ; an equable moist atmosphere should
be kept up inside the frame ; ventilation should be provided for by opening the
frames for half-an-hour or an hounr early in the morning, and by keeping them
at other times slightly ajar by means of a small stone or stick ; and above all,
watering should be very carcfully done by means of a finely-drilled syringe.
Deluging should always be avoided, and the leaves sbould never be allowed to
be wet in the evening or at night. Good cutiings will root during warm
weather in from three to four weeks ; in the cold season, however, sometimes as
long as four or five months elapse before good roots are formed. Propagation
in frames or houses furnished with bottom heat need not be deseribed here, as
in a favourable climate for Cinchona cultivation cuttings ean be made to root as
above deseribed. 'When thoroughly rooted, the cuttings should be fransplanted
into thatched beds, like seedlings at their second transplantation. Their further
treatment should be precisely that of seedlings.

Propagation by buds was practised both on the Nilgiris and Sikkim in the propagation
early days of the Cinchona enterprise. It is now no longer necessary to resort ™ °*%
to this method. :

In preparing ground for permanent plantation, the frst thing is, of course, 1o prepasing
select the place ; this should be done with due care and after full consideration Smanen
has been given to the points imperfeetly discussed above. The selected spot must P4
then be eleared of its natural vegetation.! The best time for beginning to do this
is obviously when the dry season has sufficiently advanced to make a second
growth of grass improbable, When the felled forest, whether grass or timber,
is sufficiently dry, it may be fired. Stumps and logs remaining unburnt after
the fire may be rolled into spots unsunitable for planting, or heaped together
and burnt. A better way is to lay them between the lines of plants, and
allow them to rot and thus to profit by the humus formed by their decay.

The large fibrous roots of tall grasses and other weeds likely to over- pining ou.
power the young trees about to be planted, should be dug out and killed either

by exposure or burning. The land being thus cleared, any necessary roads

may be lined off and made. The sites in which the plants are to be put must

then be marked off. This may conveniently be done by means of a cord,

alout 100 feet long, on which marks are tied at the intervals at which

it is wished to plant the frees, This cord is stretched on the ground, and
opposite each of the marks on it a piece of split bamboo is struck into the soil.

The cord is then moved, another line is staked off at a proper distance from

the last, and so on. Coolies follow, whose duty it is to dig pits, about a foot to Digging pits.
fifteen inchesin depth and eighteen inches wide, of which the stakes already put

in should be the centres. ''he earth (freed from roots and stones) which has

been taken out of each hole should be returned to it, so as to form a free mass

in which the roots of the plant about to be placed can freely work., A ecoolie

in Sikkim makes from 100 to 130 of such pits per day according to the nature

of the ground. Plants hardened as deseribed are then brought from the
nursery lines in shallow boxes, eare being taken to bring some earth with their

roots and not to expose them to the air longer thun is absolutely necessary.

The nursery beds should be well deluged with water the night before the
plants are removed, so that the soil may adhere to their roots. A set of coolies
should be told off to plant these in the pits just mentioned. This is readily pyauag
done by scraping a hole with the hands, or with a native trowel. The usual
precautions should be taken 4o make this hole deep enough to receive the

roots of the plant without doubling, and to press the soil well down as it is thrown

in to cover the roots. One man ean easily supply two planters with plants; he

should walk between two rows of holes and {mnd to each planter (from a box

T 1o windy, cxposed plages, belts of forest may be left ou the ridges to give shelter.
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carried in front of himself) a plant as he requires it. If the plants be taken
out of the box in which they have been brought from the nursery, and laid on
the ground beside the holes to be planted as the planters work up to them
(a cheaper plan than that above recommended), the balls of earth round their
roots are almost sure to be broken.  Planting is too important an operation to be
done badly ; it is not wise to try to economise on it, and it is probably always
unadvisable to do it by contract, A good planter should be able to put in
from five hundred®to a thousand plants per day, according to the nature of the
ground. Nothing need be said of deep hocing or trenching the seil preparatory
to planting, as these operations are too costly for Cinchona, and, besides, are in-
admissible in steep ground on account of the wash that follows excessive
loosening of the sui‘. In the earlier days of the Nilgiri plantations the soil was
trenched prior to being planted. In his little book on Cinchona eultivation,
already quoted, Mr. McIvor recommends trenching, or, where that is considered
too expensive, the digging of pits for the plants, each pit to be two feet square
and two feet deep. Planting should be done when the soil is moist and when
the weather is eloudy or even wet, but heavy rain is not favourable.

In the early Nilgiri planting, the trees were put ont at distances of twelve
feet apart, subsequently at distances of eight feet, and latterly af six by six feet.
In Bikkim, the earlier planting stands six by six feet, but for the past four years
a distance of four by four feet has been adopted.  The Red Bark, even in Sonth
Ameriea, is never a large tree; Cinelona officinalis is but a big shrub ; and it is
doubtful whether, in India, Calisaya will ever attain any very greatsize. Wide
planting is therefore obvionsly an error.  All the Cinchonas, moreover, have the
habit of throwing out a quantity of superficial rootlets, and young Cinchona
plantations do not thrive until the soil between the trees is sufliciently pro-
tected from the sun to allow these superficial rootlets to perform their fune-
tions freely. The growth of weeds, as has just been stated, is also checked by
shade. DBy close planting, therefore, two desirable objects are speedily obtained,
and, moreover, the trees are encouraged to produce straight clean stems.! As
the trees begin to press on each other they can be thinned out, and a quantity of
bark may thus be got at a comparatively early period with positive advantage
to the plants that are allowed to remain on the ground. It is true that the
initial cost of elose planting is greater than of sparse planting : on the other
hand, the eost of keeping clean, especially during the first three years, is less,

In Sikkim, no shading or protection is necessary for newly-planted Cin-
chonas. In other localities, proteetion from the sun may, however, be required.
This can readily be afforded by ereeting on the sunny side of each plant a rough
framework of bamboo on which grass or ferns can be tied, by sticking leafy
branches into the ground, and so on. The best and eheapest mode for any par-
ticular locality must of course be dependent on local eonditions.

In windy loealities it may be necessary, when the plants atfain the height
of a few feet, to give them support by stakes, The great danger to be avoided
in staked plants is the chafing caused by the swaying of the plant, Means
must therefore be taken to prevent this by using a soft material for tying and
so forth. A mode of support, suggested by Mr. Melvor, is to run rows of stakes
between the rows of trees, and along the stakes to tie a continuous grass rope at
a sufficient height from the ground to be clear of the stems and on a level with
the leafy heads of the trees. The trees stand in this way free from the rope, but
receive support from it when they are much bent by the wind, Staking in any
form is expensive, and it is a question whether it is worth while to plant Cin-
chionas in situations where it is likely to be necessary.

As soon as the weeds in the newly.planted land threaten to choke the
voung plants, they muost be eut and a similar cleaning must be repeated when-
ever necessary. No special rule ean be laid down as to the number of clean-
ings to be given in a season, but for the first three years it is probable that two
or three will be necessary, after which onee a year will be enough ; and finally
weeding will not be wanted at all.  If laid in lines between the rows of plants,
the eut weeds rot and form manure. It is hopeless to think of entirely frecing
the ground from weeds and of keeping a Cinchona plantation as clean as a

1 i0m this well-known labit i@ foonded the proctice of clode planting in forest plantations in Eurqp!, the ubjm
being to produce long, stanight, unbranchiog stems from which to cut timber of loeg scantling.,
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flower zarden, and it is quite unnecessary todo so. Myriads of annuals, notably
the White Weed (dgeralum), grasses, sedges, &e., spring up, but, if kept
under by cufting, these do but little harm. All large perennial grasses
and other deep-rooting weeds which have suwrvived the first ecleaning of
the ground, should be taken out as soon as they shew sizns of growth. Some
of the species of grass resembling the Couch Grass of England are especially
noxious, and where they remain in the ground, Cinchona will not grow. In
cutting weeds of any kind, the coolies ought to be tanght to cut quite close to
the ground. Where the majority of the weeds are annuals and the soil is soft
and friable, it may be advisable occasionally to substitute hand-weeding for
cutting. The disturbanee of the surface of the soil caused in pulling the
weeds up by the roots, affords a rough kind of cultivation which is advan-
tageous : moreover, the superficial roots of the Cinchonas are less damaged than
by hoeing. It need searcely be stated that, in proportion as the Cinchona trees
grow and their leafy heads cover the ground, the undergrowth of weeds becomes
less luxuriant. A slight superficial hoeing of the soil immediately round the
plants should, however, be given once a year, il possible. The space thus
cleared nesd not exceed one and a half to two feet in diameter, having the tree
stem as its centre. To young plants especially, this is very beneficial, and it is
found that even the oldest trees in the Sikkim plantation are much benefited
by the operation. The first year after planting, a general digging or hoeing
a]{uuld be given during the cold season to eradicate the weeds that may have
escaped the first eleaning; during the second year only a light hoeing will be
necessary. In all cultural operations it ought to be borne in mind that the
roots of Cinchonas are comparatively superficial, and that any very deep hoeing
is therefore more likely to do harm than good.

Like many other trees, Cinchonas, especially when cl:}se-plmr.ted, have 4 Prunine
strong tendency to throw off their lower branches as they increase in height.
Artificial removal of such branches as would in time naturally drop off may be
resorted to in places where the young trees stand so elose that the ecirculation
of air is seriously impeded. When it becomes necessary to thin a plantation,
double stems may be reduced to one, and any large branches that may project
50 a8 to injure a neighbouring tree may be cut away, but any extensive pruning
of the trees that are to be allowed to stand is to be avoided. It should not be
forgotten that the leaves are the chief means by which a tree grows and that
an increased yield of bark is not likely to follow a too free removal of these.

The Nilgiri trials of manure went to shew that its application does not senuring
stimulate the wth of Cinchona trees, The limited Sikkim experience on
the contrary inﬁ?ﬁat&s that Cinchona, like most other plants, is benefited by
manure. It would, however, be premature to form as yet any decided opinion
as to the extent to which the application of manure will be profitable.

The effect of manure on improving the quality of the bark will be con-
sidered in the next chapter.
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CHAPTER Y.
CHEMISTRY OF THE BARK CROP.

WEe have now fraced to the present time the history of the introduction of
medicinal Cinehonas into Indiaand the establishment of plantations of them in
this country, and have given some account of the best modes of propagating
and eultivating them, but hitherto little allusion has been made to anything con-
cerning the bark—the crop for the sake of which these trees are grown—nor to
the modes of harvesting this crop, of improving its constitution, and of extracting
the alkaloids which give it its medicinal value.! As has been already explained,
the medicinal alkaloids contained in bark are Quinine, Cinchonidine, Quinidine
and Cinchonine. A fifth ealled Aricine is oceasionally found, but has never been
used in medicine. M. Hesse has also recently announced the existence of an-
other alkaloid oceurring only in the suceirubra barks grown in Sikkim. This base
has received the name of Quinamine. As ev:.r;-;hmly knows, it is the first of
these which has hitherto formed the specific for malarious fever. Bark for the
manufacture of this alkaloid eonsequently brings a price in direct proportion to
the amount of Quinine contained in it. The barks of Calisaye, afficinalis, and
Pitayensiz contain the largest proportions of Quinine and are consequently the
most valuable to a Qmmne-mulmr who in buying a bark takes account only of
the Quinine in it, and allows little or nntl:mﬂ far the other alkaloids. Cinchona
barks, however, ]111.'5- long had a recoznised value otherwise than as sources of
Quinine. They have I{:n" bieen rer-ur:lt.{l as most valuable tonies, and assuch are
used for making various phrhrmnnr:uht'.ﬂ preparations, decoctions, tinetures, &e.
For the m:mul‘:ml.ure of such preparations, Red Bark, as being thr: richest af all
in its yield of fofal alkaleids, has always been much esteemed, and of late years
(since it began to get scarce) has brought a price as hizh or even hizher than
that zot for the barks richer in Qmmm- The demand, hnwewr for such tonic
phm-umcontmal preparations being but limited, from the fact that they are chiefly
used in Burope, there is no probability that Red Bark will retain its high price
in the face of alargely angmented supply.  On the other hand, the demand for
Quinine is daily inereasing, and there islitile fear of an 1ucr-:~u5r:ul supply of barks
rich in Quinine causing a  fall from the present prler:s of such. It had for many
years been suspected that the other alkaloids in which Red Bark is so rich are
nearly, if’ not quite, as eflicacions febrifuges as Quinine. The settlement of this
point naturally demanded attention at an early stage of the Cinchona experiment.
In order to settle it by actual trial, a Commission of sixteen medieal officers of
the Madras Presidency was appointed in 1566 under the presidency of Dr. S8haw,
Inspector-General of Hospitals, This Committee was, by order of Her Majesty's
Seeretary of State for India, supplied from the manufactory of Messrs. Howard
aud Sons with a quantity of chemically pure sulphate of each of the three al-
kaloids Quinidine, Cinchonidine, and Cinchonine. Extended trials were made
with these in the most malarious districts of the Presidency, and the finding of
the Committee in their preliminary report, dated 28th February 1867,° was—

“That in recent eases of uncomplicated paroxysmal fever the new alkaloids appeared to most
of the medical officers using them and to most of the members of the Commission to be quite as
offie ..".H.'l'l'IH II.'I. I.I"" LI.'I.rJI'I‘“' 'L'IJ ﬁ!"ll.l'h HE uﬂ]ﬂiuﬁ * #* = TI.II} I!"J']dl."ﬂ['l",, S0F far as It I'IHS-
come before the O nmmmumn, does niot ot show the Ell]]El’]ﬂﬂt..',’ af one alkaloid over anather.
® » » The main conclusion wlucll the members of the Commiszion bave derived from
the data before them iz that the alkaloids, hitherto but little valued in medicine, are scarcely, if
at all, inferior as therapentical agents to Quinine.”

. — e m——

! From the time when the first Nilgiri frees had become lange enongh to yicld back it for uunlﬁu:m] up ta the
presct date, Me, Howasd, the eminent Quinologist, lins favoured Government with hin sdviee and sssistanee in the condact
al ik Cineliona experiment.  He bas ju pariicnlar made repeated annlyics of the varions barks, 5o long ago as 1683,
he reportel on n specimen bark from a twosyear ol seecirebea tree, informing Government that be foond in it the ssme
constitusntens in Red Bark from Ssuth Awcriea. In sseerasive pears be fornished suslyses proving that, as tho trees
older, their lark beenme richer In alkaboid, saiil they ultimately reached o degree of richness to which American barks
rarely attnin, and thot the barks romewed under moss weree Sl ket of their sort that bad ever been amalysed.  Thas
Gavernment ot every step were assural of the success of their onterpeiso, Mr. Howard's exertions did nok cessn with
the appointment of a ressdent Quinologist for the Nilgin plantations ; on the contrary, they aro eontinned to the present
time.

¥ Parliameniary Relwras on Easd Tndie Cischong Celéivalion; printed Bth Angust 1570, p. 105 of seg.
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The numerical results on which the Commission founded their coneclusions are
as follows :(—

No. of Casea. Clared. Fuiled.
Treated by Cinchosipa: o &« w0 & 0 0 4 410 400 in
" Cinchonidine S R S o s i T BT 13
W Q‘I,Iihiﬂiipp T N S e ang 363 11

During the suceeeding year, the Commission, altered in constitution by the
accession of two new members, eontinued their investigations. Their operations
differed, however, from those of the previcus year, by the inclusion of chemically
pure Sulphate of Quinine amongst the alkaloids tested. The other alkaloids
were thus in this second experiment more effectually pitted against Quinine.
The total number of fever cases treated by the four alkaloids was® 2,472. Of
these 2,445 were cures and 27 were failures. The ratio of failure per 1,000

cases treated was found to be as follows :—
Ratbsof filures per

1,000 eases trostad.
Chemically pure Solphataof Quinine . o s & ¢+ & ¢+ & & 0 & W 002
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= o i ] T v e ST - S 025

g d &, T D el s S S e L R T 23855

This result wonld show that Quinidine is rather more effectual than Quinine, and
that Cinchonine is less effectual than the other three alkaloids. The conelusion
expressed by the Commission is as follows :—

# In regard to the relative effects of the three new alkaloids, and with them chemically pure
Sulphate of Quining, the evidence derived from their use shows that, with the exeeption of sal-
phate of Cinchonine, as already stated, they, in a remarkable degree, so closely resemble each
other in therapeutical and physiological action as to render distinctive deseription of little or no
practical utility. Tn alarge proportion of eases in which they were tried chemically pure, Sulphate
of Quinine and Sulphates of Quinidine and Cinchonidine appeared to indicate nearly equal febri-
foge power, and in equal eircumstances their nse produced almost the same physiclogical results.
# # #* The result confirms the seneral opinion expressed by the Commission last year
and likewise conelusively established beyond doubt that ordinary Sulphate of Quinine, chemically
pure Sulphate of Quinine and Sulphate of Quinidine possess eqlunl feErif uge power : that Sulphate
of Cinchonidine is only slightly less eflicacious, and that Sulphate of Cinchonine, though consi-
derably inferior to the other alkaloids, iz notwithstanding a valuable remedial agent in fever.,”

Bimilar commissions of medical officers of the Bengal and Bombay Presi- The Bombay
dencies reported substantially to the same effect. The following “extract® Sommissions
contains the opinion of one of the leading physicians in Bengal on the re- f¥oiraniy
spective merits of the alkaloids :(— '

“ Since our report we have received from Dr. Ewart, of the Caleutta Medieal College, an
aceount of some experiments with the alkaloids carried out during the month of October 1566,
The period was limited and the cases not nomerous, bot their character was strongly marked in

instance, and the result of treatment well pronounced, Dr. Ewart states his opinion in
the go]luwing- eeneral conelusions which are fully sustained by the facts he adduees :—

¢ Suiphate of Quimidine is an excellent antiperiodic in doses of 5 to 20 grains. It
is probably not inferior to Quinine, and is esily tolerated by the stomach, It is a good bitter
tonic in smaller doses, and may be combined with ferrnginous medicines. It is less disagreeable
to the taste and stomach than Quoinine, and its use 18 not aceompanied by the unpleasant effects
known as cinchonism,

“« Suiphate of Cinchonidine stands next in antiperiodic power in 10 to 20-grain doses, and
as a tonic in smaller quantities it is agreeable to the stomach and is not accompanied by
symptons analogous to cinchonism.

