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URINARY CALCULUS
A
PROBLEM IN PHYSIOLOGLCAL CIIEMISTRY!

BY
5. RANGANATHAN, B.A., M.se., AL1.Sc.

(Nulritional Rescareh Laboratories, Indivn Rescarch Fund
Assoeiation, Coonoor)

(Continned from puge 137, vol. vii, No. 2)

Part 111

ESPLrIMENTAL PRODUCTION OF STONES

While the above inquiry was proceeding, Col. McCarrison
wvestigated the possibility of producing stones in albino rats
ander rigidly controlled conditions through faulty diets in com-
mon use among the people of India. A number of stones were
thus produced; twenty-one of them were analysed. They were
all bladder-stones; they varied in weicht {rom 34 to 66-6 mgs.
Their chemical composition shows the following noteworthy
pots (Newcomb and Ranganathan, 1930, /ud. Jour. Med.
Bes., xvi, p. 1055).

(@) All the stones are essentially of magnesium ammonium
phosphate with small quantities of other substances of which
carbonate 1s the chief.

(b) They all contain little or no calcium.

{¢) None of the stones contain uric acid or urates.?

! Prize-thesis for the Maharajah of Travancore-Curzon Prize, 1032
% The significance of this will be dealt ai length at a later stage (Vide p. 65).
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McCarrison obscrved that the chiel deticiencies of the above
cileulis-producing diets were w deficiency of suitable proteins
of good biological value and a deficiency of vitwnin A-bearing
mgredients. Pater experiments showed that a sufficiency  of
prowems ol high biological value ncither prevented nor diminish-
ed appreciably s incidence. Thus he efiminated the protein
Factor i the casation of stone.

Beperimental Production of Different Types of Slones

Having succeeded in producing stones consisting essentially
of wagnesium ammonivw phosphute, the next pount 1nvesti-
gated by Col. MeCarrison was to find ont il the composition of
the stones conld be altered by purely  dieletic means. He,
therefore, added slaked line to his experiientd diets, which
were deficient among other things in vitamin A, with the result
that the incidence of calculus and its sequelue was greatly in-
creased. A number of stones were thus produced on caleimmn-
rich vitamin A-deficient diets. Seventy-eight of them were
subjected to complete chemical analysis; this series wlso inclu-
ded six stones produced on diets to which lime was not added.

The physical characters of the stones produced on calciuu-
rich” diets "differed markedly from those previously reported :
they were us a rule wlhite or greyish-white in colour, and usually
muitiple; their appearance was chalky, wid often the conere-
tions consisted of fine, rounded chalky grains showing no ten-
dency to adherence into a single mass.  In weight, they varied
from less than 2 to as much as 800 milligrammes.  Of (he 78
stones, G0 were bladder stones; 15 were kidney stones;
ureter stones; and 1 was

J were
a chalky gravel removed from the
prepuce.  Ior purposes of analysiz, they were divided into two
main groups : those weighing less than 5 mgs. and those weigh-
Ing more. Owing to the smull wnount of aterial, analysis of

those in the first group was only possible by qualitative methods:;

' McCarrison, K. (1930): Ind. Jour. Med. Les., xvii, p. 1108,
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while those i the second group admitted of analysis by quanti-
tative micro-clicnical methods (Rangunathan @ Ind. Jour. Med.
Res., 1030, xviti, p. d99).

The resulis of the analysis of stones weighing 5 mgs. or
less are sct out in Table VI and of stones weighing over 5 mgs.

in Table VI . -
HL /)

TABLE VII

Showing the chemical composition of 25 ral stones that weighed

5 mulligrvams ov less.

[Directious : + (?) Doubtful or faint truce; + - Present; + + .- Fair
amounts; + + + - Plenty; 0 = Nil.}

i f .
3 > . ' Phos- . Magnes-) Murex- | » Location of
szl%?;;r Carbonate : phate ;Lalcmm . ‘ide Test é stone
! i | X
" i ! i
Y 4 % + ()4 oz 0 ¢ ! A | Bladder
;.5L ++ + + (J-) ; - 0(?) ! + + 0 . D | Bladder
29 + P s o2 0 0 C | Bladder
32 TR 0 i+ P40 0 ¢ B Kidney
48 v R A 0 0 ' B | Kidoey
39 4 3 (?')i FR 0 0 | H | Bladder
40 + 0 |+ + + 0 0 | A |Bladder
14 + o4+ ¥ (?)l + o4+t 0 0 | C |Bladder
47 o+ 0 + o4+ 0 (U B Bladder
¢ e IR C It g 0 C | Kidney
49 | (?) (
57 . + (?) + -+ 4 0 + - 0 D | Bladder
80 o o+ + |+ o+ o+ 0 | 0 | AlBladder
62 | 4 + 4 + () o+ o+ 6 | 0 1 C ])K}dney
64 ok + ++ 5 0 0 E | Kidney
65 +(?) + o+ + () + 0 11 ‘Blladder
68 + +' L + { ? + 4+ (‘ 0 0 E deney
60 + + o+ + (Y ) o+ 0 G | Bladder
70 FE + (e 3 4+ 0 0 C | Bladder
73 T + @)+ 00 0 E | Bladder
74 1+ 0+ o+ 0 1+ + + 0 0 E K'_idney
80 |+ 4 4 + vk 0 0 | C | Kidpey
]1 | & 0 o4 o+ 0 0 l C K_ldney
85 | + 0 |+ + + 0 0 E | Kidney
105 | + 0 |+ + + 0 0 | J | Bladder
107 0 + 4 0 + + * 0 L | Bladder
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TABLE VIII

Sthowing the composition of 53 rat stones weighing 5 megs. or maore.

UNIVERSITY

» ‘5[ g; ‘As per cent. on moisture-free Samplc! w é ol { )
2158 |0 | J% %% B! Location
735 25 | WY 10, ca0 Mg | cO, | EE O ET] R ofstone
m) A N 1 | \ s A
| ‘ | t Lo | ki
231 55| 24 |7Trace| 430 | 20, 434 303, 0 1A |Kiduey
261 274 07 6 290, © ] 0 \ 1276 0 | A ' Bladder
07| 38| 18| 16l 420 200 370 217 0B Do
311 367 11 0 | 356 \ 0 | o jurs, 0 {B Do.
330 104 L1} 14y 455] 20 395] 960 O 1A Do
340 87! T2|Trace| 200 18| 220| 173 0 {c | Do
350 580 13y il o444} 150 37711 6931 0 ]C  Glanspenis
36 65 34 19| 334 365 411 123 0} A Bladder
37 35| o5| 11l 76| 18 \ 360 | 978 0B | Do.
427 1v4| 07 D | 415 0 79l1wi2) 0B | Do
43 438 1) Trace| 28.0 0 | Trace] 99 0] A [ Do.
45| 60| 12| o9y 450} 18| 3561 S12) 01C | Do
46| 101 16 l Trace| 307 | Trace| 21-5| 435! 0] A ‘ Do.
48 16| 14l 0 | 324 0 Dl 206 0)C | Do
50 | 85| 1'5|Trace| 3770] 14| 255| 507] O0|E ; Do
S1| 14| 24 ‘ 0| 3551 0 0 | 155 0|C | Do
52 5-1[ FL{ 08 426 | Trace) 2911 93 0 C | Do
53 l 1330 0S| 69| 03] 20| 265|263] 0|E | Do.
5000184 | 11 27| 432 16| 384 375| 0K | Do
55 50| 1S, 13| 400|Trace| 222, 439| 0|C ' Do.
560 190| 09 07| 209 0 86| 2454 0| B | Do.
591 355| 07| 03| 291|Trace| 51,3700 0|A | Deo.
61| 88| 23| 10| 331 0| 222|137 0C Do.
63) 16| 12! 03| 457 0 54| s32| 0]C | Do.
66 \ 1991 15| o07] 326 35! 1223|2009 0/ E ! Do
67| 791 36| 18| 324| 25| 288 216! 0| L |Kidney
71| 92| 08|Trace; 41'5| 0 | 106 | 8421 0 C |Bladder
720 87 32| 09| 445 0 ! Trace| 206 0| C |Kidney
750 37| o6l 13! 412 \ 101 37-5| 52:5{ 0| A |DBladder
760 78, 18] 12| 380 16| 337| 513 0|B | Do
770 86| 05| 05 \ 437 14| 418 [2s86 | 0| B | Do
781 31 091 05| 73] 10| 215 7291 0 C | Do
9§87 35 13| 3971 30| 397 | 159 | 0} C | Urcters
g2 29071 o7| o5 2781 0 |Trace| 11271 0! & | Bladder
83| 184 | o061 o4l 295 0 ! Trace | 12306 01 Do.
84| 94| 16| 03| 408 Q 751 7300 0| A | Do
8| 180! 151 09| 437 120 362 {1224 | 0! & |Kidney
8| 22211 o9l os! 46| 2210 199 334;) 0| 1 | Biadder
«8 | “7q 3.5 1.8} 306 | 321 233 | 1801 0| C | Kianey
891 10 290 15| 30! 18] 286{ 46| 0! C |Bldder
9l 493 11| 03] 294 0 | Trace|5507| 01 A Do
921 a46( v7! 1gl 41} 15| 394 1750 o)Al Do
93! 197 07 07 535 yTrace) 3491 367) 0| A Do.
941 351 o4| 16 432] 21| 39v| 5170 ol Do
951 410, 15| 07| 267 0 | Trace{ 23721 0| B | o
96| 27| 11| 14| 276 0 96, 5950 0B | Do.
981 120 21! 116) 370% 21!Trace| 134] 0/ 5 | Do.
vy 38 10 23 1 447 321 423 131) 0| B Do.
il 26| 62} 12 \J 480 16| 3991635 0] B Do.
1031 93] 19| 22 35 20 390} 1191 03] Do.
104 48 2:5 19 | 416 281 ++Y 63 0| A | Ureters
106 38| 05 171 445 220 438 702 0] J |Bladder
108 | 391 '{ 504 36'8) 436 244 Trace'| 110 0| L Do.
! Tested only qualitatively as

quantitative work,

there was not enough stone-material for
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Tt will be seen from Tables VIT and VIIT that the six
stones (stone Nos. 25, 57, 65, 69, 107 and 108) differed from
the vest in heing very rich in P, and Mg, comparatively rich
in nitroven and very poor in calcinm and carbonates.  Because
of insulliciency of materind, wmonia was not tested for in the
above six sfones: it iy, however, assumed that the Mg existed
as the maenesiam ammonium phosphate. This assumption is
warranted by the positive tests given by some of the rat stones
yeported previously wherein there was a sufficiency of stone
material for the performance of this test.

Tt will ulso be seen lram the above fwo tables that while there
are some stones containing fairly large amounts of caleium,
with approximately equivalent amonnts of carbonate, there are
some cqually rich in calelam with hittle or no carbonates.
Qualitative tests for the presence ol sulphabes, cystine, formate,
acelate, butyrate, oxalite and suceinate showed that the calciumn
i3 not held in combination with any of these radicals; it could
not exist in combination with any organic nitrogenous com-
pound conmmonly found in urine, since the stones contain
nitrogen only in traces. It was, therefore, suspected that the
caleiinn might exist as its hydroxide.

Such stones (containing
fair amounts of

little or no carbonates) when
treated with o small quantity of distilled water were alkaline
to litnus and methyl red.  But the addition of a drop of 0-1N
sulphuric acid gave a distinctly acid reaction, which again
turned alkaline after violent shuking and gentle warming. The
following experiment repeated with six stones (Nos. 48, 51, 59,
66, 91 and 95) was, therefore, designed to prove that stones
containing faly amounts of caletun with little or no carbonates
are composed for the most part of calcinm hydroxide; weighed
amounts of the dry, powdered stones itvere treated with an
excess of -1 N acid and boiled for over 3 minutes; when cold
they were back titrated against decinormal alkali. In all the
six stones the acid used up was appreciable; but the amounts
used up were not strietly eqnivalent to the amount of calcium
present in the stones. TPresumably, the molecules of calcium
hydroxide are coated with a thin film of some urinary colloid
which renders the penetration of acid difficult, and at best, im-
perfect. This may possibly explain why such stone powders
did not use up appreciable amounts of acid when titrated

caleium  with
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direct. However, the sanie stone powders, when boiled with
excess of acid, took up very appreciable amounts of it. Tiven
then, the process of neutralisation was imperfect; (or the residue
left over after the endpoint was reached, when [reed completely
from acid by repeated washings with distilled wuter, and boiled
as belore with decinormal acid, was found to use up a portion ol
the acid added. Turther, the stones contaming Lurge amounts
of caleium, with little or no carbonates, liberated anmimonia when
hoiled with a solution of ammonium choride. These tests show
that the caleium in such stones exists as its hydroxide.

The moisture content of the stones varied widely : from 2-1
to 49°3 per cent, the average being 14-17 per cent. Comparing
the moisture content of the stones with their general composi-
tion, it is seen that the moisture content serves as an appro-
ximate guide to the composition of the stone @ those with a fow
moisture content, below 10 per cent and especially those below
5 per cent, consist mostly of calcium carbonate; those rich in
moisture, viz., above 20 per cent, consist for the most part of
calcium hydroxide; and those whose moisture content lies be-
tween 10 and 20 per cent, consist mostly of mixtures of caleimmn
carbonate and calcium hydroxide.

Composition of Stones from Various Parts of the Urinary
Tract.—There were in the present series of 78 stones, 6)
bladder stones, 15 kidney stones, 2 ureter stones and one chalky
gravel from the prepuce. There was not in this series any
particular association between the location of the stone and its
composition. Data relating to it are given in Table IX, In
the construction of which the principal constituent of the stones
is reckoned.

URINARY CALCULUS 7

Diet and Chewmical Composition.—OFf the 78 stones, whose
chemiical composition was investigated, 72 contained large
amounts of calcium with very little phosphate, while 6 con-
tuined appreciable amounts of phosphates and magnesium with
fittle or no calcium. The whole set of stones ranges itself
into two distinct groups : caleium stones, wherein the calcium
exists cither as the carbonate, or the hydroxide or a mixture of
both, and magnesiun ammonium phosphate stones. The fol-
lowing Tables X und XI show the diets employed in their
preduction.

TABLE X

Showing the composition of McCaryison’s experimental diets

containing added lime.

TABLE IX
| Numb 4
Number |Number of[Number er o
Location of Numfber of calcium| calcium of |mMagnesium|
stones t on carbonate |hydroxide| mixed an}llm‘omum Fotal
stones 1™ stones stones | stones | PRosphate
stones
———— e e S ! —— —_—

Bladder 60 27 11 16 6 60
Kidney 15 10 2 3 0 15
Ureters 2 2 0 0 0 2
Prepuce 1 1 0 0 0 1
Totals ... 78 40 13 19 6 78

A. White bread ... 97 per cent.
Dried yeast . .
Lime ... 5 grains per rat per day.
lodine solution (1 mg. In
1 litre) ... 5drops per rat per day.
B. White bread ... 97 per cent.
Dried yeast R
Lime ... 5 grains per rat per day.
C. White bread ... 95 per cent,
Dried yeast N
Gingelli oil v s
Lime ..« S grains per rat per day.
Iodine solution ... 5 drops per rat per day.
E. White bread ... 97 per cent.
Dried yeast oo
Lime ... 5 grains per rat per day.
Iodine solution ... 5drops per rat per day.
Manganese chloride ... 000327 mg. per rat per day
H. White bread ... 97 per cent.
Dried yeast e 3, .
Lime ... 5 grains per rat per day.
Distilled water containing 0-25
mg. of iodine per litre of
water for drinking pur-
poses.
1. White bread ... 95 per cent.
Dried yeast s’
Radiostoleum in gingelli oil. 2 ,, ,,
lodine solution ... 5drops per rat per day.
Lime -« 5 grains per rat per day.
J.  White bread .. 97 per cent.
Dried yeast o
Iodine solution ... _5drops per rat per day.

Lime ... 2} grains per rat per day.
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TABLE XI

Showing the composition of McCarrison’s experimental diets

containing no added lime

D. Oatmeal

. 83 per
Linseed meal ber cent,

Corn flour w25 ) !
Sodium chloride ... w17 "
Calcium phosphate e 1 .,: ::
F. White flour ene 9 ,, .
Linseed oil . 8,
Sodium chloride . 1, »
Calcium phoszphate . 1, "

G. White flour w20,
Casein ... . 60,
Olive oil .. 8., "
Gingelli oil w2, 1’
Salt mixture o 5, ,:
Dried yeast S,

K. White flour .. 60 ,,
Casein... e 20

2 1y

Hydrogenated fat ...

Hydrogenated fat plus radiostoleum .2
Salt mixture . 5
Dried yeast — 5

’ 3]
” ]
N ’y

N 3]

L. Casein.,, .. 80,
Hydrogenated fat ... e 8,
Hydrogenated fat plus radiostoleum .., 2 ) vy
Salt mixiure - 5,
Dried yeast 5

There is thus found a close association between the diet and
the chemical composition of stones. This association is clearly
set forth in Table XII, in the construction of which only the
principal constituent of the stones is taken into consideration;
Table XIIT shows a similar association after incorporating the
results of the 21 rat stones previously reported upon.

URINARY CALCULUS 9
TABLE XII
Numb Number
Taml Lm; T | Number |of magne-| Number
. 1\1111} et C ]0‘. of calcium; sium of mixed Total
Diet N § 'leuumt hydroxide'amm. pho-i calcium a
stones C”‘i Om‘l € stones sphate stones
stoues stones
AL 16 9 3 0 4 16
B 13 8 2 0 3 13
c .. 22 9 4 0 9 22
D .. 2 0 0 2 0 2
E . 15 8 1 0 6 15
| 1 0 0 1 0 1
G 1 0 X 0 1 0 1
H 2 \ 0 1 0 1 2
1 1 0 1 0 ! 0 1
J 3 2 0 0 1 3
K 1 0 0 1 0 1
L 1 0 0 1 0 1
] e
Total ... 78 l 36 12 6 24 78
TABLE XIII
Number
. Number of Number of of magnesium
Diet stones calcium stones ammonium
phosphate stones
Those containing added R
lime 72 72 . 0
Those containing no
added lime 27 0 27
Totals ... 99 l 72 27

It is thus seen that the stones produced on diets to which
extra lime was added were composed either of calcium car-
bonate or calcium hydroxide or a mixture of both; while the
stones produced on diets to which lime was not added were
composed of magnesium ammonium phosphate. It is also seen
that there is no association between the diet and the particular
kind of calcium stones produced, for, the same diets that pro-
duced calcium carbonate stones in some rats produced calcium
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hydroxide or mixed stones in others. Possibly, the stones orj-
ginate as calcium hydroxide and get deposited as such, in the
absence of any available carbonate in the urine. Further, it ig
evident from the foregoing observations that the addition of
lime to the diet profoundly alters the composition of the stone.
While it is generally contended that very little caleium passes
through the urinary tract, mstances have occurred wherein egyl-
cium has been found in the urinary tract of rats in ag large
amounts as one-fiftieth of the body-weight of the animal. Par-
ticular interest therefore attaches to the chemical composition
of the present series of stones, as it affords material for evaluat-
ing the influence of added lime on the composition of the rat
stones. The course of ingested lime was investigated biocherni-
cally; at the same tine, the metabolism of phosphorus and
magnesium, the two important elements oceurring in the non-
caletum stones, was also studied.  To this end, various deficient
diets which had proved to be of high stone-producing
were used.

Feperimental.—The animals were kept in individual meta-
bolism cages. specially designed for this purpose in these labo-
rataries. In the present studies, special precautions were
not taken to prevent fermentation of the wurines and the
fueces. as the investigation was limited {o mineral metabolism
alone.

The basal diet used in these experiments consisted of 97 grs.
of white bread and 3 grs. of yeast, to which were added 25 orains
of slaked lime and 25 drops of an iodine solution containing
one mg. of iodine per litre. Hach rat was given 20 grs. of
this food per day, thereby having a daily supply of 5 graing of
slaked lime. Several modifications of this diet were made, and
the effects of the change on the mineral metabolism studied.
These modifications were as follows : additions of radiostoleum
(vitamins A and D), sesame oil, mik, sodium phosphate, butter,
sodium phosphate and vitamin A, vitamin A alone, sodium
phosphate and radiostoleum, radiostoleum alone or cod-liver oil
to the basal diet. Two young albino rats in growing period
were fed on each of these diets. The diets were made into g
homogeneous, non-crumbling mass and pressed into small glass
food-containers each holding 20 to 25 grs. of food. The animals
were provided with distilled water ad lLibitum. When milk
formed part of the diet, it was given in measured amounts and

potency
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that left unconsumed in the milk tube being measured the next
morning. '

The animals were fed at 11 aan. daily and the following
morning the food left unconsumed was picked out of the con-
tainers and weighed.  The food-intake of each animal was thus
arrived at, due allowance being made for loss of weight conse-
quent on drying.  This loss was slight; it ranged in the 13 diets
nsed between 15 and 30 per cent.

The calcium, magnesium and phosphate contents of the
various diets were estimated. The urines were collected daily
into stoppered bottles and analyses made on representative
sawples of them collected during each week., Tn collecting the
urines, urinary deposits were often noticed sticking to the stein
of the funnel and to the bottom of the flask. Thege deposits
were dissolved in 5 to 10 c.c. of strong hydrochloric acid on
the last day of each weekly collection, and added to the main
bullk of the urines. An additional advantage of this procedure
was that it held in solution salts which would otherwise have
been thrown out of solution during the storage necessary before
analyses could be completed by a single worker. Before the
addition of hydrochloric acid solution of the urinary deposits to
the main bulk of the urines, aliquots of the representative samples
were taken and utilised for chloride estimation. Total nitrogen,
phosphate, calcium and magnesium were determined in the
remainders. The faeces were collected at least two hours
before the administration of food, care being taken to avoid
their contamination by food particles. They were weighed and
then dried at 100°C for over 6 hours. When completely dvy,
they were again weighed, powdered and representative samples
taken for analysis. Phosphates, calcium and magnesium were
determined in them. It is thus possible from the above ana-
lysis to form a fairly accurate estimate of the actual intake of
calcium, magnesium and phosphates and of the respective
amounts of them that are excreted through the urinary and in-
testinal tracts, and therefrom to arrive at the amounts retained
in the body. Records of the intake of food, the volume of
urine voided, the weight of faeces excreted and the weekly
body-weights were maintained for each animal. For the
sake of convenience, the experiments were divided into three
series,
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Series T

) The mineral metabolisi under this bead was confined to the
following four dicts :— ’
‘ Group I received a modified “stock’ diet,! consistine of
atta chapatties’, sprouted Bengal gram, cabbage and mil]z'

Group IL received the p:u'ts’or
yvhite bread were replaced by 2 of sesame oil containine halt o
drop of radiostoleum (360 Blue, B.D.H.). The ('()IISUII;)tion (;l'
radiostoleum was approximately 0°06 of a drop per rat per day

Group T received the same diet as in Group 1T but wﬁthi
out the radiostoleum.

basal diet, wherein 2

Weekly analysis ol the urines and facces were made for six
weeks when the following alterations in the diets were made.
The animals in Group T were given in addition sluked limme
to the extent of five grains per ral per day (incorporated iy
20 gms. of food) while those of the other two ETOUPS received
wilk in addition.  This altevation in the diets was made with )
view to finding out what changes, if any, were brought about
in the excretion of lime by its addition to the ‘stock’ diet and
what by making good the vitamin deficiencies of the other diets
by the addition of milk. The observations of mineral metabolism
under the altered conditions were carried out for a further six
weeks. The results are set out in detail in the I'ndian Journal
of Medical Research, 1931, vol. xix, p. 1; a summary of the
results 1s given in Tubles XIV (a), (b) and (¢) wnd XV. The
results for the faeces are reported on dry satnples.

TABLE XIV (a)

Cavrcium (CaOy,

—_—
Output Balance or

— retenti
Intake | - — ention, 7
mg. | =S| 8y S Percent-
g B8 o g g. | age of
Dmr R & intake

Group I.

Mean for the first 6 weeks. l 844 t 45 l 129 I 174 ' 670 794
Mean for the second 6 weeks. | 2,133 } 46'5 ‘ 1,192'5 | 1,239 894 419
T ———

! The original ‘stock diet’ included in addition ca.rr;)ts and occasionally meat
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TABLE XIV (a)—Contd.

Carcrom (CaQO).

Balance or

[] [ ) 9L1F¥?11‘t o retention.
g Br 2SR
. R LE‘,.. S intake
Group 11
Mean for >the first 6 w;;;:lgs“. ’ 1,314 g 320 273 593 7217 » 549

Mean for the second 6 weeks.| 1,616

Group I1I.

Mean for the first 6 weeks. ‘ 1,152 '\ 171\ 324 ; 495 ’ 657$ 57°0
! i

|

e
Mean for the second 6 weeks.| 1,442 \ 86 \ 675 )’ 761 681\ 472

TABLE XIV (b)

Puosruates (P,0;).

Balance or
1 Output E retention Cal
i Intake . } | Percent- retained/
| mg. D . O . = | 205
| Q| oW guw . Mg. age of y
; ! a é 8 s g E intake retained
|

Group I.

Mean for the

1,029 441 225 666 363 353 1 1'85
first 6 weeks !

Mean for the | ) gos | 162 | sez | 1,05 | —29 | —27
secondeeeksi ’

Grdup 1L

Mean for the
first 6 weeks

122 t 289 703 i 2:49

411 ‘ 13 109

Mean for the
second 6 weeks

622 ! 45\ 344 \ 389 ‘ 233 37°5 l 365
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TABLE XIV (b)—Contd.

PHOSPHATES (P,0,),

> Output Balance or
‘ R retention .
Intuke 1 ® @ U e T . t&d().
mg. | 2yl S 8w M Perce, , | fetained/
N X Q <. a 2y
SRZE o B in%:kOf retained
T T - e ]

Gtoup III.
Mean for the T T e T e e
first 6 weeks 360 ‘ 12 l 117 l 129 ‘ 231 64-2 284
Mean for the T e
second 6 weeks 568 ‘ 56 377 433 135 238 504

TABLE XIV (¢)

MaeNesum (MgO),
[l Output Balance or
Intake\ ————— _“ﬂieitlon
[ -
mg. | g zéa §§0 Total Percent-
mg. £. | age of
l = e § intake

Group 1.

18 47

Mean for the first 6 weeks. ‘ 233

I

i ‘ T T
Mean for the second 6 weeks.' 428 l 57 | 297 ’ 354 74 1 17-3
i
Group II.

Mean for the first 6 weeks. 250 37 | 31 68 182 }\“;3
Mean for the second 6 weeks.| 316 ' 46 [ 93 i 139 177 1‘—;;(;
Group III.

Mean for the first 6 weeks. 219 36 ‘ 26 I 62 157 l 7——1 ;

o ——
Mean for the second 6 weeks.| 283 35 | 89 , 124 I 159 ’ 56
o '2
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TABLE XV

[ \ i
Output of CaO in 3()utput of P,Oy in (‘ Output of MgO in

( ‘
. - . .
Urine | Fa:ces i Urine | Faces l Urine | Faces
Percentage ‘ Pe;centage - Percentage
Group 1.

Mean for the first , i ) B . )
6 weeks. 0-023 l 0-58 i 0-232 ‘ 118 0011 0-21

Me.ln for the second . . . . i )
6 weeks. 0-022 ‘ 444 | 0-076 367 0027 | 123

Group II.

e e e - e e e s e e e

Mean [or the hlst . . [ . ) i
6 weeks. 0201 | 429 i 0012 | 169 | 0035 | 036

T V
Mean for the second . . . . . .
for the s 0-055 ‘ 791 0025 | 403 0029 | 110

Group III.

Mean for the first

6 weeks. 0131 6°20-- \ 0-010 ‘ 2:24 0027 0:038

Mean for the second
6 weeks.

g
0:061 8:25 ‘ 0°039 l 465 | 0024 1-07

The results of metaboho btudles show that there was very
little excretion of calciuim through the urinary tract of rats when
they were fed on the ‘stock’ diet. liven when the calcium con-
tent of the diet was greatly increased by the addition of lime, the
excretion of calciuin in the urine was not appreciably affected.
These results are in conformity with those of Stewart and
Percival,' Telfer,” and Bauer, Albright and Aub.®* But the
addition of lime to diets of which the chief deficiencies were
fat-soluble vitamins and phosphates, led to a great excretion of
calcium through the urinary tract. The excretion of calcium
through the bowels was also great. When the above deficien-
cies were partly corrected by the addition of milk, the urinary

1 Stewart and Percival (1928): Phy.nol Rev , viii, p. 283.
3 Telfer (1922): Quart. Jour. Med., xvi, p.
* Bauer, Alright and Aub (1930): Abst. J. A M.A. (1980), xeiv, p. 1022,
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calcium decreased while the faecial caleium correspondingly in-
creased. It was suspected that the apparent d
the estimmation of urinary calcium  of
Just  before the addition of milk,
the development of stone in
exhibited clinjcal

iserepanicies  in
animals in Group 111,
were  possibly  due  to
one of the aniuals, which
symptoms  of  thig malady—protrusion  of
the penis, a common symptom of stone—and loss of weight;
this 1t was thought would lead to a storage of mineral salts.
This suspicion was later confirmed at {he post-mortemn when

stones were found both in the kidney and bladder; these
weighed 192 and 950 mges.

Yespectively. "T'heir compositions
were as follows 1—
— Mois, N. P,0, Ca0 MgO co
Kidney 51 16 09 44-2 Trace 40°8
Bladder 36 13 14 430 15 365

The figures represent results on moisture-free samples.

The amount of calcium excreted through the bowels in ani-
mals fed on the stoek diet exhibited g fairly close relation to
the amount of phosphates in the faeces. On this diet, the two
Ingredients, CaQ and P;0;, seemed to exist approximately in

the ratio obtaining in calcium Phosphate. This relation of CaO
to P.O, was not so well

) observed in ratg fed on the deficient
d;ets., especially in the pre-milk period; showine thereby that a
considerable part of the calclum was excr, in < :
than calcium plosphate, possibly ag sulphate. Qualitative tests
showed that the fyeces of the deficiently.fed animals contained
more sulphates than those of animals on the stock diet.

As regards Phosphates, there Was, comparatively speaking, a
far greater excretion of phosphates in the urine on stock diet
tl'lan on the deficient diets, When lime was added to the stock
diet, the urinary phosphates rapidly decreased, while the faecal
phosphates correspondingly increaged. In the deficiently-fed
rats, there was very little excretion of phosphates in the urine;
but with the addition of milk, urinary phosph
gradually.

A study of the exer
the three diets shows ¢

ates increased

etions of (a0 and P,0

s In rats fed on
hat the urinary excretj

on of phosphates
and P,0,. If the
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i ittle excretion of calcium
Fhere Shou'ld t}lelgiitl(i:zllt}i1:edzglc)i,ef1ig-flel‘flﬂanimals, where there
- thj ;fégz;lderating excess of calcium over phospl.lzites,l\'rez
as ¢ u over L o
:ttle of the phosphate was l;aft', z:it:ru(;ci);il.)mztézlilnt\ ltfille c;rz; o
e bowels,' . bfe elxciirfutelsllin stock animals was due only
iy exc?em?lllngmf)t;o‘olf calcium and phosphates in the stgck
t(') the rel‘&tlvi ) the content of fat-soluble vitamins in the diet;
d]?t and not 110 éhOWn by the behaviour of rats (Group II)
thls' V_V"LS "w(;' stoleurn.! It was also shown by the rats on stock
re'cemngt;a 1?)s£-lilne period where a great imbalance b.e.tween
dl(iiui?u ﬁr?dppllt)spllolﬁs was brought about by the addition of
;:rge amounts of lime to the diet.
Serigs 11
The study of mineral me‘mbolism under this head was con-
fined gj . {Oi'l::gjfdftolg ﬁiﬁfj ;lieb of white bread, yeast, lime
roup e e
and iodine With?u.tf;l;;hf;:g:;gf ot plus milk ad libitum;
Group 7 16.0 b-leived the basal diet plus sodium phospl'late
Group III.Is;mately equivalent to the amount of calgu:m.
" alnou}lts ?lPPIS tacilitate the formation of calcium phospha eé
. the(}dlet SOI%S cheived the basal diet plus butter to the exten
roup :
of 20 per cent o tél . d :Letl:esult of the metabolif: studies reclorde;d
It was .Susp'ect‘i‘ :bjf the diet rich in calmgrp we;g ars,l(; tz
under Series I, (; Sce of phosphates, in (l.uantltles'su 'c:]eested
contain an ubuln -dhute then very little of the calleum 11 dg od
form culeimn p.loi};l thé kidneys, while most qf 1t 'wo:h }{)irst
would pass t,hlout,l e thor. it had been gotlce d in the st
through 1 bowz;tion of milk to calcium-rich d'1ets \fwzfn ble
series that the b ¢ f 4 major portion of .the calcium trh's e
to divert the course O e o determine whether.lk ; ws
urige to the faeses'the fat-soluble Vitamixlg gf th;f IIltl (;f obOth)z
?fhle;egp;:i:l}éon%]ent aloné, or by the conjoint etiects
its pho

the above four diets were employed.

. . to
’ le vitamins added
er, that the amount of - sho;&l: ieen insufficient f%r

! It is possible, hoWevfolf’m of radio—stoleum_.;l}]age seen later in Series IIh’

the deficient diet in tfhihe animals. But a8 mhe radiostoleum content of the

tl';e metabokgergii?:n: were noticed :

the same o )

diet was increassd g::;teen-foldf

2

even when t
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As in the first series, weekly analysis of the urines and the
faeces were made to find out the excretions of CaO, MgO and
P,0,. These observations were extended to nine wecks. The
diets were also analysed for their CaO, MgO and P,0O, contents
to evaluate the intake of the three mineral salts. A summary
of the results as totul excreted is reported in Table XVI (a),
(b) and (¢), while Table XVII gives the same as percentages
of the urines or the faeces. The results for the faeces are
reported as before on moisture-free samples.

Slight changes were effected in the amount of butter added
to the diet. Up to the end of the sixth week, the animals
were receiving butter to the extent of 20 per cent of their diet.
In the seventh week, the percentage was reduced by one-half,
viz., to 10 per cent, during the eighth week to 5 per cent, and
during the last week butter was totally cut out frora the diet.
1t was seen that the urinary excretion of ('aQ which was as
high as 112 mgs. in the seventh week, rapidly fell to 49 mgs.
in the eighth week, and to 29 mgs. in the ninth week. Syn-
chronous with this decrease in the urinary output of CaQ, the
animals grew better during the last three weeks, they had better
appetite and consequently, there was a greater intake of Ca0.

At the end of the experiment the animals were killed and
subjected to complete post-mortem examination. Vesical calculi
were found in one of the animals on the basal diet; the weight
of the dry stones was 31'3 mgs. On analysis they were found
to contain : moisture 11-5, nitrogen 2-2, P,0; 1:36, CaO 342,
MgO nil, and CO, trace; the figures represent results ag per-
centages on moisture-free sample.

TABLE XVI (a)

CarcruM (Ca0),

0 Balance or

utput ’ retention
Intake [

w
mg. 'ﬁé % 3 b}: Total M Percent-
Sg| 88 | mg | M8 | ageof
=) e ! intake
Group 1.
Mean of nine weekly determi- i |
nations. L LUS | 9 \ 272 ‘ 368 l 777 ‘ 679
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TABLE XVI (a)—Contd.
Carciom (CaO).
Balance or
Output retention
Intake ;
mg. o o . N 'ercent-
& l 2 % % g’ ’In;)tal Mg. | age of
|5 g2 g | intake
Group II.
Mean of nine weekly determi- | ‘ ' .
nations. { 1,929 ! 122 { 670 | 792 11,137 $89
S éfoup III,
Mean of nine weekly determi- l | .
nations. | 1,844 90 | 952 . 1,042 802 | 435
T Grodtip 1v.

Mean of nine weekly determi- i | .
nations. 1,042 i 57 E 267 324 718 | 689
TABLE XVI (b)

PrOSPHATES (P,O4).
~g
Balance or a9
Output retention - 28
Iutake ’ g %
me- Urine | Faeces ! Total Mg P:;zegft- & :
mg. mg. mg. | intake ?:Ou
i ! [S]-7
Group I.
Mean of B
nine weekly 334 12 84 96 238 71-3 3-26
determinations
Group II.
Mean of
nine weekly 729 28 221 249 480 658 2:37
determinations o
Group III.
Mean of
nine weekly 1,316 86 340 426 890 67°6 090
determinations
Group 1V.
Mean of | ' |
nine weekly 305 13 78 | 91 214 70-2 3-36
determinations |




20 JOURNAL OF THE MADRAS UNIVERSITY

TABLE XVI (c)

MacNESIA (MgO).

Output Balance or
B retention
Intake
Mg. | Urine | Faeces | Total Percenta.
ge
Mg. | Mg. | Mg. | M& [ofintake,
Group 1.
Mean of nine weekly |
determinations. i 201 30 42 72 | 129 642
Group II.
Mean of nine weekly
determinations. . 385 75 o 169 186 52:4
Group III. -
Mean of nine weekly
determinations. ‘ 324 20 129 149 175 540
Group 1V,
— Mean of nine weekly |
determinations. 182 z ‘ 57 80 ‘ 102 560
TABLE XVII

Output of CaO in | Output of PO, in | Output of MgO in

!
Urine | Faeces | Urine Facces | Urine | Femces

Percentage Percentage Percentage
Group I.
Mean of
nine weekly ‘ 0153 \ 8'51 0-018 269 0-053 1-33
determinations. l
Group 1I.
Mean of
nine weekly 1 0-076 ' 7-42 0017 2:52 0-046 112
determinations. 1 |
Group III.
Mean of 1 ! [
nine weekly 0067 | 1274 0-051 4'65 0-021 172
determinatious. \ \
Group 1V.
Mean of T
nine weekly | 0-088 ‘ 525 | 0017 | 160 | 003 | 112
determinations.
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Series IIT

The mineral metabolism in this series was restricted to the
following six diets :—

Group I received the basal diet plus sodium phosphates in
amounts equivalent to the calcium content of the diet to form
calcium phosphate;

Group IT received the basal diet plus sodium phosphate
as in Group I plus vitamin A concentrate (vitamin A Oil,
Special, 150 Blue; without added vitamin D, British Drug
Houses, Limited) in the proportion of one drop per rat per day;

Group III received the basal diet plus vitamin A con-
centrate as in Group II;

Group IV received the basal diet plus sodium phosphate
as in Group I plus Radiostoleum (300 Blue, B.D.H.) in the
proportion of one drop per rat per day;

Group V received the basal diet plus radiostoleum as in
Group IV;

Group VI received the basal diet plus sodium phosphate
as in Group I plus cod-liver oil to the extent of 2 per cent of
the diet.

A relatively high excretion of Ca and a low urinary excretion
of phosphates having been observed in Group II (receiving
basal diet plus radiostoleum) of the first series of experiments,
it was suspected that this might have been due to the insufficient
provision of fat-soluble vitamins. Hence in the present series,
the amount of vitamin preparations, either as vitamin A con-
centrate or as radiostoleum, was increased sixteen-fold. With a

view to finding out the influence, if any, of vitamin D on this

mineral metabolic study, diets containing vitamin A alone, and
others containing vitamins A and D were used. A diet with
cod-liver oil (Group VI) was included to evaluate the efficiency
of the proprietary vitamin preparations of the British Drug
Houses in terms of cod-liver oil. o _

It may be mentioned here that the appetite of the animals
receiving sodium phos'pha,te in their diets, viz., those in
Groups I, II, IV and VI, was so great that the 20 grs. of
food usually given was not sufficient. Therefore the amount of
food given was increased to 25 grs. per rat, but still contain-
ing only the five grains of lime and five drops of the iodine
golution,
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As before, weekly analysis of the urines and the faeces were
made to find out the respective excretions of CaO, MgO and

P.0,.

These observations were extended to six weeks. The

diets, too were analysed for their CaO, MgO and P,0, contents.
A summary of the results obtained, expressed in milligrammes
as total excreted is set out in Table XVIII (a), (b) and (¢) and
the same calculated as percentages of either the urines or the
faeces, are set out in Table XIX. The results for the faeces
are reported on moisture-free samples.

TABLE XVIII (a)

Carciom (Ca0.)

Output

mne

Intake mg.

=)
g

Ur

o0
2

Faeces

= . .
<0 0]
e8| g

Mean of six weekly
determinations.

2,300| 141

1,412

’ Balance or retention

e ———

Percentage of
intake,

Group I. Basal diet p/#s sodium phosphate.

1,553 | 747

32'5

—

Group 1I. Basal diet plus sodium phosphate plus vitamin A concentrate

Mean of six weekly

e ———————

determinations. 2,448 | 159 1,458 1,617 { 831 339
Group 1II. Basal diet plus vitamin A concentrate,
Mean of six weekly - !
determinations. 1,074 231 | 531} 762 312 : 21

Group IV. Basal diet plus sodium phosphate plus radiostoleum,

Mean of six weekly

S

determinations. 2,305 | 153 | 1,352}1,505| 800 347
Group V. Basal diet plus radiostoleum.
Mean of six weekly - —_—
determinations. JL,136 | 137 | 460 | 597 | 539 47'3

Group VI. Basal diet plus sodium phosp_hate plus cod-liver oil.

Mean of six weekly
determinations.

2,391| 51 \1,426

1,477 ' 914

e

38-2
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TABLE XVIII (b)
PuaospHATES (P,0,).
Balance or =%
Output , retention E’.g
Intake | g g.
M| Urine | Feces | Total Mg P;grge(r)lft- 8;-..
mg- 1 mg- mg. intake (_O“)XD:‘
Group I.
Mean of | ‘ i I
six weekly | 1,604 * o4 | 688 | 782 | 82 | SI3 | 09l
determinations.| ! [
Group II.
Mean of | T
six weekly 1,707 139 709 848 ) 859 50-3 097
determinations. !
Group I1I.
Mean of
six weekly 265 3 209 240 25 ’ 94 1248
determinations.
Group 1V.
Mean of
six weekly 1,607 151 642 793 814 507 098
determinations.
Group V.
Mean of
six weekly 281 16 156 l 172 109 38'8 494
determinations.
Group VI.
Mean of
six weekly 1,666 65 731 l 796 870 52:2 1-05
determinations.
TABLE XVIII (c)
MacgnNEsia (MgO).
Output { Balance or retention
Intake
mg. .
Urine Faeces Total M Percentage
mg. mg, mg. g of intake
Group I.
Mean of
six weekly 280 37 156 193 87 311
determinations. .
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TABLE XVIII (c) (contd.)

MacNESIA (MgO).

; ——,

!
i
|
| Output Balance or retention
|Intake' [ el B
[ mg. . '
| Urine Feces Total M Percentage
I mg. mg. | mg. g of intake
Group II.
Mean of [ I )
six weekly 298 23 . 170 193 105 35-2
determinations.| '
Group II1.
Mean of T |
six weekly 122 41 69 110 12 98
determinations. ’
N
Group IV.
Mean of T T -
six weekly 281 27 152 179 102 363
determinations. |
Group V., o
Mean of )
six weekly 128 15 70 85 43 336
determinations,
Group VI, T
Mean of N_“w]“_%"‘\
six weekly 201 2] 185 176 | 115 39'5
determinations. i
TABLE XIX
Output of Ca0 in | Output of P,0, in Output of MgO in
\_
Urine | Feeces | Urine | Faces | Uripe Feaces
Percentage Percentage Mm‘
Group 1. T
Mean of six weekl R . .
determinations. y 0-058 1418 0-042 689 0016 1-57
Group II.
Mean of six weekl . . .
determinations. Y1 ool 14:00 ; 0072 | 691 0-012 1-62
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TABLE XIX (contd.)

Output of Ca0 in {Output of PO, in |Output of MgO in

Urine Faces | Urine Faeces | Urine Fzeces
1‘ Percentage Percentage Percentage
Group 11I.
Mean of six weekly i . . . . . .
determinations. ‘ 0-124 ’ 11-98 ’ 0:017 l 465 1 0023 1-55
" Group IV,
Mean of six weekly . . ' . . ,
determinations. 0068 1427 0°067 673 0012 1:60
B Group V.
Mean of six weekly . . . . , ) -
determinations. 0-218 12:47 0-027 462 0-025 145
Group VI.
Mean of six weekly \ . , . . s
determinations. 0'036 14-01 0-047 7°13 0-015 1-52

Limitations of space preclude a detailed interpretation of the
results. But the one noteworthy point that arrests the atten-
tion is the significant difference between the groups I, II, IV
and VI on the one hand, and groups IIT and V on the other.
In the former, as a rule, there was comparatively far less ex-
cretion of CaO in the urine than in the latter two groups. A
study of Table XIX shows that the average percentage excre-
tions of CaO in the urines of groups I, IT, IV and VI were 0-058,
0-081, 0-068 and 0-036 respectively with a mean of 0-061 per
cent, while the values for groups IIT and V were 0'124 and
0-218 respectively with a mean of 0-171 per cent, which is
nearly three times as much as in animals receiving sodium
phosphate in their diets. Though the latter two groups of
animals got a sufficiency of vitamins, chiefly as vitamin A, the
fact that their urines contained large amounts of calcium may
render them liable to stone formation. Conversely, the per-
centage urinary excretion of phosphates, in groups I, II, TV
and VI were 0-042, 0-072, 0-067 and 0047 respectively with
a mean of 0'057 per cent; the corresponding values for groups
UI and V being 0-017 and 0-027 with a mean of 0-022 per cent,
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which is roughly a third of that of the animals receiving sodium
phosphate. Thus there seems to be an inverse relation between
the urinary caleium and phosphorus. A similar observation was
noticed by Meigs ct al in their experiments on the Physiology
of Phosphorus and Calcium Metabolism of Dairy Cows.*

It is stated that calcium is excreted both by the kidney and
the large intestine, the greater part by the latter route.?2’3
It is also stated that diets rich in calcium cause only a slight
increase in the urinary excretion of calcium. But as will be
at once apparent from the results of the present investigation,
these statements require qualification. Under normal condi-
tions, practically all the calcium of the diet excepting that
actually utilised in the system, is excreted through the bowels.
But in rats fed on diets deficient in fat-soluble vitamins and
containing an excess of calcium, a considerable amount of the
calcium 13 excreted through the kidneys—an amount several
times greater than that excreted by normally fed animals.
Though the amounts excreted may not intrinsically be very
great, yet in the light of the solubilities of salts like calcium
hydroxide, calcium phosphate and calcium carbonate, the signi-
ficance of the values of urinary calcium becomes at once appar-
ent; it 1s one of the positive factors predisposing the animals to
stone formation.

Deficiency of vitamin A is generally held to be one of the
chief causes of stone formation. Provision of an adequate
amount of this vitamin does prevent stone formation in rats fed
on certain diets; but the results of the present investigation,
wherein diets of such high stone-producing potency were em-
ployed, indicate that the mineral imbalance is a factor of even
greater importance in the production of calciuin carbonate or
calcium hydroxide stones. It has been found in this investi-
gation that the addition of fat-soluble vitamins to the diet,
either as vitamin A alone or in association with vitamin D, did
not materially alter the composition of the urine; in fact, the
urinary excretion of calcium was much the same as when vita-
mins A, or A and D, were lacking. Yet the crucial point is
whether such a state of affairs conduces to stone formation in

! Meigs, Blatherwick and Cary (1919): Jour. Biol. Chem., xl, p. 469.

? Cushny (1918): Text-book of Pharmacolo ;
Edition, p.” 559. f gy aend Therapeutics, Seventh

* Husband, Godden and Richards (1923): Biochem. Jour., xvii, p. 707,
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the urinary tract. From the values obtained of the urinary
excretion of calcium on diets deficient in fat-soluble vitamins
as also on diets containing them in sufficient amounts, the con-
clusion 1is irresistible that stone formation is very likely.
Nevertheless, not a single case of urinary calculus has so far
been encountered in rats fed on diets adequate in vitamin A.
There was the instance of a rat, a male, getting the basal diet
plus vitamin A concentrate actually passing gravel in its urine.
The discrete particles of gravel were found to be mostly of
calcium hydroxide. Though most of the factors conducive to
stone formation were present in this case, yet, consequent on
the presence of vitamin A in the diet which ‘maintained the
functional and nutritional integrity of the cell walls’, formed
stones were not deposited in the bladder. Hence, as the particles
of the calcium hydroxide formed, they were passed in the urine.

Again, the animals, though receiving adequate amounts of
vitamin A, always ran the risk of developing stones in their
urinary tract during any inadvertent cessation of the provision
of this vitamin. The results of the present investigation suggest
that this risk can to a great extent be minimised by balancing
the diet as regards its CaO and P,O; contents. The balancing
of the CaO and P,O; contents of the diets were found to be
much more beneficial than provision of adequate amounts of
fat-soluble vitamins. The true significance of this statement is
better understood when the growth of the animals is taken into
consideration. The growth obtained on diets, balanced as
regards its CaO and P,0, contents but lacking in fat-soluble
vitamins, almost approximated the growth obtained on the stock
diet. But by far the best approximation to the stock diet was
obtained when the above diet contained in addition adequate
amounts of the fat-soluble vitamins.

RELATION OF CarnciuM RETENTION TO PHOSPHATE RETENTION

Theoretically, on a normal diet, the ratio of retention of CaQ
to P,0, should be fairly constant. Assuming all the calcium
were to be retained in the system as its phosphate, Ca,(PO,),,
then the ratio, CaO retained/P,0; retained, should equal 1:18.
It should not be understood that this value is absolute, for,
all the calcium need not necessarily be retained as its phosphate
alone. It has been found that the proportion of carbonate in
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normal rat bone increases with age.® Hence the ratio is bound
to vary a little from the theoretical. A study of Tables
XIV (b), XVI (b) and XVIII (b) shows wide variations of
the value, CaO retained/P,0, retained, with variations in the
diet.

Thus, it is seen that out of the thirteen different diets
employed in the present metabolic studies, seven gave values
approximating closely to the theoretical, while the remaining six
gave far higher values ranging from over 3 to as much as nearly
12-5. It so happened that the animals on the former seven diets
grew well, had good appetite and were free from disease, while
those on the latter six diets suffered from either loss of weight
or did not grow at all, and ultimately died. It is also to be
noted that the former seven diets on which good growth was
obtained were those that were well balanced with respect to
their calcium and phosphate contents, whereas the latter six
diets on which positively harmful and growth-inhibiting effects
were observed were imbalanced as regards their calcium and
phosphate contents. It is therefore obvious that a diet im-
balanced with respect to its mineral constituents, although con-
taining a sufficiency of the essential vitamins, is more harmful
than a diet deficient in fat-soluble vitamins but perfectly
balanced as to its mineral constituents. Further, it emerges
from the results of these experiments that comparatively little
fat-soluble vitamins is needed to maintain growth if the diet is
perfectly balanced with respect to its mineral constituents.

CoMPENSATING ErrecTs OF VITAMIN D oN MINERAL IMBALANCE

The Plimmers® have stated that vitamin D possesses a com-
Pensating effect on the imbalance between the supply of calcium
and phosphates. The foregoing metabolic experiments do not
support this statement; for, if it were true, there ought to have
been good growth in Group V, Series III, where the animals
received adequate amounts of vitamin D. On the other hand,
when the calcium and phosphate contents of the diet were well

bfa.la,nged, good growth was obtained even when no extra
vitamin D was added to it.

' / The above results prove conclu-
sively that vitamin A alone o

r in association with vitamin D

.‘ Kr.amer and Shear (1928): Jour. Biol. Chem., Ixxix, p. 147.
2 Plimmer and Plimmer (1929): Food, Health and Vitamins, p. 64,
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exercised no compensating effect on the imbalance between the
supply of calcium and phosphates.

The results of the above investigation bring out the impor-
tance of calcium-phosphorus imbalance in connection with the
aetiology of calcium carbonate and calcium hydroxide stones in
albino rats. They also show conclusively that comparatively
little fat-soluble vitamins is needed to maintain good growth, if
the diet be perfectly balanced with respect to its mineral consti-
tuents. Provision of adequate amounts of fat-soluble vitamins
did not improve the growth, if the imbalance between the mine-
ral constituents was not corrected. Further, a study of the
values for the ratio, CaO retained/P,0O; retained, on the several
diets examined suggests that this value may serve as a reliable
criterion of the biological efficiency of a diet. Conformity of
this value to the theoretical is a necessary pre-requisite to the
efficient functioning of a diet. lts importance in devising a
stock diet for control animals employed in nutritional researches
can bardly be over-estimated.

UriNaRY CaLcurLl IN CATTLE

While the investigations on human and rat stones were pro-
ceeding apace, it was brought to the notice of Col. McCarrison
that urinary calculus is a frequent condition in cattle in certain
portions of India, and in response to a questionnaire issued,
gimilar to that for human calculi, he collected twenty-three
stones; seventeen were from the various parts of the Madras
Presidency, four from Nadiad and Barsi in the Bombay
Presidency and two from Jarwar and Fatehpur in the United
Provinces. Twenty-one were vesical and urethral stones and
two were renal. Particulars in regard to them are given in
detail in the Indian Journal of Medical Research, 1931, xviii,
p. 935.

Physical Characters.—Caittle stones are usually small, grain-
like bodies, often little bigger than a No. 4 lead shot, having a
light or deep golden yellow sheen about them. Most of them
look alike in structure and shape; this is true of only the vesical
and urethral stones. The two renal stones stand apart from
the rest as regards their physical characteristics : they‘are of
irregular shape, the shape presumably depending on the site of
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formation of the caleulus in the kidney, and devoid of the
bright metallic sheen. The cattle stones differed in their
physical characteristics from human stones in the following
regards ;—

(1) They are much smaller, rarely exceeding the size of
a small pea whereas human stones are commonly of large
size. ‘

(2) They are usually multiple, often occurring to the num-
ber of 100 or more : less often they are few in number. Human
stones, on the other hand, are commonly single : less often they
are multiple.

(3) Cattle stones have a laminated structure of several
layers all looking alike, the layers being thin and comparable to
the thin coats of the onion; while the different layers of the
human stones have a different composttion, consisting either of
calcium oxalate, or uric acid or urate, or calcium or magnesiunt
ammonium  phosphate, those of cattle stones consist for the
most part of calcium carbonate. Again, the several layers of the
human stone are differently coloured—the colours serving as an
approximate guide to the chemical composition, e.g., uric acid
or urate layers being light yellow to dark brown, phosphate
layers white to dirty white and oxalate layers being chocolate
coloured—whereas those of cattle stones have nearly the same
colour.

(4) Cattle stones are quite hard, considerable pressure
being usually necessary to powder them. Human stones may
also be hard if they consist mostly of calcium oxalate, compara-
tively less hard if consisting of uric acid or urate and relatively
brittle if of phosphates.

(5) Cattle stones have all nearly the same colour which
ranges from whitish yellow to yellowish-brown: commonly they
have a metallic sheen. Human stones do not, al| have the same
colour nor have they the bright metallic sheen S0 common in
cattle stones.

(6) Whereas all cattle stones resemble one another
closely in most of their physical characters, human stones do
not.

Chemical Composition.—The similarity of cattle stones in
most Of. i.iheir physical characters is manifested in their chemical
composition as well. Table XX shows the aver

age composition
of a cattle stone.
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TABLE XX
e ’ Per cent,
""" J
Total ash i 54°5
204 090 ]
CaO 440 j
MgO 484 ‘
i7E
C,0, | 0-59
N. 037
co, 3907

The results of the chemical composition of individual cattle
stones show that they all have a similar composition, consisting
mostly of carbonate of calcium, with a little magnesium. The
magnesium content varied from 2-2 to 94 per cent with an aver-
age of 4-84 per cent; presumably it exists for the most part as
carbonate, though it is possible that some may exist in the form
of phosphate. The average percentage of Ca0 being 440, it
would require only 34:5 per cent of CO, to form CaCO,; while
there actually exists 3907 per cent of CO,. The remaining
4-57 per cent of CO, is presumably combined with magnesium
to form magnesium carbonate; if that were so, it would require
only 4-19 per cent of MgO whereas the average for MgO works
out to 4-84 per cent. The balance of 0'65 per cent MgO is
very likely united with the P,0,, the average content of which
i8 0-90 per cent.

Nitrogen is present only in traces, the average being 037
per cent. Insoluble matter—i.e., portions of the stone left un-
dissolved after digestion with concentrated sulphuric acid—
occurred only once, a kidney stone removed from an ox. The
only other kidney stone did not contain any insoluble matter.
The chemical composition of the only two renal stones encoun-
tered was not significantly different from that of the rest. In
this respect, cattle approximate closely to rats, whose renal
stones do not differ in their chemical composition from the vesi-
cal ones and differ from human beings in whom kidney and
bladder stones are essentially different in their composition.

The composition of the stones does not vary appreciably
with the age of the animal: that of a calculus from a six
months old calf or from a twelve-year fully grown up bulleck
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being approximately the same. The chemical composition also
seems to be independent of the place of nativity of the animals
as also of their diet. So far as these limited observations are
concerned, there seems to be an indication that stones from
different provinces do not materially differ in their chemical
composition or in their physical characteristics, notably structure
and shape.

Calcium and Magnesium Content of the Waters drunk by
Animals.—Samples of water, drunk by five animals suffering
from urinary lithiasis were provided. Calcium and magnesium
were determined in them, and the results show that the chemi-
cal composition of the stone seems to be unaffected by the
mineral content of the water drunk by the animals; the com-
position remains approximately the same whether the stone
came from an animal drinking water rich in calcium and mag-
nesium or from one used to a water comparatively poor in these
two elements.

The bright metallic sheen in most of the stones suggested
that it might be due to the occurrence of iron. Quantitative
estimations showed it to be contained in them from almost less
than detectable amounts to about 42 mgs. per cent of iron.

PraysioLocIcAL SIGNIFICANCE OF THE ABSENCE oF URric Acip
IN RAT AND CATTLE STONES

A study of the results showing the chemical composition
of human, cattle and rat stones, shows the conspicuous absence
of uric acid in cattle and rat stones, while most of the human
stones contain some uric acid or other. This difference hag
been attributed to a fundamental difference in the physiological
disintegration of purine bodies, whereby the process in man
stops short at the uric acid stage, while in cattle and rats the
uric acid gets oxidised to allantoin. This conversion of uric
acid to allantoin is an enzymatic one and is accomplished by the
enzyme, uricase, which is found in all animals except man and
higher apes. Allantoin is several times more soluble in water
than uric acid and hence it never formns a constituent of
either of rat or of cattle stones. Human beings do not possess
this power, and in them the degradation of purine bodies stops
short at uric acid; and as uric acid is very sparingly soluble in
water, it is almost always found to be a constituent of urinary
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calcull w man.  This is the explanation why the rat and cattle
gtones are singularly devoid of even truces of uriec acid.

The extent to which uric acid undergoes this final oxidation
to allantoin is mndicated by the ‘Unicoryric INpEX’, which re-
presents the ratio of allantoin nitrogen to the sum of allantoin
and uric acid nitrogen excreted.

Allantfoin nitrogen

(Allantion 4 wric acidy &, = 190

Urlcolytic Index =

Previous estimations of the uricolytic index of albino rats has
given a value of 96.

Although realising that rats have a high uricolytic index,
the author investigated the possibility of producing uric acid
and urate calculi in rats; to this end, attempts were made to
increase the uric acid concentration of their urine, both by
the oral administration of uric acid and by feeding them on a
glandular organ. It was found that the uric acid ingested orally
did not lead to an increase in the excretion either of uric acid
or of allantoin or of total nitrogen; nor was there an appreciable
increase when the uric acid was administered with sodium car-
bonate in amounts sufficient to form the mono-sodium urate.
Subcutaneous injections, and injections direct into the blood
stream, of an isotonic solution of uric acid did increase the
uric acid, allantoin and total nitrogen contents of the urine,
but the increase was not commensurate with the amounts of
uric acid injected. These injections of uric ‘acid followed by
the ingestion of ‘atophan’ led to a greater increase in the daily
excretion of uric acid in the urine; the volume of urine voided
wus also increased so that the percentage concentration of uric
acid in the urine was not materially altered. The results of
experiments in this direction, completed after the submission of
the present thesis, showed that the experimental production of
uric acid calculi in albino rats is not possible (Ranganathan, S. :

- Ind. Jour. Med. Res., 1934, xxii, p. 71).

Part IV

CAUSATION OF STONE

Having considered so far the physiological and the bio
chemical aspects of the problem, it now remains to be
considered the actual mechanism that governs stone formation.

3
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It has been recognised that stones can be formed within the
urinary tract under a variety of conditions, and no single
mechanism would suffice to explain the process. Leaving (;111
of consideration the formation of stones arising out of foreign
bodies, there are three important theories, each one of which
may perhaps be enough to cause stone; but it seems more likely
that all the three may play their part in the architecture of
the human stone, laminated as we know it to be. The three
theories are :—

(1) Infection;

(2) Dietetic or faulty metabolism; and

(3) Physico-chemical theory of protective mechanism.

(1) The Infection Theory.—Though infection of the urinary
tract as a predisposing cause of stone formation was recognised
from a very long time, much thought was not bestowed on it
till Rosenow and Meisser! experimentally demonstrated the
formation of urinary calculi by the devitalisation and infection
of teeth in dogs with streptococci from cases of nephrolithiasis.
They found that the experimentally produced stones were simi-
lar in physical properties to those found in nephrolithiasis of
man. They suggest on this basis that a stone forming infection
may account for the prevalence of nephrolithiasis in certain
localities.

The infection theory received its confirmation in the work
of Hager and Magath® who actually isolated Proteus 4mmoniac
in their cases of urinary lithiasis. They also succeeded in ex-
perimentally producing vesical calculi by inoculating Proteus
Ammoniac under favourable conditions. They noted that a
deficiency of vitamin A was favourable to the mplantation of
the organism. The causation of stone by such an infection is
explained by them as follows :—The specific bacteria liberate
in their growth a urease capable of splitting urea into ammonia,
thereby producing an alkaline reaction of the urine. This
alkalinity precipitates the calcium, magnesium and ammonjum
salts which by some mechanism develop into a stone. Hager
and Mgath have also found Salmonelle Ammoniae to be capable
of causing incrusted cystitis and stone-in-the-bladder.

' Rosenow and Meisser: Arch. Int. Med., xxxi, p. 807; J.4.M.A., Ixxxi,
p. 503; J.4.M.A., lxxviii, p. ‘_266 (1922).

;é—lagar and Magath: [bid., Ixxxv, pp. 1852-5; Ibid., Japuary 28th, 1928,
p- .
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- In dealing with the theories of stone formation, it is difficult
to separate them into water-tight compartinents; one is so closely
interrelated to the other. 'Thus Osborne and Mendel’s? experi-
mental production of stones on diets deficient in fat-soluble
vitamins has been explained as due to a general debility or
lowered vitality brought about by the deficiency of the vitamins,
with a resultant invasion of the bladder, production of alkaline
urine and consequent deposition of phosphates leading to cal-
culus formation. Again, I'ujimaki’s® findings that the urine of
aniinals kept on a diet deficient in vitamin A and having bladder
calculi was alkaline and that, when the same animals were fed
vitamin A, the urine became acid and the bladder stones dis-
appeared, may be traced to an infection brought about by a
deficiency of vitamin A which might have been got over by
supplying an adequacy of the vitamin. Thus it is seen that
the infection theory and the dietetic theory have slowly merged,
the latter giving rise to the former.

Kven i this infection theory, all organisins do not cause
stone; special strains of organisms are necessary to establish
the requisite conditions for stone formation. Thus, while, strep-
tococel from cases of nephrolithiasis are able to cause stone
lormation, streptococcl {rom arthritis do not.

Benjamin Moore® does not believe in the causation of stone
as arising out of infection. But the incidence of phosphatic
calculi both in humans and in animals, suggests that infection
of the urinary tract may also be a potent factor in the causation
of stone. 1t should be emphasised here that infection need not
be an essential factor in the causation of stone; for McCarrison
has found In his experiinental studies several cases of stones
without cystitis or other inflammations of the urinary tract.

(2) Dietetic or Faulty Metabolism Theory.—Though dietetic
deficiency may be a causal factor, it is stated that it does not
directly lead to stone formation. Infection sets in and stone
results. Lack of fat-soluble vitamins, especially vitamin A, has
been credited with leading to stone formation. [Lack of vitaming
B and C is not concerned in such formation; nor is poverty
of protein in the diet a directive factor. Fujimaki even

! Osborne and Mendel (1917): J.A.M.4., lxix, 32.
? Fujimaki (1926): Japan Med. World, vi, No. 2, p- 1
® Beujamin Moore (1911): Brit. Med. Jour., vol. i, p. 737.
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succeeded in dissolving the formed stones by administering suffi-
cient fat-soluble vitamins. \an Lieersum.' and Pertmann and
Weber® have also produced stones in rats fed on a vitamin A
deficient diet.

Faulty wetabolism is u factor of even greater unportance.
It way, in most instances, be brought about by any dietetic
deficiency, or as in some instances by an excess of either vita-
inins, particularly vitamin D, or mineral salts. On no other
basis can the occurrence of oxalate, urate, and cystine stones be
explained. The chemical substances which go to make up the
stone vary under different conditions, and are dependent in
part upon the uaetiologic factor. Owing to an excessive inges-
tion of purine-rich bodies, like glandular organs, or owinyg to
the imperfect oxidation of the uric acid, an intermediate product
In purine metabolism, the excretion of uric acid may becowe
enormous. Under favourable conditions, or under conditions
simulated by the excessive excretion of uric acid, stones may
develop. Again, in the case of oxulate stones, the oxulate may
possibly be derived from the indulgence of foods rich in oxalates
or more likely from the incomplete oxidation of carbohydrates.
Oxalic acid is an intermediate product in the metabolisi of
carbohydrate; it is capable of being further oxidised into carbon
dioxide and water. But under conditions of embairrassed oxi-
dation or increased reducing conditions, oxulates sre excreted in
large amounts. As there is always an excess of calcium n the
urine for combination with the oxalic acid, the oxalic acid in
stones is always associated with caleium. Thig may also be
due to the fact that magnesium oxalate is more soluble than

" the calcium oxalate.

(8) Physico-chemical Theory.—This is by far the most im-
portant theory and it is the one that can explain adequately
the intricate process of stone formation. The physico-chemical
aspects of stone formation is a problem whicl has received und
Is receiving considerable attention.
urine contains both colloids and
Great wuportance has been attache
colloids in calculus formation.
lying the process still lack

It is recognised that normal
vystalloids in true solution.
d to the role of the urinary
The actual mechanisin under-
s adequate explanation. One school
! Van Leersum (1927): 1bid., wvol. ij, pp. 873-4.

> Perhmann and Weber (1980): Mucnch, M d. g
Clinio. o Berlia) ed. Woch., lxxvii, 680-1 (Surg.
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of thought considers that the urinary salts are ‘protected’ from
coalescing with one another by the colloids present. A second
school postulates instead that the colloids form the binding
matter which under certain pathological conditions serves as
the scaffolding for holding the solid salts in the fully developed
stone. There are besides other theories as to the function of
the urinary colloids in stone formation. The theoretical ideas
underlying these pictures appear to be very nebulous. All the
investigators on this aspect of the problem have but recognised
two factors in the causation of stone; the urinay salts (e.g.,
uric acid, phosphate and oxalate of calcium and magnesium etc.)
constituting the ‘bricks” and some organic matter, possibly fibrin
or some other urinary colloid, constituting the ‘mortar’. There
18 yet a third which is either dimly felt or overlooked by them.
They have failed to recognise that mere ‘bricks’ and ‘mortar’
cannot by any stretch of imagination bring into existence the
completed building. They want a mason or possibly several
‘masons’ to put the ‘bricks’ and ‘mortar’ alternately in regular
succession and in a pre-arranged manner. Likewise in the
formation and growth of stone, the urinary salts and the colloids
require the services of a ‘mason’ in some motive force, either
electrical or mechanical, that binds the urinary salts on to the
colloids. On this basis, it is possible to explain the changes
in the crystalline morphology of the urinary salts brought about
apparently by the colloids, but presumably by the motive force.

Keyser,' one of the protagonists of the ‘protective-mecha-
nism-theory’ believes that stone formation is due to a
disturbance in the normal protective colloidal mechanism of the
urine, either in holding water-insoluble substances in solution
or in precipitating crystals in separate entities. Spitzer and
Hillkowitz® who have bestowed considerable thought on this
subject, postulate that the protective action of urinary colloids
1s of very delicate balance. The colloidal state is very unstable
and there is always the tendency to assume the more stable
condition by falling out of suspension. This can be brought
about by a variety of ways: (1) an intrinsic reduction in the
protective colloid content of the urine; (2) an enormous increase

* Keyser: Annsls of Surgery, February 1923; Archives of Surgery, vol. vi,
. 525-53.
PP * Spittzer and Hillkowitz: J.A.M.A., vol. Ixxxii, p. 1731.
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in the crystalloid content of the urine which should be much
more than what could be managed by the existing amount of
the protective colloids; and (3) by the presence of other colloidy
of opposite electric charge. Thus. with the removal, or, the
inefficient functioning of the protective colloid mechanism, the
urine will become subject to the laws obtaining in aqueous solu-
tions. The urinary salts would then get precipitated out easily;
this supplies the necessary material for the building up of the
stone. There is also the binding matter in the irreversible
colloids that have been thrown out of suspension.

The other explanation of the action of the protective
mechanism is by its influence on the crystalline morphology.
Rainey,' and later Ord and Shattock® have established the phy-
sical principle that colloidal matter modifies crystalline morpho-
logy. Ord showed that non-coalescent crystals of  caleium
oxalate could be changed to the coalescent form by an alteration
in the amount of colloid and salt present in the urine; and
Shattock showed the coalescent forms constituted the structural
units of calculi. Working in this direction, Keyser arrived at
the following conclusions as to the possible mechanisms of stone
formation in the urinary tract :—

(1) Normal urine contains a normal amount of crystalloid
excreted plus a normal quantity and quality of urinary colloid
yielding a solution of crystalloid or deposit of crystals in isolated
non-coalescent forms.

(2) Stone may be due to an excessive quantity of crystal-
loid excreted plus a normal quantity and quality of urinary
colloid resulting in a deposit of fusing atypical non-isolated
crystalline units.

(3) Stone may also be due to a normal quantity of erystal-
loid excreted plus o deficient protective activity of urinary
colloids brought about by either a deficient quantitative or
qualitative excretion of urinary colloids, or by the precipitation
of normal urinary colloid, or by masking its protective activity
by foreign colloids in exudates of specific bacterial infection,
by foreign colloids excreted as the result of abnormal meta-
bolism or produced locally by the action of some toxic meta-
bolites.

> Rainey (1895): Trans. Path. Soc., London, xlvi, pp. 91-132.

* Ord snd Shattock (1911): Proc. Roy. Soc. Med. (Patb. Sect.), iv, pp. 110-
46.
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(4) Stone may also be due to excessive quantity of
crystalloid excreted plus deficient protective activity of urinary
colloids yielding excessive deposit of fusing non-isolated crystal-
line units.

Apart from these hypotheses as to the role of the colloids,
the following points deserve attention :—

(a) The influence of the urinary colloids in increasing the
solubility of the sparingly soluble substances present in the
urine, chiefly uric acid, calcium oxalate and calcinm phosphate.