1 Sulplate of Cinchonine is doubtless a powerful antiperiodic in doses of from 10 to 20
grains. The irntability of stomach cansed by it is the great objection to its ever taking rank
as o substitute for either of the other alkaloids, but it may be obviated by injecting the medicine
in golution hypodermically. It is a good tonic in small doses.” * = o

“There is no longer room to doubt that the alkaloids arve eapable of beipg generally used
with the best effects in India. They have been compared with Quinine, a drug which possesses,
more than any other that can be named, the confidence of medical practitioners here; and
have been found, by more than one observer, to supplement this sovereign remedy in some of
its points of deficiency. The risk attending their nse is clearly not greater than in the case of
Quinive, nor such as to be in any way deterrent ; while the diversities of opinion on their re-
lative usefulness and potency are no more than will be found between opinions concerning any
three drugs of the pharmacopeia examined by separate obzervers.”

= —x e Te——
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? Repowt the Commifter of Heagal Medical (fcers o infecd fo craming fhe Properfiss of (he Cinclona
Adkaloids, te the Soeretary fo the Goverament of India in the }PIE-;(- Department, 1868,
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These results are eminently satisfactory, especially as Red Bark, so rich in
the alkaloids other than Quinine, is the species which in every part of India has
proved the easiest of propagation, the most luxuriant in growth, and the only
one which can be grown at all at low levels. The establishment of the thera-
peutic exeellence of these alkaloids largely inereased the value of the Red Bark
plantations in India, and made much easier of solution the problem of supplying
its fever-stricken population with a eheap and effectual febrifuge. 1In bis report
to the Government of Madras, written after his second visit to India in 1865-66,
Mr. Markham had diveeted the especial attention of Government to the im-
portance of finding ouf as soon as possible the best way of dealing with the

avject of _ anticipated produce of the Government plantations so as to secure the avowed

{otatroduc object of Government in undertaking the cultivation at all. Tad peeuniary

ﬁfﬁhm profit been that ohject, it would probably have been best secured by arranging
S to send the bark to England for sale, and by continuing to purchase Quinine in
the usual way, trusting to reduce its price by increasing the supply of bark.

But it is extremely doubtful whether, under such an arrangement, a cheap
febrifuge would ever have been brought within the reach of fever patients so

poor as the agricultural population of India, a population who for ages acens-

tomed to look on often-recurring fever as part of their fate, have become too
apathetic to be prepared to pay mueh for relief from it. The objeet of
Government is that an eflicient febrifuge shall be available by purchase in every

corner of India, that it shall become part of the stock-in-trade of every village
shopkeeper, and that it shall be purchaseable at not more than a rupee an

ounce. Af the present moment Quinine is available by purchase only in a

few of the larger towns where there is a European population, and even in

such places it costs from six o ten rupees per ounee. It is of course supplied

to all Government dispensaries, but only fo a very limited extent, the supply for

a year being as a rule really equal to the actual demandsof buta few days. The
dispensing of so costly and searce a drug gives rise it is believed to much sharp

practice among the lower officials at dispensaries and hospitals, and a dose of

the coveted febrifuge is probably as a rule unattainable to the very poorest of

e dark-  the patients.  Mr. Markham suggested that, instead of sending the bark to

suggostions England to be sold, a febrifuge should be prepared from it at the Government

atitisation  plantations which should contain the alkaloids in a rough form and should be
Gincnona  saleable at a cheap rate. He recommended the preparation called Quinium,
= a product which (while an effectual febrifuge) would not he bought up by
speculators asa source of Quinine, it being unsaleable for manufacturing pur-
poses. Quinium is made by treating pounded bark with slaked lime and the
sr Mark-  resulting lime product with aleohol. Mr. Markham econsidered that a com-
mends the  petent chemist should be got from England and located on the Nilgiris whose
o et funetions should be to work out the whole subject of Indian Quinology. His
recommendation coincided with others which had been made to the same effect,
and was subsequently strengthened by the verdict of the Alkaloid Com-
missions already referred to. Accordingly, in Oectober 1866, the Secretary
e Brough- Of State appointed as Government Quinologist on the Nilgiris Mr. John
SebE Broughton, then Dr. Frankland’s Assistant at the Royal Institution, London.
= Mr. Broughton was engaged for a period of three years, and his duties were
defined as follows : to discover by repeated analyses of bark from plants growing
in different situations, the conditions as regards elevation, climate, soil and
exposure best caleulated to produce the largest possible yield of alkaloids; to
ascertain the difference as regards yield and efliciency between green and dried
barks; to analyse the leaves and flowers of the different species; to settle the
best method of drying the bark ; and finally, to enable Her Majesty’s Govern-
ment to arrive at a decision with respeet to the best and cheapest method of
preparing the febrifuge for use among the poorer elasses of thenatives of India.
Mr. Broughton arrived at Ootacamund in January 1867 and decided to build his
analytical laboratory there: his alkaloid manufactory, however, was subse-
quently established at Neddiwattum. DMr. Broughton's atfention was at first
of eourse directed to an analysis of the barks vielded on the plantation, and in
April 1867 he published his first report, giving results confirmatory of those
previously obtained by AMr. Howard. Since his npﬂnintmant. Mr. Broughton
has worked steadily towards the ends set before him by the Secretary of State,
and has published his results in a series of able and interesting reports com-

af &
Quinalogist.
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municated to the Madras Government, and in some papers laid before the Resusor
Royal Society of London. These results may now be roughly summarised. ton's
They are as follow ' :—

(1) The leaves of Cinchona contain but a minute quantity of alkaloid, Cinchona
and only about half of that is Quinine. 8o far back as the year 1863, the late tam litte
Dr. Anderson concluded, as the result of some experiments made at Darjeeling, ~ '
that the leaves contain some alkaloids, and he believed that they might be of
value as a febrifuge. This hope is dispelled by Mr, Broughton who has deter-

mined the amount to be as follows :—

| Total Alkaloide. Quisniio.
P T R S o 00190 008
Tn deibdleaves of Crownor Pala Bark . o . 0 0 @ v v 4 & rol1l Oe0G

The bitter taste of the leaves is largely due to the presence of Quinovine.

(2) The flowers of the Cinchonas contain no alkaloid but a considerable cincnons
amount of Quinovine; while ripening fruit contains but the faintest trace of Sopisin no
alkaloid, and ripe seed none whatever. The act of flowering does not appear “**
to have any direct influence on the amount of alkaloid in the bark.

(3) As regards the wood of Cinchona trees, Mr. Broughton found that cinchona
dry Red Bark wood contains 0°08 to 0-11 per cent. of alkaloid, of whick 0-004 i
is Quinine, and that Pale or Crown Bark wood yields 0-0101 per cent., with mksloid
0°004 of Quinine, ’

(4) The order in which the alkaloids are formed in the bark of living The arder in
trees appears to be as follows: The first to appear is one which resembles Miksiois are
Quinine in every respect except in not forming erystallizable salts. This alka. uchons
loid is found alike in the original bark of young trees, and in strips of young "*™*
bark forming over the cambium of old frees to replace strips of the original
bark which have been removed. The chemical changes which oceur in the
" bark are thus related more to the age of the bark than to the age of the tree.
As time passes on, this primitive alkaloid resembling Quinine becomes replaced
partly by real erystallizable Quinine (the desideratum of the quinine manufac-
turer) and partly by Cinchonidine. Although Mr. Broughton has never
actually succeeded in converting Quinine into Cinchonidine by artificial means,
he is led to believe that such a transmutation oceurs in nature. This conelu-
sion is supported by many collateral facts.

(5) High temperature favours the formation of Cinchonidine and dimi- mies
nishes that of Quinine. Bark of trees grown at a low elevation, and of those unfiveurabie

even at a high elevation but of which the stems have been exposed to & Guibie.

sun-light, contains a large proportion of Cinchonidine, and is pro fanfo poor
in Quinine. A low mean temperature, within certain limits, is therefore favour-
able to the production of Quinine. Deprivation of light favours the inerease
of the total amount of alkaloids in a bark. Mr. Broughton covered the stem of
a Cinchona tree with a shield of tinned plate and the stem of another with
black cloth, his object being to keep the bark in darkness without impeding
the access of air or protecting it from the heating influence of the sun’s rays.
The resulis were that, after ten months’ protection in this way, the amount of
total alkaloids was found to be inereased by about 2'8 per cent. in each case.

(6) The researchesof Mr.J. E. Howard and of Dr. Fliwckiger, confirmed by cenuiar
those of Mr. Broughton, prove that the alkaloids are comtained in the outer heatof the
and cellular portion of the bark, and not in the inner, fibrous or liber layer, *™* e
and it even appears that an inereased development of the “fibrous part of a
bark is accompanied by a decrease in the amount of Quinine in it.

(7) Intimately conmected with the last two resulis is the fact, first Renewed
brought into prominence by the result of Mr. Melvor's experiments, that bark crysuaiiiz.
renewed under moss contains a larger amount of both total and crystallizable fikaoias
alkaloids than ordinary bark. Such bark is more cellular than ordinary bark,
and has, by means of the moss, to a great extent been protected both from the
heat and light of the sun's rays during its formation.

1 Parliamentary Return, Easf Indic Cinchora Cultivalion, printed Oth Angust 1870, pp. 237 of sey.
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(8) The alkaloids in living Red Bark are not permanent in either nature
or quantity. On the contrary, they are affected both by the seasons of the year
and also by age. During the rainy season on the Nilgiris (from June to Sep-
tember) the yield of total alkaloids is at its lowest. It risesat the end of the
rains (i. e. towards the latter half of September) and continues high during
the cold and dry weather, falling slightly during February and March, rising
again in April, and attaining its maximum in May. The yield of crystallizable
sulphates in the main follows a similar line of variation. The dry season is,
therefore, other things being equal, the time to collect bark. The particular
part of the dry season must, however, in some measure be influenced by the
readiness or the reverse with which the bark can be separated from the wood.
The seasonal variation in Crown Bark has not been determined.

(9) The chemieal form or state of eombination in which the alkaloids
oceur in living bark is a pointof much importance, Mr. Broughton’s researches
lead him to believe that, in Red Bark, four-fifths of the fotal amount of
alkaloids exist combined with Quino-tannic acid in a solid state within the
tissues, and most probably exclusively within the cellular tissne. The alkaloids
appear not to be very active vital constituents, but rather to be stores * of which
only a small portion at the most shares in the changes incident to growth.” The
remaining fifth of the total alkaloid is in solution in the juice of the bark.

(10} Up to a certain point in the life of a Red Bark tree the total alka-
loids contained in its bark inerease in quantity, the annual inerements dimi-
nishing in amount until & maximum is reached. The proportion of erystalliz-
able quinine, however, rather diminishes as the maximum yield of total alka-
loids is approached. The maximum of total alkaloids is reached about the
ninth year, after which age not only waste but deterioration begins, the total
amount of alkaloid diminishing and cinchonidine beeoming transformed into
Cinchonine, an alkaloid of less value. The influence of age on the Crown
Barks has, owing to their great variability in quality at all ages, not been settled
with the same degree of certainty, but it is probably less than in the case
of Red Bark.

(11) One of the most important conclusions arrived at by Mr. Brough-
ton is that “the most vigorous and rapidly growing frees vield a much richer
bark than more stunted and less vigorous trees of the same age, and of course
they yield at the same time more bark.” Hence, whatever conditions stimu-
late growth have a direct effect in increasing the yield of alkaloid. The bark
of diseased trees contains little alkaloid and that of dead trees none whatever,

(12) Mr. Broughton's experiments show that Red Bark is but little benefited
by the application of manure, the inerease in alkaloid resulting from its applica-
tion being but slight, and little of that increase huin%' uinine. Crown Bark, on
the other hand, was found to be much improved by manuring. An applica-
tion of farm-yard manure three or four times during a period of about five
years gave an increase in pure Quinize of 4-75 per cent., and in total alkaloids
of 281 per cent., thus raising the value of the bark about half-a-crown a
pound. A pound of guano given to a tree caused an increase of total alka-
loids in the bark of 2'5 per cent., of which 2 per cent. were Quinine, thus
raising the value of its bark eighteen pence a pound. Ammonia Sulphate in
doses of $1b per tree gave an increase of 1:22 per cent. of total alkaloids and
of 0-57 per cent. of Quinine. A curious point in this experiment was that none
of these manures caused any apparent increased growth of the trees, and did
not even affect the tint of their foliage.

(13) Mr. Broughton's elaborate experiments on different modes of drying
bark prove that exposure to a high temperature, especially in a moist atmo-
sphere, causes an alteration in the chemical composition of the alkaloids and
renders bark almost worthless. Even the sun’s rays are hurtful if bark is long
exposed to them. To secure it in the best possible condition, bark should be
taken off the trees in large pieces, and these should be arranged on drying
stages, under shelter from the light and heat of the sun’s rays, but open to the
access of air.  The pieces should be frequently turned. Bark should be taken
off in dry weather only. If allowed to become mouldy and to ferment, as is
apt to happen if it be taken during wet weather, deterioration more or less

serious surely oceurs. Dry bark, on the other hand, will keep unchanged for
many months. d
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CHAPTER VI.

MODE OF HARVESTING THE BARK CROP.