(b) The state in which the substances that go to form
urinary calculi are present in urine and deposited.

(¢) The influence of the colloids in altering the morpholo-
gical characters of the crystalline substances present in the
urine.

(d) Lastly, the nature and general characteristics of the
urinary colloids.

Taking the first point, it is known that the solubilities of
sparingly soluble substances are considerably increased by small
amounts of colloids of the type of gelatin. This property of
such colloids has been invoked to explain the high concentra-
tion of substances in the urine. The concentration is at times
as high as 20 or 30 times the concentration obtaining in dis-
tilled water. Csapo’s' work on the influence of proteins on
the solubility of calcium phosphate supports this idea.
Hastings, Murray and Sendroy,? working on similar lines found
that in such supersaturations the sparingly soluble compounds
are bound to some substances which hold them in solution in
an unionised form. Pauli and Stenzinger® also report an in-
creased solubility of the sparingly soluble salts in the presence
of proteins. Ascoli,* however, attributed this increased solu-
bility only to the crystalloidal substances present in the urine
rather than to the colloids. He finds that normal urine and
dialysate, but not the dialysed urine, have considerable solvent
power with respect to uric acid. Hohler® too finds that colloids
are superfluous or at least of secondary importance in so far

! Csapo (1927): Jour. Biol. Chem., vol. lxxv. p. 509.

? Hastings, Murray and Sendroy (1926-27): Jour. Biol. Chem., vol. Ixxi,
pp. 723, 783 and 797.

* Pauli and Stenzinger (1929): Biochem. Z., ccv, pp. 71-103.

¢ Ascoli (1928): Biochem. Z., cc, pp. 95-107.

¢ Hohler (1919): Z. Klin. Med., Ixxxviii, p. 14; Zentr. Biochem. Biophys.,
xxi, pp. 354-5.
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as an explanation of the great solubility of wric acid in luids
of animal origin is concerned. The author’s work," carried out
chiefly with uric acid and calcium phosphate, tends to confirm
Ascoli’s result, no great increase in the solubilities being found
on the addition of gelatin. Varying concentrations of welatin
0-01%, 0-02%, 0-04% and 0-08%) were employed and in no case
was an appreciable increase in solubility of either uric acid or
caleium phosphate observed.

Secondly, the state in which the sparingly soluble substances
are present in the urine is obviously of considerable importance
in relation to their abnormal solubilities. This will be discussed
shortly under the X-Ray diffraction studies of calenli.

The third and the fourth points are still under investigation.

Apart from the above, some other aspects of the physico-
chemical processes of stone formation have been studied.
Schade® observes that supersaturation per se is not the true
cause of stone formation. For instance, normal urine leads
only to sediment formation and not to stone formation. He
distinguishes three kinds of stones, pure colloid stones, pure
crystalloid stones and mixed colloid-crystalloid stones. The first
type of stones occurs when there is an excess of irreversibly
precipitated colloids (fibrin and other albuminous substances);
supersaturation need not be present. TFor the second type of
stone, supersaturation is a necessary pre-requisite. Also, con-
ditions should be favourable for the ‘guttulate’ separation of the
crystalloids. As the mass of the guttulate particles increase,
their kinetic activity decreases, which leads to the formation of
spherulites. These two types of stones are very rare, while
the third is very common. In the third type, it is believed
that the colloids determine the striations. The presence of
irreversible colloid explains, according to him, both the forma-
tion and layering of the stones. As to the function of the irre-
versible colloids in the urine, it is stated that, in their absence,
the urinary salts are thrown out in crystalloidal precipitation,
i.e., with absolutely no tendency for them to unite with one
another and form a concrement. Only when, through morbid
processes in the system, irreversibly separating colloids, such

' The aunthor is indebted to Prof. J. N. Mukherjee, Professor of Physical
Chemistry, Calcutta University, for facilities afforded to carry on this work in
his laboratory.

* Bchade, H. (1928): Colloid Chemistry, Theoretical and Applied, Edited
by Jerome Alexander, p. 629.
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as fibrin or other protein, are present in the urine, can trans-
formation of the loose, crystalloid sediment to a stone take
place. A small amount of an irreversible colloid is often enough
for this purpose; Schade succeeded in transforming the sediment
formation into that of stone formation by as low a concentra-
tion of fibrin as 0°007 per cent.

It is also believed that adsorption and surface tension may
influence stone formation. Surface tension is assumed to be
the controlling factor in deciding the form in which the salt
will precipitate from a supersaturated solution. Under normal
conditions, the mucous membrane and the physiological fluid
bathing it are supposed to have a zero surface tension between
them; thus there is no tendency for the precipitate to be ad-
sorbed by (or rather adhere to) the healthy mucous membrane.
In pathological membranes, profound colloidal changes are
supposed to lead to a high surface tension between the mem-
brane and the fluid bathing it, with the formation of an efficient
adsorbing surface. Joly' assumes that urinary colloids adsorb
the crystalloids in solution and thus increase their solubility, and
this adsorption is due to the lowering of interfacial tension
between the colloid-liquid interface due to the presence of
urinary salts.

Most of the theovetical considerations detailed above do not
bear close scrutiny. A systematic study of the subject, at pre-
sent under investigation by the author, includes the compo-
sition of the normal urine, of the deposit formed after the urine
has been left at rest, of the ultra-filtrate and the residue left on
ultrafiltration; also a study of the changes in the composition
necessary for the separation of the various substances present
in urinary calculi; the inter-relationships between the electro-
lyte and the colloid matter in the urine with a study of the
Donnan Equilibrium; and lastly the role of the mucous mem-
brane on which the deposition takes place. The results, as far
as these can be communicated up to the present, are as
follows :~—

The composition of normal urines from persons of differ-
ent nationalities—English and American—was collected from
the literature and compared with the author’s data. Tt was

! Bwift Joly (1929): Stone and Calculous Disease of the Urinary Organs.
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found, in general, that FLong and Frank Gephart’s' data repre-
s‘ent:od & much more concentrated urine than cither Hawlk’s?* or
(ﬁ‘.-ghn_y’s.“‘ However, magnesium and uric acid in Liong and
Mrank Gephart’s data are very much higher. The author's
figures differed from the foreign data in the following vecards
chlorides and ammoniacal nitrogen were found in much higher
concentration, while the uric acid content was very low. The
concentration of caleinm, magnesinm and phosphate was much
the same as that of the foreign data.

With the available data of the chemical composition of
the urines—the author’s, Cushny’s, Hawk’s and Liong  and
Trank Gephart’s representing in all nine specimens of urines—-
the equivalent ionic concentrations of the several constituents
were caleulated; therefrom the sum of the basic radicals ex-
pressed as the total of Na+K+Ca+Mg+NH,, and the acidic
radicals expressed as the total of C14+P0,+80, worked out.
In every instance, the two were almost equal.

The processes happening in ultrafiltration as also in the
natural sedimentation of urines were studied. TFor ultrafiltra-
tion, Zsigmondy’s nickel-plated ultrafilter was used with col-
lodion in glacial acetic acid. In ultrafiltration studies, the pH
and conductivity measurements were made on the fresh urine,
the ultrafiltrate and the residue in the ultrafilter at different
stages of the process. The pH was measured both colorimetrical-
ly and by the quinhydrone electrode. The specific conductivity of
the ultrafiltrate was greater than that of the urine and that of
the residue; that of the residue was shghtly less than that of the
urine itselt; the lowering of specific conductivity of the residue
was most pronounced when it was highly concentrated. Corres-
ponding to this decrease in conductivity, the residue showed a
higher pH. The conductivity of the ultrafiltrate was corres-
pondingly increased, though there was not observed any decrease
in pH, presumably due to buffer action. During various stages
of ultrafiltration, a chemical analysis of normal urine, its ultra-
filtrate and the residue in the ultrafilter was made, particularly
with reference to the uric acid and phosphate contents. These
two ingredients were chosen for special consideration because
of the impression that has gained currency that uric acid and

! Long and Frank Gephart (1912): J. Amer. Chem. Soc., xxxiv, p. 1229.
* Hawk (1921): Practical Physiological Chemistry, Seventh Edition.
* Cushny, A. R. (1926): The Secretion of Urine.
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urates, and phosphates, which are supposed to be in not very
stable combination, will be thrown out easily. Contrary to this
popular belief, it was found that there was practically no differ-
ence in the urie acid and phosphate contents of the ultrafil-
trate, the residue and the fresh urine. Tven concentration of
the residue in the ultrafilter did not make any difference in the
uric acid and phosphate concentrations.

A more detailed study of the compositions of fresh urine and
its nltrafiltvate showed that the latter contained less of chlorides
and slightly more of calcium.

Urine was allowed to sediment for over 24 hours, when the
clear supernatant liquid was decanted off and centrifuged at
high speed. The clear liquid was analysed for as before and
the figures obtained compared with those of the hottom liquid,
i.e., the urire containing the whole of the sediment. The com-
position of the two, as also their pH, was much the same. The
conductivity of the supernatant liquid was shghtly more than
that of the urine with the sediment, a vesult similar to those
obtained in the ultrafiltration experiments. In particular, the
uric acid and phosphate contents of the two were almost the
same.

SCATTRRING OF LiIGHT 1N UURINES!

It has already been pointed out that urine contains both
colloids and crystatloids and that these colloids are believed to
play an important role in the formation of calculi. The mecha-
nism governing the process of calculus formation, the function
of the colloids in normal and pathological urines, and the size
and shape of these colloidal particles have not as yet been satis-
factorily understood. It was thought that the scattering of light
in urines, normal and pathological, would give some information
as to the size and shape of the particles, and hence depolari-
sation values were determined. The experiments designed to
this end, as also those designed to find out, if any, the relation
between the size and shape of the particles and the particular
pathological condition of stone formation were not very success-

ful.
1 Ranga;nathan, 3. (1931): Ind. Jour. Physics, vol. vi, Part V, p. 463.

* The author is indebted to Sir C. V. Raman, F.R.S., N.L., for affording
facilities for carrying on this work,
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X-Ray Dirrracrion STunims o Carcurna!

The state in which the substance or substancos that make
up the urinavy caleuli are deposited has not been known with
any certainty.  So far, only chemical and physico-chemical
methods have been attempted, but the resulis obtained by differ-
ent investigators werve not consistent. The above mefhods of
investigation are but c¢rude before purely physical methods and
of these, X-ray diffraction studies afford a more definite method
of deciding whether the substances in the stones are deposited
in the colloidal or crystalloidal state. Tt i« already known that
erystals in a finely powdered state give rise to sh

arp and well-
defined rings while colloidal substances give

diffuse  bands;
crystals not powdered will give numerous ‘Laue’ spots.®*  Hence
the present investigation was undertaken. And as this is the
first attempt to study caleuli by means of the X-ray, oreat
interest is naturally attached to the present work. The results
obtained are encouraging.

The diffraction patterns obtained for the vesical caleulus and
uric acid showed some interesting features in common. Pure
uric acid gave rise to four rings; the first ring being made up of
two rings touching each other, the second ring very sharp but
of feeble intensity, the third very intense and little broad, and
the fourth very faint and sharp. Compared to the outer edge
of the first ring, the inner edge was fainter. The stone investi-
gated was composed of uric acid and urates, magnesiuin ammo-
nium phosphate and a little caleium phosphate; it contained a
good percentage of ash. This stone gave rise to only two rings.
The innermost ring in the uric acid pattern was very broad and
{aint whereas in the stone pattern, it was quite sharp and
narrow. The latter did not seem to be made up of two rings.
But the mean radii of the rings in both were exactly the same,
The second ring seen in the uric acid pattern was not observed
in the stone pattern. The third ring was uite sharp; yet itg
intensity was not as much as that in uric acid, and, hence,
probably, the second and the fourth, the two comparatively
faint rings, did not make their appearance.

The spacings, expressed in Angstrom units, of the two rings

obtained with the stone show unmistakably that they correspoﬁd

' The author is indebted to Sir C. V. Raman, F.R.8., N.L., for affording
facilities for carrying on this work.
* Clark (1927): Applied X-Rays, p. 178.
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to the uric acid component of the stone. 'Though the stoue
contained besides the uric acid, a good percentage of magnesiun
amumonium phosphate and a little calcium phosphate—compo-
uents  containing  elements of comparatively higher atomic
welght —possibly on account of insulficiency of exposure, the
ash rings were not excited. But the one definile result arrived
at from X-ray study of the vesical calculus is that its uric acid
component is deposited in a crystalline state, as shown by the
wdentity of spacings of the rings obtained with the stone and
with pure uric acid. Schade and Boden' believe that the uric
acid 1s held in the urine in its colluidal state, while Lichtwitz,?
and Gudzent® are opposed to the existence of such a colloidal
state. Haskins' is inclined to believe that at least a part of
the uric acid is held in the colloidal state. As the state of
uric acid 1n the stone is likely to give a clue to the state of its
existence in the urine, it is assmmed on a priori considerations
that the uric acid exists in the urine in its crystalline state.
Likewise, in the cattle stone examined, the sharp rings obtain-
ed in the diffraction pattern show that the substances that go
to make up the cattle stone are deposited in the crystalline
state. The absence of uric acid in cattle stones is also indi-
cated in the X-ray analysis.

ParT V

SUMMARY AND (CONCLUSIONS

The problem of the Urinary Calculus, with particular refer-
ence to India, the conditions under which it arises, the
mechanism of its formation and the rationale of its prevention,
have been dealt with in the preceding pages. Human stones
were found to consist of a mixture of uric acid or urate, calcium
oxalate and calcium phosphate and sometimes magnesium am-
monium phosphate. They are rarely made up of any one con-
stituent. The human kidney stones form a class apart not only
in their origin and physical characters but in their composition
as well. They ure all essentially calcium oxalate stones. The

' 8chade and Boden (1913): Ztsch. Physiol. Chem., lxxxiii, 347-80; Ixxxvi,
B ichtwite (1914): Ztsch. Physiol. Chem., lsxxiv, 4168,

® Gudzent (1914): Ztsch. Physiol. Chem., lxxxix, 253-4.
* Haskins (1916): Jour. Biol. Chem., xxvi, 205-15,
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‘Nuelei” of urinary caleult were cavefully stndied and muel of
the confusing and contradictory statements in literature abhout
it clartfied.  There was observed one fundamental difference ho-
tween the composition of the experimentally produced stones
and human stones.  The forwer fell mto two distinet catego-
rics :—phosphate stones where the phosphate existed mvariably
as magnesium ammonium phosphate, and calcium stones where
the ecalcium existed either as the carbonate or as the hydroxide.
The former set of stones were produced on deficient diets, the
chief deficiency being vitamin A, while the latter occurred only
on diets deficient in vitamin A and excessively rich in lime. It
was thus brought out that the addition of lime to vitamin A de-
ficient diets profoundly altered the composition of the stones
produced. Evidently this was due to the diversion of the course
of the ingested lime [rom its normal route.

Results of great physiological interest were arrived at as a
result of the studies on calcium and phosphorus metabolism
on such stone-producing diels. An inverse relation between
the urinary calcium and phosphorus was observed. From the
results of the above metabolic studies, it was at once apparent
that the statements in text-books that calcium is excreted both
by the kidney aud the large intestine, the greater part by the
latter route, and that diets rich in caleium cause but slight in-
crease in the urinary excretion of calcium, require counsiderable
qualification. Under normal conditions, most of the calciwm of
the diet, excepting that actually retained in the system, is excret-
ed through the bowels. But on diets deficient in fat-soluble
vitamins and containing an excess of lime, a good part of the
calcium is excreted through the kidneys. The above studies
also conclusively proved that mineral imbalance (here the im-
balance between calcium and phosphorus) is a factor of even
greater importance in the production of stones than deficiency
of vitamin A, which, no doubt, 1s one of the predisposing
causes of stone. Mere balancing of the mineral constituents
of a vitamin deficient diet confers on the animals good appetite
and growth, almost approximating that of the normally-fed
animals; provision of adequate amounts of fat-soluble vitamins
to diets imbalanced as regards their mineral constituents did
not confer such beneficial results. But by far the best approxi-
mation to the stock diet was obtained when the balanced diet
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contained in addition adequate wnounts of fat-soluble vitamins.
It was also shown that comparatively little fat-soluble vitamins
was needed to maintain good growth, if the diet be halanced
as regards their mineral constituents. The value of the ratio,
CaO retained/,0, retained, ou the several diets investigated
suggests that it wight serve as u reliable eriterion of the biolo-
gical efficiency of a diet. Conformity of this value to the
theoretical is a necessary pre-requisite to the efficient function-
ing of a diet.

An exact counterpart to the investigations on rat stones was
provided in the problem of cattle stones. The cattle stones
have a uniform composition, consisting mostly of calcium car-
bonate. They approximnate closely the calcium carbonate
stones produced experimentally. 'The experimental diets—
deficient in vitamin A and rich in lime—were almost identical
as regards their chemical composition with the diets of cattle
that suffered from stone. In view of the results of the calcium
and phosphorus metabolic studies, it can be suggested that the
problem of cattle stone in India could be solved by maintaining
the mineral balance, chiefly calcium and phosphorus, and pro-
viding adequate amount of vitamin A, through green fodder, in
the diet of cattle (McCarrison, 1931).

The physiological significance of the absence of wuric acid in
rat and cattle stones and its frequent occurrence in hwman
stones is discussed; it has been traced to the high ‘uricolytic
index’ of the rat and cattle. The theoretical possibility of the
production of uric acid stones in rats hus been explored with
negative results.

Discussing the causation of stone, the three important
theories, the infection, dietetic and physico-chemical theory of
protective colloid mechanism have been dealt at length. Hspe-
cially on the physico-chemical aspects of the problem, the
relevant portion of the author's work is set forth briefly.
Methods of studying the problem by means of the ‘scattering
of light in urines’ and the ‘X-ray diffraction studies of calculi’
have been fully explored. The state in which the substance or
the substances that go to make up the urinary calculi has now
been established beyond doubt by means of the X-ray study.
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(For a Summary, see pages 11-12.)
$ 1. REVENUE Position

THE revenues of the Government of India have been undergoing

quanw Customs duties which
iave .u recent $Bwes supplied nea 1y 65 per cenu of the Central
Government’s revenue are by no means a stable source. Import
duties are the mainstay of the customs revenue. Of the imports,
sugar and cotton piece-goods brought in the largest revenue
in the past, but the adoption of a protective tariff has cut
down revenue under both these heads. Sugar brought in
Rs. 10-68 crores even as late as 1930-31, but produced only
Rs. 3'75 crores in 1934-35 and the budget estimate for the
current year 1s considerably less. Cotton goods which brought
in Rs. 77 crores in 1924-25, produced Rs. 446 crores in
1933-34. Matches were responsibe for Rs. 103 crores in
1921-22, but to-day this hardly figures in the lmport revenue.
In spite of such radical fall in lmports, customs revenue is
still maintained at about Rs. 51 crores, but we must remember
that this is due to the increase of rates and the emergency sur-
charges levied since 1931. The extent of the new burdens
placed on imports can be seen from the fact that whereas in
1929-30, a revenue of Rs. 41 crores was raised on imports
valued at Rs. 234 crores, the same amount of revenue was
raised in 1932-33 when imports had fallen to Rs. 199 crores.
The surcharges are but temporary and will have to be removed
sooner or later. Further, an enquiry into the present system
of revenue tariff is contemplated, and such an enquiry may
result in a fall of rates. Although in some cases the fall in
rate may be accompanied by an increase in revenue, that may
not be the case in regard to many items.

As for export duties, a part hag already been assigned to
the jute-growing provinces, and another part will be lost when
Burma is separated. We must also remember in this connec-
tion that countries in Europe are working towards self-

sufficiency, and the future, at least the immediate future, of
4
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world trade looks gloomy. Nor are there any sure signs yet
of a revival of prices.

In these circumstances, it would be hazardous to build
hopes on the customs revenue being maintained at the present
high level. Nor is such heavy indirect taxation defensible in
theory, seeing that the burden of it is unequally distributed.
High protectionism is in fashion in Awerica and elsewhere.
India is also launching on the same course. Protection is g
double-edged sword; if it is successtful, the customs revenue will
be lost, and if it is not, the consumer will have to bear the
burden. There is a view that the loss In customs revenue
resulting from protection can be made good by imposing excise
duties, but it is no easy, task to raise an adequate excise revenue
from a nascent industry, and for sowe time at any rate, the
excise duty will remain inadequate for filling up the gap. 'The
sugar excise duty 1s estinated to produce u revenue of
Rs. 1-50 croves, but the loss of revenue that has resulted frowm
protection is as much as Rs. 9 crores (as cowmpared with
1930-31).

Income-tax revenue has been keeping up, in spite of the
depression, but there would have been a fall, had not rates
been put up and surcharges imposed in 1931. Incowes below
Rs. 2,000 were also brought within the scope of the tax. The
profits of companies assessed to income-tax fell from Rs. 53
crores (average of 10 years ending March 1930) to Rs. 29 crores
in 1932-33, and a corresponding fall must have occurred in
personal incomes as well. Nevertheless, the total revenue
under income-tax showed an increase from Rs. 16:6 crores
(average of five years ending March 1930) to nearly Rs. 18
crores in 1932-33. No doubt, when business recovers, incomes
agsessable will increase again, and income-tax revenue will go
up, even if the surcharges are removed; but by then the proceeds
of the tax will have also to be shared between the Centry]
Government and the provinces. The time and the nature of
such assignment have not been fixed, but the provinces wil]
make every effort to secure for themselves as large a slice ag
is available at as early a date as possible.

1t is true that during the first half of the current financial
year, both customs and income-tax have recorded a slight im-
provement on the estimates of March 19385, but no conclusions
can yet be made about the outturn for the whole year. If
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such lmprovement takes place, the surcharges imposed in
1931-32 will have to be reduced if not altogether removed, as
they (especially those on customs) are regarded as a heavy burden
on industry and commerce. Large inroads would be made in
income-tax and custowns revenues, if the surcharges of 1931 are
removed.

The breakdown of non-tax revenue has been the most
serious financial result of the trade depression. Under various
heads,—railway contribution, opium sales, provincial contribu-
tions, etc.—the Government of India had been receiving large
sums before 1927, but most of them have steeply declined and
some have altogether disappeared. The revenue from these
items fell from Rs. 30°45 crores in 1923-24 to Rs. 577 crores
in 1933-34.

IteMS Non-Tax Revenue in the years
(In crores of Rs.)

1923-24 1929-30 1933-34

Net revenue from commercial depart-

ments (chiefly railways) 897 524 -—+56
Net revenue from opium 1-66 2:55 88
Net revenue from currency and mint ... 2°14 200 <74
Interest receipts . 316 440 163
Extraordinary receipts - 2:60 189 : *36
Other revenues “ 272 3-38 2:72

Provincial contributions . 9-20
Total ... 3045 19-46 577

Railways perhaps tell the most pitiable tale. This source
of non-tax revenue which besides paying its way contributed
handsomely to the general revenue has lately been accumulating
deficits, amounting in four years (1931-32 to 1934-35) to Rs. 32
crores. The actual position seems to be even more disquieting,
and 1t would appear that if a proper accounting system had
been adopted and items legitimately chargeable to revenue had
been charged to revenue and not to capital as now, the deficit
would have been found to be even higher. For the current
year, the estimated deficit is only Rs. 2 crores, but judging
from the actuals of the first few months, the deficit may be
larger unless considerable improvement takes place- in - the
remaining months of the year. The Percy Committee esti-
mated the revenue from railways at Rs. 5 crores annually,
but in order to have such a surplus, the gross traffic receipts
from railways must reach the figure of Rs. 118 crores. Even
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in 1928-29 such receipts amounted only to Rs. 1034 crores.
Indeed an economic recovery in India will increage railway
earnings, but world conditions give no immediate prospect of
any pronounced recovery. Kurther, the competition between
roads and railways which has greatly affected railway earnings
may increase rather than diminish, since it is in the interest of
the provincial jgovernments which control road transport to
maximize the revenue from that source.

Salt has been a steady source of revenue in the past, and
the budget estimate for 1935-36 under that item is Rs. 873
crores, which i1s Rs. 2 crores more than the Percy Committee's
forecast. It is suspected that this increase is due to some tem-
porary influences, and further a strong political party in the
country is intent upon reducing this tax radically and would
even like to see it abolished. With the Damocles’ sword hang-
ing on it, how can Government rest assured that the large
revenue from salt will continue to come in?

The foregoing survey has perhaps brought it out that,
although it is repeatedly said that the Government of India
has most of the elastic sources of revenue, various cireum-
stances have made nearly all those sources rather unreliable,
and any immediate increase of central revenue ig unlikely.

$ 2. TaE EXPENDITURE PosirioN

But while revenue is shrinking, expenditure is on the
increase. Apart from the existing expenses, Rs. 75 lakhs wil)
be required for enlarging the central legislature and Rs. 1:05
crores for subventions to the new Provinces of Sind and Origgy
(Rs. 75 lakhs + Rs. 30 lakhs). Further, the separation of
Burma may reduce Indian revenue by Rs. 3 crores. Thuyg eXx-
penditure may at least increase by Rs. 180 crores and revenue
may diminish by Rs. 3 crores, and assuming that revenue and
expenditure remain as now, there may be a deficit of ghout
Rs. 4:80 crores, when the Reforms are put into operation.

Expenditure Revenue
(crores of Rs.) (crores of Rs.)
1935-36 Estimate . 7722 1935-36 Estima;e ... 77'28
+ additional expenditure .. 1'80 Loss by separation of Burma ... 300
Total Revenue .., 7
Deficit... 233
Total ... 79'02 Total ... 7“"9. 02

———

FINANCIAL PROSPECTS OF THE NEW CONSTITUTION 58

But the above assumptions may prove too optimistic. The
estimate of Rs. 1:80 crores for the inauguration of federation
takes into account only the principal items. When constitu-
tional reforms are put into operation in a country like India,
expenses are liable to be underestimated, and this must be
particularly so when (as now) a substantial transfer of power
is made from a system of government controlled by officials
to one progressively controlled by a people who have been for
long feeling the need for a more liberal expenditure on social
services. The new status that India is entering upon will
create new needs, whether essential or ornamental, and such
needs cannot all be estimated beforehand.

There are also other factors which may upset our estimate
of expenditure. Two devastating earthquakes in two successive
years have upset the Finance Member’s calculations. The
Quetta earthquake (1935) must have cost Government at least
Rs. 1 crore. Similarly, certain fortuitous circumstances which
have been helpful in the past may not continue to help. In the
last four years, when the finances of Government were exposed
to a severe strain, the copious exports of gold from India came
to their rescue by maintaining the rupee exchange and by en-
abling Government to meet its dues in London. Already gold
worth about Rs. 260 crores has gone out, and it is too much
to expect that gold exports will remain for long at their present
level. If they cease or fall off rapidly, and if in the meantime
the balance of trade in India’s favour has not improved, the
Finance Member will have a very difficult problem to face.

$ 3. ScoPE FOR RETRENCHMENT

It is generally believed that there is still considerable room
for retrenchment in the Centra! expenditure. There is the
standing complaint about military charges; then, there is the
popular view that the Central Government will have fewer
functions in future and that its needs must therefore be limited.

This latter view 1s now widely held; but to my mind it is
against the whole trend of development in federal constitutions.
In the old days when transport was slow and economic life
functioned in narrow spheres, defence was the only function
of a federal government. But to-day economic life is function-
ing on a world scale, and each country is compelled to have &
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well co-ordinated economic policy. Politically, State autonomy
may be a desirable thing, but economically it might lead to
most injurious consequences as is evident from recent happen-
ings in Australin and elsewhere. Most federal constitutions
have taken account of this change in economic life and the
scope of federal government has widened and jts expenditure
has largely increased in respect of functions primarily regarded
as provincial, viz., education, public health, agriculture, in-
dustries and economic development generally. President
Roosevelt discovered to his cost what g stumbling block State
autonomy is to the economic advancement of the U.S.A. and
there is a general desire in that country for a radical change
in this respect.

India can benefit by what other countries have learnt by
bitter experience. We must avoid the evils of a rigid federal
structure—double taxation, overlapping tax lurisdictions, dupli-
cation of administrative machinery, multiplicity of tax
formulas and forms, and inequality of fiscal arrangements.’ In
many ways the financial arrangements we are adopting may
be an improvement on those of other federations. We must
also recognize that the best interests of the nation are served
by the federal government regulating and co-or
mic activities throughout the country. TInp
Centre has an important function to fulfil, and it may be a
costly one too, as international trade ig now becoming more
and more subject to agreements and manipulations, Inb indus-
try, and even in agriculture, not only research but u careful
co-ordination of provincial activities must be undertaken by
the Central Government. The same is trye of education and
public health. No doubt the Provineia] Governments will have
to bear the main burden of the nation-buj
provincial expenditure will have to increase largely; but let us
not forget that the Centre will have also to discharge some im-
portant functions in respect of them and that at least its present
resources will be required for the purpose. Not only will
Federal aid be necessary, especially to thoge Provinces ‘where
the available sources of revenue are never likely to be sufficient
to meet any reasonable standard of expenditure’,? but the

dinating econo-
commerce, the

lding services, and

1 Adarkar, Principles and Problems of Federal Fi

* Report of the Joint Select Committee, p. 161 nance, p. 63.

FINANCIAL PROSPECTS OF THE NEW CONSTITUTION 55

Federal Government will have also to incur additional expendi-
ture on the regulation of external commerce, banking, shipping
and certain industries, on agricultural and industrial research,
and on marketing organisations. When the circumstances
within and outside India are calling for a unified economic policy
in this country, it would be fatal to curtail the scope of the
Central Government’s activities.

It is true that India’s defence expenditure has been main-
tained at too high a level. Sir Walter Layton estimated it
at 31} per cent of the total central and provincial expenditure;
although the proportion must have fallen since, owing to the
recent cuts in military charges, India’s defence expenditure is
still high, in comparison with its civil charges, which are rather
low. The disparity between military and civil charges in India
is indeed striking. But it may be said that in defence the thing
that matters is that you must keep up your armaments on the
scale adopted by your neighbours and possible enemies. India
is like 3 man who in the insecure times of old had to have a
wall of hard stone although he lived in a mud-house himself.
If his means improved, his house would be better built, but
he would not be wise in taking away the stone wall till his
neighbours took off theirs. India’s defences have to be strong
until disarmament becomes a reality.

We may remember in this connection that since the World
War, considerable economies have been effected in defence ex-
penditure. It fell from about Rs. 70 crores in 1921-22 to
Rs. 55-10 crores in 1929-30, and although it was then stabilized
at that amount the depression called for emergency economies
and the expenditure last year (1934-35) came to Rs. 44-38 crores.
A cut of about 11 crores in four years is no small achievement,
although it was partly due to the diminished cost of stores.
The Finance Member has warned the Assembly that ‘the
large reduction of defence expenditure in recent years had
been secured to some extent by emergency measures of a tem-
porary character’, and that the new figure ‘could not be regarded
as representing a new permanent level of defence expenditure’.t
When prices rise again, the expenditure may also increase.
Even assuming that new ways of economising might be dis-
covered in future, will not the savings be absorbed in aerial

Y Budget Statements for 1934-35 and for 1935-36.
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and naval defences? In the present state of things, one cannot
build much hopes on any great fall of defence expenditure in
the near future. When India obtains a higher political status,
the burdens of defence may increase rather than diminish.

$ 4. Prosprcrs

Taking all these circumstances into account, one fears that
the Central Government needs all its present revenue, and more,
if it is to function properly. Hopes are entertained in certain
quarters that a substantial part of the income-tax revenue will
soon be assigned to the provinces, but in the light of the
situation sketched above, one cannot see how this hope can be
fulfilled in the immediate future. On every ground, it is
essential that the Central Government should have u strong
financial position when inaugurating the Reforms.

No doubt the provinces are in a bad way. Some of them
have inadequate resources, and most of them have had un-
balanced budgets recently. The per capita expenditure on edu-
cation and public health in the thickly populated provinces of
Bengal and Behar is deplorably low, and must be raised. Great
expectations have been held out to the people in regard
to nation-building services and these expectations will have to
be fulfilled in some measure. It is certainly in the interest of
the country that provincial resources should increase. The
Central Government has lately made a generougs gesture by
making a grant to the Provinces for rural development. Thé
Provinces would perhaps prefer an assignment from income-tax
revenue to a grant, but the amount of such assignment cannot
be large for some years. New resources will have to be tapped.
Some of the resources (e.g. income-tax on agricultural incomes)
can be tapped directly by the provincial governments, but others
(e.g. death duties, terminal taxes) must be levied by the
Central Government although the revenues will be handed over
to the Provinces. The Central Government can also benefit by
imposing surcharges or cenlimes additionnels on such levies.
This step will soon become necessary both for the Centre and
the Provinces.

The burden of taxation is fairly high in India, but it may
not be so high as in many advanced countries. We have not
got the statistical material necessary for an accurate estimate
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of the burden, but it has been computed that the ratio of total
taxation to national income is higher in the U.S.A., Great
Britain and even Japan.! India is indeed a poor country, but,
as Layton says, ‘it is at the same time a country in which
there are large accumulations of wealth on which the burden
of Government rests very lightly’. T.and revenue may yield
more, if it is attuned to the principle of ability. Nor are there
death duties. Commodities of common use like tobacco, on
which much revenue is raised in Kurope, are still untaxed or
lightly taxed in India. Social ceremonies (like marriages) de-
serve to be taxed, on every ground. Increase of taxation had
been hitherto unpopular because it was felt that the revenue
was not properly spent, but now that provincial autonomy is
becoming a fact, the public must be in a position to control
expenditure more effectively. The country is calling for more
roads and schools, clean water to drink and sure water supply
for the fields; and expenditure on these items will be productive
in every sense of the word. In the present state of the country,
wise public expenditure is the royal road fo increased economic
welfare and to greater social harmony. As Layton has pointed
out, ‘taxation may be the only practicable means of creating a
better and more secure livelihood’.? Such taxation will not
reduce the income of the people but will increase it; it will
enhance production and not diminish.

Although the economic depression has diminished money
incomes, production has not fallen, but has increased. As I
showed in a paper submitted to the Economic Conference last
year, even in the period 1920-31 during which population in-
creased in an unprecedented degree (about 11 per cent), agri-
cultural production increased by 16 per cent and industrial
production (as indicated by ten organised industries) increased

1 The percentage of national income (central, provincial and local) taken
as taxation in different countries has been estimated as follows by Prof. Findlay
Shirras. Poverty and Kindred Economic Problems, pp. 48-49. The estimates
may not be quite accurate, but they are adequate for purposes of comparisor.

United Kingdom (1929-30) 22°2 per cent.
France " (1928) 209 v
Germany (1925) 201 ’
U.S.A. (1928) 10°7 '
Japan (1925) 12-8 ’e
Canada (1927) 95 "
Australia (1924 133 '
India (1929-30 59 "

s Simon Commission Report, Vol 11, p. 208,
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by 51 per cent. Since 1929, production has diminished in most
countries, but in India agricultural production has been main-
tained, and industrial production increased by 44 per cent
(between 1928-29 and 1934-35). The only other country which
recorded similar progress during the period waug Japan (45 per
cent). In Great Dritain, the increase wag only 6} per cent,
and in France, Germany and U.8.A., there was a decline of
about 25, 15 and 20 per cent respectively.

Some details of Indian industrial production will be interest.
ing in this connection. In 1900, hardly 500 million yards of
cotton piece-goods were produced in India; in 1934-35, the
amount produced was 3,400 million yards; hardly any pig-iron
was made in 1900; in 1934-85, 1,343,000 tony of pig-iron and
834,000 tons of steel were made in the country. Tven more
striking progress was made in sugar and cement. In 192829,
only 99,000 tons of sugar was produced in India; in 1934-35,
in spite of the destruction of many mills in Behar, production
amounted to 637,000 tons. Thus, sugar production
increased six-fold in six years.

These are the bases of India’s real income and taxable
capacity. When production increases, the outturn of existing
revenues must increase, and a larger taxable capacity will be
generated. With better employment, there will be greater
demand for goods, mostly, goods produced at home; and there-
fore trade and economic activity in general will increagse. On
the whole, the provincial governments derive greater benefits
from increased production than the Central Government. (us-
toms will have a temporary benefit by the increased importation
of machinery, but will be adversely affected when imports fall
off in consequence, as has happened in sugar and cotton piece-
goods. Income-tax will increase, but not immediutely, and by
the time it increases, a substantial assienment will have to be
made to the Provinces. Railways will benefit, but roagsg are a
formidable competitor and increased road traffic wil] benefit the
Province chiefly. Stamps, registration fees, ete. will increase
and enhance provincial revenue; even the provinci
excise will swell when new factories arise in a region;
revenue collection will become easier.

The whole trend of economic development to-day is in the
province’s favour. When economic internationalism function-
ed, India was linked to it as a primary producer and ag g

has
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and langd
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steady consumer of textiles and iron goods; but to-day, with
the growth of economic self-sufficiency in most countries,
India’s position in world economy is undergoing a radical
change. "The demand for India’s primary products abroad has
weakened; and India’s demand for cloth, sugar, iron goods and
other ordinary connnodities from outside has also greatly fallen
off. In the days when foreign trade loomed large, customs
revenue had a wide scope, but when machinery and a few luxury
goods become the principal lines of import trade, the scope for
levying import duties will naturally narrow down. Indeed the
Central Government can impose excises, but it will take time
and when they increase, the provinces will have also a share
in it. Thus, while the industrial development of India depends
very largely on Central policy and direction, the chief bene-
ficiaries of industrial progress will be the Provinces and the
effect on Central revenue will be largely adverse. In these cir-
cumstances, the self-interest of the Provinces requires them to
sce that the Central Government’s finances are strengthened
and not weakened; for thereby they will pave the way for the
plentiful increase of their own resources in future.

To conclude: The unsteadiness of tax revenues, especially
customs duties, the failure of non-tax revenues and the
uncertainty of gold exports have made the financial position of
the Government of India far from prosperous and have aroused
pessimistic views about the prospects of inaugurating the
Reforms. This may make it difficult for the Central Govern-
ment to make any large assignments of its revenue to the
Provinces, as was expected when the Peel and Percy Commit-
tees made their forecasts. Most of the Provinces have deficit
budgets and the whole country is looking forward to an
increase of expenditure on nation-building services; but it is
too much to expect that the resources needed will come to any
great extent from the existing revenues of the Central Govern-
ment. India’s credit depends largely on the financial position
of the Central Government, and at a time like the present
when the Reserve Bank is just beginning to function and when
important constitutional reforms are contemplated, it is essen-
tial that its financial position should be strong. Whatever the
Central Government can spare may be given to the Provinces
in the form of assignments from the income-tax revenue, but
these cannot be large and will have to be supplemented by
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fresh taxation. The striking increase of
even in a period of unexampled de
that fresh taxable capacity is being
safely tapped in the near future.

. production in India
Pression gives one the hope
created and that jt could be

THE DOUBLE-ACCENTED VEDIC COMPOUNDS
BY
C. R. SANKARAN, B.A. (Hons.), Dip. in German,

Sometime Research Student in Sanskrit, University of Madras.

I BAVE already shown® that in Rv. V. 78, 7, the tatpurusa
compound ddéa-masyah logically accented its first member and in
Apastamba Mantra Patha while in one place it was double-
accented?, in another place it bore the accent on the last
member3.

In fact, we find a large number of double-accented compounds
in the Rg Veda, some belonging to the unepithetised class as

It 4, and some to the epithetised class, besides a few

Dvandva compounds.
Some examples of these double-accented compounds I choose

at random and give below.

sdhas-as-putrdm (Rv. V. 11, 6.)

bth-as-pdtth (Rv. L. 62, 3.)

vdn-as-pdteh (Rv. 1. 90, 8.)

brahman-as-pdtih (Rv. 1. 18, 4.)

sddas-as-pdtim (Rv. 1. 18, 6.)

sdd~-as-pdte (Rv. 1. 21, 5.)

gnii-s-pdtik (Bv. IL. 38, 10.)

gndé-s-pdinibhik (Rv. IV. 34, 7.)°

jé-s-pdtih (Rv. VII. 38, 6.)7

rdtha~-s-pdtih (Rv. V. 50, 5b; X. 64, 10.)

ind-s-pdatih (Rv. L. 53, 2.)

Jjdgat-as-pdtih [Av. VII. 17, 1; kathaka samhita XIII.
16 (200, 8.)]

! In my paper ‘Accentuation in Sanskrit Determinative Compounds '
published in the Jourmal of Oriental Reseavch, Madyas, Volume VIII.
Part 1I.

* ddfa-mbsydya (A.M.P. 11. 11, 15.)

s dafa mésyah (A.M.P. 1. 13,9.)

¢ Rv. VIIL 15, 13. The pada text reads 319} 3 Qfd

5 The pada text reads H[: Qﬁ: {

¢ The pada text reads AT: YAIRI: | (See J. 0. R. M. Vol. 1., 1927,

Dr. C. Kunhan Raja : ‘ Linguistic Notes ’, p.21.)
* But jé-s-patim (Rv. 1. 185, 8.)
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bhiaradvaji-pitra S B. 14,9, 4, 30)
Sdvas-as-patom (Rv. 111. 41, 5; V1. 44, 4)
ddasyave-vikaly (Valakhilya 3, 2)
prdate tyam (Rv. 1. 19, 1))
st jegyisah (Bv. 1. 17, 7)
citracya-radhase (Rv. 1. 17, 7))
apim-ndpat’ (Rv. 11.85,1;2;3;7;9; 105 13)
It is clear that in the double-accented compounds like
GEISIEE (Rv. 1. 90, 8.) with pdti- as the second member, syntacti-

cal in origin, the first member has a genitive case forme.

Scholars like Garbe® once believed that both vdnaspdti and
rathaspdti probably owed their s to the analogy of bfh-qs-
pdti.

Bartholomae, however. (vide ¢ Arisches’ Bezzenberger’s
Beitrage, Volume 15, page 15. Compare also Lanman : « The
stem vdn is supported only by vdrisu, found twice, with irregular
accent. 8V.1. 74 has a wretched variant, vand.” « A statistica]
account of noun inflection in the veda.” J.4.0.5. Volume 10,
page 353) went farther with Lanman in recognising the stem
vdn- of which therefore, the regular genitive singular is vdnas-,
but he was nevertheless inclined to treat -s- in rdthaspdti ag due
to analogy. » : -

Wackernagel* and Macdonell® followed suit in thinking that
in vdn-as-pdti- the first member may be the genitive singular of
van- wood, not so much in view of the genitive plural form
vandm (for this form can be explained even if we assume the
existence of a stem vdna) but particularly in view of the fact that
we have the locative form vdmsu.

But these scholars too persisted in maintaining that - in
rdthaspdti must be inorganic, for obviously it is impossible to
assume the existence of a stem rdth.

1 Cf. also Wackernagel :—dAltindische Granmnalik 11, 1, sections 41 anq
103.
* Vide. Macdonell’s Bigger Vedic Grammar, page 96.
3 Garbe: ¢ Das accentuationssysiem des allindischen
tums’ page 490. Kuhn’s Zeitschirfi. Volume XXIII. [
borrowed for me from the Bombay Branch of the Roy
through the kindness of the_ Librarian, the_ University
Cp. also Oswald Richter: ¢ Die unechten Nominal komposita des Altindischen
und Altiranischen’ page 17, IndoGermanichse Forschungen volume IX,

* Wackernagel : Altindische Grammalik 11. i. page 247,

® Macdonell: Bigger Vedic Grammar, page 96. Footnote 6,

nowinal composi-
This volume was
al .Asiatic Society,
Library, Madras. ]
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Bearing in mind that the genitive singular termination -as
varied with -s in vowel declension, (i.e. when the nominal stem
ended in - or u-etc.), it may be assumed that in ¢ rdthaspdti ’ per-
haps the stem was rdtha- to which the genitive singular termina-
tion -s (the weakened form of -as) was tacked on. Likewise in vdnas
-pdtt also, vénu- may be assumed to be the original stem to which
the termination -s was added, instead of assuming van- to be the
original stem even here. (In vamsu, no doubt van- is the stem.)
This assumption is warranted by the fact that side by side with
the stem van- there was also the stem vdna- in the vedic
language (cf. Brugmann Grundriss English Translation. Vol. IT.
section 24, page 40). In classical language, only vana- was pre-
served and the stemx van- was lost. Thus in a satisfactory
manner, we may dispense with the assumption that s in
rdthaspdti is inorganic and due to analogy.?

But the feminine form gnds-pd¢ni- is however anomalous.

The compouud sddas-pdti- probably stands by haplology for
*sddasas-pdti-. ‘The only new instance of double accentuation
of a compound with -pdti- after the Rv. seems to be nEms-pdts-
(MS ).

There are two other double-accented compounds ; n@bhi-
nédistha which seems to contain an old locative in the first
member and ds-pdtra- (T.8. II 5.9.3.) where the uninflected stem
appears. L

It is indeed interesting to note that though brdhmzms-pdti-
1s not treated as a compound in Pada text, it ‘is so treated in the
Dvandva indra-brahmanas-pati (Rv. I1. 24, 12)).

Again 1t is of some significance to observe that seqfy
(Rv. I. 185, 8) is the only Tatpurusa in the Rg.-Veda in which
double-accentuation does not take place when -pdéi- is preceded
by s. ¢The only other instance in the Rv. of a tatpurusa with
case-ending in the first member and yet singly accented is divo-
dasa- name of a king. Elsewhere occur apsu-yogd- (Av. X 5, 5.),

L *esor*osor*as,
2 Scholars like Macdonell being perhaps much influenced by forms like

~
Sanskrit §{: seem to feel that.the genitive singular termination -as varied

with -s in vowel declension, only when the nominal stem ended in #- or - etc.
Bat I suggest that perhaps it can be assumed that even with regard to @ declen-
sion the same principle may hold good.

3 Vide Macdonell’s Bigger Vedic Grammar, page 96, footnote 7. Cf. also
Wackernagel 11. i, p, 248,
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amhasas-pati—(VS), perhaps matir-bhratrd- (MS. 1. 6. 12.)
‘ mother’s brother ' (the MSS read matur-bhratrd- ).’

All the double-accented compounds like FZeqfH: are compre-

hended by Panini’s sitra 37 FAEGAIRT g9g (P. VL. 2. 140.)
Panini’s explanation of & in compounds of the type of geqfd:
is that it is merely an augment. FIEFTGNTH 9 dargi
(P. VL. 1. 157).
.
agedy: FA: WRAAAA: g TN (vartika).

(The word brhdt ordinarily bears the accent on the last
syllable, but in the compound bthaspdti- the ¢ of brhdt is elided
and the accent is moved back to the first syllable.)

Panini has framed another sfitra too to comprehend the geni-
tive compounds? like the following :—

graafd  (Rv X. 81, Ta; VS, VIIL, 45 ¢ ; XVII, 23 a; TS

4'6.—2-5 a; MS. 210. 2 a [page 133, line 18. Schroeder’s
edition, second book] KS. XXI, 13a; XXX, 5 a; XVIII, 2;
8 B, 46. 45)

Eﬂfgﬂr& (Rv. X. 37, 1)
fzagg' (Rv. IIL 2, 12)
;:‘zet_@'-nrq (Rv. L. 92, 6.)
s;agi (Rv. I. 128, 1.)

’Faazqz‘;: (Bv. X. 114, 1))
;r-q@stq (Bv. X. 17, 9.)

Considering the connections and surroundin

. 8 of co
with -pdé: as the second member, the y are cer : mpounds

tarin to &ppeg,r as

! Macdonell’s Bigger Vedic Grammay page 96, Footnotes 4 and §

Schroeder says: ‘ so corrigirt; inden MSS HIdo ohne accent
edition of Mastrayani Samhils, Book I, Page 106,* Footnote 3

* 981 IfATETRIZ9EENY (P v, 3. 53,

' Vide his
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old formations. $ubhdspdti for instance, occurs several times in
the Rg Veda, always as epithet of the ASvins. Guds-pdti and
Gnids-pdtni are evidently old; they occur only in connections
with Tvagtar, and such a feminine as gnds-pdétni would be
impossible, from a newly coined word.! divas in divo-ddsam
(Rv. 1.112,4 6;1V.26,83d; VI 61,1b; VIL 18, 25¢) too
seems to occur only in composition for besides this compound
we have divas-prthivyau ‘heaven and earth’. To this base
divas-which is only found at the beginning of+ compounds,
corresponds well the Liatin dies- in dies-piter.?

The analogy of apdm-ndpat is followed by tdni-ndpat.
(tanii- has acute on the final but in the compound the accent is
moved back to the first syllable. Thus fanii- behaves like
brhdt- in compounds with regard to the shifting back of accent).?
B. W. Fay thinks that the double accent in the compound
suggests that it is a Dvandva (Cf. J.4.0.S., Volume 16, Proceed-
ings, page clxxiv).

Another important double-accented compound is W-’z]‘(‘i:
(Rv. I. 142, 3 ; II. 38, 10 ; 1. 13, 3 ; 106, 4;) Skandasvamin_ and
Venkatamadhavarya take it as a determinative.

Says the former commenting on Rv. 1. 13,3, ¢qisig 5ifq:
@[AY: T umegd 3 oause) Afw: d 0N And says
Venkatamadhavarya in his commentary :—AUsid at: sigfg-
afif ) ‘

[There is a close resemblance between double-accented
compounds of this type and the following passage from the

* M. Bloomfield is the only scholar who is somewhat inclined to think
(rather ingeniously) that s before-pdfi may be a trace of spe, a more ancient
form of the root 2. Vide J.4.0.S. Volume II, Proceedings, page 5.

2 Vide Bopp’s, Comparative Grammar, Volume 111, para 973.

3 aaw‘aeqé‘ m¥:  (Rv. 1L 29, 11.) In only one place, this com-
o a -

pound accents the first syllable of the second member alone in A. V. ﬂﬂéﬁqh

V.27, 1.

( 4 Vid)e page 92 of ¢ The Rk Samhitd with the Bhisya of Skandasvamin and
the Dipika of Venkatamadhavarya, edited by K. Simbagiva Sastri, Curator
of the Department for the Publication of Sanskrit Manuscripts, Trivandrum.
Trivandrum Sanskrit series No. XCVI. Sri Setu Laksmi Prasadamala.
No. VIII. .

5
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Atharva Veda where a particle and a following verb are both
accented h¢ sdnti. (Av. VI. 112,3.)]*

AV is one of the earliest of the loosely formed compounds
between whose two component parts other words were also
interposed.?

In Rv. IX. 86,42, the Samhitd text reads Zyate ndra ca
$dmsam datvyam ca dhartdri®. [Cf. also nairimca Sanhdm
(yasna 57. Verse 8. Zend Avesta which corresponds to nara ca
$amsam Skt.)] The pada text reads Iyate ndrasdmsam ca
datvyam ca dhartdri.

Again in Rv. X. 64,3, the Samhitd text reads ndra va
$dmsam pasdnam dgohyam and the pada text reads ndrasdmsam
va pusdnam dgohyam.

Probably these interposed words ¥ and 4 originally
brought out the dependency of the second member to the first
which is the determinative element (the meaning here is clearly
AU TG as Sayana says under Rv. I. 13,3 This view is

supported by the fact that 3 itself, without always losing its

1

d greaE: (P L 4. 80).
geefg qfy (b1 4.81).
suafeary (p. 1. 4.82).

'Panini says that in the non-Vedic or classical Sanskrit languagey

and other particles come always before the verb, but that in the Vediclangt_mge
such particles may come either before the verb or after it, and that sometimes
in the Vedic language other words may intervene between such particles and the
verb.’ Vide * Were the Vajasaneyi Samhita and the §atapatha Brahmana un-
known to Pinini’ by K. B. Pathak, B.A., Ph. D., page 84, Volume 11 Annals
of the Bhandarkar Oriental Research Institute,

2 Compare Rg-Veda PratiSakhys, II. 43.

afasdifried avantd qaon |
3 Q2 . ®
Auaed e ar AarAgesad fear o

See Uvata’s commentary on this.
3 A corresponding instance in the Atharva Veda is the following where gq

is introduced in parenthesis between ﬁa‘ and its object ekimasyd drdva piba,
(A.V, XX, 5.5).
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signification ‘and’ or meaning distinctly ¢ if °, is not very infre-
quently made use of to assist in indicating the conditionality or
dependency of a clause, whose verb is then left orthotone in the

Atharva Veda. An instance is g Hffﬁﬂﬁ%ﬁgqﬁa}ﬁqﬁﬁ

|
§§HT€[' ¢ And should he give permission, let him sacrifice ; and
should he not give permission, let him not sacrifice.’

Sometimes, indeed, the particle almost precisely equals If&
. . o™ ] 1 e .
a8 in the following passage: fe€ed e uygd afgai 1 «

f{?éﬁi : ‘ungiven she harms a man, if he will not give her
when demanded’.?

Of equal importance is the loosely framed double-accented
epithetised compound ﬂ'ﬂ :ﬁd’: (Bv. 1. 24,12))

The Samhitd text of Rv. V. 2,7 reads $inas cic chépam
nidetam but the pada text reads $inak $épam cit niditam.*

An example of the loosely formed Dvandva compound of this
type is dydova-préihivi® (Rv. 1. 160, 1a; 115, 1; 35, 9%). Com-
pare for instance Sayana’s comments on Rv. I. 159, 1. § ara}

35: q‘ﬁq_a‘f Says Sayana:—qagfdt gagfesa) | kD qERy
Argare: | gfiaes) SAtsAlga: Qaars rEmRaE e |

1 Atharva Veda, XV. 12.3.
3 Atharva Veda, XII. 4'13.

3 Vide Article 1V in the fifth volume of the Journal of the American Ovien-
tal Soctety—* Contributions from the Atharva Veda to the th i
verbal accent’ by William D. Whitney. eory of Sanskrit
* Vide Rgveda Pratisgkhya XI, 8.

A TsugEeTRaT
9Zsad | qgeuarfg 9 1
aarsa? femamg T
Farfisaiss fg avtdfzar o
Uvata makes clear the meaning of the word I[S{QTA through
FGONA audsays SEO WleHE:  FOT | TAAG Pafgaay:
e diwesy wak o /

5 Prthividy#va occurs only once in the Rg VedainII1. 46, 5. C
S.F., Vol. V. Page 98. g (86, 8. Cf. Delbruck
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gargTed gZiawqrs: Sigd:.  See also Yaska's comments on
Rv. IL 41, 20. @ral @: ghe g fawwe fofgen g 23y
TeA | Says Yaska:—aqrargfresdY 7 s woang & el o

239 fawsgaiy.  [Nirukta IX. 38.)
Another interesting double-accented Dvandva compound in

the Rg Veda is amargt ' which the pada text reads asat |

Skandasvimin’s comment on it is as follows :(—+TR gﬁ ufy am
3w Aqwfas sorfa: A% 99y ARG Venkatamadhavarya
translates the compound as G »

Probably on analogy with compounds like 3@[?13' * where
the last syllable of the first member is lengthened, the penulti-
mate syllable of this compound amiggl is also lengthened, for

the retention of the last syllable of the first member (even if it
were lengthened) in this compound is impossible, since the

resultant of ¥ or AT with 3 would be 30 according to the well-
known rule of euphonic combination. Hence to secure unifor-
mity with similar compounds, it might have assumed the form

Fwwigt here.

- Significant indeed are the double-accented compounds whose
components are separated by an interposed word.* Brugmann’s
transpositional theory® of the origin of Bahuvrihi compounds
has already been taken into account and given its due import-

ance,®
But according to some” the rise of the Bahuvrihis is to be

accounted for in another way. They say that perhaps through
predicative or appositional use of groups of words characterising

1 Rv, 1. 13, 7.

® See page 95, ‘ The Rksamhitd with the Bhasya of Skandasvamin and the
commentary of Venkatamadhavarya.’

3Rv.1.13,6

* On account of this fact, it might be assumed that the pre-Vedic language
a short time before the composition of the Rg-Veda was a highly analytic one.

% Vide Brugmann's * Comparative Grammar, Volume 1J, page 88, .

¢ Vide my paper, ‘ The Accentuation of Determinative Compounds’ in
the Journal of Oriental Research, Volume VI1I, part I1.

7 Cf ; Wackernagel :—Altindische Grammatik 11, i, section 112.
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a substantive, the epithetised compounds arose. Wackernagel
exemplifies this use by the following passages from the Rgveda
writh kdkso nd gangydh'. ¢ Like the broad shoulder dwelling on
the Ganges,’ that is, for wri-kaksah ¢ Broad shoulder’ as a proper
name; sd jayase mathydmanah sého mahdt® ‘thou art born a
great power ’ (= mahi-sahah ‘ one having great power’); tvdcam
krsndm arandhayat® < he delivered over the black skin’ (that is,
‘ those having a black skin,” ‘the black skins’) droghaya cid
vdcasa Gnavaya® ‘to Anava, deceitful speech, that is, ¢ who
utters deceitful speech’ (compare drogha-vdc ° uttering deceitful
speech ') and nardm nd $dmsah® ¢ praise of men’ as representing
an earlier stage than ndra-$dmsa * receiving the praise of men’
as & Bahuvrihi. Appositional Bahuvrihis, Wackernagel thinks,
similarly arose from explanatory clauses, as the following {ndra-
Jyestha devasah® ‘the gods having Indra as their mightiest’
from devdh indra jyésthah ¢ the gods—Indra their mightiest *7.

An unconsummated Bahuvrihi with r@pam may by found in
Rv. 1. 114, 5 vardhdm arusdm kapardinam tvesdm rapdm.®

T suggest that it may be possible to find through a study of
the Vedic double-accented compounds, a tie of union even
between views as contrasting as those of Brugmann and
Wackernagel—the transpositional theorist and the juxtaposi-
tional theorist (if such terms are permissible).

A reconciliation seems to be possible between the two
camps ; neutral observers are likely to see bonds between the two
parties. These links by which the two seemingly irreconcilable
points of view with regard to the origin of Bahuvrihis can be
brought to team work, are sought to be clearly indicated in the
subsequent paras.

It might be that at one stage in the pre-Vedic period, there
was no way of distinguishing one class of compounds from
another, except perhaps through context for we may be sure of

1 Rv. VI. 45, 31,

2 Ry, V. 11, 6.

3 Rv. 1. 130, 8.

4 Rv. VI. 62, 8.

s Rv. I1. 34, 6. Compare also §émso nardm (Rv. V1. 24, 2),

e Rv. I, 23, 8a. )

7 See also section 291 of Macdonell’s Rigger Vedic Grammar.

8 Vide Batakrishna Ghosh’s review of ¢ The use of the cases in Vedic
Prose’ by Sukumar Sen, Page 169. Volume X, No, L of the /Indian
Historical Quarierly.
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the fact that compounds then arose only through sheer juxta-
position of words® and each of them being an independent unit,
should doubtless have borne the accent.

At this stage, even finite verbs occurring in the middle of
the principal clauses (though these clauses might even contain
prepositions which are separated from the finite verb) should not
have been enclitic, but borne the accent.

The following passages may probably point to such g
conclusion.

ddabdhacaksuh pdri visvam babhiva®, dha krd-tav dsah.?

dddha svadham dnw pinar garbhatvdm eriré | da’d.hana,
ndma yajityam.*

Panini's explanation for the accentuation of the verb in the
last two instances is on a semantic. basis, gq—feqqmm%: qaTaTy

(P. VIII 1. 39))
The finite verb in subordinate clauses as it is well known
is accented. Some of the instances are the following :

qe gEdaeE v meEl fasdaa: (Bv. L 146,5),
@R wmg & (Bv. VIIL 44,23).

1 In Lithuuanian, the consciousness of the ori

ginal inde
constituents of all compounds is still alive, Cf pendence of the

—page 16 ‘ A 5
Nominal Compounds in Lithuanian’ by Frederick EI‘l%rnbull “tl:sggtuatlon of

- : h Loy S Aeeenl . Langu-
age Dissertations published by the Linguistic Society of America.
December 1930. y erica. N umber Vi1,
2 A. V. XIII 2°44,
3A.V.I. 34,2,

*Rv.1.6,4; A, V. XX, 40,3, 69,12. Of six passages in which i
in the first As;;aka of the Rgveda, I. 6,4. is the only one where itdf:elrsc?s);nd
power to accent the verb., Sayana's remarks on this passage are the followinga-

oft 1 wmutfad vaaly SurRaeg swRs: G e
garfg” @ w48, gfe @9 faeede: | e gy
(b. 1L 14) g gifedwframger o fregrgsty emmﬁ;.
NI “TRY NGAASTEB:” P UL 1L36) I 7 wafy |
FAAT  SRIRANIERAE: 1 TRgearn: gaat »

(P. VIIL 1.39.) gfy 89T | [Vide also page 416. Article 1V,

Contributions from the Atharva Veda to the theory of Sanskrit Verbal

accent’ by William D. Whitney. Volu ) r
Oriental Smfty.] Y me 5. The Journal of the American
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gar off ;. (Bv. V. 74,5).
Fhign ader @ qard: qu dar @ W

(Rv. VI 91,1,
(See also Atharva Veda XX. 24,2; 4; where the particle

@ﬁq exercises an influence to accent the finite verb. These two

passages are the only instances in the Atharva Veda where this
particle occurs.?)
nét todm sadhdyam dha todm vdda. (Av. VIL. 88,4).

aghatt zod wrealg  (Bv. L 101,8)
gEr st fad wdfy  (Rv. 1.89,9)

These instances are covered by Panini’s stutra
fagakgaghiaagsiaaa ome’.
Similarly we have the following instances where the particle
fz influences to accent the verb.

ar fg s orfd

ar & wd
These instances are covered by the siitra f¢ =,
The sutra mqmrarqn“q:“ is intended to cover passages like
the following 31q q: ﬁlﬁaﬁ (Rv. L. 97,1).

The accentuation of the verb atti is optional in the following
passage by the sitra geegreni gwyatany (P VIIL 165

1 fbid, page 418. [As Whitney observes one cannot see how the accentua-
tion after Awwvid, any more than after /anta, marks the clause as dependent,.
Vide A. J. P. Vol. XIII, page 208. Cp. alsoS. F. Vol. V, page 551.]

* Panini VIII. 1.30.

? Rv. 1V. 29’2'

4 Rv. VIIL 22,9.

s Papnini VIIL. 1.34. Sayana brings s'dah arﬂﬂﬁﬁ fg (Rv. I 2, 4
under this siitra of Panini. But we can bring the pas;age under the siitra

gfgagd w<fa (P. VIIL 1.56) also,
«'Panint VI. 1189,
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where the anuvriti of faqrsr is made from "q’frﬁﬂt\r s
(P. VIII. 1.63).

adtee: fade ageadaad sfetsRfa (Bv. 1. 164,20,
Instances like qﬁhﬁﬁagq: (Bv. X. 121,10) are com-

prehended by Panini’s sttra q{\qﬁ‘[fﬂm (P. VIIL 1.66).

Delbruck® observed that the dependent clause in Sanskrit is
oftenest one of necessary condition, and oftenest precedes the
clause on which it depends. ‘In such a case,’ he goes on to
observe, ‘the practice of our own languages shows that the verb
of the dependent clause has the superior emphasis.’ And this is
to be inferred according to him from such an example as the
following :

Was MAN NicHT NiiTZT, IST EINE SCHWERE Last, *what
one uses not is a heavy burden’—where ist (is) is unemphatic as
compared with NUtzt (uses).

Whitney? points out how Delbruck here fails to observe that
his dependent verb is one which, owing to the content of the word,
and not at all to the form of the sentence, is the emphatic predicat-
ed element, while his independent verb is the mere copula, unem-
phatic for that reason and for no other®. 'Whitney goes on to show
that in every other like case, the emphasis of the verb depends
on the relation of its significant content to the sum of significance
of the sentence, and not in the least on its occurrence in a clause
of the one kind or of the other. Whitney proceeds then to give
his own view that the whole aspect of the phenomena of verbs]
accentuation is to him that of a historic verity which those who
handed down to us the Rg Veda did not themselves understand
or, for the most part, even try to understand —much less try to
regulate on such shadowy principles as Delbruck thinks to
recognize.

1In 1871, in the first part of his Symlactische Forschungen (pp. 96-88)
[vide Whitney page 278 ‘ On Delbruck’s Vedic Syntax.’ A4.J. 2. Vol, XIIn)

* Vide his review of Delbruck’s Vedic Syntax,” American Oriental Socz‘ety’s'
Proceedings, April 1892, Journal of the American Oriental Sociéty, Volume 15

8 Whitney shows the flaw in Delbruck’s theory thus: if Delbruck’s
sentence reads instead, WAS UNS NICHT NUTZLICH IST, BELASTET UNS, ‘what is
useless to us burdens us ’, the relation of the two verbs in respect to emphasis
would seem to be reversed ; the independent one would be obviously better
entitled to the accent !
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Delbruck in his later work? says the accentlessness of the verb
of the independent clause is ‘ merely the external sign of the
fact that the verb appears as a relatively dependent member of
the sentence, attaching itself to a noun, a preposition in such a
way as to limit these ideas.” Whitney points out clearly how
this statement of Delbruck seems little short of absurd and no
theory built upon such a foundation can possibly be anything but
a failure. ¢ The sentence consists of subject and predicate ; and
one of these is just as primary and just as secondary as the other,
A subject, noun or pronoun, is even more meaningless without g
verb to tell what it is there for than is a verb without g subject,
since a subject can be on the whole much more easily inferred
for it from the circumstances. But not only a preceding subject,
even a preceding object, or adverb, or prefix takes away the
accent from the verb in the Sanskrit sentence ; and that the verb
is a ‘relatively dependent” word as compared with its own
modifiers, that it 18 attached to a preposition in order to limit
the meaning of the preposition, is a view which no reasonable
person can fairly be expected to accept on Delbruck’s authority.’
- But after all is said, it seems to me that we can not do
anything better than to assume that as perhaps the preposition
was felt to possess a tendency to modify the sense of verbs, the
latter were made enclitic when used along with preposition for
the observed fact is as Brugmann records? that the finite verb was
enclitic to a large extent, always if the temporal particle ¥ &,
the augment, immediately preceded it and also because many
prepositions were originally adverbs like dpa, prd and pdra in
Vedic Sanskrit.® »

But as Whitney shows Delbruck’s statement that  the verb
has only in exceptional cases & primary value for the sentence
and that then it is moved back, toward the beginning of the
sentence ’ is hardly satisfactory.

1 g, . -
sectiotﬂg,”g;gehgo. S{)'i‘:aﬁich(t.tg)z‘g‘;ﬁ;g”gef ({;‘::gzgi”i‘m,/l)-lau?tsat?eelglt.u:g;
das Aussere zeichen fiir die Thatsache, dass das Verbum alsein relatiy unselbs-
tdndiges glied des satzes erscheint, welchessich an ein Nomen, ein Pronomen
eine Praeposition derartig anschliesst, dass es diese Begriffe niher bestimmt,

¢ Comparative Grammar, Volume I, section 669.  Vide infrq.

? Vide infra. All prepositions must have been originally adverbial in

character before they became adnominal. The temporal particle * & ig certainly
a preposition as indeed it denoted a time (the Past). In this connection it is

W <
well to remember that Panini’s name Wﬂfﬁq suggests the original charac.
ter of the prepositions being adverbigl, .
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A certain order of the clause having become established ag
normal, any deviation from it is made a means of the different
distribution of emphasis, to the members moved either backward
or forward. But the Sanskrit verb, however i} may change
position, gets no accent unless it be placed at the very head ; nor
do the other members, though moved to the end, lose thejr
accent.

As Whitney indicates though there is a certain measure of
truth in the statement that the sentence is naturally a diminu-
endo, beginning strong, to attract the attention of the listener
and then toning gradually down to the end as Delbruck cla,ims:
in a first direct address, it seems wholly out of place as applied
to continuous discourse, as for instance in a hymn, or a piece of
exposition.

And as regards the accented verb of the dependent clause,
a double expression viewed as a single one is furnished us. First
if the dependent clause precedes the other, the diminuendo of the:
whole sentence has not become complete when the dependent
verb is reached, and hence that the verb has not become entirely
toneless. And then this non-tonelessness, originally & result only
of the position, of the clause, is historically generalised into g
means of distinction of all dependent clauses which express
an incomplete sense or involve a suspension of sense as compared
with the main clause.

Thus we see the glaring inconsistency in Delbruck’s theory in
that it states that a verb in general is not accented because it is
dependent ; but this dependent member, if it belongs to a clause
which is a dependent member, attains independency and gets an
accent, A result, too, quite the reverse of that in German ag
Whitney says, where the dependent verb, instead of being made
emphatic, takes its position at the very end, which signifies
tonelessness ! :

Whitney seems to be perfectly right in totally rejecting
Delbruck’s explanation of the problem of Sanskrit Verba}
accentuation both in its earlier and later form.

But the three passages® quoted above though they may not
be conclusive and may not decisively prove our point, still would

1AV, XIIL 2, 44.
AV.1, 34,2,

R.V.1.6,4; A.V. XX, 40, 3; 69, 12,
Vide supra.
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give us at least for the time being some semse of relief for
doubtless it appears to one ¢ that a form of the finite verb which
one is wont to regard as the very life of the sentence, as by itself
capable of constituting a sentence complete in all its parts, which
50 often combines in itself ideas and relations that in another
language, or in other parts of the same language, appear as
independent words or accessory clauses that this, of all other
words, should lose its independent tone, and be reduced to
the subordinate position of an enclitic in the sentence, is certainly
strange enough ; and consequently, one might, at first sight
almost feel justified in denying its truth,”*

The Vaiyakaranas recognise two kinds of qrqggf__qq;.m'fmq
and sqqer. In garg we have the former, that is, in the for-

mation of compounds a sort of semantic unity is secured
between the constituents of the compound as & result of a kind of

- . . » .
gemantic amalgamation and fusion.? sgUgl exists between any

one word and another in a sentence. In other words, a sort of
semantic unity is secured through several words that compose
a sentence through some kind of semantic agglutination

qRIURSRT squgr (Kaiyata's gdq Bombay Nirnaya Sagar
edition, Vol. II, page 314.)

Here we have to keep clear the notions of three distinct
unities in our mind, viz. the semantic unity, the inflectional unity
and the accentual unity. In this connection, it is best to remember
what W. V. Humboldt says regarding the accentual unity : ¢ The
unity of the word is produced by the accent. This, by itself, is of
a more spiritual nature than the sounds, and it is therefore called
the soul of speech, not only because it is really the element
which carries intelligibility into speech, but because it is, more

1 Cf. Bopp’s ‘ Comparative Accentuation of Greek and Sanskrit langu-
ages’ by W. D, Whitney, Journal of the American Oriental Sociely. Volume V
(1856), page 214.

<
2 Kajyata defines it thus in his A
aiyata define LA IRE MU E SR IR S DT
fagaenyaifs waArugrgytt, suiaufadf o g qnif

W[g: Bombay Nirpaya Sagar edition. Vol. II. page 314,
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than other factors in speech, the immediate expression of feeling ’
(cited by Gottling, Accent der Griechischen Sprache, p. 8. Cf.
also Maurice Bloomfield: ¢ Historical and Critical Remarks
mntroductory to a Camparative Study of Greek accent’ in the
American Journal of Philology, Volume IV, 1883, page 21.)