Two matters of practical importance still remain to be diseussed, and to
these the remaining chapters of this report will be devoted. 'These matters are,
Jirst, the most profitable means of havvesting the bark crop; second, the best
means of extracting the alkaloids contained in it, so as to obtain the larzest
amount of an effectual febrifuge at the least possible ecost. Mr. Melvor's
attention was early directed to the solution of the problem of how to produce
the greatest amount of alkaloid in the least amount of time. From the begin-
ning he appears to have been full of faith that, under cultivation, the total
vield of alkaloid and the proportionate amount of Quinine in any bark could be
inereased.  In April 1863 he reported to Government that * the Cinchona tree

Ronewal = ias the power of rapidly renewing its bark, if the spaces from which the latter
is taken are immediately covered with damp moss;” and that the new bark
formed over these spaces is thicker, in proportion, than that part of the bark
whieh had not been interfered with.  Subsequent experience led Mr. Melvor
to the double eonclusion that not only ean the amount of bark yvielded by a tree
be very much increased by the process of mossing, but that the total amount
of alkaloids (and especially the proportion of erystallisable Quinine) in bark so
renewed is considerably greater than in natural bark. My, Melvor proposed to
harvest all Cineliona bark in this way, and in 1865 he sought to obtain a patent
for his method, so as to secure to himsell a pecuniary interest in its application.
This was, however, disallowed. Mr. Meclvor's mossing process is thus deseribed
in his own words'—

Descriptiah # A labourer proceeds to an eight-vear old tree, and, reaching upas far as he ean, malkes a
grr;g('f,,, of  horizoutal incigion of the required width. From either end of this incigion he runs a vertical
moBAIng, incision to the mround, and then, carefully raising with his knife the bark at the horizontal

incision until he ean seize it with his fingers, he strips off the lark to the ground and cuts it
off. The strip of bark then presents the appearanee of a ribbon more or less long. 8
ine the tree to be of 25 inches in cireamference, the labourer will take nine of the above
ribbons, each 1} inches wide. He will thus leave, alter the tree has been stripped, other nine
ribbong still adhering 1o the tree, each somewhat Lroader than the stripped ribbon and at -
intervals apart, ocenpied by the spaces to whiclh the stripped ribbons had adhered.  As soon as
he has removed his strips, the lnbourer will proceed to moss the trenk all round, t.yin.g on the
moss with some fibre.  The decorticated intervals will thus be excluded from light and air, and
this peint is one of the eapital points in the system. The merve exelusion of light and air from
a stem partially baved of bavk sets in two ways: it enables a healing process to be rapally set
up in the same way as a plaster does in the case of a wounnd in an animal organism : and it has
this farther curons effect, it increases the seerction of Quoinine in the bark renewed under itz
protection, This increase of Quinine iz admitted by Mr. Broughton in all his reports. At the
end of six or twelve months the bands of bark left untouched at the first stripping are re-
moved, and the intervals they oceupied on the trunk are mossed. At the end o twenty-two
mouths, on an average, the spaces ccenpied by the ribbons originally taken are found to be
covered with renewed bark much thicker than the natueal bark of the same ase, and this re-
pewed bark can be removed amd a fresh process of renewal azain be fostered by moss. In
ancther six or twelve months, the renowed bark of the patural ribbons left at the first ste
ping can be taken and so om; harvests are obiainable from the trunk, alternately from the
spaces left at the first stripping and the spaces left by the second stripping. Experience
hitherto does not shew any limit to the taking of these harvests from a tree.  OF gourse, it is
understood that at every :llrilapim; the ribbons taken are iullgur than at the preceding qlﬁpginm
becanse the tree has cach year inerepzed m Im:ighl: and bulk, and, therefors, the top of EVEry
ribbon congists of natural bark and the lower part of repewed bark.” DMr. Melvor farther
adds, “ All experience hitherto acquired shews that bark invariably renews. It renews easily
amil {'mi:r when the eambinm iz wntonched.  In cases where the eambiam 15 inju:ed, the renewal
procesds, but the proeess is slower. In respect of universal renewal, there is no difference
whatever between the Bed and Crown Barks.™

Arguments Mr. MeIvor has all along urged that this mode of eultivating and cropping

in fnwour of;

and sgainar; bark will be found by far more profitable than any other. Its advantages, as
MRS stated by him, are—that, as the bark (if taken with proper precautions) is al-

| Repord fg the Commispiguer of She Nolgrris, dated Sth August 1573,
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most invariably renewed by the end of periods varying from twelve to twenty-
two months, a crop, amounting to half the trunk bark of a tree and incr easing
in aetual amount pari passu with the growth of the latter, can be regularly
taken about once a vear without in any way il]tt‘lf{"lillg ‘Hil-ll the healih and
vigour of the tree ; and, moreover, that the bark so taken is rieher in total alka-

lmﬂs, and specially 1"I(!]IL1" in crystallisable Quinine, than natural bark. By
following this p].m Mr. Melvor believes that ady antare ean always be taken of
the period in its growth when renewed bark is richest in alkaloid, so that it may
be removed then. This is on the supposition that at that per iod the bark shall
have attained sufficient thickness, which of course it may not have done, Mr,
Broughton’s more recent investigations on the effeets of mossing Red Bark o to
s]mw that the increase of total alkaleid, which i.lm]ul.lht[-dh' L'El.lr-lc-t-:,uwg_-, re-

newed bark on young trees, does not cimr%tv rise the renewed bark of trees
which have arrived at the age of maximum yield,—in other words that, on trees
more than eight years old, “moss-renewed bark is not ric her, as far as yield of
total alI-..nlmd is concerned, than mnatural bark of the same age. Such bark
appears, however, to contain more erystallisable Quinine than natural bark and
15 thus more m]uahlo as a source of pure Quinine, although not more so as o
source of Cinchona alkaloid. It must not be forgotten tlmt mossing deals with
only part of the bark of a tree, namely, half or third of that covering the trunk,

Mr. Broughiton's most recent inference from his analyses is Lhewl‘nm if correct,

of some importance. Itis to the effect that there is apparently a transference of
alkaloid from the untouched, into the renewing, bark and that, therefore, if the
renewed mossed bark of a tree be enriched, the natural bark remaining on the same
tree above the region treated by moss is pro fanfo impoverished. Mr. Broughton
has recently been farther led to conelude that the renewal of bark is not by any
means an invariable result of treatment with moss. On the contrary, he estimated
that 85 per eent. of 2,000 trees barked and mossed in 1871 had, two vears later,
either wholly or partially failed to renew their bark. This conelusion was
substantially confirmed by Dr. Bidie, who was sent to report specially on the
subject. These 2,000 trees ave, however, stated by Mr. Melvor to have been
barked and mossed hy unskilled labour : moreover Mr. Melvor maintains that
their failure to renew their bark has been much exaggerated,

Additional serious objections to the mossing system are, the necessity (in
order to prevent injury to the delicate eambium)® of having the operation done
by skilled and eareful men under constant Eurcpean supervision, the faet
that, at the age when it is richest in alkaloids, the renewed bark is fruquﬂntl_v
found to be much thinner than natural bark, and the consequent necessity of
allowing it to stand until it thickens, thus reduung the frequeney of eropping
from onee in eighteen months (as originally estimated by Mr. Melvor) to once
in from two to three years, and [innl];. the diminution in health® and vigour
actnally observed in trees which have been submitted to the process, a diminu-
tion so great as to involve the danger of their premature death. As already
explained, bark is only suceessfully renewed when it is formed regularly over
the entire surface of the wood that has been laid bare. If the delicate cam-
bium surface has been injured by rough handling, the damaged part of the
wood dies; it does not veproduce bark, and, unless covered l:-v lateral growth
from the cut edge of the natural bark, it remains bare. The bare part ulti-
mately deeays, and thus disease is introduced into the stem,

The minor objections to the process are, that it can be done only when
there is much moisture in the air, and that consequently bark must be harvest-
ed at the very seasons when it is most difficult to dry it for exportation ; and
that, even if wet bark is to be used for local manufacture, the supplies are
poured into the factory llu.u:l.lg a limited season of the year only.

Maossing has been tried in the Sikkim plantations and has totally failed Mosing, u
from a cause not alluded to in any of the Nilgiri reports, namely, the 1!L‘1chs Bikkim.

! O this poing Dy, Bidie in his report ta the Government of Mudms, dated Bl Novomber 1873, writes 1 —
* I s of greal importaioo ihak the cxmbians bayer should net bo lmjured by the keife, or be atlowed to dry, or be exposed o the san,
ad, i isjured in amy of these ways, the baric will fnl to renew ™

! D, Bidlie's testimony régantding this is as follows:—
® B far s neere damansone of stemn go, Hhare b bt Hille diferenos boelereen tlie motmed and unmossed {Fad I.Inrh::l trewn bk, daking
n.hll'd HMI'H 1k thoon, tha Rt dmiial sleorrer cannod fuil to nolioe The saperior lexuristios of tho wntsosed
q,-m.u mmmﬁng the Crovwn Barks he writeg:—

"l-lil.'ﬂll'lﬁu'iﬂ'lh renewal of thely lower branches and tho fsded hue of their foliaze, presen., oncaing o bird's
E_'ru r“‘b:‘k“:':‘;:l; ity iml pared with lul:_sl-ﬂut Lx:r&o‘!:“bﬂn unal.:‘i;d 1 alpo s i‘h::lnﬂ in b2ah the Kod sod

rown Darks BIL W] SAnGuD wE an o peclissiny ¢
it seay Eare hik Uinalr STEAIRY Feciished b & wnp™ e L Ve e
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of onts. 1In every tree treated by Mr, Melvor's process in Sikkim, the renew-
ing bark has, as fast as formed, been regularly eaten by these inseets, to which
the moss apparently forms a most acceptable cover, and to which the sucenlent
young bark-cells appear to afford a |r.ut1:.ul‘|.1|y attractive food. This is no
matter of surmise or theory, for these inscets have repeatedly been observed at
work by Mr. Gammie, the resident man: wger of the plantation, and also by
myself. Trees covered with straw, instead u:rf moss, fared no bhetter.

Bonews oo A number of trees, however, which were recently barked in Sikkim in the
moks, way deseribed by Mr. McIvor, but which were left bare of any kind of covering

whatever, have yenewed their bark fairly well, the renewal taking place
(ns in suecessful mossing) not by growth from the eﬂ«n-q of the bark left on the
stem, but by development over the entire denuded cambium surface. The bark
thus renewed has not yet been submitted to analysis, being as vet not suffi-
ciently old to be judged of. The successful renewal of Cinehona bark with-
out proteetion has also been observed on the Nilgiri plantations.!

e The other system by which it has been pmpmwi to take the bark erop on
Ll the Nilgiris is that known as coppicing. This consists in cutting down trees

either close to the ground or within a short distanee of it, and of allowi ing one or
more of the erop of shoots which rises from the stumps to grow. If any shoots
naturally arise from near the base of the stem prior to cutting it, these wounld
of course be left to form coppice, instead of trusting to the formation of entire.
Iy new shoots from the cut stump. As a faet, such natural root-shoots do not
occur to any great extent on healthy Cinchona trees at Sikkim, although they
appear to do so in the Nilgiris. Coppicing is a mode of working well known
in forestry and is done in several ways; thus, the trees in a piece of forest may
be cut down all at once; or a proportion only may be felled, leaving the young
shoots originating from their stumps to grow under the protection of the larger
trees left standing. One or other of these modes is that proposed as an alter-
native to mossing. If Mr. Bronghton is correct as to the period of the
maximum richness of Red Bark, and if it be desired to take advantage of that
period, the trees would, under the eoppicing system, be felled during the eighth
year of their age ; and from the stumps two or three shoots would be allowed to
grow, which shoots would in turn be felled (when of suflicient size) either
simultaneously, or one at a time annually until all are eut. The entting
of each shoot would be followed by the appearance of new shoots from the
stump. A steady, successive, series of crops of bark could, it is believed, thus be
got from a plantation treated coppice fashion. That other trees continue to
1[!"1!:' coppiee for a long series of \ear's is a well-known fact of which the ex-
tensive hard-wood coppices of France and Germany, and the Cinnamon eo
pices of Ceylon, need only be mentioned as instances. It seems pretty wcl
established that in their natoural forests on the Andes, Cinchona trees sprout
freely from their eut stumps. The presumptions in favour of the suecess of
E;pe:le_nma i'ﬂP[rlLll'l" appear therefore pn-mf,t,}r gfmnﬂ It is much to be I'EFI'E!“M that
lmme - hitherto treatment of Cinchonas mppmr-t ishion has received no proper trial
"~ in the Nilgiris, whereas many thousand trees have been submitted to the moss-
ing process. Mr. Melvor's return of coppiced trees is as follows :—
There were coppiced in December 1866 about 50 trees.
in January 1867 ,, 50
in May 1871 ,, 240 .

in June Logd 5, S8
il.l {}ﬂtﬂ].'ﬂ}r » a8 5? 2

Taotal we 455 trees,

Of these, he informs us, a considerable percentage died after being cut,
(that is, they sent up no new shoots) and the shoots of those that survived were
but poor. Mr. MeIvor speaks of the shoots on some trees at Neddiwuttum as
heing when seven years old “ mere wands™ clothed with bark * too thin to
be of any value whatever.” In his report already alluded to, Dr. Bidie gives
his opinion of the Nilgiri coppicing experiments in the following words :—

“ 8o far we may be said to have had in the Nilgirie no experience whatever of this method
of harvesting the bark, as the fow experiments which have been made bave been on too

! Bee Dr. Bidic's reperd, paragraph 16:
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small a seale, and not condueted in a manner likely to throw much light on the subject. The
oldest coppiced trees are some Red Barks which werecut down in 1566. 1 was not abile to fud
the whole of these, but those which 1 saw bad not done well. This is lmrﬂ]_-, to be wondersd
at, as, in the first place, some of the trees were immediately over the searp of a road,—a Dbad
sitnation for coppiced trees,—and, in the next place, too many shoots had been left to grow up
from the stamps. The coppicing experiment was made in 1871, — 240 £, succirndra trees having
been cut down in that year. OF these, 40 are on the Kilrraston estate and form o single row,
flanked on each side by tall neighbours; while the 200 are on the Denison estate and con-
stitute a plot which has been completely cleared. As regards the 40 trees on the Kilgrasion
estate, they can hardly be said to have had fair play, as their neighbours have so munph tely
a.l.mrlerj them as to deprive them, Lo a considerable extent, of the neceszary light and air. Too
many shoots have also been allowed to spring up fram the stools, and tlu':s-c shonts, owing to
the dense shade, were observed, in many instanees, to be too fechble to stand erect. No u[-iniuu
as to coppicing can be deduced from this part of the experiment. The 200 coppiced trees on
the Denison estate have done better, all the stools, with a very few exceptions, having survived,
and the shoots have grown fairly and are looking healthy.

' Avother coppicing experiment was earried out in June 1873, — 58 Red Bark trees having
been eut down, while a similar number of contizuous trees, of the same species and age, were
barked and mossed with the view of the results of the two systems being rigidly contrasted.
1 must sy at onee that this trial 15 on muoch too ].ra'lir_',' HI lsn‘:ulnlrl and that the r_'uppim'll trees
were cub ot an unfortunate period of the year, as, being then full of sap, they of course bled

pofusely and thus ran a great rigk of dying or having their vitality more or less permancntly
unpaired. Owing to the short time that had elapsed since this experiment was instituted, 1t
was quite useless for any practical deduetions; but I may remark that all the stools had
either thrown up shoots or gave promige of deing so, The same remarks apply to a small
coppicing experiment on Crown Barks on the Dodabetta estate, these trees having alzo been cut
in June 1873.”

The objections urged against the application of coppicing to Cinchonas may Shisctions
be summed up as follows :—

1s/.—The stump of the felled tree (usually called the sfool) may fail to rhesteons
gsend up shoots. This not unfre?luently happens, even with S ™
healthy trees, both in the Nilgiris and in Bikkim. In the case of

unhealthy trees the results are of course much less favourable,
2nd.—It has been urged that coppicirg is a difficult and delicate operation. 1t s said 10

On the Continent of Europe and in England no such difficulty nd deticats
is experienced, and coppicing is done by unskilled labour. In “Pe™¥
Sikkim, ordinary hill coolies of by no means great intellizence

are found to do it quite well. The thinning-out of the shoots

that spring from the stool, so as toleave only two or three of the

best of them, is the most delicate operation connected with cop-

picing ; yet, this is found in Sikkim to be a task which a coolic of

ordinary intelligence can be taught in a few lessons.

drd.—It has been said that coppice shoots grow more slowly than younz coppice
trees. In Sikkim four-year old suceirubra trees average in height iﬁ"r'o’;““’
15 feet: four-year old shoots from the stools of trees cut at the *
age of four years average 12-4 feet in height. Such shoots are not

however so thick as the stems of untouched four-year old trees.
4th.—The bark of coppiced shoots is said to be thin and worthless. Mr, Coppice

bark said to

Broughton's and Mr. Wood's analyses of such bark yield results be'thinand
which shew it to be as zood as, if not better than, onﬂ*ma] bark, < T

Hth.—1t has also been given as an objection to coppice that, as thc removal Said 1o bs ua

of the shade of the older trees is rapidly followed by a growth method
of weeds, the annual ecost of keeping it clear of weeds will be
about equal to that of keeping up a young .plantation. The
wmght of this objection has however been rather exaggerated, for
it is found that, if only alternate rows of old trees, or ifalternate
trees in alternate rows be cut, sufficient shade is given by the
heads of the trees left sianding, not only to protect the young
stool-shoots, but also to a great extent to keep weeds in check.
It is moreover doubtful whether the total abandonment of all
eultivation, although a cheap, is really a desirable or profitable
poliey ; for it must be remembered that Cinchona trees of all
nges receive mueh benefit from the moderate stirring of the soil
that is incidental to the operations of weeding and hoeing,

M
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Gih.—It is very strongly insisted on both by Mr. Melvor' and by the
Commissioner of the Nilgiris that more bark can be taken from
a tree within a given time by mossing than by coppicing. An
illustration is given by the latter as follows® :—
“One thousand swecirndra trees of eight years old were mossed. They will be twelve
years old in September next.  In these four years they have given at four harvestings : —
2,080 165 in 1871-72 of dry bark.
764 ,, , 1872.9%
1,546 ,, ,; 1873-74 i
T ELI 13?1"'?5 3

05,060

momn

or in all 6,000 and odd pounds of dry bark. On the other hand, the 240 trees eoppiced by my
|:nr|:|:lm;:|:-.-a:nr and Mr. Iimug'hlah i }h}' 1871 eave the following resnlts :—200 of the trees
were coppiced in one block.  They were of the season 186268, The other 40 trees were of
the season 1864-05, and they were coppiced in alternate rows. The bark obtained from the
240 trees aggregated T20Ms. of green trunk bark (equal to 2551bs. of dry bark) and 32 41hs.
of green branch bark (equal to 1001bs, of dry Lark). %u whole quantity of dry bark attained
was thus 3535k or 144816, per tree, I have on several occasions stated that these trees have
given nothing since. Therefore the mossed trees have yielded @lbs. of dry bark per tree
against 1451h. in the case of the coppieed trees, incloding all the branch bark, which of
course has not been taken in the mossed trees. Six pounds each tree of mossed trank bark

have to be set against 14lb, of mixed trunk and branch bark, or four times the quantity of
the more waluable bark ™

The figures just quoted would seem to shew a strong case in favour of
mossing. 1t must not however be forgotten that, whereas the mossing experi-
ments were conducted with much enthusiasm and care, those in coppicing were
on a2 very small scale, received but little attention, and are admitted by every-
body to have been inadequate and unsatisfactory. These fizures are, moreover,
vitiated for the purposes of comparison by an obvious, though doubtless un-
intentional error. The 1,000 trees referred to as mossed were eight years old;
they yielded® in 1871-72, 2,0801bs, of dry bark per tree. But this was safural
bark, originally covering their stems, which was taken off to allow moss
to be applied ; and it is equal to about three pounds per tree. Of the six pounds
claimed as the produce of these mossed trees, half the gquantity is thus original
bark which existed on them prior to the application of moss, the other half is
bark renewed under moss. On the other hand, the 240 coppiced trees were, as Mr.
Melvor states', of twoages: 200 were eight years old and 40 were five and a half
vears old, They yielded only 1-48 ihs. of original bark (the bark of both stem
and branches being ineluded) and must therefore have been very much smaller
trees than the thousand which yielded, from their stems only, three pounds each
of original bark. The bark of the four-year old shoots of these coppiced trees
is besides not calculated at all. In Sikkim we know that the value of bark
taken from four-year old coppice shoots rising from stools from 5} to 8 years
ald would be eonziflerable.