In double-accented compounds like vdnas pdti in general we
have only the semantic unity between the constituents of the
compound. As invariably in these compounds, the inflectional
unity is not secured, we find consequently that the accentual
unity also is not secured. Here is the parallelism to the

sq&mqmzz:'[ that exists in every independent word of a sentence—

a relation of one word to another semantically correlated.

As only a semantic agglutination occurs in every sentence
between word and word, every word we should expect as a matter
of course to retain its individual accent. So logically the finite
verb should also possess its own accent even in the principal
clause, not to speak of the subordinate clauses where the accent
of the verb is preserved. An explanation I shall attempt to offer
following the lines of arguments indicated by scholars like Maurice
Bloomfield to account for the phenomenon of enclisis of the finite
verb in the principal clauses and now having examined to some
extent one phase of sentence accentuation, let me. enter into an
interesting discussion on the other phase, viz. vocative accentua-
tion. I shall dwell on this at some length in the subsequent
paras. of this paper.

Just as finite verbs must have been accented even in princi-
pal clauses at one time in the pre-Vedic language, even so should
the vocatives have retained their own word accent. We have for

instance s7ifxary:’.
Sa.y;ﬁa Eomments upon it as follows :—
ha ha SIS - .
g arfcar srfeen qan | sm@dArEEnRTE: | ag

Arfeaartm snfzar: adgfay ardsaday voygy: |

There are a few cases in the Rg Veda where an interior
vocative co-ordinate with an initial accented one from which it
is disjoined, has its own accent, not following the general rule by

1 Ry, VIL 52, 1,
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which it should lose its accent! ; an example is sit putra ddu
stnuse (Rv. x. 86, 13b.) In & prd yata mdruto visno dsving
(Rv. viil. 27, 8a.) all successive interior vocatives are accented.

In Rg Veda vii. 59, 1c. three accented vocatives follow an
interior un-accented one,

et @17 Ao frardeg aka: 7 gwea |
One can safely hazard a conjecture here that even this first
vocative should have accented at an earlier stage, and the loss of
its accent can very well be regarded as an error of the tradition.
In Rg Veda ii. 27, 144, all the vocatives where each is an
independent invocation are accented : ddite mitra vdruno td mria.
In Rg Veda i. 117, 18 an accented vocative follows two un-

- | — | Sl 2
accented vocatives ITAT WAFFeG! FHIPAT guom aTfd
Venkatamedhava says: 730 gfidaargma smbaangat famr

azfea | agl @ gegm‘ I (Paper manuscript Venkata
Madhava Bhasyam Adyar, library, Vol. I. page 820.) The
examples of co-ordinate epithets of the same subject where each
is alike accented are the following :(— ‘

dévina ydjvaririso drdvatpant subhaspati plirubhuja canasydtam
(Rv. L. 3, 1.). '

brhadbhano ydvisthya® jatavedo wvicarsame* djistha trdtar

Y See for instance: imdm me gange yamune sarasvals §Gtudri stbwmam Sacala
pérusnyl (Rv. X. 75, 56.) * We are probably to read pdrusnyd (instrumental)
instead of pdruspyd as the corresponding cases in the other hglf of the.verse
indicate.”” Vide Article 2. ¢ On the accentuation of the vocative case in the
Rg and Atharva Vedas.” By Willabe Haskell._ Ph.D., of New Haven.
Volume 1. Journal or the American Oriental Society. . i

% Madhavabhatta gives this instance in support ot his favourx@e semantic
theory which 1 am discussing at great length in a &a_per entitled, * The
Accentual Variation in relation to Semantic Variation.” Madhavabhatta says :

AFTGATIY G gRRE gty |
R amgarRd & oRgaaq »

Rgvedanukramani, Part I, i, ii. 4. ¢ Here the accentuation indicates that
ndrd alone is the cry of the she-wolf, and that a§vind vysand are the utterance
of the poet ; if all the three vocatives belong to }he_forme_r, we can hardly avoid
amending the reading to 4Svind vfsand ndré 'i." Vide page 60. *On the
Accentuation of the vocative case in the Rg and Atharva Vedas’ by Willabe
Haskell, Ph.D., of New Haven. Presented to the Society, October 25th, 1877.

J.A.0.5 ' Volume 11. .

2 Rv. 1. 36, 15 d. ]

*+ Rv. 1. 78, 1b; VI, 16, 29b ; 36b ; VIII. 483, 2b; -
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dvitah' (dgne. .. ) mdndra svadhava ttajatae sikrato® (sd .. .)
vdsupate vdsudavan® (varupa . . . . . ) samral Ftavah® dmbitame
ndditame (dévitame sdrasvati)® (agne . . ..) suscandra ddsma
viSpate hdvyavat® (mdruto . . ..) thvimaghdso dmrtd ftajndah
sdtyasrutah  kavayo ydvano (bthadgirayah),” Virasah ....)
mdryaso bhddrajanayah® sdjate dsvasunyte® sdhasramuska
tivinymna sdtpate'® (agne . . . ) vdsistha sukra didivah pdvaka'?
Siprinn  fswvah Sdciwah*® ($ubhas-pati) ddsra hiranyavartanit®
(a$vind@) pilruscandra nidsatya* dhijovand nasatyal® Sacigo
$dcipujana® $dvapate gépata drvarapate’” (mahemate) sdhasrote
§dtamaghat® $dtamute $dtakrato® sdnitah sidsanitar dgra citra
cétistha sinrta?® (Satakrato) précamanyo dhamsana (Rv. VIII.
61, 9d.)

thvtsusma tuvikrato $dciwvo Visvaya mate®' #rjo napad
bhddrasoce?? trjo napad dsvamiste®® (dgne . . . .) mdndra sijata
stkrato ‘mira ddsmatithe 2* (subaho svangure) prthusto pithuja-
ghane (Surapatni) 2% Jdttanaparne sibhage dévajate sdhasvati 2°
(maghavan . . . ) dhdtar vidhatah.2?

Rv. I. 3, 1. can be effectively contrasted with A
feERTFaEaREaegar 1 (Rv. 1.2. 8.)2° [See Sayana’s commentary
under both.]

At one time in the pre-Vedic period each word should have

been an independent unit and the language should highly have
been an analytic one, like the modern English, so much so even

1 Ry. 1. 129, 10d. 13 Rv. VIIL 5. 35¢ ;

2 Ry. 1. 144, 7b. 1 Rv. VIII. 17, 124,

s Ry, I1. 6, 4b. 17 Rv. VIII, 21, 36.

+ Ry, 11 28, 6b. 18 Ry. VIIL, 34, 76.

s Ry, 1L, 41, 16b 19 Rv. VIIL. 46. 3.

¢ Rv, V.6, 5c. 20 Ry, VIIL 46, 20a ; 6 ;
7 Ry. V. 57, 8b; c. 21 Rv. VIII. 68.2 a, 6.
» Rv. V. 61, 4b. 23 Ry, VIII. 71.3 &

® Rv. V. 79, 1-10e. 2SRv. 1. 6, 26.
11 Rvy. . 1. 86. v. X. 86. .

13 Ry, VIII. 2. 28c. 26 Rv. X. 145. 2 a, 6.
13 Ry. VIII. 5. 116 ; cf. 8, 1¢ 27 Rv. X. 167. 3 d.

14 Rv. VIII. 5. 32¢.

28 ¢ The only exception in the Rg-Veda to the general rule for the accent
of initial vocatives is the above passage, where such a vocative, standin
between two unaccented vocatives, is itself unaccented. It must unquestionably
be regarded as an error of the tradition.” Vide Volume 11, J.4.0.5., page S8.
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euphonic combinations might not have occurred. There are
doubtless historic survivals of this practice even in later times.*

That mode of mental action, their deficiency in which
especially puts language out of the reach of other animals, which
is the power of distinct reflection on the facts of consciousness, of
analysing impressions, and perceiving that the parts are capable
of receiving distinct signs was perhaps very clearly manifest in
the language of the pre-Vedic period. Hence the problem of
the origin of the double-accented compounds in the Veda can be
stripped much of its difficulty and mystery.?

* Ct. Panint’s sttras fAYT THIFATE (1. 1. 14.) and NF (1. 1.15.)

which comprehend instances like
g 3% (Z expresses wonder)
I @Ag: (3 cxpresses the idea of fIaAM)
A0 qF T WA
7 qd foe aq )
3@y g4 |

See also page 51 of Bhattoji Dikgita's Siddhanla Kaumuds. Balamanoramil
edition.

2 It is interesting to see the qua given by Patanjaliin hisMakabhasya (l.
1, 2) that even the phoneme § has a full meaning. Says he :.-mfarra‘taw‘farq
TR ETag R ARNGATN ATTERAT (Vartika9), 9IG9  QEFE0TT
aefgear a1 gl weafa aAdw gf ) aifeigsraeaoi-gdata
wnat g o g wEAnl e alqng: woea: | Ramr
qaault wgasa: o 9 1 § R A | 9 3w wgwiys

qauimEAREAARRAreang agaa ot 3R 0 sk

. Kielhorn's edition., Volume I, page 30, lines 2 to 6. In his
%z:;hamanamm, Bhattoji Diksita ref'ers to this' passage under Panini's
Sitra . 2, 45. Says Diksita «—

491 9 JAERTgs Fdasa ant 3f s dfa @ go-
FrTafaf arsd agAET

assages show how the state of analysis of the language at one time
pr;I(‘)):etsoetge coi position of the Veda was still further extended in later times in
purely a theoretical way by grammarians to find ample scope for scholastic
dispussions. - .

t



80 JOURNAL OF THE MADRAS UNIVERSITY

At this analytic stage of the pre-Vedic language independent
words might have been glued to form compounds in a loose
manner, all the three unities indispensable for the emergence of
full-fedged real compounds not being secured.

Sometimes, however, probably to indicate that the words in
sheer juxtaposition form a compound, signifying a unitary
concept (i.e., securing a semantic unity between them), the last
syllable of the first member when that syllable is short is
lengthened, [Whitney: Sanskrit Grammar. Section 247] ag in

q (Rv. I. 17, 8) or as In SIQFL’&‘ g (Rv. L 13, 6.) where Hq
seems to gain a special signification (forming of course :

compound with 31%) according to Skandasvimin — AR
quETdamEREs: T PR 8 (87 W) W gEm () e

RIS [EEETT | ¥ q [T FEAT AR g g

' [The Greek and German nun (which ren;\a.ins only an a:dvc;rb a
1t does not affect the case of nouns) meaning ‘Now'’ correspond:
to Skt. 7 1]

. Probz.mbly in the later stages of the Vedic language there came
:ir:j:v Si:-s;;l‘n:e many compounds of the type of vanas-pati and
These (the old models as well as the new formations) are the
so-called unreal or case compounds in which the prior member
appears in an oblique case-form and hence in general accent both
the members. Such unreal or case compounds are opposed to
the stem compounds in which the constituents are more closel
fused together and which give up one accent in favour of thi
other.3
Viewing the double-accented compounds such as
ni-ne (Rv. 1. 17, 8.)
adyd-nindgm (Rv. 1. 13, 6.)
Mitrd-vdrunav (Bv. 1. 35, 1.)

Y Vide page 94. The Rksamhila wil i
Vimi;a_tamddhamrya. ) “h the Bhasya of Skandas:
rugmann : Comparative Grammar. Volume I
s 3 %f.e(]])age 15. The Accentuation of Nomimzle Cén?jﬁ?:;sli?‘ni ;1& .
L{ngu§stigf‘§°c’f§;n%%HA:}V;?&- Nﬁf;gua'g’f Dissertations published ’é@”"t’{,’e
J 39 Pty
Wackernagel :— L. December 1930. Compare also
Altindische Grammatik 11. i, sections 41 and 103,

‘amin and
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Dyéva-prthive (BRv. 1. 35, 9))

ndra-sémsam (Rv. 1. 13, 3; 18, 9.)
where the last syllable of the first member is lengthened, I am
tempted to suggest (of course with much hesitation) that perhaps
to show that the two words in sheer juxtaposition signifying
& unitary concept form a compound, the last syllable (if short) of
the first member might have been lengthened. In Mitra-
vdrund@v, it may be purely accidental that the first member
Mitré- as we find in the compound is in its dual form.
E. W. Fay suggests that mitrd- was but an epithet, in the nom.-
voc.!

In this matter, parallels are not wanting in the related
languages. In Avestan the thematic vowel of the prior member
is lengthened in many compounds. Cf. vagoya pati, ahwrot kagsa.?

-&- became a composition vowel in Greek compounds where it
was felt to be necessary to avoid a succession of four short
syllables «ahafngopos. This statement, to be sure, is only
true in so far as it concerns compounds the final members of
which begin with a consonant. (Cp. pages 21 and 22 of ‘The
Accentuation of Nominal Compounds in Lithuanian.”)

Furthermore, before the suffixes—7epos and —vartos,
adjectives which have a short penult lengthen their-o-ending
to-5- copdrepos, copdraros, but Sewdrepos (Hirt: Indo-
Germaniche Grammatic, 4, 79.)

Again it is & matter of common knowledge that in Sanskrit
there is & lengthening of the final stem vowel in the feminine
forms of words in-mant,-vant, (which is perhaps caused also
by *the effort to put the original stem into word-rhythm with
the suffix-mati,-vati.””). Note anjandvati, amardvati, etc.®
The stem vowel -a- of masc. o-stems in Lithuanian is
Jengthened and stressed upon the addition of the derivational
guffix.-vimasis. cf. darbd@ vimasis * activity ’ (ddrbas ¢ work ).

1 Vide footnote 2, page 430, A4.J.P., Volume 15. Cf. Delbruck, 5.F., Vol. V,
Section 58, page 98.

2 Vide A, Bezzenberger :—Beitrage zur Geschichle dev Litatischen Sprache,
106. For composition vowel, see Wackernagel : Das Deknungsgesetz Griechis-
chen Nominal Composita 16 ; 106, 5.

a Cf. H. H. Bender : The suffixes mant and zanfin Sanskrit and Avestan
47-8. '~ Baltimore, 1910. ‘ } )

2 Cf. P. T. Wood: On the declension of substantive compounds in
Lithuanian. American Journal of Philology, Vol. 50, 160.

6
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. Perhaps at one time, prior to the composition of the Veda, the
impression that the prepositions (which were all origir’la,lly
adverbial in character) had exercised much influence in modifying
the sense of verbs, should have gained considerable ground so
1'nuch 50 that finite verbs used in association with the prepositions
in  principal sentences might have been enclitised. This
assuiuption is borne out by the fact that finite verb was enclitic
?o a large extent, always if the temporal particle * ¢, the augment
immediately pl‘egeded it. eg., * é- drket. Skr. ddpéat Gr.
"é8paye * * ¢é- drkom.® Brugmann regards the augment ¢ as a
temporal particle.

. ¢ Apparently already in the period of the Indo-Germanic
primitive community an agglutination had taken place here
which obliterated the feeling for é as an independent word.
Further, the verb in the principal sentence might have been
frequently appended with the low tonc to those adverbs which
appear in the separate languages as prepositions¥ pré bhers =
Skr. prd bhardmi. So also the passive participles and verbal
abstracts with suffix -t¢-had the tone on the prefix, e. g., ¥ps¢-
bhrto-s * pré bhrti-s (Skr. prd-bhrta-s, prd bhyti-s) beside
* dlutd-s  * bhyii-s (Skr. bhrtd-s, bhrti-s). More rarely the
verb was welded into unity with living case forms.’

Probably later on, ‘apart from such definite categories of
words with which the verb showed a special preference for
enclitic connection, the verb in principal sentences in genera)
came to bave the low tone.’ Perhaps at a later stage this
phenomenon of enclisis spread to the interior vocatives too.
[But initial vocatives and initial finite verbs as well as the finite
verbs in subordinate clauses in Sanskrit, however, were not
enclifised. ]

Jacob Wackernagel,® showed that the Greek verbal receg-
sive accent is nothing more than this enclisis of the finite verb
extended to all kinds of sentences, subordinate as well as princi-
pal, but at the same time modified by that peculiar law of

* Brugmann : Comparalive Grammar, Voly 3

(See 2150 Volume I, Section 19, page 37.) mel, §

rugmann : Comparalive Grammar, Vol :

See gllsz% gin{’mer: Weber Gurupija kaumuds, p_%lgn.e 1V, Section 462, pageS8.
T olume of Xuhn's Zeitschrift, ¢  viands

verbal accent ) 1 H?, page 457, tg. (* Der griechische

ection 669, page 534.
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Greek according to which enclisis can not extend beyond three
morz.

¢While the Sanskrit verb is inclined in independent
paratactic clauses, (except when it stands at the beginning of the
clause) and the verb in hypotactic clauses or at the beginnings of
paratactic clauses, ete., is orthotone, the Greek has forgotten and
given up this original distribution of orthotonesis and enclisis,
and has spread the analogy of inclined forms over the entire
finite verb.” The phenomenon of enclisis should. certainly be a
pre-historic one.?

Tinite verbs in Veda are not only not enclitised at the
beginning of a pada, but they are allowed to be accented even if
they stand at the head of their own particular clauses in the
sentence.

In Rg Veda, then, I 79, 11, we read aV At sinisfazraefd
!3 ﬁ@z g: : ‘whoso, O Agni, near or far, would do us harm,

let him fall 1" In X, 101, 8, again, §rd: Gegwar £gar a1 ‘let
not your bowl of offering spill, hold it irm. In L 81, 17,
o {:ﬁ{q aféﬁ qﬁé q quq ¢ cause them to take seat upon the
barhas, &;ld 1-1-m.ke acceptable offering’. In L. 94, 4, ydged

FoTaiAT g3 & 1 <we will bring fuel, will make libations to
thee.’

As Whitney says, ‘ here the several verbs padistd, dfmhata,
ydksi, krndvama retain their accent in virtue of the general
principle of the accentuation of a verb when it occupies an initial

position (even in a clause).®
Whitney observes that the only instance anywhere noted of

a violation of the principleis Rk. I. 134,3, segd Q) argahed: ;

where, if rédast is to be connected with the_preceding verb, as
the sense seems to demand, and as the commentator also under-

gtands it (says Siyana: JaQ AEIGRED SEEE | SO BEETT |

1 vide Bloomfield : ¢ Historical and Critical Remarks—Introductory to a
Comparative Study of Greek accent.” Vol. IV (1883), A.J.P., pages 27, 58 and
footnote 1 on page 58.

2 Cf. ‘ Bopp's Comparative accentuation of Greek and Sanskrit lan-
guages by Whitney in Volume V (1856) of the Journal of the American
Oriental Society, page 218,
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SEIEIAT: | aaqwmafgw‘r I\ | IV FEFAG guEagy |

oa ﬁffaqaf 1) the following verbought to have been accented,

vasdya: that it is not so accented is simply an error in the
tradition, as Whitney maintains.® The classes of the accented
finite verbs so far enumerated coupled with the not infrequent
instances of a more isolated character, and less reducible to rule?
go only to strengthen the belief that at one stage prior to the
composition of the Veda, even finite verbs in the principal clauses
should have been, in all probability, accented.

Just as the finite verbs came to be enclitised in principal
clauses, words in the genitive case depending on vocatives came
to form as it were single words or phrases with it, and shared in
its accent.® Thus, for example, ‘O son of strength * is sfino
sahasah or sdhasah suno if initial, and sino sahasah (the cnelisis
of interior vocatives might at the beginning be simply due to an
extension of the practice of enclitising finite verbs in principal
clauses) or sahasah swno if interior. (Brugmann : Grundriss . ii,
section 1074, page 957.)

Such cases are calculated to be about 180 in ‘the Rg Veda,
the dependent genitive preceding the vocative in about three-
quarters of them. The cases in which such a genitive has an
independent accent are only two or three.*

Brugmann ° conjectures that this practice in Sanskrit as in
other languages, if it did nobt occasion, at any rate helped the
formation of improper compounds. Cp. e.g., Skr. Jas-pati-s
“lord of the family Gr. 8eg-mérys. Voc. -mo  * housemaster .
Gr. Avdo-yovpor ‘sons of Zeus', Latin Juppiter, Diespiter—

The view that an internal vocative is a mere parenthesis in
the sentence, uttered, like any other parenthesis, in an undertone
or mono-tone, for the attention of the person addressed seems
to have been already gained (since otherwise the name would be

* Cf. * Bopp’s Comparative accentuatign of Greek and Sanskri ’
by W}21it7ney in Vol. V. (1856) of the Journal of the American ljosﬁzlrzttl:lng‘lolggz,
page 217. :

* That they are such has been pointed out by Whitney. /é4d., Page 218.
Y 2
° Cp. GAMEAT JUFHE (P. 1.1, 2,)

* Vide J.A4 0.5., Vol. 10, Proceedings, page 152. ‘On the accent of i
in the Rg-Veda’, by W. Hask;all. Cp. also Whitney, Sanskri? Grim;?zazogggtiv::
%146‘1,. FAlso see ‘ Agglatination and Adaptation”, (p. 417. A.J.P., Vol 15),
W.PFay. - - & ¢ )
® Vide Comparative Grammar, Vol. 1. Section 672, page 588,
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first called and have a full tone on it) might have been largely
responsible for the enclisis of interior vocatives.!

The third class of compounds (according to Brugmann’s
classification)® whose first part was an old adverbial word was
perhaps the earliest in the pro-ethnic period. Verbal prepositions
were probably the first to be compounded with verbal nouns and
past passive participles like dpi-hita-s® dpa-citi-s*, abhi-vrtam
(Rv. 1. 35, 4.) prd-yatam (Rv. 1. 154, 3.) puré-hitam (Rv. 1.
1, 1) sd-krtas (Rv. I, 85, 11.) su-Ekrtam (Rv. L. 85, 9.)

In these compounds, the accent perhaps acted as the princi-
pal unifying agent of elements which were at one time separate.®

¢ Primitive emotional man was doubtless prone to blurt
out his reactions to things without reflecting that the listener
could not understand him unless he knew what was being react-
ed to. Until a look of incomprehension was seen on the
listener’s face would such a speaker add the name of the thing
that was being reacted to as krtam in sd-krtam (‘ skilfully
fashioned '). It would be a far more sophisticated and intellectual
method to name the stimulus first and to add the reaction after-
wards as we would have in modern English.’®

We see the stimulus named first in some later Sanskrit
compounds for instance krta-krtyah which is covered by

Panini’s sutra 18 But the Vértika Sifamogariea: sufig

g7%49T read under this sTtra and Panini®, VI. 2 170, take into

account the compounds where the nistha participle stood as the
second member.

It will be a mistake to suppose that the earliest Indo-
Germanic compounds of the type purd-hitam si-krtas were the
determinative compounds of the descriptive class, for such an

1 Vide * Bopp’s Comparative accentuation of Greek and Sanskrit langu-
ages' by W. D. Whitney, J.4.0.5., Volume 5, page 214, .
¢ Brugmann : Comparalive Grammar, Vol. 11, Section 10, page 23.
3 Jbid, Section 15, page 30.
* gpi-dh)ito-s :
* * dpo-qiti-s.
‘s B, T, Wood: *Accentuation of Nominal Compounds in Lithuanian’,

e 16.
peg ¢ vide A. H. Gardiner: T7ke Theory of Speech and Language page 277,
para 69,

7 P, 11, 2.36,

® Vide my paper ‘ Five stages of determinative Compound Accentuation in
the pre-Vedic period as surmised by their historic survivals in|Vedic Sanskrit.’
Volume IX, Part II, page 125. J.Q.R.M, . S
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assumption would be against reason. As I maintained,® along time
should have elapsed between the stage of dependent determinative
compound formation and the stage of descriptive determinative
compound formation ; and the descriptive compounds must be
later in origin.

But possibly it can be maintained that the earliest compounds
might have been of the type—purd-hitam if it is assumed that in
that remote period of prehistoric times the thing meant by the
first member should have been presented to the minds of
the speakers of the language, not as an attribute but as a thing
itself. Very likely these compounds might have been on 3 par
with that class of determinative compounds which Iater on came

to be designated as the aqfcﬁtfflﬂfiﬁq in the separate history of
Sanskrit.

At a further stage in the pro-ethnic period (be it remembered
only after the stage of dependent determinative compound forma-
tion), the earliest compounds of the type purd-hitam should have
passed into a new phase when the thing meant by the first
member could not have been presented to the mindg of the
speakers of the language as a thing, but must have been presented
as an a.ttribute. This should have been the stage of descriptive
determinative compound formation which with ample justification
I maintained? as later in origin.

For the sake of convenience, the first phase of the earliest
compounds of the type—purd-hitam may be denoted ag the deter-
minative Karmadharaya phase and the second phase as the
descriptive Karmadharaya phase.

In all probability in pre-Paninian times, the word Kar-
madharaya signified only the latter phase. Both Panini and the
author of BRHADDEVATA might have borrowed tl;is word as
well as tatpurusa from a common source. But Panini with his
gifted insight, noting carefully the close simila.'rity’ between
determinative Karmadhdrayas and descriptive Karmadharayas
very likely did not favour the idea of taking Karmadhiraya com-
pounds as constituting a class different from the tatpurusa

: gige JAO.R.M., Volume VI, Part 1.
e ‘ Acgentuation in Sanskrit Determinati
Part 11, Journal of Oriental Research, Ma;rrgl,natwe Compounds’, Vol. Vi
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olass. Panini brought Karmadharayas as well as Dvigu under
tatpurusa, as special varieties of the last. Hence his sttras
are :—

aeren: gATRen: SAaRa: (P L 2. 42)
fgng (P. I1. 1. 23)

In this we see Panini’s superior genius for ¢ psychologists
are agreed that the ability to detect similarities is one of the most
valuable qualifications for the extension of knowledge and the
integration of the ideal world which is the creation of thought.
The recognition of analogies is, therefore, a matter of consequence
in the development of science and to the genius who is extra-
ordinarily apt at discovering resemblances which escape the
notice of most men, progress is due. Noting an analogy however
implies the recognition of differences as well as agreement,
although the latter may for the moment appear to receive more
emphasis. In this sense the operation prepares the way for
further classification.’!

But the author of Brhaddevata perhaps following the still
more ancient tradition takes Karmadharaya and Dvigu as two
separate classes of compounds different from the tatpurusa
class.?

But it is most probable, that the word fatpurusa in pre-
Paninian days might have comprehended only the determinative
karmadhdraya compounds and the descriptive karmadhfraya
compounds, more especially the latter, for most (if not all) of the
original determinative karmadharaya compounds must have
passed into the second phase and become the descriptive karma-
dharaya compounds by the time of the compilation of the
Sambhita portion of the Rg Veda; and these descriptive compounds
in their turn, soon after, should have been transmuted into a new
class, the bahuvrihi. Having this in view alone, I observed 2
that in all probability, in times very much earlier than the

Vide page 139, Chapter IV—' Analogy ‘—from The Heroic Age of
Science.—The concepilons, ideals, and wmethods of Science among ancient
Greeks by William Arthur Heidel, Research Professor of the Greek Language
and Literature in Wesleyan University Research Associate of the American
Council of Learned Societies of the Carnegie Institution of Washington,

2 Vide Brhaddevata II, 105, quoted in my paper published in J.O.R.M.,
Volume VIII, Part I1.

3 ¢ Accentuation in Sanskrit Determinative Compounds’, J.O.R.M.,
Volume VIII, Part II,
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author of Brhaddevatd, the word aETiEI connoted the senge of
the syfHEHUIATTEY only and so it does perhaps in the sentence

axaqﬁ’mrqaegﬁqmagagm in Uvata’s commentary on I, 27 of
Katyayana's Vajasaneya Samhita Pratiéakhya. This may be
an old way of enumerating the different classes of compounds in
order and very likely Uvata might have made a confusion between
the pre-Paninian fatpurusa and Paninian tatpurusa—and this
confusion is clearly seen in {ippans of the said Pratisakhya.’
That we are justified in drawing a line of demarcation
between the determinative karmadharayas and descriptive
karmadharayas is amply borne out by the following evidences.

Bhattoji Diksita, commenting on the sttras 537 (P. IL. 2.6.)

7 @q 7an: (P. VL 3.73) and sy (P. VI 3. 74) says
the following in his Siddhantakaumuds :

aytadsagEa ged  TEeEd | edemeadien
Wit * gf ogammEfen’ 3k @ asmarieEg ] -
afeg: afaarg: wfmy el fgr)

The Balamanorama commentary has the following comment

on ib:

aghad 2 1 @R qefgaand 2 agag | <ars
Fea Ay w93 Agted 3t g ) aafey i qE .
gerag g wddeTeeEd wHRE s wdW A B |
s Wgrmeadigf @ | wgaral sdfafl e
afras: gfar” gf ga afed g2 arfasg) sigarat 7= dfar-
g ga: | o s wf wdfgafifa sdmm ssedmast
st as wanEdR R | s aged af qafg-
A sRAf @A | aad AEWE W agaarsadhaEa:
e g feraw | 8df ) agehe: swm afsag g9 =
ag: Afagthas ssaqvEsy fadag:

1+ Accentuation in Sanskrit Determinative Compounds®, J.O,R.M.,
Vol. VIII, Part 11,
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The sentence 399§ @ FT#A which serves as an illustration
of the operation of afdd ‘a3 HETQ%fGﬁ&” read under

Panini’s sttra <q1qy 757:” (V1. 3.73.) wrests from qm@ﬁaa
the following mgmﬁcanb comment:

« AR @ gasnaAty fgirfif aifds figey |
iy IWRA ARH Fd 9 T B wArh: gy
Nageéa’s comments, in his Laghusabdéndu Sekhara on

Bhattoji Diksita’s ¢ 3131?31[? quﬁﬂm ﬁTW‘HﬁI” are really
very significant.

Says he oQdugMuMI-d WEGAME IWEMNEEG  ejg-

franig Qar gfa wm: o _

sorafessy fogwmare | el | wdler e sifa:

dae: @9 dagrra: wdwatfa aEq | weadwda @R R

wafega 3 smmatfa wa: 1 §¢ qewmai wrd | aghafify

gftardargd wied aifiwn | gafmat aarfiefaeed b
g9 |

The tippani on Nagesa’s Sabdendusekhara has the follov-

ing significant observation on this: ¢ H3 F=r° sarqrawqmﬁ

NIRRT Fsgafimargl ARfdeEEn dveTegER) figm )

(Vide also page 649 of Nsgesa’s Laghumanjusa Chowkambha
Series).

The view that the thing meant by A3] presents to the mind

not as an attribute but us a thing itself, is not peculiar to any
particular system or school of Indian thought.

FEUTRHAIRIg RRiNgRaraIET: | gEET:
I. Annambbhatta’s, Tarkasathgraha. spiy is considered asa

ygIe. o/ is considered to be a reality (and hence a thing) by
the Naiyfyikas and the Vaiesikas.

Of. g=d ToRmuT

AT ghgeey |
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GRATETATA :
qzrert: g| Afgan

Karika 2 of Karikavali of fgsai.  Commenting upon this
Karika, Viévanatha says in his Muktavals:

@ 9 @ anfvead wfegn o Fafmamatg,

sfqifcd Tava s’

(Vide Muktavali: page 50. Bilamanorama Series, No. 6.)

Perhaps in their origin, the negative compounds might have
been genetically affirmative ones.? Later on, they might have
undergone a transformation by which they could have been no
longer felt as predications first affirmed, and then subjected to
refusal ; but language might have changed the ides of negation
in these compounds into attributions rejected from the very start.?

It has been shown that the earliest compounds in the pro-
ethnic period were probably the determinative Karmadharayas

(the prepositional compounds or the spgQNAEERIG of the
Sanskrit Grammarians).*

3 The {6y referred to is the Vatsyayanabhisya.

® Perhaps this is meant by the JI[VSFH’s phrase qﬁgrﬁqf(@rq

(under 3] ag) (See also page 649 of Nagesa’s Laghu mafijiisa).
\

3Cp. The Theory of Speech and Language by A) .
Chapter V, para 72, g¢ Dy Alan H, Gardiner,

This is probably the SITGFMIRHAT of the WERISHARR.

* Along with the general inclination towards the oxytonisation o
member in Sanskrit compounds (cp. Justi : Uber die zusazzmmsetzungfdt:rengsz?-]
na in den Indogermaniscken Spracken 75), the view that the second member
is semantically more important than the first (compare Madhavabhatta’s
Rgvedanukramani, Part 1. i. iii. verses 14, 15 and 16).

TSI
RsAmaEadaa |
sfrYsgoTAY
area: afa |gl |
iEH Frwad
s sfta FaA |
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Doubtless, some of these prepositional compounds were
transmuted into the bdahuvriki (possibly passing through an
intermediate stage corresponding to the compounds of the
tatpurusa class). The following are perhaps some of the
instances: dpa-bhi-s ‘ fearless, having fear away.” Latin ab-normss.
Gothic af-guds < Godless, (‘ having god away ’) in opposition to
ga-guds ‘ piows ' properly, ‘ having god with’ nir-malg-s ¢ spot-
less ’ properly, ¢having the spots out.’

Old High German wr-hérzer, wr-luzér, ur-mt ¢spiritless ’
ur-wafan ¢ unarmed, defenceless.’

The preposition se ‘ with * which occurs only as prefix, is
employed in Sanskrit to express persons or things which
possess that which the final substantive expresses, e.g., sd-kama-s
¢ with wish,’ 1.e., ¢ being with the circumstance of the wish, having
a satisfied wish.”?

Again there are the following compounds t—dnu-riipa-s and
anyd rapa.’

It 1s well known that the epithetised compounds where the
prefix su stands for adjective, logically accent the last member. But
this kind of logical accentuation is not preserved in Sanskrit in
the same class of compounds where dur stands for adjective,

QI TEIE
aqregeaY &) wag |
afeee g
gt Pagfa afa:
AN ARG IR o=
aawferae fega: i)

might have exercised an influence to shift the accent from the first
member to the second member insome of the prepositional copounds like

ams! & (Rv. L. 17, 3.) and UfAS@E  (Rv. L. 35, 10.) in the later Vedic

period. R
Perhaps this tendency to end-accentuate the prepositional componnds w
so powerfully active that at a later stage it came to be definitely bglieved th:st

the normal accent of the ASYL NATFGHIG is the accent on the last member

alotne,
! Vide Bopp’s Commparative Grammar, Volume III, para 983.
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Instances arve didr-atman having a bad soul’, dir-balg-s ¢ having
bad strength ’.

There is room for the surmise that these (prepositional
compounds in their origin) might have once passed through an
intermediate tatpurusa stage (for side by side with dir-atman
ddir-bala-s, we have tatpurusa compounds like dir-dinam, which’
literally means ‘hard day ) when it is very likely that the
accent on dur alone was retained. Eventually as they passed
into a new class—the Bahuvrihi, probably owing to the preva-
lence of the view then that only in tatpurusa compounds the
gecond member should be accented, the first member might
have come to retain its accent, though we can not explain how
the logical accent of the tatpurusa compounds like dir-dinam
was not tampered with.

However, compounds formed with su as the first member, not
only logically accent the first member if the compound ig
tatpuruse, (as in su-prita-s ‘much beloved’, sié-niti.g good
behaviour’), but also quite logically accent the last member if the
compound is a Bahuvrihi as in su-parnd-s.

It is significant that the Greek epithetised compounds
formed with the prefixes 8us and €0 corresponding to Sangkrit
dur and su quite logically accent the last member alone.!

To sum up, then, after the formation of the prepositional
compounds in the pro-ethnic period there would have occurred a
slow emergence of the pure tatpurusa compounds (which origi-
nally did not include the descriptive class) and compounds
of the adjectivally descriptive class should have originated at g
still later stage.

Compounds like aafd: are perhaps relics of those earliest

loose compounds in the pro-ethnic period which arose through
sheer juxtaposition of two separate words, considered to be
independent and distinct units. v
At a considerably late stage in the pre-Vedic period, the
Dvandva compounds should have had their origin and the older
Dvandva compounds like dvd-da$a ® had a case form for the
initial member. Brugmann conjectures that except these, there
were no compounds of the co-ordinating class, at one time in

1 Cf, Bopp’s Comparative Grammar, Volume III, para 984,
* ayb-dekm.
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pro-ethnic Indo-Germanic. Cf. Comparative Grammar, Vol. 11,
page 90, Section 49.

It has been already shown ! that the accentuation of the
compounds of this type was due to analogy with those tatpurusa
compounds which preserved the original logical accentuation.
It is to be noted that the Dvandva compounds with a stem for
initial member only arose when compounds containing a case
were remodelled on the analogy of the older subordinating class,
which had the simple stem. This process of conversion may
often be traced with certainty in historical times as Brugmann 2
says e. g., parjdnya-vita instead of parjdnyd-vdte; purva-
puirvas for pirvas-piirvas and the like. It is true that the use
of the stem instead of a case cemented the combination more
firmly. It is best to remember what Brugmann * says here :

‘Such a process would all the more be natural because
many compounds of the subordinating class approach very
closely to the co-ordinating compounds in regard to the parti-
cular relation subsisting between their parts, and there was no
sharp distinction between the two groups .. ... .. Both
subordinating and co-ordinating substantives are found with
epithetised meaning.’*

hiranya-kesa-s
adhara-hani-s
a-putrd-s.
Parallel to these is the tatpurusa d-kumdara-s _

The Dvandva compounds—a special feature of classical
Sanskrit were no doubt developed on analogy with the tatpurusa
compounds.

Perhaps, some of the oldest pre-historic double- accented
compounds survived in the Rg Veda like Métrd-vdrun@ and as
these had the sense of co-ordinating compounds, they were prob-
ably classified together with the later Dvandva. Perhaps too,
due to analogy, some more like compounds were formed during

1 Vide * Accentuation in Sanskrit Determinative Compou '
Volume VIII, part I1. ' pounds’, .0.R.M.,
® Comparative Grammar, Volume 11, page 90.
3 Ibid., Volume II, pages 90 and 91.
* Brugmann: Comparative Gr/aniinar. Volume II, pagss 90 and 93.
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the Vedic period and as these exceptionally double-accented
compounds came to be increasingly formed, the force of analogy
(with the accentuation of the earlier determinative compounds
of the pro-ethnic period by which the prior member would
receive the accent) would have been considerably weakened with
regard to these exceptional cases and this would have resulted in
a systematic and consciously accepted phenomenon of double-
accentuation of all similar Dvandva compounds. Hence is the

following stitra of Panini :— aﬂ?ﬂ@?éﬂ (P. VI. 2. 141))

It is this double-accent, I argued as the normal of the
Dvandva compounds, on a strictly semantic basis.?

Enough has been said in my paper, * Accentuation in
Sanskrit Determinative Compounds’ (J.0. R. M., Vol VIII,
part IT), about the origin of the epithetised compounds in the pro-
ethnic period from out of the earlier tatpurusa compounds.
Perhaps, as some co-ordinating compounds containing substan-
tives were found with epithetised meaning, on analogy with
earlier Bahuvrihis which logically should have accented the last
member, in the pro-ethnic period, these Dvandvas too might
have come to accent their last member and this practice might
have spread to other Dvandvas also on further analogy in the
Vedic period whence it came to be regarded as the normal accent,.

In all probability, an explanation as the one offered by
Madhavabhatta * with much force might have appealed to the
Vedic bards and they might have come to believe that the
normal accent of the Dvandva compounds must be the accent on
the last syllable of the second member.

Fgon afz gz
TRl 23 |
ford qdageard
foefy geug: o

1 Vide my paper * Five stages of determinative compound accentuation jn
the pre-Vedic period as surmised by their historic survivals in Sanskrit ’
J.0.R M., Volume 1X, part 11, page 123.

® Rgvedanukramani, Part 1, i. i1, verses 7 and 8
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AT TE
Fxarg_Fafd
sgharargmivfEar-

fag=gr 31w

FFY ggquéq' ®v. I, 14, 3)

srqmratafaidat mal Ry, X 85, 11).
EF S9FEd (Bv. 121, 1)

It is not unlikely that the end-accentuation of later determi-
native compounds too might have analogically influenced the
Dvandva compound accentuation in the same direction.

One thus sees a rationale in the enumeration of the different
classes of compounds in the order found in Uvata’s commentary
on Katyayana's Suklayajurveda Prati3akhya, already cited, as
indicating the various stages of formation and evolution of the
different classes of compounds in the pro-ethnic period. We can
read a great meaning in Uvata’s statement which he and his
predecessors in the field would not have dreamt of in their
wildest dreams.

By way of passing, it may be remarked that Bhattoji
Diksita also in his Siddhanta Kaumudi arranges Panini’s stitras

in the same order in the JAIGUHIT with a very slight
alteration—putting Dvandva after Bahuvrihi.



PLANKTON RECORDS FOR THE YEARS 1929 & 1930
BY

R. Gorara Aivar, M.A., M.Sc.
K. Sankara MENON, M.A.

AND
M. G. K. MeNon, M.A.

The following tables are records of Plankton collections
made by the Zoological Department of the Madras University
during the years 1929 and 1930.

A good portion of the work was done in the Laboratory
attached to the Madras Aquarium and the authors wish to
express their sense of indebtedness to Dr. B. Sundararaj,
Director of I'isheries, for the facilities given them for working
there.

The methods employed in the collection and examination
of the Plankion are described in a ‘Preliminary Account of
The Madras Plankton’ and it only remains here to explain the
symbols used to indicate the relative abundance of the different
organisms.

In the case of the smaller forms, their numbers in 1 c.c. of
the preserved sample were counted and, as shown below,
letters® were employed to indicate their presence within certain
numerical ranges.

| SO I—s5
fo 5—20
Cureeeieeeiaeinen 20—100

| s P 100—200.
Sttt 200 and above.

With regard to the larger forms, like Hydromedusae, as
grave errors might arise if relative abundance of these forms

1 Menon, K. S. 1931, ‘ A Preliminary Account of the Madras Plankton’.
Rec. Ind. Mus., Vol, XXXIII, Pt. IV, pp. 489-516.
2 r,——rare 1
f.—few ]
¢c.——common }
p.——plenty |
s.——swarms J

7
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were to be judged from such small samples, their numbers in
the total catches as a whole were estimated and the same
symbols were used.

It will be noted that records are not available for certain
months of the year. Thus collections were not made during
May and part of June in 1929, these being vacation months.
It has also not been possible to include records for Hydro-
medusae during the months of January, February and March
in the same year. In the year 1930 it will be seen that only
desultory collections were made in October. In November the
monsoon prevents regular plankton collection work.!

Conclusions arrived at from a study of the Plankion as a
whole have already been given in three papers® from this
Laboratory. Here we have merely recorded the collections
made during the two ycars in the form of tabulated state-
ments mentioning also the dates of the catches without any
remarks in the hope that workers in the same field will find
the information given of some use.

! Further collections have been made in
these are worked out it is hoped it will be foun
detailed list of the plankton fauna of this coast.

2 (1) * A Preliminary Account of the Madras Plankton ’. By K. Sankara
Menon, Kec, Ind. Mus,. Vol. XXXIII, Pt. 1V., pp. 489-516.

(ii) * The Hydromedusz of Madras’, By M. G.X. Menon. Bull.
Madras Govt, Museum, New Series, N. H. Section, Vol. 111, No. 2.

(iif) * Preliminary Observations on some Polychate Larvea of the Madras
Coast’. By R. Gopala Aiyar, Journal of the Madras University, Vol. V.,
No. 1.

subsequent years and when
d possible to present a more



100

JOURNAL OF TTIT MADRAS UNIVERSITY

1929

Diatoms

. Coscinodiscus concinnus

' excentrvicus ...
" radiatus

. lineatus

. Plankloniella sol

. Bidulphia regia

3

"

’

—

12, "
13. .
14. "

mobiliensis
Sinensis
granulala
rhombus

. Rhizosolenia shrubsoler

semiispinag

slolterfothii

calcar avis

alala

setigera

acuminata

' robusta

Chaeloceras boreale ?

20. ' decipicns

. debile

22, . sociale

23 ' spp.

Bacteriastvuiz varians

. Bacillaria paradora

. Asterionella juponica

27. " bleakleyi

Thalassiothrix nitzchoides

Ceratuling bergonii

. Climacodium — frauenfeldi-
anwmn

15. ’e
16. '
17. '

”
. Bellarochea mallens
Nilzchia closterium
34. ’s seriata
. Ditylivm brightoclli
. Lauderia borealis
. Detonula schroderii
. Eucampia zodiacus
. Plenrosigna sp.
. Stepanopyxis sp.
. Skeletonema costatum

Protozoa

. Acanthometron pellucidum.
Noctiluca miliaris .
. Prorvocentrum micans

. Dinophysis miles

yy komunculus

. Ceratocorys hovridus

. Ornithocircus sp.

- Diplopsalsis lenticuty
Peridinium oceanum

il SR
(]
-

biconcavum ... }...|.--

€]
(o204
I
[e]

”

depressum
ovatum

8110 1113

!

lnNele=]
-0

e Rk -]

- e

o - n'T

e OO R e h

e R B )
M 0o

< Trichodesminn evythracuml|...|......|...]...
" thicoanti || Lol

. M o]
N S T

oo

JANUARY

15/17|
!

18

=l
R
- e g OO MmO

]
Do mea el bl
—-hv-hOE :
- 5

%mﬂM
i e B B S e

gl

-
B R
-~ :

oo et

F -

19521 23

25(27)2

—

-

Dm0

St oyt

SR

[

-s»q—:-—a-s'ﬂﬁ’-x":f oy

-~

e

,,
Poem
-

FEBRUARY

Ml

R

-

e R e e N SRR

e

-1
ol

e 060 on

mheto ot

PR
T

t
=

AT

- -

Dot s

ol

-

L

(S )

R i e R

OO"im—ss

-

h R e eyl

el

—

o I eI

~m .t

rhon o "’OE

-

Pommg

-~

e e )

""’OS

CEW OO mmmme b

O 0 e ot

-

e

Pomt e

-

e

Cmrht R ONT o6

—hoh e

-

B

L

Do eneneg g

e e omp

N

Pmol b

.

- on

-

[N T

-l

[ N N

'-h'-hs
-

-~
T Rt oen

(o]
HE)

0OHOOO0 M

o

Powt

ol

el

v-hOE

e

oo

heh R g+ OO0

[e]

[}

)

I TEES

6el OROOA Ml

s

)

P

Pomilll

60l B0 O mane s

ol

-nﬂf

-

noel

=

ww

—

18 20

ool
-

22(24125(26

~h
Dt
Do
=

ficicle

vl E

“cieee

onefen
LY e
evefen
e




. A ANKTON RECORDS FOR TILE YEARS 1929 & 1930 103
102 JOURNATL, O I MADRAS UNIVERSITY PLANKEC ’

’ ‘1 APRIL , JUNE
JANUARY FEBRUARY MARC IO :ﬂ‘

22

26 2728

1929 l l I 1 e LT sl lahalislio ke« |
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i
Protozoa—((ontd.)

55. Peridiniwmn sp.

S56. Ceratium tripos var. subsala |

57. Ceratium {ripos var. subsala !
forma lincata.

58. Ceratium tripos var. subsala
formma hienale

59 Ceratium massilicnse

60. ' breve

61. i schmidti

62, . trichoceras

63, ’e furca

64. Vs fusus

65. v reliculatum

66. Glerodeninm sp.

67. Tintinnus sp.
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Hydromedusae*

68. Eybocodon sp.

69. Sarsia sp. (1)

70, ,, sb6.(2)

71. Halitiara formosa

72. Merga violacea

73. Amphinema dinemna
74. Leuckartiara octona
75. Cylaeis tetrastyla

76. Bougainvillia fulva
77. Kollikeria constricta
78. Proboscidactyla ornata
79. Y conica R0 PSRN R TS U VU N U PR T IO I I
80. Staurodiscus letrastanwrns., V..U,

81, Kucope sp.
82. Obelia sp.
83. Phialuciwm multitenta- ‘

crlata

84. Eucheilota sp. (1)

85. ' sp. (2)

86. Futima mira

87. Phortis sp.

88. Irenodsis hexanemalis
89. Eirene malayensis

90. ,, nadrasensis
91. Oclocannoides ocellata
92. Oclocanna solida

93, 'y polynema
94. Aequorea macrodactyla
95. ’s pensile

96. ' parva

97. Zygocanna buitendijki
98, Gonionemus suvaensis
9. Olindias singularis A
100. Liriope tetraphylia SRR R U O U PO A T O DO T IO O
101, Solmundella bitentaculata .|,

102. Cunoctantha octonaria

asef*

Siphonophora

103, Dipkyes dispar RS ERE A 2 315 & 0 O o o

elsasfosc|esa]ese ane R sesfenalencionnfeas aanfene oot sy T
S R I RN A TR I 1 I 3 OO OO I X I O O '

* Records not availabls for January, February and March, ~
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Siphonophora —~(Contd.)
104, Powrpita porpita
105. Physalia physalis
106. Cannophysa sp.

Scyphomedusae

107. Nausithoé punctata

Zoantharia
103. Arachnactis albida

109. Semper's larva (Long)
110. ,, . (round)

Ctenophora

......

111, Pleurcbrachia globosa Brae[ereiens Jorado et el P P
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Platyhelminthes
114. Muller's larza PE P

Nemertinia

115. Pilidiwm larva
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117. Chaetogordius

Polychaeta -
118. Zomopteris sp.
119  Autolytus sp.
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136.
137.

138.
139.

140

1929

Polyzoa

. Cyphonautes larva

Phoronidea
Actinotrocha larva (1)

' w (2)
Crustacea—Cladocera

Frvadne sp.
Podon intermedins
Cladoceran

Crustacea—Copepoda

. Nannocalanis mirnor
. Canthocalanus panper
. Undinula vulgaris

" darwini

. Fucalanus elongalus

3 allennalus
. crassis
. subcrassus

. Parvacalanus parvus

" acrleatns

. Acrocalanus longicornis ...

vy gracilis
monacus

LRl
. Calocalanus pavo

plruinnlosus

. Ceﬂt;oﬁfzges furcatus

v orsinii
'y lenuirerniis

o dorsispinatus... §--
. Temora discandata

vy turvinala

. Candacia bradyi

" truncala
Calanopia clliptica

. Labidocera acuta
. Pontella danae

'y y var. cevlonica
ve securifer

. Acartia evythraea
. Tortanus barbalus
. Oithona rigida

. plumnitera

3. Eulerpina aculifrons
. Macrosetella gracilis
. Micrpsetella rosea

. Clytesmmestra rostrala
. Oncaca conifera

. venusta

. Corycaeus clongalus

'y furcifer
" obluses -
" venustus .

. Saphirina ovato-lanceolata

’s stellata .
” nigromaculaia ...
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1929

Schizopoda

186. Schizopod (Rhopalophthal-
mus egregius, Macropsis
orientalis) .

Decapoda
187, Leucifer
Crustacean Larvae

188. Cirripede nanplii
189. . cypris
190. Copepod nauplii
191, Stomatopod larvae
192. Penacid larvae
193. Zoea larvae

194, Phyllosoma larvae
195. Megalopa larvae

Mollusca

196. Glancus forsteri
197, lanthina communis
198. Atlantea sp.

199. Creseis acicula
Molluscan Larvac

200, Lamellibvanch
201. Scaphopod

202. Gastropod
Echinoderm Larvae

203. Ripinnaria
204, Brackiolaria
205. Ophioplutens
206. Fichinopluteus
207. Auricularia

Tunicata
208. Thalia democratica (and
other forms).
209, Appendicularia sp.
210. Fritillaria borealis
Enteropneusta
1. Zornaria larvae

Cephalochordata
212. Amphioxus pelagicus
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60.

102.

103.

S. Peridintum sp.
. Ceralinm tripos var.

. Ceraltum tripos var.

. Ceratiwm tripos var.

1929

Protozoa—(Contd.)
sub-
sala

sala forma lineata

sala forma hiemale

. Ceratium massiliense

v brete

v schmnidli

' {richoceras

'y furca

. fusus
reliculatuin

tal
. Glenodeniuin sp.
. Lintinnus sp.

Hydromedusae

. Hybocodon sp.

Sarsia sp. (1)
sp. (2)

"
. Halitiara formosa

. Merga violacea

. Amphinema dinema
. Leuckartiara octona

Cytaeis tetvastyla

. Bougainvillia fulva
. Kbllikeria constricta
. Proboscidactyla ornata

conica

culala .
Fucheilola sp. (1)
' sp.(2)

. Eutima mira

. Phortis sp.

. Irenopsis hexanemalis
. Eirene malayensis

,» madrasensis

.. Oclocannoides vcellata
. Octocanna solida

' polynema

. pensile
. parva

. Zygocanna buitendiski

. Gonioncmus Suvaensts

. Olindias singularis

. Liriope tetraphylia

. Solmundella bitentaculata.

Cunoctantha oclonaria
Siphonophora
Diphyes dispar

sub-

sub-

mullz'tent.(;: ’

. Staurodiscus telvastaurts. |..|... ...
. Eucope sp.
. Qbelia sp.

3. Phialucium

. Aequorea macrodactyla ...\
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9(20 23!25 27)29 4(11[12|18] 19|20’231261]30 1 ‘ 6 510 11141
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\

' R ) L
Siphonophora—{Contd.) L l ‘
|

104. Porpita porpila
103, Physalia physalis
106. Cannophysa sp.

Scyphomedusae

107. Nausithoé punctata
Zoantharia
168. Arachnactis albide

109. Semnper’s lavva (long)
110. ' ., (round) .

Ctenophora

\

|
111. Plewrobrackhia globosa |-t T w
112, Beroe flemingi ? IO R OO OO M PO IO \
113. QOcyroe sp. JURN R TN R DO P [eaeleee \ .

!
Platyhelminthes \

114, Muller’s larva... ) RN E IR SE S 2N
|

Nemertinia \

115. Pilidinum larva [N 0 P FO PO FO 1 |
Annelida | | | l
‘ \

Archiannelida ‘ } ‘ ‘ U T O O O O U Y 0 1 OO OO [ o SO O DV R I A PO
116. Polygordius larve BRI A R A N
117. Chaetlogordius... U FTTSPTTE PR PN LTS

Polychaela r L 125 PO R U O U I U O OO ) s DO s b R PO R Y [ PP IR R R w el el el o,
118. Zomopleris sp. B T L L e e e e e M R R O Rl M S ! I R QA e e e e B 01 O O O DO O O 0 S
119. Aulolytus sp. ... JU 190 R TN O POV DU O PSS PO PO Y PO OO N IO PP o Y P S O N PP OO0 1

Polychaete larvae i ctellelel el gl ed €)ool ol £LE] £ E1ELE)C
120. Nephihyd . e R R R T T U OO0 O O T SO O PO O O PR PO OO PO PPRS o OE B
121. Capitellid [ J7R% PR VRN F PN
122. Phyllodocid S TR 0 A O O 2 N O 1O S I O el
124. Polynoid [N VU 0 O O 1O PO S VS S O PP Y OO R R A OO O PO PO 8 [ PP (e el Al
125. Nereid DUUR 1 3 S 2 R VO OO PO R VY O OO PO TUOY 15 o R O AU SO o IR B & el e
126 Spionid hEtEislflflfLpipiPiP|E|f
127. Polydorid ... S YO PO S U U 0 POV OO POV PO Y O O 1 ORI < O ORI PO S PP PP CE -
128. Chaelosphaerid P U 1R U PURORUN R FOIP POV PO PO PO A S VO SO PR R RSO R PR VR RO PUIPR PPN PO PR LR .
129. Magelonid (Magelona ﬁa vehnsfoaclensf Plosstens| T lecenstonstens . rl r
pzllu'grf”s) R PP PO PRV PO S PR POORS IO PO SR URR T AN “ .
130. Milraria lsisiplelelel o EIE|E 0 e £]E
132. Terebellzd(Louma medusa) cletelf el E{nir |l ihnd o Tlolindondeniaa £ looidonc]soefees e ;
13, Sabellarian { Sabellaria L T 1 1 1 L P 2 3 .
spinulosa) ..

Chaetognntha irrrrrrrrtrrrrrfrrft...ffrrfcrrrrrrffrfrr
134. Sagitta spp. ... J...cccfff...ffffffffffffffffftff& -
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JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
1929 ’] - r T (T S T T _l—"‘[‘ [ A ] }**
1 | 16171)u4‘iz 2o 1i2]s! :,‘1 | \11\14\10 1(,20l932552729 4 11'12 18/19{20{23/26/301 1 {610 11i14[15 17 18’21[23?25’ 286 9\11\13‘ l ’ o5 51719 11 1316]20. l
| AR Lrh ; LI T D .
| ' \ ! [
Polyzoa ' | ‘ 1
135. Cyphonautes larva R R o I 0 FTY I o CEEY RRY P EERY I SN CEL LI IR SN POOY ( of PO PO
Phoronidea
136. Actinotrocha larva (1) rirryr ry. Tr r r
137. . - SRR Pt IOt O O O U IOt Ot IO Tt I i I IR Chd S S S L L] (A L Ol A i ) A A I A Lot ceels
Crustacea—Cladocera 1
138. Fvadne sp. ... RNINE SRS rlodrbd el
139, Podon intermedins ol ol L T e e e T T T e el e fees e e e e e Lo Thotd r].. rled i
140. Cladoceran drldeo. rl ............ el
Crustacea—Copepoda \‘
141. Nannocalanus minor glelejele|fif|.Je{flcificlclt]f]
142. Canthocalanus panper SAEINEEI R AREE AN BAR IR SR AN SN AR SR
143. Undinunla vulgaris cic|flele|flcl..jc|flcicip|cicic].
144. . darwini LArlflEire|rdrprl i) fyryrlriry,
148. Zcucalanus elongatus JURN N D RS R U U RV U SRR RN Y O DR DS SO T
146. . allenualtus JURN TR TR 1 < F DO I o PO DO AR 5 ol 16 o OO S S OO [ o O
147. " Crassius Jriflficice|fit|cl.)elciflcic|f{f]f].
148. - subcrassus drleffeiflftlf|el.Jelcleic|f|ciflfl.
149. Paracalanus parvus delelelpiplelpiel...Jpipiplctficiplci.
150. ’s aculeatus Arbetelfire ft el e E (i E e Sl L,
151. Acrocalanus longicornis .. irdriclelrir flop e fificifir £y,
igg . gracilis rlreificl | Elrye A f ELE||ELfic]fl..
" monacus cleic ciclpt..fpielplc c
154. Calocalanus pavo dELr)-.. p pr X ..... p Jeoe p p p P b,
155 /)/umnlosus R TR VU O PO U R S PO PO % .
156. leruﬁages furcatus RESEAEARARARAR: f1Ei e ELEEiel £ L.,
157. " orsinii T ri.ri.griojrirl ey,
158. " lennivemis B AR ANE SRS S N SE o RO PR R S5 1 3 I
159. " dorsispinatus L. TR e e e e T e U R TR U I O 1.3 UG OO ORI o O 1 o OO I8 O PO 0
160. Zemora discaudata A BANAANEIR AR IR INN EARAR AR AR A NRE IS &
161. ' turbinata B EIRNE AN SR IR AN EAR AR R SR AR AR AR AN
162. Candacia bradyi Lol T T el T T ke e N EIRAE AR AR AR E I FAR AR AR R AR AR I
163. v truncata L T e e e DArlh el d el Y BV e el e el £ £ 0L
164. Calanopia elliptica | Ll L oty T e I FINNEIE JANE RN DER R JNEE S RRESE I
165. Labidocera acuta Arir|rlrl oyl e El )
166. Pontella danae I O O drlflr{fic|c|flecl..JcipieipiPicic|e
167, ' ,, var. cey/omca 1O O O O T R I Y A O sleldetieicbo el elel et tlelelel £l
168. ,,  securifer . Al flel]elelelticl £l el £
169. Acartia erythraca : Aeleie ere e eie el evel e el el el epl
170. Tortanus barbatus £ drelet el elele bl eldelel e l00T
171. Oithona rigida e ol plElt tlf]f|cle f defele| fleleie| t]e|trflelel e flel |
172. . plumifera Tl " p iplele f STl lelorifr AR drfhrjrledgririrl ol rir flLr ‘
173. Eulevpina acutifrons f : f' JrirlLflfiriar r|r £ f' £ flelf c c dclelflflelflf|fl.Jele plflelel s el..l
174. Macroselella gracilis clehidenfeddied ey el e clEyelf fIEleeE plf|£|£|f|f ctflfpE|Elt ¢ debele]elel e eie el el ol Lol V00T
175. Microsetella yosea CEEE r I A A P R A I R P R AR c r RENREI NS DR AE k3 WNE § PR P I RIS AU OO OO 1% O IO I O
176. Clylemnestra rostrata O SO T O I R D ri, retdeee]es rirf.]r S00L T 00 0 O O DO 3 O 1Ot 3 P O P RS R R AR A RN AR RE AN flriel
177. Oncaea conifera L EE] ] . . e Teeelees O S PRI R E I R PR A R R R Ry AR A TIR SRS RO EAEA AR AR SR R, £
178. . venusta AT NN ARG I T R S R R L LA R E I I e
179. Corycaeus elongatus 'r el ddrbl o debde el e b el el o el
180. . furcifer flELE|f fUErEle e lel et £l e]elel £} fclccff.rfccffrf.,cpcpfcc'é""'
181. o obluses T IEEAP R i Tl ool ool el el b el el elel gl l el
182. " venustus 115l elelele).ificlelc f r}. wlrifl.jctflclec|c|ecif]|fi..Jc|lclciclf c"f.c.
183. Saphirina ovato-lanceolatal...|...|.. bbb ol 1] U 1l ] r. Adrlftrirififletel el £l f rl
184, »  Sstellata R R Rt e T O OO R O T O SO B I LU I I OO O IO 8 0 13 I I 8
185. w  nigromaculata {..|.... ...l . R rlad el i PAEARINRESE XN R EI bl et
S ;
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SEPTEMBER OCTOBER NOVEMBER DECEMBER
JULY AUGUST , B R
1920 RRAREEEEN T TTTTTTTT | 23] [s ! 7141' 17i18i271l2’%1251 28 6;9‘11131*#18;9028 3]sz o 11/1316[20/22
. ool L ] ! 11 1218’19202326301v 10{11{14[15|17 ’ 5/18)2 [
! 2937_[9‘12]' )10’17’231242526 12 3’5‘719]11 14 1(319[2023!252729 4 BN f ! " | , [,wm NI O 0 0
NN 71 | YT T T ) 7 ’
BEEEEN C L J | ’ Cr ‘ } | ' {
Schizopoda ; ‘ i l ‘ i ‘ ‘ . } ’ ‘ ! . ‘
; | “ ) ’ ‘ [ ] w : l i ? | l
186. Schizopod (K hopalophthal- ] | ( ! 1 } i | !
muss egregius, Macropsis| | | | || ‘ L 721 L L O L A S
orientalis) . R ER TR (TSP TT . rif clejcis siplc ‘ i ’ L : ‘ l
e | |
Decapoda ; | ‘1 ‘ i ‘1 \
f [ AR IR IR I M IE: vl AR NNEY EINREIRREIRS RN ¥; T r%f} r
187. Leucifer S vl r el |y | 7 } ;
Crustacean Larvae ‘ b & ‘ i
| * VL0 SO Y P P ORI O et
188. Cirripede nauplii LI ol ARES rloi Ll
189. . CYpris R ) el e E e el el g elel el rldrl vl fldr r I
191, Stmentopod foos ol fe il PR A I o o 1 P ol
. Diomatopod larvae CElr firi.. r r Jrpdr Tl..lr
132. LPenaeid larvae L) El Bl T TIE : ff § : £ ; flereleie{ i je|rirlir rl... fIE]flf
193. Zoea larvae ... f ¢ T P OO veefe r..
194. Phyliosomna larvae fif r .r r r r} elrir e{glelflr|r|lricit flr rlfiflfir fir ririfir(r
195. Megalopa larvae f' f !
Mollusca | ’ ! i
L T PO [ FOON RRNLS o IS PSS P O v T 1 e r
196. Glaucus forsteri i R LIRS TR Il A TR CUTILY (PR JOUY O IO O O I O IO O SO0 IO 0 0 A r b O Y A ] r..l T ri
197. lanthina communis KRN 1l S RS R et ECECPOY SR CEES FOPY O Y 70 I N O I 0 I o e flojrjrlf|rivyr o) fir | E( . E E € ) F f . F ey ey E| 8 E) 6 O E 6 E E FlF 1§ ¢]F
198. Allantea sp. ... SO A U P PR O O U O IO IO A AR T % I fir|cic|fleyrit, r]e|fifyfiflicifle|fleipl.|r]flr|S flEfe oo f)f 1
199. Creseis acicula R R R R SRR R R PR R R R A P Il Y Y e el ¢ ‘
Molluscan Larvae
. i r riflfl.jcfefctflirificifir]r|r|firl.ri. /2]r
200. Lawmellibranch SR OO S O 1N 100 O corderfon LEES CEE RN (X PP N O R A OO O O SO [ drbodrled el fiel gl flelflclclelflc]c
201. Scaphopod ... LN (R [RPY PSS AP PP PP SR P PN SO PO AN N SO rir| r . r JE R e | el fjelrflcifirir|cirir!r
202. Gastropod PR TR0 U OO P ]r [OT LR FUONS & N o ORI A rl, rl.lrirlr rl. |y ;
Fchinoderm Larvae I[ ! | J |
. r ririflic!lf
203. BRipinnaria ... " [ il
204. Brachkiolaria ... ' ' r r{r r|f r{f{f|ficif|lriflc|f
205. Ophiopluteus ... r r rlrl.drlr rififieir|f)f flelelfle
206. Echinoplinleus... JUUR U R SN SO SO SO FOON T e (OOt I00 IOt IO U U O 0 D00 et IO I 0t O O O Ot T A ool
207. Awricularia ... SRR N O FOON P ool oarfeorivanfenafoen
|
Tunicata
208. Thalia democratica (and c cfenjvhalafrlcielpic]elfleje]e|ple cleleifje|flf)flflrl. f.ir r
other forms) FUR R U UM PO PR PPN PO DU TN rir Tlrjr|eie|r{rfr|c|rir{g]r| el fl ol rf| o f[ 1| £ rfrir|riiririrjr|r
209. Appendicularia sp. R SN SO o OO PO PO PN SRR IR ol I TR EIPEN(D & NSNS N TN [ J Y Y i r r bbb e d e d e e b r r r r
210. Fritllaria borealis N U O D O O o 0 [ O O -
Enteropneusta I
rl..r r r r r Tl.irgr fiflf r r
211. Zornaria larvae s feclonefonsfeeline o f L B Elel e el efelel £ £ £l ] )] Tha|r|f
Cephalochordata
) elr rlr r rir dr]r r rfr T r r
212, Amphioxus pelagicus? ... L..|.. Lofoofo oo £, .
N ?'
Y
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1930

Diatoms

Coscinodiscus concinnus
" excentricus
' radiatus ...
'y lincatus ...
Planktoniella sol
Bidulphia mobiliensis ...
' regia
' Sinensis .
v rranulate ...
' rhombus
Rhizosolenia shrubsolei
' semispina
'y stolterfothii
" calcar avis
" alata
" setigera ...
' acuminala
)y robusta ...
Chaetoceras boreale ?
' dectpiens ...
" debile
" sociale

vy spo. .
Bacteriastrum vavians
Bacillaria paradora
Asterionella Japonica ...