The contrast beiween the Nilgiri results of mossing as compared to cop-
picing, imperfect although the latter are, is therefore not so great as at first
sight appears. Dut, even accepting Myr. McIvor's estimate of the yield obtain-
able by mossing, it does not appear that the data as to the comparative merits
of the two systems are as yet sufficient to warrant the formation of a final and
definite opinion as to which is the preferable one in practice for the Nilgziris. It
may possibly be found that a compromise may be most advantageous, and that
it may pay best first to take a erop of bark by mossing and then to coppice the
trees. The removal of a large part of the bark of a tree every year can hardly
fuil to cause an amount of derangement in its vital processes which can searcely
be beneficial to its health. It will not therefore be anticipated by anybody
at all conversant with vegetable physiology or with practieal horticulture, that
Cincliona trees will for a long series of years not only bear annual decortica-
tion with impunity, but go on producing, with the regularity of machines, annual

! Letter from My, Melvor to the Commissioner of the Nilgirs, dated 9th August 1573
: 1'1: Lattar ETum the Commisstoner of the Nilgins to the Seerotary to the Govermment of Madras, dated 17tk June
87 paragraph 17,
4 Bee Mr. Melvor's anmzal rrm-t on the Nilgin Chochona planintions for 1571-72, pamsgraph 11.
4 Lutter to Commissioner of the Xilgiris, dated Angust 1875,
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erops of bark of high quality. Esxperience alone will decide how long they
will live under such treatment. It has already taught that on the Nilgiris the
trees will do for some time,' and the supporters of mossing say for long enough
time to yield better results than any other mode of bark harvest hitherto pro-
posed. It is urged by the advocates of the process that, if mossed trees shew
symptoms of failing health, they can be coppiced or replaced by seedlings, and
that, even under these circumstances, they will have paid better than had they
been eoppiced.

With the view of estimating the merits of the coppicing system, a number Experience
of trees of various ages were cut down in the Sikkim plantation towards the in Sikkim
end of the year 1874. About a year later (i. e, in September 1873) these
}Jlants were examined and the details of the measurements of the coppice of a

ew of them may here be given in a tabular form.* The figures are as follows :—
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LIt i quite beside the question to quote, a3 bas been done, the repeated amd long-continoed vield of cork by the
cork-onk and to argue from that in favour of the success of coutinued artificial decortication of Cinchana trees.  Cork
coprists of the outer bark, whicls, when not vemorved artiicially, i shal spontanconsly by the trom at satel inbervals,
The iiver bark of the bres fomms no part of the eerk of conmerce, and neither in the artificial removal nor in the matunl
shedding of cork is the lnner bark laver removed.  The young wood or cambium is therefore nover exposed.  Modicinal
Uinchona bark, on the contrary, consists of the entire bark, outer as well s inner ;) and, in the process of messing, the
whole is semeved and the young wood or cnmbios s Indd bare — a prociss o which there i nothing analogous in the
collootion of cork. The it of naturally shediding the outer bark is not pecaliar to the cork-cak, bat socurs in other
plants. As fumiliar examples, may I mentionsd the grape-vine and the gunava,

M;{'I‘hu measurements of the coppéce shoots of Gfty trees planted in 1866 and cut down in December 1870 ard
vem.
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These fisures give a fair example of the condition of some thousands of
coppiced trees in the Sikkim plantation: they eannot on the whole be regard-
ed as very favourable. One important item of the Sikkim experience of
coppice is that shoots grown under shade are inclined to be thin and lank, and
they are undoubtedly less healthy and vigorous than those of the coppice that
follows a complete, or nearly complete, clearance of theold trees. The expense
of keeping such a eoppice elear of weeds is, as has been already peinted out,
considerable.

Losgevity of Tt must be admitted that we are still ignorant of one most important fact
indisnot * in Cinchona cultivation in India, and one which has a most important bearing
on modes of taking the bark erop; the fact is this—we do not Lnow the age to
which the trees will nafurally live in this counéry. 1If their lives are to be shor:,
it will be advisable to adopt working plans involving early taking of the bark;
if they are to be long-lived, longer-deferred cropping must be practiced. With
regard to mixed coppice, we do not know exactly up to what age the shade of
the older trees is advantageous or the reverse to the young shoots. There is,
doubtless, a period at which the shade of the older trees will begin to be dis-
value of the gdvantageous to the eoppice under them, and, as soon as this period arrives, the
young troes. 0lder trees must be sufficiently thinned out. Recent analyses hy Mr.
Wood, the Government Quinologist on the Sikkim plantations, go to shew that
the yield of alkaloid is really not so much affected in Sikkim by the age .
of the tree as Mr. Broughton found it to be in the Nilgiris; and that the bark
of healthy trees from four to eight ' years old, and of coppice shoots from three
to four years old, is all pretty much the same in its percentage of total alkaloid.
Mr. Wood is further inclined to think that, at all ages of the trees, the value of
bark depends on its position on the stem ; the richest stem bark being nearest the
hase of the stem, and the poorest nearest its apex, the bark of the larger roots
being the richest of all, and that of the small branches the poorest. The first of
these discoveries has an important bearing on the question of bark harvesting and
makes it highly probable that, if the object he to grow bark for the sake of its total
alkaloid (and this is the avowed object of Government), and not merely for
its Quinine, it will probably pay best to plant thickly, * as in Sikkim, and to take
taueof  the crop early, By planting at 4 x 4 feet, as is done in Sikkim, alternate
CPRMEEE  yows might be cut out at the end of the fourth year, leaving the trees standing
at distances of 8 x 4 feet. Possibly the stools of the first eutting, standing
in such deep shade as this close planting involves, would not send up coppice
shoots, and it is scarcely desirable that they should do so. By a second cutting
a year or two later, the distances might be increased to 8 x 8 feet. The stools
formed from this and subseguent cuttinzs would probably coppice fairly well.
Further cuttings of alternate rows or of alternate trees would follow, coppice
shoots rising from each and being workedin themodes usual for coppice in Europe.

! The following extract from Mr. Woed's report to the Bengal Government dated 24th May 1575 contains some
analyses of suevirubra stom bark of varbous apes :— 3
" The mext point, for considomstiza s the alkadoldal valee of the bark. Wisking in tho fint ;lwﬂ Lo sswriain the maximusguality (e
=mhich our mecnorubiea attaina, snd baving slresdy sxomined bk talion from trom growing ot different dlevatlons, | requeated My, Gummae
to ohlain for me manples from the stems of our Anest trees of diferent ages. He are furniahed me with soves scmple,
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“The incresse in totsl oniinmn of bark per scre when close planting is ndophed is very much grester than &
saperficial glance at the figures indicating the planting distances would lead one to Thimz, while the adeption

of o planting distance of 12 x 12 feet (ns in the older parts of the Nilgin plantatioss) gives 309 trees per sere,
planting 6 = 6 fect gives 1,200 troor, sml planting & = 4 feet (08 in Sikkim) pives 2,722 trees per sere. This considers-
tion is loot sight of in the calenlations alrady quoted on the respective yiekds of mossing aed coppicing on the Nilgiris.
For a table of the samber of plants o the acre sceording o plouting distunce see Appendiz L.



AMODE OF DARVESTING THE BARK CROP. 49

It may also be found fo answer to cut down entirely all the {rees on a patch
planted 4 x 4 feet as soon as they begin to impede each other’s growth, which
would in good seil be about the thind or fourth year. The coppice on a patch
so treated would grow freely, and so also would the weeds; cultivation would
therefore be necessary. These methods are now being tried on the Sikkim
plantation.

The rather discouraging results of coppicing, and the undoubted Harvesting
richness ! in alkaloid of the bark covering the larger roots of Cinchona trees, wie troon
suggested to the resident manager of the Sikkim plantation (Mr. James A,
Gammie) that the plan of digging out the frees by their roots might be advan-
tageous. Accordingly during the past eold season about thirty-five acres of
eight and nine-year old trees have beem treated in this way. The operation of
rooting out is not so formidable as might be expected. If a plantation is
worked from below upwards, it is found that, after the lower row has been taken
out, the trees are very easily eradicated by pulling them downwards, a little
earth having been first removed from their roots at the upper side, and a rope
being attached to the stem pretty far up, so as to give a long leverage. The
collection of bark by the method of rooting out is estimated to cost 2} pies
(28 of a penny) per pound of green bark, asagainst 13 pies ('22 of a penny) by
coppicing.

It scems not unlikely that uprooting mizght be conjoined with early coppic-
ing. For example, a patch planted 4 x 4 feet might be thinned to § x 5 at
the end of the fourth year; and at the end of the eizghth year the remaining
trees might be uprooted. The ground in this method of uprooting is sub-
mitted to a thorugh deep cultivation and may be veplanted at once, or it may
be allowed to lie fallow for some time before being replanted. The obvious
ohjection to immediate replanting is, of course, that it is bad practice to replant
with the same species; but, as nothing except the bark of the former erop will
have been removed from the ground, this objection ought to go for little in the
face of the immense advantage gained by a thorough upturning of the soil.
Moreover, it is the custom on fir plantations in Seotland to replant with fir;
and in the case of fir the old crop is almoest entirely removed in the shape of
fimber. One advantage of replanting at once is that the expense of elearing
the land is obviated, as in the process of uprooting it is cleaned to hand. By
adopting a different planting distance from the last crop, the new plants could
be made to oceupy slightly different spots from their predecessors. If, however,
it is deemed expedient to give the ground rest for a few vears, a rofation on
this basis could easily be established.

At cerfain seasons of the year the bark can be separated from the wood Removing
with great ease. This iz the case in Sikkim during the greater part of the '
eold season, which, thevefore, for this, as for other reasons, is the best for taking
the bark crop. The barking is done by a gang of coolies, to whom the felled
stem and branches are made over as fast as they are cut. Provided with a
stout gardener’s knife, a cooly in removing stem bark, or the bark of thick
branches, first marks it off into long narrow slips by longitndinal and transverse
incisions ; he then separates oue of the ends of a strip by putting his knife
under it and pressing upwards; the end being freed, the remainder of the strip
readily comes off. Bark from the smaller branches and twigs cannot of course
be removed thus; but it is easily whittled off, care being taken to include as
little wood in the whittlings as possible.

On being taken off the trees, the bark is laid to dry in rough sheds fitted Drring the
up with open shelves made of split bamboo. These sheds ave erected in any
convenient place near the spot where the trees are being ent. When the bark
has dried as far as is Emiizl{: without artificial heat, it is carried off to the drying-
house, a masonry building (near the factory) fitted up with shelving and supplied
with arrangements for keeping chareoal fires lit. If the drying-house be kept
well closed, the bark is speedily and throughly dried, and without being®
exposed to a temperature bigh enough to affect its chemical constitution.
‘When well dried, it can be stored without danger of deterioration.

P My, Wood's analvses shew that root Lark contains about 8 per cent, of total alkalokls,
# The temperature of the BikLim drying-boowe ronges from 107 to 157 Fht above that of the open nir.
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CHAPTER VII.

—_— e

ON THE LOCAL MANUFACTURE OF A CINCHONA FEBRIFUGE.

The Cinchona plantations on the Nilzirvis yield practically two barks, Red
Bark and Crown. Ited Bark is richin total alkaloids, but not very rich in Quinine,
Commereinl_and the Quinine in it is difficult of extraction. This bark is of comparatively small
Bk ° 4 yalue, therefore, to the Quinine-maker, although of great value to Government
as a source of supply of a cheap febrifuge. Red Bark is also of much value
in Europe for decoetions (in other words it is a good drogzist’s bark), and re-
cently large prices have been got for consignments hought by druggists, These
rates are far beyond the value of the Quinines contained in such bark
as estimated by a Quinine-maker. It is doubtful whether a European alkaloid-
maker could, in fact, work Red Bark for its alkaloids at their present price, and
pay for the bark at the rates recently given in London for Nilgiri-grown
produce. The present good prices should undoubtedly be taken advantag
of by all planters to whom gain is the sole object. If, however, the profits o
sale are to be taken advantage of, the idea of at once supplying a cheap febrifuge
must be abandoned. 'T'he latter is the avowed objeet of Government, and no
passing commercial advantage should be allowed to interfere with its realisation.
The following table, extracted from Mr. Broughton's report to the Govern-
ment of Madras, dated Oth August 1873, gives analyses of certain Nilgiri
barks which were sent to England for sale, and may be taken as a fair example
of the produce of the Government plantations there :—
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Commersial Crown Bark is, on the other hand, rich in erystallizable Quinine, and is
value of

e ' Bare. nearly as highly walued by the Quinine-maker as good American Yellow, If
any bark is to be sent to Eneland for sale, Crown Bark should be sent. The
Red Bark trees are, however, by far the most numerous on the Government and
other plantations in India and the Colonies, This species is hardier, grows
better, and yields about a third more bark than the Pale or Crown Bark.
The utilisation of IRed Bark by manufacture in India is therefore of the highest
importance.

The Sikkim The Bikkim plantations consist of Red and Yellow Bark trees. Yellow

barkeareBed Park, which bas been a failure on the Nilgiris, promises to be a success there.
In character Yellow resembles Crown Bark, but is even more esteemed by the
Quinine-maker. It is hardly necessary to say that, both being easy to work,
Crown and Yellow Barks would be very much preferable to Red Bark as
sources for the manufacture in India of a cheap febrifuge if officinalis and
calisaya trees could be got to grow as luxuriantly as suceirudra.