" bleakleyi ...
Thalassiothrix nitzchoides
Ceratulina bergonii
Climacodium fraunenfeldianum

’ biconcavm
Bellarochea mallewns
Nitzchia closterium

'y seriala
Ditylivm brightwelli ...
Landeria borvealis
Detonula schroderii
Fucampia zodiacus
Pleurosigma sp,
Stepanopyxis sp.
Skeletonema costatum ...
Trichodesmimn erythracum

v thiebants

Protozoa

Acanthomelron pellucidum
Noctiluca miliayis
Prorvocentrum micans
Dinophysis miles .
’s homunculus
Ceratocorys horridus
Ornithocivcus sp.
Diplopsalsis lenticula ..
Peridinium oceanum
'y depressum...
e ovatum
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MARCH APRIL MAY
JANUARY FEBRUARY
X . Y !
1930 . 1 e 3[s[ 7 olizhaizhiolz1lez'24el2l s [1of12]1a) 16118 21]23 24129 1/3(5]7 10,18’20 23 26'27 ‘ 29
13115 17)19[21 23{25 27 29}31 3157 [10'12|14]15]17|19]2224{26/28 BN | || ,
[ I L N S I N T i .
Protozoa—( Contd.)
55. Peridini coelaa r THT jeenie : ; r
Y, eriainium sp. flfir|T r|r r .
56.  Ceratium tripos var. subsala . t
57. Ceralium tripos var. subsala formna
lineata
58.  Cerarium tripos var. subsala forma onleaels
hiemale Lo fitlcic|clefc|cfc|flec|f]f f f
59,  Ceratium massiliense ... f f R D Joof T .
60. " breve r S A A N R 3§ 2 T . T
61. w  Schmidis ri. drfa SO 001 U ' . rirl
62. " h’l’chol:”ﬂ.f e Jr Tie dedrholr r fl... ..
63. " furca Joedten vl T r . -
64, , fusus o U O I
65. . reticulatum ... ol .
66.  Glenodenium sp. rl r
67. Tintinnus sp.
Hydromedusae
68. Hybocodon sp. SOt et o
69. Sarsia sp. (1) . JOT FOOR SO v
0., sp.(2) . Y 00 Y .
71. Halitiara formosa ... N ploeef £eeeis
72. Merga violacea . £l plol .
73. Amphinena dinema ... R T .
74. Leuckartiara oclona B R YN .
75. Cylaeis letrastyla Jdr lelelT .
76. Bougainvillia fulva ... f el .
77. Kollikeria constricta .. JOR FO 0N SO -
78. Probosiidactyla ornata... TR O P -
79. vy conica ... eedde . .
80. Staurodiscus tetrastaurus PR P N Y R I PO RN PO RS Tt I8 . : ..
8l. Eucope sp. . .
82, Obelia sp. . - el .
83. Phialuciun multilentaculala coe] T jeostonel .
84. KEucheilota sp. (1) eefeesleesteny .
85. ' Sﬁ- (2) | S I N .
86. Eutima mira P| Pjeeefeeet .
87. Phorlis sp. piE|T|.} -
88. [renopsis hexanecnalis... FTY ST P DO DR O T PO SO O ] A e M .
80. Eirene mnalayensis . Jowefoweforels -
90. »  wmadrasensis . ofenefeentonc]s .
91. Octocannoides ocellata .,, ISU N R N PO ” wolerdfeenfons]s -
92. Oclocanna solida [T . O O PO X -
93. » polynema ... | £ Plevelets N
. Aequorea macrodactyla 1 i IO PN N O -
95. ', Pensile i * Fifl.oloeele -
96. »  Parva o Tl e
97. Zygocanna builendijki... o eulenalensle -
98.  Gonionemus suvaensis ... iy T loaef T loeefe "
99. Olindias singularis veeleants " r
160. Liriope letraphylla ... 1l 3 oo el T f
101,  Solmundella bitentaculata Aol ‘ "’ rirjririnr - . e
102. Cunoctantha octonaria ] | el RE 3 .
Siphonophora |
. . ‘ f rle rirlr TEE Posfoar|ersfsorfansfacsioretoaniosslassBees toae faoe]ata Yoo fooe]aes aee oae
Diphyes dispar ... S A S R O 1 R 1fe{e]f|r : |
cabamiom :
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. APRIL MAY
JANUARY FEBRUARY MaReH

1930

' T e — N O ‘ ; } ! 1
? ) 261281 8 110{12(14(16{18121{23(2429 1 | 3 | 517 |10;18(20 ;2326
13\15“17 19121123112527229 31 3‘5‘7i10|12 14"15 17!'19 2ol24]26(28 3\5 7i10 12{14117]19 21\22 24‘ 1 ;
Siphonophora—(Conid.) ! !
104. Porpita porpila . . ey . el e l
105. Physalia Physalis .. o | e oo
106. Cannophysa sp. . ‘ e ! “
Scyphomedusae
|
107. Naussthoé punclata ... Sd (SEITE CE AP PO (O P O FO It S £ | 8L U O R O S PO P SO P ) S M PN P PN EPUY O P PR PP P PP P
Zoantharia . ‘., ‘ 1
> ! !
108. Arachnactis albida ) RO L PR LN A PR clelelr ot b ! . - Al
109. Semper’s larva (long)... 1 : r Tl JOR PR O U UL DU JUON JRFN POY O l ------ el 'l ‘ ‘ ‘ oo |
110. " ,»  (round)... SIS 8 : . xr- - ppp|f f T fl...l-. ri ...... Y P S CE R ER R
.. “%e cea e aevlass nen|ane|sasises . | !
Ctenophora l
i
111. Pleurobrachia globosa... drirfelriel. r|r r‘ r 1‘ cle
112. Beroe flemingi ? T Arir '
113. Ocyroe sp. S .
Platyhelminthes
114. Muller’'s larva wolee r
Nemertinia
115. Pilidium larva c ol fleftiri.drlr f r
Annelida
Archiannelida :
116. Polygordius larva T SAE A EAE SR P Y N IO O LR 3 U Y AU OV R P 5 f W TP Rl B LR N IO o) IO PP Y
Polychaeta ;
118. Zomopleris sp. Jril,
119. Autolylus sp. . . alernny . g TR PO R R PO PO PN e
Polychaete larvae . i
r
121, Comielrd el e el elele ool e e 8l 1 4 et B
* . b ane Cla.jctcel|e flf o e - veeleselonelaanfaneloaa]ansin - ” P
R b e o M M H M MM SHHEH AR
124: Polynoidm BN IR0t D 2l Al A A AZEY (LK O N R I N R P OO N R B A IR f flel.E1f drdirledrye oot
125. Nereid M R R SR P o ON 1001 8 O i Epiple P el wlffffqrbr e f
126. Spionid ff"f N AR R AR AR AR A R t plpipip|fifle ciclel..lflftclE|f1ELf|f! £ f
127. Polydorid f, Eleif1e e ls £l f e r].|r|T Sl Felele e ofryt AT FREAE: r bl
128. Chaelosphaerid r LTI CCE! PR TR 3 SN I 35 N FOON Y B O O TIr || r e T jeeionsfonsfoeclens N LML o PR S O R S
129. Magelonid (Magelona ﬁapz/hcorms) flelwlfir|r|c|fle L B G L ST ST SR TP (R R PO X rlric!fif|f woeer|T | £ T (T L T vee { e
130. Msiraria el fd e e e D000 RPN R S o o N N 0 A cedeed T lowcfeasase T {T{esef T[T fu drijededrr| firir ..
131, Chaelodlerid JUOY 100810 8 1t o ol Al Tl B R R Y T rl . U R R T 0 D000 HO O S DO el
132. Terebellzd(Lozmmmedusa) el Sefeesiee . rlrjri.|f|f T lodens| T rlaldrpr|r|.. oo lae r
133, Sabellarian (Sabellaria spinulosa).).. R A (EH (X r fificljcyfle ) f i f)61f 6 }f r
Chaetognatha
134. Sagitia spp. o W W Y S I . . » A gleletel el bl el et el e el Ej e ElEi e S e Efc|E|EiE !
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APRIL MAY
JANUARY FEBRUARY MARCH
1930

T — e S i [ ' . l 1
‘ ; 11012 118121123242 1 13 | 5|7 |10[18/20( 2326
21 23125!27’2931 315 7,’10 12 14‘15 17]19|22/24)26)28 3 5}7[10 12 14117!1921 22]24 26 ‘28'8;10‘1 14’16’182 2 ]
S I e A REEREE R R S o T R S o o
{ R R e i
Polyzoa f : l , l
135. Cyphonautes larva 1 ‘...’ _______________ e el flf|r|r|r Sjereieefee
Phoronidea | 'l ’
136, Actinotrocha larva (1) ‘ c clat, i rlf Flo] T lacslons]easfone| T erfeesie . - .
W, - (2) S St 0 O 8 o W L : el § :
Crustacea—Cladocera ! r
138. Evadne sp. - | T
139.  Podon intermedius | i rh.r
140. Cladoceran | : A . r
| : rir|r
Crustacea—Copepoda ‘1 f |
|
141. Nannocalanus minor .., | ‘ ¢ .
142,  Canthocalanus pauper.., i Tlgrirrr|.. .
143. Undinula vulgaris | r Tirjle,r . .
144. v darwini . ‘ Erelre|r| el ..
145. FEwucalanus elongatus ... | L35 CETIFON PR PO 16 8 N -
146. ' atlenualus ... r vee | n .
147, " crassus Tirlolledoddo . S ryr
148, . Subcrassus ... rririrl..\rl.. . ..
149. Paracalanus pavius ... el rl l.. r|irir A r{iririrlfif|f}f
150, ' aculeatus.,, sdlecl fyT T T iy .
151,  Acrocalanus longicornis wdrirla. "
152. " gracilis ... TiTirl..l . .
153. " monacus ... el Lol : , : ) . ryr | fiE|fLE|FIf
154. Calocalanus pavo Jrjrifiririr 100 O O T O O m el
155. . plumnlosus S O O T O O T : PR PO OO S IO Ot IOL L0 OO O O e T SN O S .
156. Centropages furcalus ... S E A AR IR AR AN NN IR A N PPy Y P S R el e e e el e e oo e e e e e e e o Lo .
157. . orsinii ... L ORI SO0 T 1 o Y O MM LA L R rrinif f xf' f‘ E foesfs S U OO O % A0 OO X A R PO .
158, . tenuiremis r e riririLdr|r . wlestees]one -r el ee e (YR RN R
159. ' dorsispinatus R - 1 I R R . . 0 [ VO
160. Zemora discaudata IS0 et o N R R R R P & - R R r .k
161. . turbinaltl S i -“".. . REI LTI CPRY PO (OO IS o . N asfeee ':. R afesele <larvafens ed e
162. Candacia brad'yi el r f f el o f R LT LE T CRS SR PR R . aefrenfens ':' ) P PO N slecatan seeleadf ..
163. ' lruncata ... S0 N O O O Y e i 1t D e e 0 1 O A N I 3
164. Calanopia elliptica S 50 U O O 0 OO A O Y O 00 00 O O s YOO o o .
165. Labidocera acuta el Eir | E{r | r r : :‘ rirf.dr|rl. . S .
166. Pontella danae Aelelelel el e e B H r oE f- ; rrf. . ; dE e Cp fTELLE) S T «
167. » v var. ceylonica SRR P P P s Tirtf e I 15 3 R 0 O O N
168. " Securz'ler L I O R % i 171, ; .; CEEY 18 P T P . . . e T ses
169. Acartia evythraea o RERAEI R R L S 1 el T 4 ,'-'f FlElErs flelelE(f] e fi{c|ecle|flf|f]|e
170. Zvrtanus barbatus vl rir|f z Ef ’ riri|rjr rir 1. . . R
171. Oithona rigida FIELEifIr|f rir . . . ririr|r{r|rir|y
172. w  plumifera ... S At o o r .r T f- xf' f_ CHEVEIEIf | r|r|r flE|f)E). . rir
173.  Fulevpina acuiifrons .., cielficlelfl.ipleltlt|t s c é ;‘ riviriri,. ff £l clfiE|f)f(f|¢F]F
174. Macrosetella gracilis ... ~fefetelelefelilelt|rrlr|r|z]S <ft fiflfly r . .
175. Microsetella vosea ... bl e e Loy e LER S o S0 O N denfes . ..
176. Clytemnestra rostrata ... SRR L Y )R SR (R ot O O A M i e LTE 1O Y O - ofees . .
177. Oncacea conifera . SO IO 1 I seniese B it S LT EX PR OO SO AN * . . .
178. ., vemusla nr ; : T - rlcl e ] ¥ . e . - 1.
179.  Corycacus elongatus R Tl BT e L B B e . s
180. » furcifer ... el e lflf NN PSS 0 o 5 LT LT L O O O rirfrir|r defririr|rye{r|r|r}r
18. | obtuses i RN R R e tefe rl. rl. e
182, . venustus ... el fir|rir]f R Al A O rirpririr|e{rje|r|rjefefr i)l |rlr|r
183. Saphirina ovato-lanceolata el f : f rr i Cleif1fLe(f]..0..]... . ¢le .‘i a . enclovetunefanstone]onsfensfacc] oo ISR R O P
184, ’ stellata aen cealens]e . el ) f . mreleentens o " T [aee evs[aasfeccion eralfeeloeeas aeslone] o ves {0 . [N
135, ' nigromaculate I R els O O e T O ) e sufesefoecforelerclsarionstssetansla aeefeee faus fons faen | uns O D IS
bl senle vesjsne foed] T €
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MARCH APRIL MAY
JANUARY FEBRUAR T
v |
1930 e pa R I 3l517 10{12 14‘17[19 2122;24 26/28] 8 11012(14/16:18/121)23]24/2¢ 1 [ 3 | 5 | 7 |10]{18]20|23 |26
| I 0 T e
1315&” 18211232527 29)3] 31517 10,112314 15/17/19(22|24|26|28 7T T N
S - . __;___w,,, ST B
Schizopoda |
Y - cslslsieic f i leleleltlefelefelelefotol ol r [l
186. Schizopod (Rhopalophthalmus | ririfieicis)s
egvegius, Macvopsis orvientalis) ..}l L,
Decapoda o~ SO UL VOO OO OO OO N O AU JORN O OO0 AU o O B B
187. Leucifer T 1 L N O O O O ! ~
Crustacean Larvac f rleltletelelel.flclelfic|tle|clfleie)f|t flf | flr
.. f f c cljclc r
188. Cirripede nauplis Tt (fLf 0L £lels dE T f f f_ m.f r ¥ r [; p
189. " cypris wrlririeir]e ] . riririf|cle s AT e ol R NE: r .
190.  Copepod nauplis S 0O e O O R Rk rlrle|gleleifllelcl el elt]e £l lf e £ rlrlr|r r T
191.  Stomatopod lavvae ... CPp D clele(flelff cifle|flflcif|fi{fieleiflf{f]lcic|clc|c|f]f]|E|F]Ff
192, Penacid lavvae pe Ty
193. Zoeca larvae el f ’ rir{rir|rir|r .
194.  Phyllosomna lavvae ... Elffirir|clplp|e rir|clfffie
195. Megalopa larvae B EAE AP e v ;‘ . 1" ,
Mollusca ' ‘ K .
196. Glaucus forsteri " ‘\ .
197. lanthina communis ... ‘ i i e
198. Atlantea sp. RN R R AT
199. Creseis acicula o v T
Molluscan Larvee
200. Lawmellibranck S S R A
201 Scaphopod e e e e TE Ty n \ -
202. Gasiropod T flr o PO S PO A A B ri. *
Eckinodertm Larvae i ) Jok Rk
203. PBivinnaria effleit it dt tl el lelels £lf Eririr|rir|r|r(r|r
204, Brachiolaria e ’ SRR INS RRNE S Sk r- : ¢ ; : ; f ririr o[ Tere]e
205. Ophioplutens S LR EARAR AT SR IE N SRS R A rir f
206, Echinopluteus ATirir e Lo e e lelr g LD g g fle ! ’
207. Auricularia N R T rr
Tunicata
i . . riflcleclcic|f|f e B
208. Thalia democratica (and other o deleletej gl r rpf|rir|fir Floedeje €1
forins) . wpErElelfiflelelelelele siclflflg r ¢ r . Tler|r
209. Appendicularia sp. N R ISR PARITE e b P o L
210. Fritillaria borealis ... e Dl Dl T L f L p | rir r .
Enteropneusta Jr fl. r .
211, Turnaria larvae e Dleenlecdr Ly rir Jrir rir
Cephalochordata R PO O VO R OO OO OO I O AP O A N O I . -
212. Amphioxus pelagicus ? JUU TP O N O "
» 1
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OO0 N DU LI

JUNE AUGUST SEPTEMBER | OCT.|NOV. DECEMBER
1930 S o —

0y 1|68 [11{1315/20|2225|28110|12|15(17
1011416{1820{24 26‘28

|
19{22123 263(1 8 13!20 5 [13 2

Diatoms

275730 2 \ 4] 6
|
|

Coscinodiscus concinnus

. excentricus

'y rad iqlus

v lincatus
Plankioniella sol ...
Bidulphia mobiliensis

’s regia

. sinensis

v granulala

' rhombus ...
Rhizosolenia shrubsolei

' semispinag

" stoltevfolhii

- calcar avis

’e alata ...

. setigerva

' acuminata

" robusta
Chaceloceras borveale ?

- decipiens

' debile

" Socigle ...
Bacleviastvum vegrigns JOY O N PO O I3 OO O
Bacillgrig paradoxa el
Asterionella japonica .

', bleatkleyi JOON R B R JOR S PO A
Thalassiothrix nitzchoides R FE R J T .
Cergluling bergonii. ... . . oo
Climacodism frauenteldianum
Climacodium biconcavum . . S
Bellarochea mallcus... gL
Nitzchia closterium ... ceelue N :

' seriata ... JUY P R O R ) O O BN P e N PO S JO U N OO g OO A A, SO O SO SO OO S A AN
Ditylium brightwelli SO OO OO O S0 O OO SO ] JRRR S N PO P o ool
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Lauderig borealis ... SO P P Y [ UG N L P O O D A
Detonula schroderii... RV SR G TN PO i s OOt O R R P A 2 S I
Eucampia zodigcus ... U U Y I O R A A IO .|
Pleurosigmea sp. ... coolordo L EEEELE x| 0 0
Stepanopyxis sp. ... Ll c £lEf|e|e|r]r TETE L dr
Skeletonema costatum eenfensfenfendil i PO S N SRR
Trichodesmium evythraeum Jds oo JELf ~le
' thiebauti " - f

Protozoa

Acanthometyon pellucidum . P RS R TR N R O rir|r ‘ 00 O P O PSS O P P 1
A‘)ct“l“cn mz’liarl's - - N srefenaiens ene weoioee seeitevieveicorisncfanalaselsee PO PP PO LTS CVVE PR EETY N PP " . °
Prorocentrum micans B EYO
Dinophysis miles

" homunculus
Cevalocorys horvidus
Ormithocircus sp. ...
sz_lo_psq{n‘; lenticyla

enidinum, ‘oceanum...
v depressum
”» ovglum ...

s T T Lea

tloeafovei@ralooniapalsoelecn]ane
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AUGUST

SEPTEMBER

1011

13]18121 25\30

2

4!}61110 14]15 1%

11]13) 5|20

!
22 25:28 10(12 15

17119

’
|
j

23.'2

NOV.

5 13‘,22

DECEMBER

|
Pz ¢ ot POREAY
Protozoa—(Contd.) \ ‘
Peridinium sp. - SR L T T A . Jododn N PO N veales
Ceratium Iripos var. subsala A RS SEIITTTI b o PO L IO Nt Il e )l ririr)fir f
Ceratium tripos var. subsala forma lineata ... |.|r || |7 O N O o I R N LU IO Lrldr oy
i / rears el R O Jflr)edaia
Ceratium tvipos var. subsala forma hiemale D PO AR T T A N JUY U FOO P ;
Cerativm massiliense N EA R 2 PN Flt f i LA Jftr|rlfif
" breve Ao el L cnlended .
. schmidti ... vae I S MMM ALEITEE OO OUR JOR R R evciooi]enalyan I ............... . FRE S
" trichoceras... ey I A S gt
" furca S O O O R R T, PO U D OO N O e T[T |eas
" fusus ... ~ R DU O O TN
' reliculalum s feeetee velaes
Glenodenium sp. .. crelean
Tintinnus sp. f ¢ £lf
Hydromedusae*
Hybocodon sp. .
Sarsia sp. (1) .
v 8P (2) -
Halitiara formosa .
Merga violacea .
Amphinema dinema
Leuckartiara octona
Cytaeis tetrastyla
Bougainviliia fulva ...
Killikeria constricta
Proboscidactyla ornala
vy conica
Staurodiscus tetrastaurus
FEucope sp. "
Obelia sp. .
Phialucium mullitentaculata N ceelee
Eucheilota sp. (1) ... SO0t SO0 Al A HD 1 R R Y M I I O I P DN -
Eutima mira - e ID0E D0 it CET CE SR PO IR N I TN FO S RN JOW SO I 318 3 FPOR I 4 I T I O N R R OV % ORI
Irenopsis kexanemalis . B e ek RV CERY (LIS CPRY (YO P TN O FIOVS TR U JUR OO SO JOS . cerfenntunefenalanntone] cobiciinedly .
Eirene malayensis ... p IR A 0 il Ay P O = " N 1.0 .

»  madrasensis ST I ot e B ) i L.l .
Oclocannoides orellata - ‘E f1f - .- A .
Octocanna solida SR Nt 001 0 R el TR S OO0 A N N U0 PO S UL JOU O OO DO SO O 8 .

v Polynema ... A ot deseenefonsloes] eofonefonelinden .
Aequorea macrodactyla O I I Plevceerians el JN 19U OO P N O IR OO IO PN .

»” pensile s vee LY N ;— 'l'. I ::. o sesfa leasee [ PR PO YT P19 S LT e

»n  Parve SO o T o it £ il T N ool iealen
nyo[anﬂll buitt’ﬂdl’]’kl . I .;. *lawelae. hhdd AL PIA PO B RLET XYY SO B avefsen eeloesfan oofensle easlane
Gonionemus suvaensis e T el £ oleee snelaneles [ TN - cenlens
Olindias simgulayis JUUR it A St CER B LR SO OO T . ) eelaveloselen o R
Liviope tetraphyllaq fp T s 0 I 2 % Ar ! Wrir feesdicefons
Solmundella bitentaculata et Eopees I . f . PPN PO RN O PO O f . . Trir
Cunoctantha octonaria T o - . . . .-

Siphonophora
Diphyes dispar . e o (R T N[O O I L TOOL R O L0 O O S
hd LT CUYY [EVY PPN PP PN it ] CUTX CTYS PORPS KR SRR SO JR AN o
Yy
1 Records incomplete for October and November,
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JUNE JULY
1930 AUGUST SEPTEMBER | ocT. | Nov.

4 1011‘13 182112530 2| 4 | 6|1 | \ T T ‘ : S DECEMBER
0{14116/18{20|24/26! [ ] '
e e B ;. 0 426‘28 1/6|8]11 3}1520222528 1012]15,17:19 8113|20] 5 {13]22
T e T . o
L U L LS S N A S O pre e —
Siphonophora— (Contd.)
104. Porpita porpila
105, Physalia physalis
106. Cannophysa sp.
Scyphomedusae
107. Nausithoé punctata .
Zoantharia o I
-, o
108. Arachnactis albida O N (S PR PR TR SO Y 0 AU SO I -

109, Semper’s larva (long) ... }r e
- 110, i »  (round) ... .

Ctenophora ]

111. Pleurobrachia globosa
112, Bevoe flemingi ? e lciloanens
113. Ocyroe sp. . voefoeelenidese

.:'-no
T

Platyhelminthes
114. Muller’s larva ... FURE U U PO FURS PR R, 8 QUK AR I8

Nemertinia J S R

115. Pilidium larva .- FETY 0 PO L LT LU SIS TS I SR N PG PO O N IOt |
Annelida R TN RS FOOR PO R POVN U PP DOUN A FOOR UGN PP 3 PP DODN U AP V0N S JOUR 1R SN oY S
Archiannelida :

116, Polygordius larva . SR N URPN CUOR JOUN FUR RPN PO VO 0% UGN ORIV R N T
117. Chacetogordius ...

Polychaeta .
118. Zomoplerissp. B N PN PO N F N A SO0 N N R OO
119. Autolytus sp. ... - 1.

Polychacte larvae U U U UL ) Y ) VO O S
120. Nephthyd
121. Capitellid .
122, Phyllodocid ... Y 0O O O O S I3 O A O
123. FEunicid

124, Polynoid

125. Nereid

126. Spionid

127. Polydorid

128. Chaetosphaerid... e-
129. Magelonid (Magelana papa/lzcorms) R R R OO 1 o
130, Mitraria . e O £ I TR FORR S PO TN
131, Chaetoplerid

.
<
o
HEEEEEELHE
MmO RS S
LR

132.  Tevebellid (Loimia medusa) " O PSP T e oo Cloe| £ deeees flofe 1 fle]rinir
133. Sabellavian (Sabellaria spinulosa) ... ORI 2 O O A O ot i e R e R . r wlrlr
e A ririf flEirffif r

Chaetognatha

34, Sagitla spp. ... T N
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PTEMBER |ocT. |NoOV. DECEMBER
JUNE JULY AUGUST SEPTE
1930 R b | 1520 22125/28}10| 12/ 15/17/19|22{23(26{30| 8 13|20 5 {13122
41013825 30f 2 ) 6 1014 16{15i20 242628 11681113 o
e SRS S SO N U I R ’ |
|
Polyzoa
135.  Cyphonantes larva ... SR 1 o N R N OO OURLOOR R JUY AU TR SO TR SO AU SO O O [
Phoronidea ! SIS L N I
136.  Actinotrocka larva (1) LR TEY EPS SN PROS PN PPN N PN 1 DU RS SN SN Y PO TN SO IO 0 ORS00 O 0 DU 00 1 O 1O VIO I PG
Crustacea—Cladocera T
138.  Ewvadne sp. B 0 N S T T ri. Jrlr!
139.  Podon interinedins rir ] .. veofoed|anitend]s el - f ok
140. Cladoceran Cloal T lecdlun Joar
Crustacea—Copepoda 1
! T SR SRR
141, Nannocalanus minor ... J O ira e
2. Canthocalanus pauper ; N EARREY FAR AR
W3, Undinula vulgaris b LT LA B I
144, " darwini e
145, Bucalanus elongatus ... ! ded
146. " attenualus... | ririffelf{f|f|F|f
147. " crassus ! ridodfie|elr|r|..
148. ” subcrassus ! flfifific|c]f|f|f
149.  Paracalanus parvus ... . S RN RN o R I O
150. 'y aculeatus... £lf UL AT ST RS A EAEA NN BEATS )
151, Acrocalanus longicornis R I Ll DO R VO T O I o IS O
152. " gracilis ... rlr! £l | fiofelfle]le]e|f
153. " MONGCUs... 10RO I O o O ORIt
154,  Calocalanus pavo o L
155. " Plumulosus r Jelr].
156. Centropages furcalus... £ fle|ele|f|c|e|flc|c|f flr|irir|ffelf]. L1
157. " orsinii ... NP S R R Jodr|r
158, vy Lenuivemis . SN R T el 3
159, " dorsispinatus .- | dolr
160. Temora discandata .. rlr odrha i b
161. , lurbinala . IO OO 30 P O
162.  Canda:ia bradyi . Lo frirr
163, v lruncalq .. Ll drber ..
164.  Calanopia elliptica - ofrfrir|r
165. Labidocera aculq . flf]flf|c
166. Pontella danae . .. oo [ I R
167. ’e 1 Var. ceylonica .. Lo wladringr
168, ' securifer ... . rifl Lol elr]..l..
169,  Acartia erythraca . USRI SR O A R
170. Zortanus barbatus . f cle|fhs|fefflf ¢
171, Oithona rigida .. Al RS N T R o O R
172, v Blumifera . £l | AN AE AR SARAEY AR AR
173.  Eulerpina acutifrons . Lrf)EiflS
174, Macrosetella gracilis . T . rholod e lir
175, Microsetelle vosea ... Y FOURINNS N 00 o I -l g
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UNIVERSITY NOTES
Technological Courses

Trr Committee appointed to advise the Syndicate on the question
of introducing technological courses in the University has report-
ed as follows :—

‘The two chief industries of South India are those connected
with leather (hides and skins), and with seeds and oils.

LzarHER: This industry is most important for South India
and the export of hides and skins last year was approximately
the same as in the year of depression some years ago.

Laittle or no assistance can be obtained from the members of
the trade, which is not sufficiently well organised and developed
at the present time and will not be sufficiently developed for at
least ten years to require or be able to employ graduates of a
University who have received a training in Leather Technology
of a University standard. There are only two Firms in South
India which would be prepared to employ a highly trained
Technical Assistant and with these Firms a vacancy would occur
very very seldom, only once in twenty years or so.

So far as leather is concerned, a rejuvenation of the Leather
Trades Institute appears to be the best solution at the present
time, the University to consider the question of the introduction
of Leather Technology only ten years hence.

OmL SEEDS, Soap, ETC.: The Kerala Soap Institute in Cali-
cub 1s run as a commercial concern and is able, with the profits
which it obtains from selling its products, soaps, etc., to pay for
some of the experimental work which is being conducted in it.
There are only four other concerns in South India in which
seeds are treated on a scale sufficiently large to employ graduates
in Technology. There is little hope for graduates trained by the
University being employed at present in sufficient number to
make it worth while for the University to open courses in
Technology.

CuemIcAL INDUSTRIES: If some Chemical Industries are
introduced in South India, the Honours graduates in Chemistry
such as are turned out by the Presidency College suffice for
purposes of employment in Chemical Industries, the subsequent
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technical training being acquired in the Industrial Institute
itsclf.

PrINTING: A training in Printing Technology would be
useful. A preliminary apprenticeship is required which could
be obtained at the Government Press, Madras, the Railway
Printing Press, Royapuram, or the Diocesan Press, Vepery. If
the University has a Printing Press of its own, most of the
training could be given in its own Printing Press.’

New Courses

The Academic Council has approved of a scheme for Diploma,
in journalism and the details are under consideration. A Diploma
in politics and public administration is also being considered.

Catalogus Catalogorum of Sanskrit MSS

The University has decided to draw up a complete up-to-date
catalogue of Sanskrit Manuscripts, with a view to supplementing
the work published in 1903 by Dr. Aufrecht. The work will be
undertaken by a Board consisting of Mahamahopadhyaya
S. Kuppuswami Sastri (Editor-in-chief), Dr. C. Kunjan Raja and
Prof. P. P. 8. Sastri. The University has addressed the Inter-
University Board and the authorities of the All India Oriental
Conference bringing to their notice this special work undertaken
by the University and requesting their assistance.

Since the success of the undertaking is largely dependent
upon the co-operation and help of scholars interested in Sanskrit,
the Madras University would earnestly request scholars and
Head of Institutions interested in Sanskrit and Indology to assist
it by furnishing information on any or all the following points :—

(1) Places where manuscripts are available, with parti-
culars regarding owners and authors.

(2) Lists of manuscripts.

(3) Other suggestions for the preparation of the proposed
new Catalogus Catalogorum.

It is requested that all communications regarding this matter
may be addressed to ‘ The Editor-in-chief, Catalogus Catalo-
gorum, Government Oriental Manuscripts Library, Museum
Buildings, Pantheon Road, Egmore, Madras.’

REVIEWS

EVOLUTION OF HINDU MORAL IDEALS. By Sir
P. 5. Sivaswamr Arvar. Published by the Calcutta Univer-
sity, 1935. Price Rs. 2-8-0 or 4s. 6d.

The book represents the Kamala Lectures delivered by
Sir P. S. Sivaswami Aiyar under the auspices of the University
of Calcutta. It is divided into thirteen chapters, and the main
thesis of the learned author is to indicate the evolutionary
character of the moral ideas of the Hindus. In other words it is
contended, possibly rightly, that the Hindu ethical code was
never rigid or stationary, unaffected by changes, political and
economic in the march of time. Sir Sivaswami Aiyar has
approached this subject in the light of comparative thought, and
has pointed out, with ability and acumen, born of ripe experience,
the contribution of Hindu thought to moral culture. While he
is quite alive to the defects of Hinduism in certain particulars,
he has succeeded in answering attacks recently made by Western
writers on the cardinal principles of Hinduism. Among other
interesting topics his clear exposition of the much misunderstood
doctrine of Karma may be particularly mentioned.

Sir Sivaswami Alyar is one of those who genuinely feel the -
need on the part of the Hindus to adapt themselves to the
changing conditions and tendencies of modern life. But still he
is not in favour of effecting changes by the instrument of legis-
lature, heterogeneous as it is in character. Every one will agree
with his statement that ¢ legislation which is much in advance of
public opinion is bound to be a failure’. In his thoughtful
reflections of the drift of modern forces and their bearing on the
future of Hindu society, the learned author puts forth an eloquent
plea for the abandonment of two things, above others, (1) ritua-
lism and ceremonial observances and (2) the institution of caste
which may in his opinion go a long way to make Hinduaism
survive as a religion. But with regard to these particulars
differences of opinion are bound to exist, and will exist,

V.R. R,
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CHAPTER XVI
HAND-LOOM VERSUS POWER-LOOM

It is generally believed that the hand-loom weaving industry is doomed.
I am not so pessimistic as that. Indeed I am confident that it is capable of
great expansion. Handweaving is capable of competing with power weaving
inafactory .. ... ... The weaver in the cottage has got everything to his
advantage. His stores cost very little ; he has no depreciation, no interest or
excise duty. The only thing against him is production.”—B. D, MEHTa,
ex-Manager, Empress Mills, Nagpur, at the Indian Industvial Conference,
1907.

¢ If the hand-loom can compete with the power-loom in England, where
the cost of skilled labour is many;times greater than it is in India, where the
perfect weaving machinery worked by steamn and electricity is in use, what a
much greater prospect must there bein india, where you have an unlimited
supply of the most skilful hereditary weavers, content with earnings of three
to eight annas per day. There are splendid possibilities open to the hand-loom
industry in India, and itis a preventible loss to India that the skilled weavers
should day by day leave their looms and add to the already overgrown
agricultural population.'—2Bulletin of the Depariment of Industries, of Bikay
and Orissa.

The critics of the hand-loom are generally of opinion that
hand-loom cannot hope to supersede the power-loom, nor can
it resist for long its advance. They conclude from their
experiences in western countries that man-power cannot com-
pete with mechanical power and ere long all handicrafts will
give place to factory and machine production.! They assign
one reason for this inevitable consummation which,
according to their wisdom, applies with equal force to all
handicrafts; further, they believe that because the rate of
production in the hand-loom is far less than it is in the
power-loom, the cost of production on the hand-loom must
be greater. We shall examine the truth of this conclusion.

* A writer in the Inlernational Labour Review, June 1928, shows the re-
markable expansion of handicrafts in many industrial countries and their
persistence elsewhere in spite of the growing competition of large scale
industries. The data, he has collected, are instructive. In Germany out
of 1,000 non-agricultural workers, 373 are still employed in handicraft under-
takings. According to the French occupational census of 1921, out of 551,141
undertakings in the transforming industries alone employing 4,027,335 wage-
earners, 466,036 employ fewer than 5 wage-earners each. In Great Britain
40 per cent of the industrial workers are employed in undertakings not using
motive power. In Switzerland 328,008 are handicraftsmen out of a total of
827,624 workers. Japan, Russia, U. S, A. and the Balkan States are no
exceptions. .

The writer further points out that the modern handicrafts are not the relic
of the past but play a very i.mp_ortant partin moder.n industrial organisations.
They have a great future as indicated by the industrial policies of Russia and
Germany.
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RATE OF I’RODUCTION AND ItS RELATION 10 THE COST OF
Probpuction

The production on the power-loom is ordinarily five times
as much as it is on the hand-loom. This, however, does
not mean that the cost of production in the power-loom is
only a fifth of the cost on the hand-loom; for, hesides the
cost of labour, there are other items of expenditure which
must be included in the cost of production on the power-loom
e.g. overhead costs arising from expensive machinery, build-
ing, and other equipments; their repair and maintenance
charges, taxes, fuel and power charges, cost of establishment,
supervision etc. The high initial cost of equipment and the
recurring cost of maintenance and the scarcity of skilled labour
in Indian industrial centres are some of the factors which
may outweigh for a long time all the advantage of the speed
of power-looms. In India the minimum cost of erection per
loom in a mill is Rs.0600 and the average cost is Rs. 8oo
while an efficient hand-loom fitted with a flyshuttle sley and
weaver’s beam can be set up for Rs. 30. A comparsion
of the rate of production may be instituted between 20 hand-
looms and one power-loom if the initial cost alone is the
basis for comparison, for, 20 hand-looms can be set up for
the cost of one power-loom. Now the quantity of production
on 20 hand-looms will be nearly five times as much as it is
on a power-loom. But this comparison is equally fallacious.
The real efficiency of the power-loom and the hand-loom can be
measured only in the light of initial Cost, running and other
costs. It is loose thinking if one states that the power-loom
is superior to the hand-loom because the production in the
former is four times greater; it is equally wrong to say that
the power-loom weaver is more efficient than the hand-loom
weaver because the former attends to four looms in India and
to nearly twelve looms in U.S.A. and produces over 80 yards
a day, while the poor hand-loom weaver struggles to manu-
facture 10 yards. ‘Efficiency’ without reference to the cost of
production has no meaning. The high speed of production
does not minimise the cost on the power-loom and it has no
relation to the cost of production which alone can determine
the real advantage of mechanical power over man-power.
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This brings us to the question of mechanical power
versus man power. The main cause of the introduction of
machinery and the employment of more capital than labour
in an industry is the comparative cheapness and efficiency of
capital. Generally speaking, in industrially advanced coun-
tries labour compared to capital is dearer from the producer’s
point of view and therefore the tendency in rationalising
industry is in the direction of increasing employment of
capital in the form of machinery and improved implements.
In countries like India and China, on the other hand, labour
is abundant and is cheaper than capital in spite of its low
productive power. And this explains the hesitation in in-
creasingly employing capital in agriculture and industry in
these countries. Costly plant driven by power cannot be
employed in many branches of industries as long as its
introduction has not got a decided advantage in reducing the
cost of production (e.g. in spinning mills) or in eliminating
time and space (e.g. in transport industries). In many cases
the advantage accruing from its introduction is only tem-
porary; for labour, unfortunately, in certain countries is
prepared to compete with capital for employment on any
terms. Where time is not an essential factor in production,
labour in such countries competes successfully with capital
and mechanical power. This is the condition in Indian
industries, particularly in textile industries today. So long
as there is this abundance of labour and skill which cannot
find more remunerative occupation, the present quantum of
production can be, and will be, well maintained by hand-
looms. Further so long as the present economic order is not
thoroughly changed increasing substitution of mechanical
for man-power cannot be hoped for and where it does, it .
creates unemployment.

The remarks of E. B. Havell will bear repetition. After
carefully considering the ethics of machinery and the limits of
hand-loom weaving, he concludes, ‘Weaving is not one of
those operations in which steam or electric power has an in-
herent superiority over hand-loom flabour. There are many
operations in which the superiority of the former is incontest-
able as wielding a huge mass of iron, railway engines and
steamships. But a loom is a machine in which the force re-
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quired to work it does not usually exceed the strength of one
man and any excess of the force required absolutely prevents
good weaving. In all countries where skilled manual labour
15 plentiful and cheap, the power-loom has no inherent supe-
riority over the hand-loom, provided that the latter is made
as mechanically perfect as the former, so that the working
power of the hand-weaver is not wasted. The only question
is whether the unit of mechanical power can be produced at
a cheaper rate than the average cost of manual power’.!