U, hton's As the result of his experiments, Mr. Broughton decided on issujng as

Ama rphous “the cheap febrifuge™ wanted for India a preparation called Amorphous

* Quinine, which consists of the total aikaloids of Cinchona Bark in the form of a

nen-erystalline powder, mixed to some extent with the resin and red-colourin
matter so abundant in Red Bark. This alkaloid has been accepted by the medi-
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eal faculty in the Madras Presidency as a remedy in malarious fever searcely,
if at all, inferior to Quinine. Myr. Broughton’s own account of bis mode of

preparing this alkaloid, is given by himself as follows' :—

5. The actual Cinchona bases being, of course, the active medicinal eonstituents in the R L
i S gulphates or other salts employed as febrifuge, it was manufictur.
e e S RN AT neu]emrilg.r belipved that thcllmiws ﬂ]l."l'l'lhil?l'l.'t"rig:\'u1lll.| be et
as effective medicines as their salts. The considerable amount of tinctures and extraciz of
Cinchona bark still employed in medicinal practice clearly shews the cflicacy of salts other
than sulphates, nov, as far ag T pould learn, do the preparations made from Cinchona bark des-
tituteof real Quinine shew any failore in febrifuge efficacy, a fact readily explained by the
results of the Madras Cinchona Commission. Pure Quinine Sulphate containg but 73-55 per
cent, of Guinine. It was, therefore, helieved that a preparation of the Cinchona allaloids,
in the proportion that they naturaily exist in the barks, which would econtain about
ninety-seven per ecent. of the pure bases, would admit of exactly the same medicinal
doses being employed as of Quinine buljlﬂmtu. If there shonld be, for which there is no
evidence, a somewhat inferior febrifage quality in the alkaloids other than Quinine, this wonld,
it was believed, be compensated for by the larger amounnt of the real bases in the prepartion
in comparison with Quinive Sulphate. The report of the Malical Inspector-General, attached
to G. 0. No. 29 of the 11th January 1871, appears subsequently to corroborate these suppo-
gilions, as he states it to be *a rw_'lm;'-ﬂr in malarious ﬁ.‘.\'l:r, ﬁcamel_'-', ift at all, inferior to Quinine.”
s & #* * *® * * 8
8. In areport appearing in Retuen on Cinchona Cultivation, 1870, page 243, paragraph 54,
] Ry and more fully in a Memoir in Phil. Trans. Roy. Soc.,
m‘g:““f‘h axist in bark as insoluble Quino- 1570, I show that six-sevenths of the alkaloids in the
bLark of €. enecirebra oceur in the form of Quinoe-tan-
nates. As this st is nearly insoluble in water, the prezence of a strong acid is neeessary for
its decomposition and complete solution of the alkaloid. It is this circamstance which con-
gtitutes the main difficalty in the preparation of alkaloid, sinee, even after the tannates hawve
been decomposed in hot or dilute solutions, they partially re-form when the same solutions be-
eome ¢old or are increased in strength.
# #* # # # #* #* #
“14. The methed I have adopted 1'; quite simi]nr"{n pri:i‘eilnlc to the nsual method that since
the time of Pelletior has prevailed in manwfactories of
B s inme Cinchons alkalouds, 1 Emmisu in precipitating the
alkaloids in an insclolle state and subecquently separating them {rom the mass of impurities
with which they are mixed by solution in alechol. The method is, however, =0 contrived that
the very cheapest materials are used, and the greatest cconomy is practicable, with those mate-
rials which are not found on the plantations. The only material of which the consumption
15 lnrge i8 that of wood f(uel, which some Foars ago it was believed wonld be formished 10 any
ameunt by the Cinchona plantations by trees which bad been eoppiced. This, however, has
not been the eage, owing to the adoption of Mr. Melvor's system of mossing, respecting which
I have already expressed an opinion which I need not. further reiterate.
#15. The process was first Lried iur::n;r mn:.i! laboratory nLrﬂnhmlnund, Ism:l I found that
; rom eighty to ninety-five per cent. of the total amount
i ey SEAMSIEA S e bnch oras obiminesd by it. If done with
analytic precision, which, of eonrse, cannot be ¥mc1-imll_'r carried ont in a manufactory, 97-1
per cent. of that amount is ebtainable, though I have never obtained this result when working
with native coolies, but only when the work was performed by myself or by my laheratory
assistant,
“16. The first product of this process, named by the late Principal Medical Inspector-
General © Amorphous Qmnine,” was prepared i the
First trials of manafuctare. small Exfrerimen’t]ul manufactory ervected rt 145,‘-'4-&=1.4:.'|n'nmui,
where enough was prepared from Red Bark grown at Neddivattum for a fair trial of its medical
efficacy. The results of its medical trial are contuined in a report of the Principal Medical
Inspector-General attached to G. 0. No. 20 of the 11th January 1571, which were considered
highly favourable.
“17. I will now describe the met.hlm;l of mnu:?ufur;: 1 hharahadnpieﬂ, whi_!nh, th]m:‘gi.
s in the eourse work, it has been constantly modified
nm""ﬂ;hfm;':}tfw cmployed  and improved, is, of course, susceptille of further im-
' provements in detail.
The bark in long strips, exactly as taken from the tree, is placed in a copper pan with 1}
Fe:r cent. of sulphuric acid® and a quantity of water that hos already been used for the
ourth extraction of nearly spent bark and is Loiled for an hour. The lignid and bark are
then separated Ly etrong pressure in a screw press, the former falling in a wooden vat
E]’m:ed underneath. The squeezed and nearly dry bark is again boiled with liqnid that has
een nsed for a third boiling of other bark, and another half per cent, of acid 15 added.  After
an hour’s boiling it iz again squeezed. Tt is then again boiled with a liguid that has come off
nearly-spent bark, again squeezcd, and finally beiled with water. During these four boilings
the bark after each squeering diminishes greatly in bulk and becomes almost pulp, so that i
occupies far less woom in a pan at the third beiling to what it did at the first. The order in

N, B—Tho nnmbering of the parsgeaphs of Alr. Bronghion's lelter is retained in the above -1m|L-4|:i|:|||..l
! Mr. Beouphion's botter (o Seerstary, Modms Govorneent, dated 25t Decenbor 1873
#This i the ameunt of acid cmployed for framk burk ; for prusings but sse per cent. or even less s ordinarily wed.
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which the several liquids nsed in extraction are employed depends on the qualities of bark un-
der manufacture; but it s so arranged as to obtain finally a liquid containing as much alka-
loid as rﬂﬂilﬂu in solution, and also that, as far as possible, the bark should be exhausted of
alkaloid. Finally, there arrives a poiot when the amount of alkaloid in the bark bas become
g0 small as not to repay the expense of further extraction, The bark then is dried in the sun
I:Ill.'l.l “Hf’ll =8 flll:!-

“ 18, The liquid, which, if the foregoing be judiciously managed should be intensely bitter
and strong, is evaporated to about one-sixth of its bulk,
_transferred to a tub, and allowed to cool. Tt is then
decomposed by neutralisation with milk of lime, which preeipitates the alknloids, decomposing
the Quine-tannates and Sulphates with formation of insoluble lime zalts. A slicht exeess of
lime is always added, After standing for a day, the precipitate iz separated by fltration,
siqueezed, dried, and powdered in & common ragi mill.!  The liquid, which contains abundance of
Caleic Quinate in solution, is thrown away.

“19, Aslirst conducted, the evaporation mentioned in the forezoing paragraph was omitted,
the larcuipltu.l,iou lu.-ing at onee performed in the original
liguid. Dut, as alkaloid iz unforinnately slizhtly soluble
in lime-water, this l:lr-:lﬁ'ﬁling was fomml to pru{lum
considerable waste, and therefore it was found necessary to evaporate in order to reduce this
waste to a minimum, In India lime must necessarily be the precipitant, asit is by far the
cheapest of all the alkaline bases. T have tried both English Caustic Soda and Indian Soudoo as
]Wﬂcipilanls of the alkaloid, but for many reazons do not now Emplﬂf them,

o RO, The powdered lime precipitate is then packed in the apparatus, of which a drawing is
given ; ABCD being a large cone of sheek ivon, throngh the econtre of which pasess an up-
right tube, the upper end of which terminates in a erosspiece with four openings,  The lower
end of the tube is also open, and supported on a flat perforated circular dise (CD) made of sheet-
wron.  This allows it to rest in the cone. Below, and tightly fitting to the lower part of the
cone, ig au under copper vessel (FG). The cone is supported by chains, and above it is placed
in conneetion with the lower end of a simple worm-tub (oot shewn in the drawing) by means
of a tube (H). The powdered lime precipitate i= filled in the cone till immediately under the

: - - . eross  tube (E). The upper lid of the cone is

Procoodings cmplored to exhausk with slooel.gep o and! alechiol poured on till, by passing
through the precipitate, the lower vessel becomes about a-third full. The spirit is then saturat-
ed with alkaloid, which is nentralised with care by diluted selphurie acid, of which the strength
is known. Then the upper lid of the cone is put into connection with the upper condenser by
the tube E, anda five is lighted below, The spirit boiling in FG rises in vapour throngh the
inner tube and passes out at the four openings of the cross.piece. It here generally condenses
to a liguid, but if not it passes into the copper condenser, where it, of course, condenses, so that
Ly a judicious arrangement of the fire a layer of liquid is kept on the surlice of the precipitate.
A gauge (BI) allows this to be seen from the outside. If the fire iz, however, kept too fierce,
1o harm ean ensue, sinee, if the layer of liquid rises in consequence higher than the percolation
through the precipitate removes it, it simply passes down through the centre tube into the
lower vessel. Hence the apparatus 1s self-acling, and the eooly work-people have no access
to the aleohol, which is all inside the apparatus. A small amount of aleohol by constant
cirenlation through the apparatns thus completely dizsolves the whale of the Cinchona bases
without any waste of spirit or alkaloid. Every two days the alkaloid is nentralised with dilute
acid, If this be done with moderate care, there is no chance of the copper under-veseel being in
the least attacked, but if very carclessly done, a mere trace of Oxide of Copperis dissolved.
This, however, rarely occurs; but if it does, it is veadily remedied subsequently.

21. The fire iz thus L'cpt. up uotil the whole of the alkaloid is dizzolved and passee into the
lower vessel, This state of thingsis known by the
alkalinity of the liquid in the lower vessel not in-
creasing ; but, to make sure, the spirit dropping from the coue iz usnally tested when the pro-
coss deaws near itg end.  When finished, the exhausted precipitate does noteontain a trace of
alkaloid, all being in the lower vessel. The lower vessel is then removed and the aleokbol sepa-
rated by distillation. Water is alza pﬂureﬂ on the cone, in order to wash out the aleokol with
which the precipitate iz still mostened, nutil the latter is uitetl‘tfl-llm:ﬁl- T{IF alechol is thus
nearly all recovered and is purified for another operation by distillation. With cave, waste of
spirit practically does not oceur, but I have been unable yet to prevent all loss of spirit from
the carelessness with which every operation in this country appears more or less attended.
The loss, however, has not exceeded six per cent. and hos fallen frequently much below this.

22 The alkaloid sulphate in the lower vessel is suddenly diluted with about ten times
itz bulk of cold water. This eeparates a considerable
amount of black resin, Sinee the contamination of
copper occurred in Bengal in the alkaloid, I have a!wa{n as a precaution added a small amount
of a dilute acidulated solution of Sodie Sulphide to L!lﬁ iguid. This completely removes copper
if it be present, though with very moderate eare it is completely unnecessary. The solution is
still, however, coloured with impuritics, to remove which a small amount of alkaloid is pre-
cipitated by the addition of dilute Caustie Soda, which carries down with it the colouring matters.
The whole is then filtered through a cloth bag, and t!:L‘ alkaloid in the mlhmlc is precipitated
by Caustic Soda, separated by filtration, squeezed, dried, and powdered. It is then * Amorphous

ﬁw;iﬁuliﬂu of extracts with lime,

Evaporalion was at firel dispensed with.
Kbﬂuui.ty for the use of lime.

Becovery and sctual wosts of aleohiol.

Purification nnd precipitation of alkalodd.

¥ The mill used by the peasantry for grinding ther grain.
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Quinine” Before it leaves the manufactory, as a precautionary measare, it is always tested for | S
4 minfulaokurs
P‘EE& Formerly, from the ashes of the fuel employed, Canstic Potash was prepared, to use L‘f,‘:;’;ﬂﬁf{_‘“
S as precipitant, instead of soda. But lately so small an
mﬂ'{"h’l’ should e obtained from ssbes of oo 0e of potash has occurred in the ashes that this
; has been discontinued.  If the Cinchona wood from eop-
piced trees was employed as fuel, this might be again resumed, and thus a further saving effected.
# 24, Sulphuric acid has been used in preference to hydroehlorie acid, mainly becanse it is
Ty i the cheaper acid. While the eost is no:llrl_-.- tlin,- same, the
1“:?'.6; $1ﬁ11_1:" acid is proferred for ex-  Gqpotive work produced by the sulphorie acid is nearly
; double that of hydrochlorie aeid for equal weights, 1t
has also some better qualities for transit through the tropics. The use of sulphuric acid has
alzo some chemical advantages which I need not further particularise. With Red Bark there is
unfortunately no fear of the sudden erystallisation of Quinine Sulphate on the dilution mention-
ed in paragraph 22, as there would be with Crown Bark.
%35 The alkaloid which is earvied down in eonmection with the precipitated resin, and in
W the ]':uﬁﬁq'ntfun |}}' fractional pmcipil,:lltim!, i, of eourse,
“a:f:‘d*'“” contained in the resin is ot pon time to time obtained free from impurities by the
: obvious methods of dryine and digestion with dilute
acids, ete. Thus obtained, it is generally very pure and colourless.
2. Throughout the whole eourse of manunfacture,
simplicity of arrangement has been carried out, as far as
possible.  The reasons for this are—
laf.—That certain labour-saving appliances which ave used in England would here e a
source of considerable expense and are obtainable with great difficulty and delay.
Until alkaloid manufacture in South India has proved itself a permanent suecess, T
have, therefore, felt it wiser to refrain from all dispensable expenditure for apparatus
for which simple substitutes conld be provided.
Eui—Tha:[l: '}Iha simpﬁ’er the apparatus the more readily are they repaired, when necessary,
in India.
3rd,—The intellizence of Canavese coolies on the Nilgiris is fully exercized by the simplest
proceedings of manufactare ; therefore any increase in their apparent complexity has
to be made with u;‘iul: of |us$*a.hl:| injul‘};l-u the .'nm:!arut.ns.

Himple apparatus  throughoot has beon
preforrod.

* #

85, I will indicate the sources of the loss of alkaloid which occur in the manufacture,
£tk nearly the whole of which are preventible only at a
us{:mm R A ARl greatly incrensed cost of labour and produet—

# 1sf.—The not quite complete exhanstion of the bark of alkaloid on first extraction with
acidulated water. Usually the bark at the end of the boilings descriled in para-
ph 16 of this report still contains a small amount of alkaloid which another boil-
ingr and squeezing would remove, This is not now performed, as the small amount of
alkaloid obtained would not repay the cost of the labour, fuel, and subsequent
evaporation.
“ 2wd.—Spilling and waste of extract, and occasionally of bark itself, by the carelessness
and indiference of the coolies. This iz not proventible in India,
 3rd.—Waste of material in grindiog the lime precipitate and in final powdering of the
n!bk:ﬂni&.i This may, with care and training, be diminished, but cannot entirely be
obviated.
“ 4th~The solubility to a small extent of the alkaloid in limewater. At the beginning
of the year 1872-73 loss from this sonree occurred. Tt bas sinee, as T have before
mentioned, been prevented by the evaporation of the liguid extract of bark down
to a small bulk, before the precipitation with milk of lime is performed. I cannot
fairly estimate the amonnt of waste that has cccurred from this source, but believe
it will not have exceeded 201bs, of alkaloid.
38, As a mensure of ution I bave repeatedly tested whether the lime ipitate is
mmplétuly exhounsted of alkaleid by the aleohol before thmwiug it away, and have always
found that no alkaloid iz wasted by imperfeet exhaustion, as might otherwise be naturally
supposed.” 3
Up to the end of the financial year 1872-73, about six hundred pounds of geg.. o
Amorphous Cinchona alkaloids had been produced at the Nilgiri factory. It 5if .
was found, however, that, after ecaleulating at its manufacturing value' the gL,
price of the bark used, Mr. Broughton’s product cost more than ordinary com-
mercial Quinine. The factory has accordingly been closed, and arrangements
are to be made for the disposal of the whole of the Nilgiri bark otherwise than
by local manufacture.
The Sikkim plantations are younger than those on fhe Nilgiris, Noy,.,
Quinologist was appointed to them until the end of the vear 1873, when Mr, Bapitseire

! The prices taken by the Commission appointed to inguire into the working of the factory are—Dry trauk bark
2., anid branch bark 64, o pound.

(1]
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C. II. Wond was sent out by the Seeretary of State. Owing to delays in the
arrival of his laboratory apparatus, Mr. Wood was unable to begin work before
March 1574, Some time was necessarily spent in the preliminary work of
analysing the various barks produced in the plantation with the view of deter-
mining the influence of elevation, manure, &e., on them, and also in eondueting
experiments with the objeet of settling on the most advantageous mode of
manufacturing an efficient febrifuge. Actual manufacturing operations did not
therefore begin until 1575,

e The method at present in operation in the factory in Sikkim is simple in

manutacture. (hy gxtreme. Its principle has been thus deseribed :—

¢ In this method,” writes Mr. Wood,! # the bark (roughly powdered) is first exhausted with
eold acidulated water, and the wesulting liquor |Jn.1’:i|1|-il.utﬁ:fl by a constic alkali. It is therefore
easentially the same as that advoeated by Dr, DeVry, althougrh © have found it desirable to modify
the plan of pmr.-iphulimt he revommended,™ * * € 4 Ni fnel 15 rec[uireﬂ except what may
be necessary to dry the alkaloid obtained. No expensive machinery is invelved, the only plant
required being some wooden tubs and calico filters. Skilled labour is unnecessary, and very
little supervision is wanted.™

Ratg of At present about a ton of dry Red Bark is being worked up in Sikkim per

8f dlkaloid 1n week by this process. The bark hitherto so utilised has been chiefly derived

FEE from thinnings and prunings undertaken from time to time in the interests of

the trees. By the end of the current financial year (1875-76) about 32,000
ounces of alkaloid will have been turned out. Next year a much larger
quantity will be yielded.

After making a very moderate estimate as to the actual number of trees
on the plantation and of the outturn of bark per tree (eiz., one and a half
pounds in eight years), and after covering every expense and including
interest at four per cent. on all the capital sunk in the Government
Cinchona enterprise in Sikkim, Mr. Wood caleulates that there can soon be
yielded by this rough process from 130,000 to 140,000 ounces (or from 3% to
4 tons) annually of an efficient febrifuge at a cost of rather less than one rupee
}.}l[h' ounce. But more complete methods of extraction are now under trial by

r. Wood, which give promise of a still cheaper rate for the outturn. Taken
in large bulk the Sikkim Red Bark yields a mixed alkaloid of an almost uniform
composition, which Mr, Wood gives as follows :—

Crystallisable Quinine 155 parts.

Amorphons Cuining 170

Cinchonine 385,

Cinchoniding : 200

Colouring matter, &e, 50
Total * ... 10000

An approximate * idea of the commercial value of this compound may be
got by caleulating what it would cost to make up a compound of similar
proportions of the sulphates of the einchona alkaloids as sold in the London
market. The prices of these sulphates fluctuate greatly, and those of the alkaloids
other than Quinine do so more especially. And, althongh at the present time
plentiful, there is no guarantee that these alkaloids could always be had
in any quantity, even at a considerably enhanced price. As has already been
explained, they are by-products of the manufacture of Quinine and do not exist
in large proportion in the barks used by Quinine manufacturers. They exist
largely in Red Bark, which is at present chicfly a druggist’s, and not a Quinine-
maker’s bark, and were a Quinine-maker obliged to resort to Red Bark he proba-
bly could not afford to pay current rates for it and to sell its alkaloids also at
eurrent rates, The Sikkim alkaloid at one rupee an ounce will in all pro-
bability remain very much cheaper than a similar mixture purch in
Europe, and it will have the great advantage of being always available at one
price. The establishment of the therapeutic value of the alkaloids other than
Quinine has however heen really one of the results of the Government Cinchona
enterprise : there is therefore nothing unfair in regarding 130,000 ounces of
the Sikkim product as nearly equal in money value (as it apparently is in

! Report of Government CQuinologist, British Sikllm, daied Gih August 1874,

* Omly approximate, bemaase, whereas the Sikkim product consists of the pure uncombined alknlgids, the com-
mercinl saiphutos consiat of o compamiively cotly alkaloid chemieally combined with o considerable percastage of
sulpliarie seid, which i ane of the cleapest of chemicals
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therapeutic efficiency) to a similar amount of Quinine which, at nine shillings
an ounce, it would cost the State £58,5600 sterling to purchase in London.

The Bikkim alkaloid has already been submitted to a careful trial by
physicians attached to the four leading hospitals in Caleutta : it has also been myerapousic
tried in the Burdwan fever. The reports® of the gentlemen who tried the Ziissf e
preparation are so favourable that De. Cockburn, the Deputy Surgeon-General g e
of the Presidency Cirele, has given it as his opinion that there is * sufficient
evidence to shew that the drug may be brought into general use.” Larger

uantities are now being issued for trial in other parts of India. Should this
ﬂmg be accepted by the medical profession in India as an efficient febrifuge,
they will be provided with a means of combating the commonest disease in
the country such as they never before possessed. It is notorious that its high
g&iﬂﬂ has prevented and still prevents the sufficiently free use of Quinine in
ispensary and other practice among the poor, and, until a cheaper substitute
be given to the medical profession and to the general public, the old and
ineffectual eombat with malarious fever is likely to continue. With a good
febrifuge at a rpee or twelve annas an ounce, malarious fever should be
robbed of three-fourths of its annual victims, and the poor of this land be
thus attached to their paternal Government by vet another hond.

! Extrseta from theso reports will be found in Appendix A,
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APPENDIX A.

List of the chief Modern Works velafing fo Cinchona (from Flickiger and Hanlury's
Pharmacographia, page 525).

Berg (Otto), Chinarinden der pharmakognostischen Sammiung zu Berlin. Berlin, 1865, 4to,
4% pagres and 10 plates shewing the microscopic structure of barks.

Bergen (Heinrich won), Mowographie der China. Hamburg, 1826, 4to, 548 pages and 7
coloured plates representing the following barks:—China rubra, Huanueo, Calisaya,
flava, Huamalies, Loxa, Jaen. An exhanstive work for its period in every direction.

Blue-books—Fust India (Cinelona Plant), folio,.—

A.—Copy of correspondence refating fo the introdwetion of the Cinchona plant ints
India, and fo proceedings connecled wilh its enliivation, from Marck 1852 i
Mareh 1863,

Ordered by the House of Commons to be printed, 20th March 1863, 272 pages.

Containe correspondence of Royle, Markham, Spruce, Pritchett, Cross, MeIvor,
Anderson and others, illustrated by 5 maps.

B.—Copy of further correspondence relaling fo the introduction of the Cinchona plant
into Fudia, and to procoedings connecled with ils enllivation, from April 1563 o
April 1866.

Ondered by the House of Commons to be printed, 18th June 1866, 379 pages.

Containg monthly reports of the plantations on the Nilgiri Hills; annual reports
for 1865-64 and 186G4-65, with details of method of propagation and cultivation,
barking, mossing, attacks of insects, illnstrated by woodeuts and & plates ; report
of Croes's journey to Pitayo, with map ; Cinchona cutivation in Wynaad, Coorg,
the Palney Hills and Travancore with map ; in British Sikkim, the Kangra Valley
(Punjab), the Bombay Presidency, and Ceylon.

C.—Copy of all correspondence belieen the Bocretary of Stafe for India and the Governor-
General, and e Governors of Muadray and Bombay, relafing lo the culfivation
of Cinchona plants, from April 1866 fo dpril 18710,

Ordered by the House of Commong to be printed, 9th Angunst 1870,

Contains reports on the Ni]%iri amd other plantations, with map; appointment of
Mr. Broughton as analytical chemist, his reports and analyses; reports on the
relative efficacy of the several Cinchona alka ﬂi.da; on Cinchona cultivation at
Darjeeling and in British Burma,

Delondre (Augustin Pierre) et Bouchardat (Apollinaire), Quinologie. Poris, 1854, 4o, 458 pages,
and 23 good coloured plates exhibiting all the barks then met with in commerce.

Gorkom (K. W. van), Die Chinaenlinr anf Java, Leipzig, 1869, 61 pages. An account of the
management of the Dutch plantations,

Howard (John Eliot), 1iiusirations of the Nueva Quinologia of Parsn., London, 1582, folio,
163 pages and 30 beautiful eoloured p'|uh!ﬂ. Fig;umﬂ of Cinchona, mwtly taken from
Pavon's specimens in the Herbarium of Madrid, and three plates representing the structure
of several barks,

Howard (John Eliot), Quinclogy of the East Indian Plautations. Loundon, 1869, fol. x. and
43 pages, with 3 coloured plates, exhibiting structural peculiarities of the barks of cultiva-
ted Cinchona,

Karsten (Hermann), Die medicinischen chinarinden Nen- Granada's. Berlin, 1858, 8vo., 71 pages,
and two plates shewing mieroscopic structure of a few barks. An Enelish translation pre-
pared unﬁer the supervision of Mr. Markham, has been printed by the India Office, under
the title of Nofes on the Wedicinal Cinchona Barks off New Granada by H. Karsten, 1861.
The plates have not been reproduced.

Karsten (Hermann), Flore Columbia ferrarumgue adjacentium speciming seleclz, Berolini, 1858,
folio. Beautiful ecloured fizures of various plants, ineluding Cinchona, under which name
are m;;-'l species usaally referred to other genera.  Ouly the first three parts bave been

ublished,

Marlfhu.m (Clements Robert). TWe Cinclona species of New Gramada, confaining fhe dotanicad
descriptions of the species examined by Dva, Mutis and Karsfen ; with some account of those
bntanists aud of the resulis of their labours, London, 1567, 8vo., 139 pages and § plates.
The plates are not coloured, yet are good reduced copies of those contaimed in Karsten's
Fiore Columbie; they represent the following :—Cinchona corymbosa, €. Triane, C.
lancifolia, C. cordifolia, C. Tuenjensis,

r
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Miquel (Friedrich Anton Wilbhelm) De Cinclons speciclus gquibusdam, adiectis iis qua in
Javd coluntur. Commentatio ex dAnnalibus Musei Bofanici Lmgduwoe-Batavi exscripta.
Amstelodami, 1860, 4to, 20 pages.

Phabus (Philipp), Die Delondre- Bowekarda® schen Ching-Rinden, Giesson, 1864, 8vo, 75 pages
and a table. The author gives a deseription, without figures, of the miscroscopic structure
of the type.specimens figored in Delondre and Boochardat’s Quinologie,

Planchon (Gustave), Des Quinguinas. Paris et Montpellier, 1564, 8vo., 150 pages. A descrip-
tion of the Cinchonas and their barks. An English translation has been issued under
the superintendence of Mr. Markham by the India Office, under the title of Peruvian

Barks, |.}y Gustave Planchon, London, printed by Eyre and Epoﬂiswmde, 1866,

Soubeiran (J, Leon) et Delondre (Augustin), De Pintroduction ef de Pacclimatation des
_ﬁ?lz«iaun dang les Indes néerlandaises of dans les Indes Sritannigues. Paris, 1868, Svo,

3 pages.

Triana {Imé}, Nowpelles dtndes sur les Q‘IEIE’H;‘I&'&. P‘an‘a, 1870, folio, 80 pages and 33 p]nt.e;,
An interesting account of the labours of Mutis, illustrated by uncoloured copies of
gome of the drawingzs prepared by him in illustration of hiz unpublished Quinologia de
Bogotd, especially of the several varieties of Ciwchona lancifolia ; also an enumeration and
short descriptions of all the species of Ciwclona, and of New Granadian plants (chiefly
Clasearilla) formerly placed in that menns.

Vogrl (August), Clinarinden des Wiener Grosshondels und der Wiener Sammisngen. Wien,
1567, 8vo, 134 pages, no figures, A very exhaunstive description of the micrescopic
structure of the barks occurring in the Vienna market, or preserved in the musenms of
that eity.

Weddell (Hugh Alzernon), Histoire natuvelle des Quinguinas, o monographie du genre Cin-
chong, snivic d'une description. du genre Cascavilla ef de guelyues antres planies de fa
meme fribu.  Paris, 1849, folio, 108 pages, 33 plates and map. Excellent uneoloured
fizures of Cinchona and some allied genera, and beautiful eoloured drawings of the
officinal barks. Plate I exhibits the apatomical structure of the plant; Plate IT that
of the bark.

Weddell (Hugh Algernon), Noles swr lss Quingninas, exfrail des Annales des Seiences
nafurelles, Séme strie, tomes X1 et XTI, Paris, ?H?U, Bvo, Th pages. A systemalic arrange-
ment of the genus Cichows, and description of its (33) species, accompanied by useful
remarks on their barks. An English translation has been printed by the India Office
with the title, Nofes on the Quinguings by H. A. Weddell, London, 1871, Svo, 64 pages.
A German edition by Dr. F. A, Fliickizer has also appeared under the title, Usbersicft
der Cinchonen von M. 4, Weddeli, Bohafthausen and Eerliu, 1871, 8wo, 43 pages, with
additions and indices.

—_—

APPENDIX B.

Stalewtent shewing quantities of Quine Sslphas, Cinchonine, Cinckonidine, and Quinidine
Sulphates supplied to the Government Medical Depdls in India from 1867 to 1873, and price

of (ke same.
Cmantity. Price.
BENGAL.
1567, Lbs, £ a2 4
Cluing: Sulphas ... o 1,083 | 0 4 Operos.
1868, :
Quinw Sulphas ... so0| 0 311,
i Al vl 1,617 | 3 10 8perlb,
1868.
Cinchonine, Bulphate of— ... - 150 | 012 o
Cinchonidine L iy 160 & & 0
Quinidina F5 50| & o8 O,
Quine Sulphas 1000 ¢ 4 0
] il o ol v AioaR k= 8
Cinchonine, Sulphate of — . .. s o 9 &
Cinchonidine o 80| 210 0
Gutnidine b dsc| 20 0
1870,
Gluing Sulphas ... Lo | 418 8
z i e LA | B 3 4
5 = Llo | & 2 9
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APPENDIX B—(continued).

=  ——— =

Quantity. | Price.
p—— — .f..
Bexg s 1—(continued). ¥
1871, Lbs. | £ ¢ 4
Ihs, 850 5 5 10 perlh.
Quinm Sulphas ... ses { } 1,696 { and
b 516 - TR
Cinehonidine Sulphate gz0) 2 0 O
Quinidine 8 60| 214 0
1872.

Quine Sulphas ... 500 | 6 0 0
i ¥ LR ren saa T wau Loy 510 2 F
t FEAR R 00 |, ¢ 18 &

Quinine, Neutral Sulphate of — o gl .4 6 0 ,

Cluine: Sulphas .. i 950 | 418 8

Cuinine, Neutral Sulphute of — : 40| 4 6 0

15743. Iha. oz.

GQuine Sulphas wee| GO 10| O 7T 10 peroz

= =, s . 2046 | 6 16 Operlb.
1574 1is

Cuing Sulphas A wr| 5,524

ﬂmdm-mr]ma. u'lphatcnf— i 115

Cinchonine i ; ol - bl

Quinidine e e 02

Cinchona Eahnfugc, Dnrym]mg = 20

1575.

Quins Sulphas .. s v e | 8,087

Cinehonidine, Eulphat.e of — = B 116

Cinchonine o L w 28

Quinidine e T 143

Cinchona Fa'l.lrjl‘nge, Dnl;pmlmg 305

Mapras.
1867.

Quine Sulphas ... 200 | 0 4 3peroz
1) ) FER aam o T aww ﬁf {: " EJ 55
a2 PP 61 ¢ 4 0 ,

1868,

Qumnidine, Sulphate of — ... | 138 | 0 & 0

Cinchonidine, Sulphate of — 1551 ¢ 5 o0

Cinchonine + e 183l 0 ¥ 6 4

Quinm Sulphas .., W | 645 818 Bperlb

1569,

Quinge Sulphas ... 1601 4 4 0

Quinidine, Sulphate of — ... s} & 4 0

Cinchoning o 61| 010 o

Quine Sulphas ... 00| 410 8

1870.

Quinme Sulphas .. e 130| 5 8 8

Cinchonine, ﬁulphata of — ... 149 | 012 0

Cinchonidine e 2081 2 0 .0 -,

Gluiniding Ly . 186 ) 2 & 0

1871.

(uinm Sulphas .., feo| B 6 6

Cinchoning, Sulphate of — . i 7| ] e T [N I

Quina Sulphas, bleached ... 15| 0 8 3perox
= »  uhbleached... T ST e e

—i s ——— = _— E
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1872.78.
Quinz Sulphas ...

Cinohoning, Bulghats of — ...

Cinchomidine o i
Auinidine T

]E?#I
Cluinme ﬂu]],ﬂ‘ s .

Cinchonine, Sulphnfa} of —
Cinchonidine
Quinidine P

1875.
@ninz Sulphas ...
Cinchonine, Sulphate of — ...
Cinchonidime
Cluinidine W

Bounary.
1887.
Quina: Sulphas ...
.u PR
18635,
Quing Sulphas ..,
1869,
(uine Sulphas ...
1870,
Quine Sulphas ... o
1871.
Cinchonine ... ¥
Cuine Sulpbas ..,
1872.
Quina: Sulphas ...
1874,

Quina Sulphas .. 42
Cinchonidine, S‘I.‘I.IIJIIII.IZ-E‘ of —
Cinclionine e ;
Quinidine i3

1875,

Quinz Sulphas ... i
Cinchonidine, Sulphate -uf-—
Cinchoning . ;
Cluiniding B

— EE -
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APPENDIX B—(concluded).

-

———— -

Cpuantity,

Lbs. oz,
200

182 6
415 8

7l 14

B2
124

124

600
200

750

T
a10

400
722

1,000
67

8yl
F45

Lo

17
13

12

2 per oz,
i

4 per Ib,

=
-
-
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Gi APPENDICES,

APPENDIX PF.

Hevenne and Expenditure of Government Cinchona Plantations in Britisk Sikkim, on all ac-
connts, from lheir commencement fo 3lst March 1875.

L |
| _'l'uu-. Revimme. Charges, :
| i
. Ra. Bs
i 1862-63 wedll 0,466
| 156364 ail 10,421
1864-65 ail 39,008 |
| 180568 wil 50,063
| 1966-67 wil 48964 |
i 186758 1,064 7,601
| 1868.69 543 Y5965 |
| 186950 156 54548 |
1870-71 wil B4TEE
| 1oz 1,484 60,023 |
187278 2,520 50,795 |
187374 w| 23y | sse |
187475 nil 50942 :
- i
Torat ... 7058 | 66248 |

T T ——

il = — — = p———— —

APPENDIX G.

PARTICULARS OF BARK SALES AT LONDON.
(The prices are per pound avoirdupois.)

21t and L6Lk Janwary 1875,

91 Serons Calisaya, flat, middling to good, 22, Gd. to 3&. 54, about 20 sold.
405 Packages Calisaya, quill, middling to good—
215 Packages rold, 24, 64, fo 3s. Bd
180 Ditto bought in, 2s. to 25, 3d.
3% Serons {:ﬂrﬂﬁjap q“i“j fﬂ;rr Is. M-u bmtghl.‘- M.
1,660 Bales soft Columbian, middling to good—
485 bales sold, 1s. 5d., to 2s
~ L17¢  ,, bought in, ls. 6d. to 2s, 4d.
52  Bales New Granadian, fair, 25, 64, bought in.
136 PBass Maracaibo, fair, 244., sold.
B’r]j:s ﬂm"t,!'lage‘na, middling, bard, 1+ 1d. to 1s. 24, sold.
48 '[.'uﬁluu Cinchona, middling to Fair, 8d. to 1s. 84., sold.
Asg

420 y Crown—
21  bales, fair to good, 1. 64. to 24, 4d. I
399 ,, ordinary to fair, 3. to le. 1d, § ¥
169 Sacks Mossy Lima, fair to good, 34, to 44, sold.
34 Serons Crown, very ordinary to middling, 44. to ls. 5d., sold.
67 Bales Red, fair to good, but rather small, 1s. to 2s., about three-fourths sold.

4tk and O¢h February 1875,

492 Serons Calisaya, quill, middling to good, 2. 4. to 3s. 5d., about 320 sold.
40 Ditte  ditte ,, common, smooth like Crown, withdrawn.
86 Ditto ditte , » L. to 22, about GO sold, s, 44., to 1s. 64,
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3 Serons Calisaya, bold quill, fair to good, 3s. 4d. to 3s. 114., sold.
76 Ditto  ditto flat, middling to good, 25, 64, to 32, 3d., about 20 sold, 3. to 35 34,
Bil  Ditto soft Columbian, middling to good—
582 Seroms, bought in, ls. 84 to 24, 84,
249 Ditto common, zold, 34. to 1s. 34.
101 Ditte New Granadian, fair, 52 Serons sold before the sale, remainder, 2s, 3d.,
bought in.
37 Ditto Hard Pitayo, withdrawn.
17  Bags Ceylon Cinchona, small, twiggy to fair, 64, to 12, 5d., sold.
95  Bales Crown—
42 Bales, fair to good, 1s. to 2. 34, }mld
511 I}lt.ta very ordinary, 24, to 9d., H
35 Ditto red, very ordinary to middling, 64. to 1a. 3d., part mld
12 Serons Condurango, good, 4., bought in.

Dated 18tk and 23rd February 1575,

262 Berons Calisaya, flat, middling to fair, 25 2d. to 35 34., about 100 sold, 2s. 94. to
32, 5d.
82 Berons Calizaya, flat, ordinary to fair, all damaged, 1. 34, te 3e 14, abont 500 sald.
205 Ditto ditto quill, very middling to fair, 2s. 6d. to 3s., about 30 sold, 2+, 94d.
b4  Ditto ditte ,, wery inferior, smooth, 1s. Td. to 2s., bought in,
3 Dtto ditto bold picked yuill, 44. 64. to Ge. 5d., sold.
850 Pm;-kug«:sﬁmft Columbian, middling to goeod, 1s. 5d to 2e. 84, about 70 sold, 1s. 94,
to D= 24,
412  Packages soft Columbian, veri' ordinary, 1s., about 20 scld.
417 Ditto New Granadian, middling to fair, I.n Td. to 2e 84, about 140 =old.
52  Bales Carthagena, middling to l'an- 12, 14, to 1a. Gd., sold.
30 Ditto ditte common, Sd. to bri sold.
64 Ditto Crown, middling to good, l-r. to 25, 84, all sold.
180 Ditte ditto very ordinary to middling, 34, to 94., about 60 sold.
267 Ditto Mossy Lima, fair to good, 44, to 64., bought in.
568 Ditto Maracailes, middling to fair, 134 to 344, sold.
40 Ditto Red, middling to fair, 15 to 82, 94, about 30 sold,
6 Ditto Ceylon Cinehona, fair silvery quill, ls. 74, sold.

180k aud 23rd Marek 1875,
51 Serons Calisaya, flat, middling to fair, 25, to 3s, bought in.

204 o qull , middling to fine, 2&. to ds, hf about 150 sold at 3+ 34. to 44, 14,
1693 Bales soft Columbian, middling to good—
¢ gold before the mtle
Sﬁ? withdrawn.,

303 sold, Ls. to 2a. Bd.
979 bought in, 1s. to 25 84,
183 Bales New Grranadian, fair to good, 2s. fo 2s. 84., about 70 sold at 2e. T4, to 2s. 54,
25 ,, Hard Carthagena, 1., bought in.
87 ,, Maracaibo, middling to fair, 244. to 6d., about half sold at 244.
85 Serons Crown, fair to fine, 1ls. 2d. to 24, 24., nearly all sold.
48 »  very ondinary, 4d. to 4., sold.
EE Casez Red, middling to s e, Bd. to 3s. 8d., about 20 sold at 1+ 64, to 25,
Bnlﬁr ]ﬂ:;t Indian Cinchona at Madras, good to fine Officinalis 25 104, 1o Se 104,
all sold.

8tk and 1344 April 1875,

167 Serons Calisaya, middling flat, 25, 14, to 25, 104., bought in.

a6 * " " withdrawn.

10, o quill, 1 seron fine sold at 3. 54, remainder middling to fair bought

in at 1 94, to 2. 104,

126 Bales Carthagena, [air to good, 15, 84, to 1s. 64, sold.

ROET = middling, 84. sold.
180 Cases Enst Indian Cinchona, fair to fine, 15, 84, to 32 34, about half sold,
907 Bales soft Columbian, middling to good—

62 Bales withdewn.
845 ,, la to 28 94, about 80 sold at 1s. to s Td.

18 gnmnsuﬂird ﬂldtllﬂ finel 25. 5d. to Eﬂ: 6d., bought in.

47 Cases m uilly to t, 1s. to 2o, 104, about three-

T Hnm:m'hu IIE..E;-}E Iy Fﬂﬂl 3 fourths sold,
165 Serons Crown and Grey umld!mg.tn fine, Gd. to 24, 6d., all sold.
253 Sacks Mossy Lima, m:l.dlllmg,. 2i4d. to 2§d., about three-fourths sold.
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2%nud and 2TEE Aprif 1875,
. 115 Serons Calisaya, flat, mid:lling to fair, 2r. 64, to 2s. 104, about threa-fonrths sold.
: [ [ »  quill, middling to good, 24 54, to 38, 7d., about 100 sold.
23 very inferior, 1s. 7d. to 2., bought in.
506 Bales soft Co]nmhmn, very middling to fair, 1s. to 21, 3d, , nearly all bought in.
i S very ordinary, 84, bouzht in.
330 ,, New Granadian, f'mrtogvn:rd ls. 94, to 2e 94., about 220 20ld at 2s. 84 to

2. 9d.
51 » Hard Pitaya, n‘m.‘ldl:n-r,glr 8d. to 1s. Imught in.
»  very ordinary Columbian, 24, I,bu'u-frllt in.
2“'0 Bnﬁ ]].'Jt:gt. Iuiimn Cinchona at Mulms, fair to fine, 1s. Gd. to Je. 5d., all sold, about.
enel
60 Cases ,, at Calicat, fair, 1s. 4. f.oﬂa 1d., bought in, abont 100 lks, each.
35 Berons Crown, fair to good, 1s. 34, to 20 44, sold.
28 i very ordinary to middling, 44. to 104.; Lought in,
15 Unm Red, middling to fair, 24, 4ud. to 32, bought in.
11 Bales ,, fair, Ew’.ﬁ}* damaged, 34d. to -ﬂ;rf sold.

1st and 6tk Jaly 1875,
72 Serons Calisaya, flat, middling to fair, 22 44, to 34 24, sold.

354, o fuill, middling to fine, 34 to 35, 114., about 100 old.
i »  picked quill, 45. 84, to Be, 24, sold.
T »  very inferior smooth quill, 1s. 2d. to 2+ 3d., about 25 sold at 1s. 24 10
Vs, 4,

1,320 Bales soft Columbian, middiing to good, 1s. 104, to 2. 7d., bought in.
201 DBales New Granadian, good, 25 2d. to 25, G4., about 60 sold at 25, 34, to 2. 6.
200 Bales Maraeaibo, fair bricht 84, to 44., bought in.
27 Cascs ]E!!al.st India Cinchona, 21 fair quill 1. 54, to 22, 6., bought in 64, twiggy
Td., gold.
79 Cases Red, 32, fair to good heavy flat, 1, Gd. to 42 84, }
47, small and inferior, 434 to 11
200 Bales Ashy Crown, ls. 64, bonght in.
10 Bales Crown, fair, la. 5. la 12, Td., sald.
63 Sacks Mﬂﬂ] Lima, middling to gmd 2d. to 4., bought in.

all sold.

Tik and 126% October 1875,
00 Serons Calisaya, Hat, middling, 22 to &, bought in.

20, “ “2s. 3d. 10 23, fal., sold,

" f i pn:k;:-d de. 114, to 4., bmght ilis

T o qulll ordinary to good, 24 1-!‘1 34, Bd.; bought in.
L ood, 25 to 3a 54, sold.

9 Bales ['nrtllagnnn, middling, 44. to 8d., part sold.
204 ,, Soft Columbian, gm:l 20, to 2, -M' bought in,
‘-.'I middling, 1s. 94 to Ea gold.
withdrawn.
14 B:I”‘E C&j‘lﬂn Cinchona Red, good, 1s. 24, to 22, 84, sold.
Lru“ n, good, 4. 4. to da, ‘M., sold.
12 Bales [)'ruwu_. middling, 44. to 12, 5d., sold.
35 o 34 to 1s. 04, bought in.

r¥

59 mnas:,r Lima, mlliﬂl]:[lE to foir, M to <l I.IIJ-UE_].'I.'E n.

th] e

188k Ocloder 1875,

%6 Serons Calisaya, flat, mu.’ldlmg, 24, to 3., bought in.
an -, e = 0 25 2d. to 2. 0d., sold.

B o i PJLLE:(I 3z, 114. to da. hnugl:t in.
(- » quill, ordinary te good, Ea, to 3d., bought in.
23 ood, 3s to de. bd., sold.

9 Bales E'arthngnun., middling, 44. to 8d., paﬂ, sold.

qu' s Soft Columbian, good, 2. to 2a. 'sd,, bonght in.
o o middling, 1s. 94. to ‘h, sold.

53 withdrawn.

14 Bags Ceylon {:mchunn, Red, good, 15, 2d. to 2« 8d., sold.
B = ﬁ}’ o me, good, 4s. 6d. to 4, Tn" sold.

12 Bales Crown, middling, 4. to 1s. 5d., sold,

3 . " i 3d. te ls 94, bonght in.
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5tk and M4 November 1873,
65 Serons Calisaya, flat, middling, all eountry damaged, 25, to 25, 44., bought m.

49 ordinary smooth quill, 12. 84, bhought in.
) Eiﬂn El:lfl- Gﬂlumbmn, middling to good, 14, H-rf to 2e. 44, hanght in.
145 ., i very widdling, 1s. to 1s. 4., bﬁught in,
103 good, sold before the sale.
TET: Garﬂ'mgena, fair to good, 1s. 5d. to 22, 24., sold.
15 common, Td. to 8d., sold,
15 Cnaaﬂﬂﬁat India Cinchona, fair quill, @ Cochin and Mangalore, 2s. 4d. to 25 104.,
it in.
a6 4, Cru;m'n & Grey, fair to fine, 12. 84, to 2s. Td., all sold.
7 5 very inferior, 34 to 8d4., hm:frlnt m.

R Mmsj’ Lima, fair o good, 414 to H-rf huwrht, in,

Do and TI& December 1875,
20 Serons Calisaya, flat, middling, 2s. 7d. to 24 104., sold.

106 i ET] 4-'|'-“]1 !-:““'-E :IU‘{L to 4, 'I'-'L gold,
i i 5 . Inir, Ba. 2. to 3s. G, about half sold.
fi Cases »  picked, Gs., bought in.
192 Bales {‘..url:.'haf-mu, fair to geood, la, ﬁrﬂ to 2a., sold.
Bl Lo mferlnr, Huf to la., sold,
21, Soft Columhmu, withdzawn.
4849 o muld]mg to fair, 24, to 2, l]af., bought in.
21 ,, Now Gramul'mn, middling, Ls. 7d., sold.
168 . 'D‘ey]nn Cinchona, Eair quill, 22, to 25 5d. 1d
17 n  middling, small quill, 1s, 24, to 1s 114 2

5 Ca_;aes Ra] middling to fair, 1s. to 2. 64, sold.
22 Bales Harwml-u fair, 34, sold.
106 ,, Mossy Lima, mi:idlihg to fair, 34. to G4, bought in.
5 Serong Crown, good, 15 114. to 3e., sold.
83 . s middling to fair, 5d. to 1s. 6d., mostly bought in.

1344 and 18¢% Janwary 1876,

402 Serons Calisaya, flat, ordinary to fair, sound, 25, 6d. to Js.
damaged, 7d. to 25, 34 about 1350 =old.

2 i very ordinary, ls. 44., bought in.
Iy jo o middling, 2s. 24, to 2+ 84, sold.
288 i quill, middling to good, 2s. Saf to 35, 104, ; 70 fair to good sold at
ds. 34. to 34, 10d4., 196 middling lu:uight in at 2e. 3d. to 3s.
1890 + inferior amooth quill, muud 1s. to 'Il 7d. sold ; damaged at 9. to
1s. 84, sold.
5 Cazes picked quill, 4+, 84. to 5s. 94., sold.
42 Bales Enrtlugena, fair to good, 1s. 64, to 2a. mH
19 inferior hard, Td. to 114, wold.
1985 ., Salk Culumhmu, fair to 1rqnd_ Qg 24, ta 2s. 04., about 300 =old.
200 inferior, 94, to 1s., bought i m

827 . Now (:mm.drrm, ls. 94, to 2s. Bd., mostly sold.
38 ,, East India Cinchona, good quill, 2+. 5d. taEs i, 1
443 middling quill, 1s. 24. to 12, 114, }W ;
b5 Semns C:m-wu " fair to ['a:mJ 1e. 5d. to da. 5d., all aold.

154 s ordinary to middling, 3d. to 1s. 1d., mostly bought in.
81 Bags Mossy Lima, fair to good Imght 3d. to 6d., rlart aold.
18 Cases Red, foir bnght quilly and flattish, 1s. Gd. to 2s 5, sold

pichiugs and dust, Td. to 94, } -
101 Bales Maracaibo Bark, 34. to 3}d., bought in. =

2TLk January and 1ot February 1876,
181 Serons Calisaya, flat, very middling to fair, 24. to 34., about half sold at 2s. to 25, 54,

183, i quill, pood to fine, 32 34. to Ja. 104, all =old.
I e o5 s middling, 3s., bought in.
Bl i 2 2 ondinary, 1s., 104. do.
48 - » very ordinary smooth like Crown, 1a. to 1s, 6d., bought in.
6 Cases » fine picked, 5s5. 64. to Sa. 104, sold.

1649 Berons Sut't. ﬂulumlunn, fair to good, 1s. 8d. to 2s. 6d., about 40 sold at s, 8. to ls. 94,
55 ,,  Hard Pitaye, fuir, 1+ 34, sold.

6 Cases East India Cinchona Bark, m1ddlmg to fair quill, 14, 104, to 2¢. 3d., =old.
58 Bales Cartbagena, fair to good, 1s. 1d. to 1s. 4., all sold.

B o i inferior hard quill, 64., sold.
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44 Serons Ashy Crown, good to fine, 24. 1d. to 24 104, all sold.
Tl & 4 middling to fur, 1a. 14, to 1 9., all zold.
+ very ordinary, 64, to 94d., huug'ht. im.

280 Eaga Mossy "Lima, ordinary to fair, 2d4. to 4d., l:lnnght in.

244k and 2914 February 1876,

48 Seroms Calisaya, flat, very ordinary to middling, all damaged, 1+, to 25 bought in.
ils = gui]l, very a:ﬂinurf, 9. to ls., bonght in.

n " at, fair sound, 2s. Gd. to 2a. 8., sold.

430,  New Granadism, fair to good, 1s. 64, to 35, 24., about 300 sold.

122 .. inferior, 1s, 14, to 12 T4, all :uul-:!

470 ,, Soft Culuml:mn ovdinary to good, ls. to 2. 7d., bought in.
| [ o sold before the sale.
37 ,, Carthagena, fair to good, 1s. 74. to 1a 04, all sold.
i) & L very middling, 5d. to 9d., sold,

26  ,,  Ashy Crown, middling to fine, 15 5, to 25 94., all sold.
37, Crown, very ordinary to middling, 34, to 1s 34, bought in.
11 ,, Red, middling to fair, 1s. 64, to 2e, 34, bought in,

20 Mﬂssy Lima, f'mr, 4d., bought in.
9 Cases East India Cinehona, fair quill, 2s. 3d. to 8i., bought in.
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APPENDIX H.

Meteorological ohserrations made af the Botanical Gardems, Ovtacamund, from lst Adpril 1865
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dbsfrael of Meteorological Olservatious af Runglee for 1866,
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RAINFALL, CINCHONA PLANTATIONS.
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APPENDIX K.

Abstract of Observations taken al Langdale Estate, Lindula, Ceylon, af 4,600 feel elevation,
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Talle of Plants per acre according to planting distance.

— =
m“;{'ﬂﬂm Phn:,nﬂtl oEe
12 by 12 308
8 by B 681
| Gby 6 1,210
Eby 5 1,742
6 by 4 1,815
6 by 4 2,178
| 63 2,420
! 4 hy 4 2,722
4by 3 3,630
34 by 3 3,555
3by3 4,640

APPENDIX M.

—

Reports on the action of the mizred Cinchona Alkaloid supplied from the Government Cinchoma
plantation, British Sidkim, by

Nogwan Cmevers, Es., M.D., Konenr Dimm, Esq., LD,

Principal, Medical College, Caloutta, Civil Surgeon, Howrah.
Joigrm Ewaer, Esg., M.D, : Jonx Gar Feescu, Fsq, M.D.,
Hurgeou Buperintendent, Late Civil Swrgeon, Burdrean,

General Hospital, Caloulta.

De. Cuevers.— It is a rule strictly observed in hospital that none but severe cases of Dr. Chever's
paladal fever are admitted to my wards. 1t is, however, self-evident that a new remedy can. "*Po™
not be subjected to a perfeetly convineing test in such cascs as these, os its failure might fairly
be attributed to the presence of organic complications which too often resist the action of
Quina itself. Consequently I determined to try the alkaloid in none but simple uncomplicated
cases of intermittent fever. It may be mentioned here that the whole of the eighteen cases em-
bodied in this report were those of patients suffering from guofidian intermittent fever.

] explained my intention to Br. MeConnell, the Besident Physician, who devoted great
care to the selection of simple cases in his out-patient room.

“ As the rype of fever is mamﬂg on the change, I was anxious to try the experiment
in cases which were as nearly as possible identical in type. 1 sueceeded in doing this to my
satisfaction—the eighteen cases fairly representing the antumnal intermittent of September to
December 1874.

“They were all marked cases of fever, the highest thermometrical readings ranging from
101-2 to 106Fht.

Both the alkaloid and Quina were tried in several cases, which have not been tabualated on
account of the existence of splenic enlargement, bowel complaint, or some.other complication.

“The table! embodies twelve cases in which the alkaloid was used, against six in which
Quina was employed.

“ My practice in intermittents has, for many years, been to give Quina to adult males in
full doses of 6 Fri.im before and after every paroxysm, and in half doses of 3 grains throngh-
out the interval.

“ Having no data by which to judge the strength of the alkaloid, I made 7 grains the full
dose, and 4 grains the half dose. These doses of both drugs answering well, I continued
them throughout the trial. Ina young patient, nine years old, I gave the alkaloid in

due rtion.
“It was arranged from the first that the course of treatment in the whole of the eighteen

cases should be, as nearly as possible, exactly the same. Castor oil was used as the aperient,
and lignor ammonie acefatis as the chief ingredient of the fever mixture,

“ A very large experience in the treatment of quotidians and tertions in Bengal has con-
vinced me that, when éreatment is commenced immediately, certain fixed doses of Quina are almost
invariably sufficient to prevent the ocourrence of the second paroxysm. The operation admits of

! Table omitted for the ke of brevity.
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almost asgreat precision asdoesthe loading of a gun.  Thirty graine are sufficient in a European male
adult ; fieeuty-fire in a European woman or native man ; fwenfy in a native woman. In hospital -
practice, however, we cannot begin to treat our eases immediately ; and in proportion to the loss of
time are generally the severity of the disease and the uncertainty in the action of the remedy. It
will be ebserved that, in what I term the alkaloid cases, there had been from two to cleven
paroxysms before treatment was commenced; and that in the Quina cases treatment had been
preceded by from one to five paroxysme.

“ An intermittent fever may be said to be arrested immediately the natural temperature
of the body becomes permanently re-cstablished.  In the twelve alfaloid coses the number of
graing which had to be taken before the natural temperature was re-established were L9 (boy
of 9), 19 [adull male), 21, 30, 30, 42, 46, 48, 56, 72, 83 and 117.

“In the six Quwina cases the numbers of graine required to produce the same effect were
30, 41, 34, 41, 41, and 42. Hence the average quantities needful were, of the alkaloid,! u_
fraction less than 45 gmins; of Quina, a fraction more than 36 grins. The result of my
trial appears to be that the Cinchona alkaloid is a very useful antiperiodic; but, as might be
expected from its compesition, somewhat less powerful than pure Quina. 1 would note the
strength of Quina as being ene-fourth greater than that of the alkaloid,

1 ohserved all the cases most carefolly. 1 noticed nothing unpleasant, or in any way
to be objected to, in the operation of the alkaloid. I invariably gave it in solution. The
taste appears to be nearly that of Quinine.™

Dr. Ewart's Die. Ewart®—* Aliont the middle of Beptember, 20 cunces of ‘Cinchona alkaloid,” obtained
Sy from the Govermment Quinologist at Runghee, vear Darjecling, were forwarded to me by
the Surgeon-General, with a roquest that a careful trinl of it, in malarvious fevers, shonld be

made at the General Hospital, and the result reported for the information of Government.
# The substance conzisted of a mizture in the precipitated form of all the alkaleids
present in the Succirubra bark. The proportions of these are, according to Mr. Wood, as

follows ==
Cninine w150 parts
Cinchonidine i e e we RS
Cinchonine ... e Ao T
Amorphons alkalsid R [ { | BT
Colouring matter R T

—— 100 parts
“ Thus this mixed preparation is of known composition, and is chiefly muslﬁ.nted of
three alkalmds, the ant‘i.per[mliu POWers of which have already been more or less anchorita-
tively determined. On the receipt of the mixed ullaloids it was resolved to adopt the solu-
tion recommended by Mre. Wood :—

a8
Allzaloid o R
Acid : Sulph: dil. [(PhL.RB.)... i PR | .
Water to make ... 2

nmn (NS amm LER ] u
to be divided into thirty-two doses, giving hall a drachm of the alkaloid for each dose fox
an adult. It was also arranged that, in all cases wheve there might be any uncertainty as
to the nature of the fover in which the alkaloid was to be tried, the antiperiodic treatment
was to be ]E:tpm:ml until the diagnosis could be made free from fallacy or ervor,  Prior to
this having been accomplished, the same prelminary measures were adopted, wherever they
were indicated as necessary, as ave frequently employed to pave the way for the administra-
tiom of (uinine, Among these may be mentioned the exhibition of mild aperients, refrigerants,
o, with cosily digestible articles of food. When in this manuer the system had been pre-
pared for the speediest possible absorption of the drog, and the dingnosia been aceurately
pronouneed, full doses of the mixed alkaloid in solution were given during or uvear the
termination of the sweating stage of intermittents when practicable, or, where this period
had passed, during the intermission, to forestall and prevent a recurrence of the paroxysm.
It may further be premised that the utmost care was taken never to have the mixzed alkaload
administered in any case where Quinine or any other antiperiodic remedy had been previonsly
used, so that it might be shewn conelusively whether the results ebtained were farly attribu-
table to the power of the mized alkaloid and ne otlier drug. I think after careful trial®
there is good reason for believing that the mixed alkaloid, which has been furnished by
Mr, Wood, Government Quinelogist at Bungbee, is an excellent antiperiodic. The
preparation i an eclegant one and so soluble that it can always be givenin a convenient
quantity in solution. It is tolerated with considerable ease by the stomach, becomes rapidly
absorbed, and, when given in large doses, speedily produees all the symptems of cinchonism.
Unlike its representative in Madras, its composition, ns given at the enmmencement of this
report, can, I am informed by Mr. Wood, always be guaranteed with certainty. I bave done
my best, in eonversation with Mr, Wood, to impress upon him the absolute neccesity of hie
being able always to provide a drag of a standard composition, and I am glad to find that he
1s fully alive to the neeessity of affording such & guarantee to the medieal profession in India.
With such a guarantee, T am confident that the demand for the mixed alkaloid in India will,

' In ghis colealation [ omit the case of the boy, and also that of the man who took 117 graine, lis being ooo
of rather exceptional severity, Conseqmently ten alkaloid cases are placed in comparison with six Qhinn cases.

¥ An exteact feom the Annuel Beport of the Procidescy Goneral Hospifal for the year 1574

¥ Tide cacvs in the dnamal Repord.
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for a long time to come, far exceed the supply. In half-drachm doses the mixed alkaloid is an
efficient and safe antiperiodic, and only, in my opinion, second to Quinine.

“ The best time to be seized for its admimstration in intermittent fever is during some part
of the sweating stage. Failing thiz, ten-grain doses three times a day, during the intermission,
answer admirably in a large proportion of cases. Tn five-grain doses, three times a day, it forms
a good bitter tonie, sharpeming the appetite, improving the digestion, and expediting the com-
pletion of intestinal digestion and the primary process of assimilation. T shall endeavour to
intreduce it inte the practice of the General Hospital, both among the in-and out-door patients,

as I feel convinced that a preponderating mn{‘uﬁtj' of ciges of malarious fever will be found to
be perfectly manageable under treatment with the mixed Cinchona alkaleid.”

Dg. Roserr Bigp,—* Mired Cinchona alkaloid.—This remedy has been euecessfully used by pe. Breavs
me in the cure of intermittent and remittent fovers, Ty,

“ Tutermittent Fever.—In the ordinary fever and ague, five grains of the alkaloid adminis-
tered thrice daily, doring the intermissions, has, in most instances in my hands, proved suffi-
cient to break the disease and restore the patient.

“ Suppressed Intermitfent Fever—This condition is very common here in Bengal, and it
apparently differs from the ordinary type of the discnse in not coming to the sorface. There
may be a sense of cold about the spine for a little, but there is no ague; and the daily increpse
in the temperature is perceptible about the back and hel]J.r, rather tl“."“ on the extremities and
head, and is often so slight, that, if not specially looked for, it may escape observation alto-
gether. The patient is listless and irvitable for an hour or two daily, but at other times he
seems fairly well. Hiz relativez cannot say he iz sick, yet they admit he is not well ; and be
daily grows weaker and thinner, ontil it is suddenly discovered that the splecn and liver are
enlarred, and the blood much wanting in red corpuscles, Quinine, as a ru{e, fails to check the
return of the febrile symptons, or to alleviate the general sickness: it is not so, however, with
the Cinchona alkaloid.  In two cases of this condition, when Quinine, Arsenie, Cinchona, and even
Warbureh's Fever Tineture had failed to exercise a beneficial influence, 1 achieved a cure throuzh
the administration of the Cinchona alkaloid. Further experience of the drug will probably shew
that, in the cure of thiz mest intractable disease, it is the most powerful remedy we at present
possess,
“ Remitten! Fever.—In the management of this disease, I have found the drug useful in
lengthening the remissions, and I also think in lowering the temperature. Bat, to bring about
these results, it is necessary to give the remedy in large doses—in doses say of 30 to 41 grains—
and these induce such grave nervous symptoms, that the physician is scavecly warranted
in administering them, while he has at hand remedies which are more efficacious in a
pleasanter way.

% Hemicrania —1In the cure or alleviation of this disease, the drug in my hands has proved
almost valueless, and in efficiency infinitely inferior to Bromide of Potassium.

_ Physiological Action.—In most instances the drug at first causes nausea, oceasionally
ending in vomiting and vertizo, These symptoms are produced by doses of five to seven grains.
When doses of 30 or 40 grains are administered, the heart’s action becomes slower and weaker,
and the temperature of the skin is lowered. Even in remittent fover, perspiration is promoted,
and semi-stupor is induced. ;

“ Conclnsion.—The drog iz not o easily borne by the stomach as iz Quinine: it cannot
therefore aitognt.her take the |'.II:1¢I',! of Quinine, In the eare of cases of nn!ill'.'l.r'_r,' fever and
ague, its virtue is equal, or nearly equal, to that of Quinine. In the cure of cases of suppressed
fever, it is superior to Quinine, and, judging from a limited experience, I am inclined to say
it 18 superior to any drug known to me. It is to be feared that its disagreeable action on the
stomach excludes it from the list of useful tonics. The experiment was made on four cases of
remittent fever, 27 of intermittent fever, four of suppressed intermittent fever, and four of
hemicrania,—and these were mostly all of a typical character.”

Dz, Frexen.—* Owing to some mistake or oversight, the medicine did not reach me pr. Prenohs
until the beginuiug of Jannary, at & time when the fever season in Burdwan was coming Toport.
to an end, and admissions from severe malarious fever were rarely met with, Some of the
drag I bronght to the Police Hospital in order to try it under my own dye, and the remainder
I divided out among the most active and intelligent of my assistant surgeons and native
doctors, with the object of baving it carefully tested.

“ In order to make my report full and elear, I beg to forward abstracts' of the twenty-one
cases which were treated in the Burdwan Police Hospital, and where the observations were
daily entered. The reports on these cases shew clearly that the alkaloid is an antiperiodic ;
that in most cases it is a very good substitute for Quinine; and that in some it acts just as
well, and nearly as quickly as that remedy.

I attention be first paid to the state of the bowels, no gastrie irritation follows its
administration in small or ordinary doses. In eontinued or large deses, it produces head
symptoms like Quinine. The chief of these is giddiness.

_“In mild or ordinary cases the dose ought to be about five grains every two or three hours
during the intermission. For severe cases, doses of ten or fifteen grains every third or
fourth hour act best.

* Orniteed, as they are too long for publication.
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" 0Of the twenty-ong cases, seven were mild quotidian ague, four were ordinary quotidian
ague, three cases were doubtful, but most probably they were fevers of malarious origin, two were
chronie guotidian, one was chronic quartan, one mild quartan, one mild tertian, one was obstinate
chronie quartan, and one was uba’tinu.te_ﬁuutidian ague. In two cases there was enlargement of
the spleen.  Allowing for a few days’ couvalescence in bospital after the last attack, oue case
was under treatment for 21 days, one for 14 days, one for 11 days, and the remainder for periods
ﬁrj’iu% from 3 to 9 days. Taking the 21 cases, the average number of days spent in hospital
was ouly 6-57, or about the time cases remain when treated by @Quinine. In ne case had
the drug to be discontineed and Quinine substituted, and in all it effected a cure — in some
cases very quickly, and in others alter repeated doses.”
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