To come back to the original theme, we have found that
it is very nearly impossible to ascertain the exact point at
which any useful comparison can be made between the hand_
loom and the power-loom; that neither the initial cost,

nor
the rate of production, nor working expenses ¢

an alone prove
useful and that it is the final cost of production per unit of

output on the power-loom and the hand-loom that can deter-
mine their real efficiency. The retail prices of hand-loom
and power-loom manufactures will not afford us any basis
for this purpose, for the trade and commercial organisations
for the mill and hand-loom products are different and any
conclusion based on the difference of their retail prices will
be misleading. For our present enquiry the prices of cloth
ex-mill and ex-handloom must be ascertained. This we shall
do in the next chapter. Definite data as to the cost of pro-
duction in the mill are not available. Yet certain inferences
regarding the cost of production in the mill and in the hand-
loom can be made from certain observations and statements
of writers on the cotton textile industry; and on that basis
we shall ascertain the differences in the cost of production
and examine whether the hand-loom can manufacture the
same cloth at the sam: cost as the mill does, if not at a
lower cost; and if so, under what conditions it is possible.
First there is the statement regarding the cost of pro-
duction in mills prepared by Sir Victor Sassoon in 1926 and
presented to the Royal Commission on Indian Currency.
The statement is published as an appendix to the memoran-
dum presented by the Bombay Millowners’ Association to
the Cotton Textile Tariff Board (Refer: Statement A). He

! E. B, Havell : Artistic and Industrial Revival in India, p. 163,
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has given the cost of production of a piece of standard
shirting cloth with 20s warp and 20s weft with details of
the cost of converting raw cotton into finished cloth.
Deducting three annas per pound of yarn used as the spinning
cost' when cotton sells at Rs. 3oo per candy, and four annas
per pound when cotton sells at Rs. 700, the cost of weaving,
according to Sir Victor Sassoon, is 53 annas per pound of
cloth (inclusive of size) when cotton sells at Rs. 2go per candy
and 6 annas when it sells at Rs. 700 (the difference being
due to the weaving waste and insurance). The cost does not
include the excise duty on cloth. The statement does not
give anything about the ends and picks per inch, the amount
of size in the cloth and other relevant details.

Secondly, there is a statement of cost in the memorandum
presented to the Textile Tariff Board, 1927, by the Bombay
Mill Owners’ Association (Statement B). This does not
give any specifications of the cloth taken for costing. No-
thing is said about the dimensions of the cloth, the counts
of yarn used and the ends and picks per inch. Like Sir
Sassoon’s, it includes the cost of spinning and weaving but
not of spinning and weaving waste. It includes also the cost
of dyeing and excise duty. Deducting the cost of dyeing and
excise duty and 3 annas as spinning cost, the cost of weaving
per pound of cloth comes to a little less than 4 annas. It
must be remembered, however, that no reduction is made for
the size in the cloth and the cost given here is for the weight
of cloth and not for the nett weight of yarn used.

Thirdly, there is the statement of the cost of maintenance
per loom in Bombay, in up countries and in Ahmedabad in
the Report of the Indian Tariff Board 1927 (Statement C).
The average daily cost in Bombay is 517 pies and in
Ahmedabad and up country mills 470 pies. The average
production per loom depends on the kind of yarn used and
the kind of cloth woven. The average output of cloth of

1 The cost of maintaining one spindle according to the report of the Tariff
Board is 106 pies in Bombay and 9°4 pies in upcountry mills. The average
outturn per spindle of 20s is 6} oz. and is seldom less than 5} oz. Assuming that
3 spindles can produce one pound of 20s the maximum cost of production is
32 pies in Bombay and 28 pies in other places, We have assumed throughout
that the cost of producing one pound of 20s is 36 pies. ‘This error will under-
estimate the weaving costs in mills,
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20s is about 10 Ibs. of cloth or 50 square yards and if we deduct
the size used in it, 10 per cent of the weight of cloth, the
daily output is g Ibs. The cost of weaving a pound of cloth
is 47 pies in Ahmedabad and 52 pies in Bombay. The cost
of size used must be added to this, which will make the cost
of weaving for an ordinarily sized cloth in Ahmedabad 4%
annas per pound and in Bombay 6 pies more.

There are yet two other statements regarding the cost of
production on power-looms in India prepared in 1930, by
Arno S. Pearse of the International Master Spinners’ Asso-
ciation, Manchester. In a first class mill in Ahmedabad
(Statement D) whence he collected details regarding costing
of cloth with 244s warp yarn, the cost of spinning per pound
of yarn is 3.04 annas and the cost of weaving is 4.98 annas
per pound. He has also prepared a statement showing
weaving charges per piece of cloth of different sorts in Indian
mills. The cost of weaving varies from g pies to 13} pies

per yard and from 45 pies to 67 pies per pound of yarn. The
Statement E (p. 202) can be briefly stated thus:

Weaving

Count of charges
Name of cloth. | Dimensions. | Reeds, | Picks, | . __per
Warp, | Weit. Yd. { Lb.

Pies,
Dyer’s cloth ... | 417 x 36 yds. 36s 36 24s 20s 9 49
Shirting .| 38" x22 56s 52 24s 20s | 128, | 45
Dhoti o] 2877, 48s 52 22}*22 20s | 114 |67

03 ” 24

Dhoti w | 39710, 48s 52 2/3525} 20s | 13% |59
Dhoti oo 497 %11, 48s 48 24s 34 132, | 584

In the above statement excepting for shirting where the
cost of weaving per pound of yarn is 3 annas g pies only, in
all other cases, it does not seem in any way to compare favour-
ably with that on the hand-loom. It must also be noted that
the cost of production per yard of cloth is one anna where the
picks per inch are §2 and the width of the cloth is 36 in.
and it is g pies per yard where the picks per inch are 36.
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The costing sheet of an up country mill prepared in respect
of grey chaddar in 1908 is appended herewith as Statement
F. Even though trade union activity was then less effective
and so wages were low, though the burden of taxation was
light and though the general level of prices was low, the
cost of wearing in 1908 was 5} annas per pound of cloth
and 3 annas g pies per yard excluding railway charges and
excise duty.

How far these widely differing estimates of the cost of
production can be relied upon is a legitimate question. But
let us for the purpose of comparison take the lowest estimate
i.e. 3% as. per pound of cloth, though it does not obtain in
most of the mills in India,

Cosr oF ProbpuctioN oN HAND-LOOM

Two statements regarding the cost of production on hand-
loom are appended to this chapter as Statements G and H
one from the memorandum of the Textile Expert presented
to the Textile Committee of the Madras Legislative Council
(1928), and the other from the writer’s enquiry in Kumara-
mangalam in Salem District (1928). According to the former,
the cost of winding, warping, sizing and weaving of one
pound of yarn is 4 annas g pies. If we include the weight
of size so that this can be compared with mill cloth, the cost
of manufacturing one pound of cloth will be 4 annas 4 pies
on the assumption that 10 per cent of size is retained in the
cloth. And in Kumaramangalam in Salem District the cost
of production of cloth per pound of yarn of 18%s varies
according to the prices of mill cloth in the market between
3} annas and 44 annas. But this cost will go up by 2 pies
in the case of 20s and this is more than set off against the
weight of size in the cloth which will reduce the cost of
production per pound of cloth. In a village in Chingleput
district the cost of production per pound of grey cloth is 2
annas 3 pies.!

The writer is aware of the dangers of so many assumptions
and hypothetical calculations but he ventures to state that
if the weight basis for comparison of cost on power-loom

1 The Report of the Special Officer for Cottage Industries.
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and hand-loom is taken the error will be very negligible. If
linear basis is taken the results will be very misleading unless
the cloths of power-looms and hand-looms are comparable in
all respects. Also he is aware that in the hand-loom indus-
try, there is nothing like costing. The handweaver is content
to make a living and accepts whatever price he gets for his
manufactures as a result of the mill competition. His earn-
ings have all the characteristics of profits rather than of
wages.

However, a careful examination of the cost of production
shows that the minimum cost in mills is 4 annas per pound
of cloth of 20s with size but excluding the excise duty while
the cost runs upto 6 annas where the yarn used is about
25s. In the hand-loom the respective costs are 3} annas and
5 annas. Thus it is clear that the cost of production on the
hand-loom, if not always lower than it is on the power-loom,
is not much higher. For, the hand-loom weaver adjusts
himself according to trade conditions and accepts higher or
lower wages and competes with the mill.

This persistence of competition of the hand-loom with the
power-loom brings out certain facts which one must bear in
mind in any scheme of industrial reconstruction. The abun-
dance of cheap skilled labour and the comparatively high and
sometimes prohibitive cost of capital equipment are two
limiting factors in the expansion of cotton mill industry in
India. This explains why still a fourth of the total consump-
tion of cloth in India and four-fifths of the consumption in
China, where labour is abundant and cheap, are still pro-
duced on the hand-loom. Now, one cannot deny the advan-
tages of mechanised mass production. But there is a limit
to the concentration of the industry and with the increased
cost of land transport and labour troubles on the one hand
and the possible abolition of customs duties on imported
yarns, the weaving section of the Indian mill industry will
have to face a serious situation,’ in which the hand-loom

* The great losses that many weaving mills are sustaining and the number
of weaving mills that are annually going into liquidation are clear indications
that these mills driven bv power have their own difficulties which the hand-
looms have not to face, The weaving mills as a rule fare worse than spinning
roills which means that power-loom weaving is not as economically sound as
it is generally assumed. Eighteen Indian cotton mills with an authorised
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weaver may probably triumph if he is now properly organis-
ed. It would be either stupendous folly or wickedness to
waste the inherited skill of the Indian weaver by forcing him
to power-loom factories as a means of educating him in the
science of modern industry. ‘Rationalisation’—that magic
word of modern industrial organisation—is not open only to
power driven factories but also to small scale industries.
But it is not courageously advocated by its well-wishers, for
they are haunted by the fear of gigantic machines driven by
mechanical power. This fear is unfounded. How the mil!
industry is rationalised and how the hand-loom industry can
be modernised will be indicated in a later chapter. It is
attempted here to show that the case for the mill industry is
exaggerated; and it is loose thinking that leads to the con-
clusion that the higher the speed of production the lower is
the cost of production. It is made out in this chapter that
the cost of production in mills is not very much lower than
in hand-loom though the speed of the power-loom is greater,
It may safely be asserted that if the import duty on yarn is
abolished and the industry is properly organised in its tech-
nical and commercial aspects, the hand-loom in India can
turn the tables against the power-loom,

capital of Rs. 4'7 crores, fifteen mills with Rs. 2'36 crores, twenty-three mills
with Rs. 497 crores went into liquidation in 1925-26, 1926-27 and 1927-28
respectively. The Lancashire mills fared no better. The liquidation of the
weaving mills was more common than that of the spinning group. All
schemes of cartellisation and rationalisation bave so far proved ineffective. It
is wrong to imagine that since India imports 1,000 million yards and manufac-
tures over 2,000 million yards in indigenous mills tbat‘POWef weaving is
flourishing. A number of mills have been forced into liquidation and what is
most striking is that the average dividend paid by the Lancashire weaving
mills for the past Several years ranges only from 2 to 3 per cent. In fact very
few mills are working very satisfactorily in spite of the great financial
assistance given by the bankers. These mills can be said to be run merely to
find employment for the people; and in spite of the huge outlay invested in
maintaining and running 1,200 weaving concerns with 739.000_ looms the
number of persons emploved is comparatively insignificant. This is due to
the fact that it is not possible on the one hand to employ the minimum labour
by installing labour saving appliances in order to obtain adequate return on the
capital invested and on the other to provide emplpyment instead of doling
large sums of money to the unemployed. It is for this reason that the placing
of the band-loom on an economically sound basis so as to provide adequate
remuneration to the weaver is urged as a means of preventing the unemploy-
ment problem assuming such large proportions in India as to necessitate the
grants of doles to the unemployed.—Mr. Amalsad, Cotlon Cloth Impasse, pp.
13-14
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STATEMENT ‘A’

Allocation of cost as given by Sir Victor Sassoon in 1926
before the Indian Currency Commission, page 385 of
Vol. Il FEvidence: Indian Tariff Board (Cotton Textile),
1927.

ALLOCATION OF COST OF STANDARD SHIRTING g LBS. 40
YARDS 208 WARP AND WEFT WITH COTTON

Price of cotton per candy of
84 1bs.
at Rs. 290. at Rs. 700.
Raw cotton 45°46 annas 109°82 annas
Waste in spinning ... 680 1647 |,
Waste in weaving ... 396 7767,
Insurance, spare parts 301 ,, 301 ,,
Stores ... 74, 744
On cost ... 1121, irer
Power ... 582 582
Mill management ... 522 52
Wages .. 30093, 3093,
Commission 191 ,, 191
Total ...| 121'76 ,, 199-50 ,,

Taking the cost of spinning at 3 annas per pound when
raw colton sells at Rs. 2go and 4 annas per pound when it
sells at Rs. 700, the cost of spinning and weaving may be
analysed thus:— )

Corron
@ Rs. 290 @ Rs. 700

Cost of cotton ...| 45'46 As.|37-35%] 109'82 As. [54-90%
Cost of spinning including spinning

waste .| 27700 ,, 122:19%) 3600 ,, |18-85%
Cost of weaving including waste in

weaving and size .| 4930 ,, |40°46%| 53:82 ,, (2695%
Cost of weaving per yard of cloth .., 1-23 1345 ,,
Cost of weaving per pound of cloth ... | 548 , 598 ,,

If 10 per cent size were to be allowed the weaving cost
per pound of yarn used will be from 6.08 annas to 6.64 annas.
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STATEMENT ‘B’.

Cost of production of 1 lb. of cloth in mills as given by

the Bombay Millowners’ Association in their Memorandum
to the Cotton Textile Tariff Board.

Coal 10'09
Stores 14-46
Labour 39-69
Office supervision 341
PFire Insurance 167
Municipal and other taxes ... 1-57
Interest 566
Commission on cloth 4-60
Agents’ Commission 0-83
Excise duty 9-35
Dyeing charges ... 4-40
Income and super-tax 1-94

Total ... 9767+

—

Total less excise duty and dyeing

charges 83:92
Total less spinning and dyeing charges
and excise duty 4792

* This includeg the cost of spinning, weaving, dyeiug and the excise
duty. Deducting 36 pies for spinning and 4'4 pies for dyeing and 9°35 pies for
excise duty, the cost of weaving including preparation of warp and finishing
and folding and baling of cloth is 395 annas per pound of cloth. If we allow
10% for the weight of size the weaving cost will be 44 annas per pound of yarn
used in weaving.

STATEMENT ‘C’
Expenses per loom in Mills.!

In Bombay. 514 pies.
In Ahmedabad. 470 pies.

This does not include the cost of size, nor the excise
duty.

The rate of production on the power-loom is 35 yards to
60 vards per day of ten hours. It depends on the nature of
the weave, the kind of yarn used and the number of picks
per inch. 'The average daily outturn is 35 yards per loom
when 26s to 30s yarn is used and the pick per inch is 64. It
is 60 yards when 14s yarn is used and the pick per inch is
42. It is about 50 yards per loom when 20s yarn is used and
the pick per inch is 52.

1 Report of the Indian Cotton Textile Tariff Board, 1927,
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STATEMENT ‘D)’
COSTING FOR 2415 WARP YARN IN ANNAS PER POUND OF YARN

Arno S. Pearse in his book on the Cotton Industry of
India gives the costing as furnished by a mill in Ahmedabad,
1920.

Spinning Department Weaving Department
ANNAS. ANNAS
Spinning wages .. 0'87]| Stores including yarn pur-
Card and frame wages e 036 chased . 2:05
Engine wages ... 0'25| Wages 151
Coal vee 0°36] Coal 025
Stores ... 0°37] Depreciation 028
Depreciation ... 0°35] Interest charges 020
Interest charges ... 025 Brokerage 017
Commission ... 0°04] Agency commission 0°52
Ground rent .. 007
Water rates . 005
Miscellaneous 007
Total spinning charges. 34 Total weaving charges. 4-98

Spinning and weaving charges per pound of yarn used in cloth is 802
annas.

STATEMENT ‘E’

Statement showing weaving charges per picce of cloth of
different sorts in Indian Mills.
(From Arno. S. Pearse: The Cotton Industry in India).

Description of cloth I Dhoti ] Dyer’s Cloth
a b c
Width of cloth 327 46~
Speed of loom 205 190
Reed ... 48s 36s
Picks ... 22 36
S
Warp counts { 2/32s col. 24s
Weft counts 20s 20s
Dimensions of cloth ... 28” x 7 yds. 41” x 36 yds.
Charges per piece in pies| 1900 ] 1910 { 1914 ‘ 1928 I 1900 | 1910 ‘ 1914 | 1928
Preparatory engine and l
other charges 22 29 29 57 71 95 96 232
Weaving wages 7 ¢] 10 24 34 39 42 92
Total .| 20 38 39 81 105 | 134 {138 | 324
Efficiency per cent ...| .. |56°09| 619 | 657} ... | 679} 632 | 67'3
Cost of production per
yard of cloth Tt 5% 5% ‘ 114 | 24% | 33¢ 3§ 9
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Shirting Dhoti Dhoti
d e f
46~ 46~ 56”
190 130 170
56s 48s 48s
52 52 48
. 24s 24s
24s 2/32s col.
20s 20s 34s
35% x 22 yds. 39”7 x 10 yds. 49”7 x 11 yds,
d e f
1900 | 1910 | 1914 | 1928 | 1900 i 1910 \ 1914 | 1928 | 1900 l1910 1914 I 1928
65 91 74 | 185 44 97 .. | 83 96
33 38 40 85 18 38 e | 23 50
o8 | 129 | 134 | 270 62 | 13§ we | 76 | 146
- 60'1 ) 61°2 ] 67705 ... .. | 64'3|663] ... .. | 667 | 684
45 | 51| 6% 1128 | .. 6t 13%¢§ ... 639 135

STATEMENT ‘F’

The cost of production' in an up-country mill in 1907 is
given below for a piece of grey chaddar No. 4000, 65" wide,
6 yards longwith 56s reed and 56 picks.’

Rs. A. P,
Warp 17s. @ 0-14-2 2 lbs. 112 4
" Size @ 3 as. per lb. 7% oz. 01 49
Weft. @ 0-12-3 11b. 124 oz. 150
Total weight of unfinished cloth 4 1bs. 4 oz.

Wmdmg, warping, drawmg and smng for 2 1bs. 01 4

Weaver’s wages . 0 4 6

Fixed charges on 44 lbs. . 05 4

Folding, baling, weaving stores nett loss in waste. ete. .. 0 5 8

Railway charges oo 0 71
Duty o . 0 3 24

Depreciation 0 1 4

Total cost ... 415 4

Cost of yarn ... 3114

Cost of production less exciseduty ... 114 0

* This costing has been furnished to the writer by his friend who was
employed in Indian cotton mills.
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Rs.

Cost of production excluding excise duty and A
railway freight 1 6 6
Do. per pound of cloth 0 5 3

Do. per pound of yarn used 0 6 0

Do. per yard of cloth 0 39

These rates include cost of baling, folding and other charges. Still the
cost of production in the hand-loom is nothing prohibitive,

The cost of production in mills at present is twice the cost of production
in 1910 according to Statement E. On this basis the cost of production at
present will be 10 As. 6 Ps. per pound of cloth, 12 As. per pound of yarn used
and 7 As. 6 Ps per yard of cloth in the above case.

STATEMENT ‘G’

Cost of production on the hand-loom.—Cost of producing
one yard of cloth (4.75 oz.) of 20s warp and weft on the
hand-loom as stated by Mr. ID. M. Amalsad in his Memoran-
dum to the Textile Conference.

Specification of cloth .—Length 1 yd; breadth 48”; ends 48; picks 52 -
weight of 1 yard of cloth 4:75 oz ; add 10 per cent size.
Rs. A, p.
Cost of yarn . 03 8
Cost of winding, warping and sizing . 00 6
Cost of weaving and winding 001
Totalcost - ... 0 411
Cost of weaving 1 1b. of cloth with size ... 4annasd pies.
Cost of weaving 1 1b. of yarn ..« 4 annas 9} pies
Cost of weaving 1 yard of cloth with size .« 1 anna 5 pjes.

STATEMENT ‘H’

Cost of weaving in Kumaramangalam in Salem
District (1928.)
Specsfication :
Grey Veshti with thin black border 184s warp and weft ;
icks and ends per inch about 50; length of the warp
yds. ; breadth 45”.

Yarn for the warp. 228 hanks, i.e. ve 12:2 1bs.
Yarn for the weft. 228 hanks, i.e. e 12°2 1bs.
Total yarn ... 24+4 Ibs,
Add 10 per cent size ; weight of cloth is ... -26~8 Ibs.
. Rs. a. p.
Wages paid for the warp in 1923 .7 00
Wages paid for the warp in 1928 500
1923 1928
Cost of production per 1b. of yarn used 0 4 7 0 3 33
Cost of production per 1b. of cloth 0 4 2 0 3
Details of cost -— Rs. a. p.
Winding and warping ... 010 o
Sizing cooly ... 08 0
Cost of size ... 0 4 6
Total preparatory charges —i 6 6
ey .
Weaver’s gain in 1928 ... . 396
—_—

CHAPTER XVii
HAND-LOOM VERSUS POWER-LOOM

In this chapter we propose to explore the possibility of
resuscitating the hand-loom industry and to examine in
greater detail the commercial basis for its reorganisation.

The lay opinion is that hand-woven cloths are dearer than
mill cloths and it is usually attributed to the higher cost
of production on the hand-loom. This may be true in some
cases and in some places but the higher price of the hand-
woven cloth is not mainly due to the higher labour cost.
Cost of labour is not the only factor that determines the cost
of production. There are other factors as well to be consi-
dered such as cost of yarn, overhead charges, cost of market-
ing etc. The hand-loom industry as at present organised for
the purchase of raw materials, for the production of cloth and
for marketing accounts for the higher price of cloth; and
economy in these directions will reduce the cost of production.
The yarn from the mill passes through many hands before it
reaches the weaver and so does the cloth pass through a
series of middlemen before it reaches the consumer. But
where the weaver himself markets the cloth in the shandy
the price is sometimes much lower than that of the mill cloth.
Again the weaver gets his yarn from mills and his price
includes (a) the profits of the spinner, (b) profits of the
middieman through whom the yarn passes and.(¢) the duty on
yarn. In a place 15 miles from Coimbatore, to cite an
instance, the price of yarn per pound of 20s is 9 pies higher
than the retail price in Coimbatore. The power-loom gets
its yarn at a price which does not include middleman profits
and duties and thus enjoys another advantage over the
hand-loom. Again there is a psychological factor. There is
usually less size in the hand-loom products than in many
Japanese and Ahmedabad mill cloths which are neatly filled
and finished; and the latter therefore compare favourably
with hand-woven cloth where the weight or the appearance of
the cloth is the determining factor. It must also be remem-
bered that the hand-loom weaver, not being able to dictate
the price for his labour, sells his cloth for whatever price it
fetches him. Cost of production does not regulate his output

14
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or determine the price of his cloth. He is willing to slave
for hours on any terms so long as it gives him a living.
On the other hand the cloth merchant for whom most of the
weavers arc bound to work tries to get the best price for the
cloth. He knows that buyers are willing to pay more for
hand-woven cloths and takes full advantage of this. Thus
it is not because that the cost of production in the sense
that relative cost of labour is higher on the hand-loom than
in mills that the hand-woven cloth is dearer but it is due to
the cost in other respects viz., in the distribution of yarn to
the weaver, the marketing of cloth and the import duty on
yarn. The one great advantage the power-loom enjoys is in
the preparatory process. The slasher sizer is decisively
cheaper than street sizing or even the Yorkshire dresser sizer.
It is also asserted that the higher price of the hand-woven
cloth is not too much when the quality of the cloth is con-
sidered. There is much to be said for this view. But these
impressions are the results of personal prejudices and indi-
vidual judgment and they are not helpful in determining
whether the hand-loom or the power-loom is more commer-
cially advantageous. :

The hand-woven cloth is not standardised and therefore
it does not lend itself to a comparative study of costs. . Even
where there are fairly standardised products, ‘the cost of pro-
duction varies from place to place and time to time according
to the demand for cloth and the necessity of the weaver. We
cannot - therefore state with any certainty the difference be-
tween the cost of production on the hand-loom and on the
power-loom.

We must pursue a different course of enquiry: ‘Can
cloths of stated quality be produced on the hand-loom at the
same cost as on the power-loom?’ To answer this question
one must ascertain the kind of the cloth, its dimensions, its
weight, the nature of the weave, the percentage of size in it,
the count of yarn used for warp and weft, the number of ends
and picks, the weight of different yarns used, the price of
yarn, its quality, the nett cost of that cloth in the mill, the
cost of manufacture per pound and per yard of cloth, whether
at such rates cloth can be produced on the hand-loom and
if so, under what conditions.” These are points which must
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be fully investigated. The present writer has examined
some mill cloths on the lines indicated above from the data
given in the report of the Indian (Cotton Textile) Tariff
Board, 1927, and the evidence of the Bombay Millowners’
Association and the result is appended to this chapter as
Statement B. Absolute accuracy cannot be claimed for it,
for the difficulty of obtaining accurate information from the
mills in a fluctuating market is obvious. The selling price
of the cloth is for ex-mill delivery during the last quarter
of 1926. It is not stated in the report nor is it stated in the
evidence at what price the cost of yarn was taken so that we
can calculate the weaving cost in mills. To be on the safe
side the cost of yarn is based on the top price of cotton
during 1925 i.e. the year previous to that when the prices of
cloth were ascertained by the Board and the Millowners’
Association, though the average price of cotton in 1926 was
Rs. 360 per candy of 784 lbs., i.e., 7} annas per pound.
The following prices for different counts of yarn are adopted
on the basis of 9 annas per pound of cotton and spinning
rates mentioned in column 3 in the accompanying table:—

_ L h ,
Count of yarn Price of cotton Spg’;‘;%& g.l;ges P";:‘?{g. arn
14s 9 annas 14 4ppas 18§ ananas -
203 9 . 3 é\ 12
24s wee 9 1] 3* l‘!\_ 12* »”»
305 o eee 9 7] : 5 . 14 n
36s 9 6t 15 .,
408 wee 9 (1] 7 " 16 »”
44s . 9 1 8% ” ]7* "

1 The spinning rates adopted here are overestimated when compared
with the rates calculated on the cost of maintaining a spindlein Bombay mills
as given in the Cotton Textile Tariff Board Report. On the basis of 106 pies
per spindle in Bombay and on the basis of the number of spindles required to
produce a pound of yarn indicated in col. 2 below the probable cost of
spinning different counts of yarn is given below :(—

. Cost of spinning per 1b, at
Count Spindles per pound 106 pies per spindle
10 1-25 13 pies
20 2:50 26% ,,
30 4:30 456 "
40 6-66 707 ,,
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When definite information is not forthcoming, many things
have to be assumed. As regards the rate of production and
the cost of production on the hand-loom, the ordinary weaver
can furnish no reliable information as he maintains neither
production sheet nor costing sheet. Mr. Chatterton observed
in his book that the average rate of picking in a country-loom
is about 30 per minute.! It is over 40 in a country-loom
fitted with a flyshuttle sley. A weaver can do six to fifteen
yards in a day of 10 hours, varying according to the dimen-

1 THE AVERAGE RATE OF PICKING IN HAND-LOOM
COMPETITION

20s warp. | 30s warp. | 100s warp.
20s weft. 30s weft. 100s weft.

Best country loom with throw shuttle. 31
Improved pitloom with fly shuttle ... 45 47
Frame loom with fly shuttle 62% . 663 485

The average rate of picking in the Government Textile Institute, Madras,
in respect of different sorts of cloth and different kinds of looms is given
below —

Loom Kind of cloth Width| Warp and | Rate of
weft picking
Fiyshuttle Long cloth we | 44”7 20s x 208 36
Do. Fine dhoti ] 46”7 60s x 60s 27
Do. Plain striped shirting o | 35" 2/64 x 30s 60
Do. | Towels with dobby border ...| 24" 20s x 20s 36
Do. Twill shirting ... . | 38~ 20s x 20s 38
Drawboy Saree ... o | 44" 2/64 x 30s 27
harness
Flyshuttle Fancy shirting ... o | 43”7 60s x 40s 31
loom
Do. Grey cloth e | 247 2/42 x 20s 45
Hattersley’s Do. N 208 x 20s 54
Flyshuttle Coating with different cotton
weft e | 36”7 2/3C x 16s 32
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sions of the cloth, the count of yarn used, the number of
picks per inch, the pattern woven and the kind of Joom used.
In Statement A, a scale of wage-rates varying in proportion
to the number of picks, the width of the cloth and the count
of yarn used is adopted to ascertain the probable cost of pro-
duction on the hand-loom. The weaving rates are so ar-
ranged that the weaver gets at least 10 annas a day, for this
is 25 per cent higher than the general level of wages. He is
given 15 pies per yard when the picks to an inch are 64,
12 pies when there are 52 picks and g pies when 40 and below.
If he increases his rate of picking, which he can easily do
if he uses a frame loom with weaver’s beam, he can earn
more than 1o annas. Now neither do the average earnings
of the most fortunate weaver, nor the daily earnings of the
ordinary weaver or the agricultural worker generally work
at the rate of 10 annas a day.

A perusal of Statement A shows that the cost of manu-
facturing cloth in Indian mills is 3 annas g pies per pound
of yarn of 14s, 5 annas per pound of 20s, 7 annas per pound
of 24s, 8 annas per pound of 3o0s, 8 to 10 annas per pound
between 30s and 40s and 12 annas for 44s. It is evident
from Statement A that almost all cloths of counts below 4os,
not even excepting shirting and drill, (for, the prices of
yarn in those cases are overestimated), can be manufactured
on hand-looms at the same cost as on power-looms. But in
counts abave 4o0s the hand-loom is handicapped because of
the very high price of yarn which is maintained at the
level.! But it may be observed that the cost of production
on. the hand-loom does not include the cost of supervision,
stores, insurance, interest and commission which amount
to about 12 to 15 per cent of the cost of production of

1 The sudden jump in prices of 40s and 50s is very suggestive in the
following prices of yarns (in 1928).

Price of grev varn in Madras in 1928 March,

40s mule Rs. 1-2-6 per pound.
50s medio Re, 1-14-0
60s ,, Rs.2-16
g0s ,, Rs.2-90
100s ,. Rs 2-00
1206 , Rs.3-66
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cloths in mills.,! The expenses on this count may not be so
much on the hand-loom but at least a portion of it will be
necessary when the hand-loom is organised on the lines
indicated in this book. Against this can be set off the
import duty on yarn which the hand-loom pays and the mills
in India do not which, at the rate of 1} annas per pound or
5 per cent ad valorem whichever is higher, works at 12 per cent
when yarn sells at 12 annas per pound. The savings on
account of the abolition of the import duty on yarn will be
considerable i.e. 1} annas per pound. Again, it might be
pointed out by the advocate of the power-loom that the
hand-loom cloth is not finished, folded and baled as the
mill cloth. The cost of production in mills includes the cost
of finishing, folding and baling which must be deducted
from the cost of production in mills in order to make it com-
parable with the cost of production on hand-looms. The cost
of this ordinary finishing and baling in mills will be from
6 to g pies per pound of cloth. Now as against this, there
are two items in favour of the hand-woven cloth: (1) the
cost of production is cheaper on the hand-loom than on the
power-loom by a few annas as indicated in col. 23 of
Statement A, and (2) the cost of yarn is calculated on the
basis of 9 annas per pound of cotton while the average price
of cotton in the year 1925-26 was 7} annas per pound thus
leaving a margin of 1} annas per pound. Also the price of
yarn to the hand-loom weaver includes the profits of the spin-
ners and the commissions of the agents. Though it is not
possible to ascertain with any precision the extent of the
difference in prices on account of profits, etc., it is not too
much to assert that the cost of production on the hand-loom
will not at any rate be higher than it is on the power-loom,
provided the industry is organised on proper lines.

3 PROPORTION OF MANUFACTURING AND OVERHEAD CHARGES PER LOOM.

Percentage Up- Percentage

— In Bombay | o¢'tota] cost | countries |of total cost

Manufacturing charges.| 453'7 ps. | 88 per cent| 400°3 ps. | 85 per cent
Overhead charges ...| 6036ps.| 12 70°9 ps. | 15 per cent

Total cost ...| 514°16 ps. {100 per cent| 471'2 ps. 1100 per cent

STATEMENTS



STATE-
STATEMENT REGARDING THE COST OF PRO-
DEs TION OF THE 3640 G Waller
SCRIP T < . usto Yama AAAA
PIECE Grey Drill Shirting Mfyg. Shirting
Shirting
(1) Width, length and 30 x40 x 134136 x40 x 13} (36 % 40 x 12{36 x 40 x 124
weight of the piece.
(2) Count of warp 14 14 24 24
(3) Count of weft 14 14 24 24
(4) Reed ... 3/40 40 60 2/60
(5) Picks per inch 42 44 64 64
(6) No. of warp ends ... 1940 1600 2380 2360
{7) Tapelengthin yards... 4 433 423 43
(8) Size per cent 16 28 34 40
(9)a Weight of warp y?{) . 725 591 505 464
S.
(9)6 Weight of weft yz;;n. 4-49 5-499 477 477
S,
(10) Total weight of yarn 11-74 11'5 9-82 941
in the piece. 1bs. 711 s
(11) Cost of yarn. Rs. 7 610 711 1 711 1
12)a Cost price of cloth per{ 10 6 9 10 4 6 )12
( piece {to the mills.) 0911279
Rs.
(12)6 Net C.L.F. Price of| 11 5 9
Japanese goods. Rs. 1158
(13)a Selling price ex-mIi(ll. 11 8 ¢4 1 611 {1310 2| 14 ¢ 0
s,
(13)6 Selling price of Japa-| 13 0 0 13 0 0
nese goods. Rs.
(14) Cost of produclion per 21114 213 8 4 5 7 412 8
piece excluding pro-
fits on power-loom
(12a —11). Rs.
(15) Cost of production per 37 39 707 77
pound of yarn used.
Anunas. 13
(16) Cost of production per 124 20°8 21
yvard of Cloth. Pies. 175
(17)  Cost of production per 32 314 58 59
pound of Cloth.
in mills Annas.
Cost oF PRODUCTION ON
HaND-LoOM
(18) Cost of winding, warp- 014 6 o1 9 0
ing and sizing and 15 2 015 2
beaming on dresser
sizer. Rs.
(19) Weaving charges per{ 0 0 9 0 010 0 .
yard. Rs. 13 013
(20) Weaving charges per 114 0 2 1 4 3 20 320
pbiece. Rs.
(21) Cost of production on] 212 6 213 1 4 1 2 41 2
the hand-loom, Rs.
{22) Savingsinhand-loom:|] +0 1 2 | 40 0 7 |40 4 5{+011 6

(difference between
Cols. 21 & 14.) Rs.

N.B.~Cols. 1 to 8, 12 and 13 are taken from the

Report and Evidence

includes 5% for contraction and a similar allowance is made for wastage. Cost
Handloom versus Powerloom. How much of coloured yamn is S

used is not

MENT A

DUCTION ON POWER-LOOM AND HaxND-LOOM

3938 Gusto ' 9999 Cotton

i Toyo Toyo 44000 36210
Shﬁgng Shir{ing Shirting Japan Shirting | Shirting | Shirting
36 x 40 x 12 {36 x 40 x 12(38 x 38} x 10/40 x 384 x 10436 x 40 x 54|44 x 38 x 6338 x 38 x 53

24 30 30 36 40 36
?'Zé 26 30 36 36 44 46
2/60 2/64 64 68 2/52 2/56 2/56
64 64 60 68 42 48 56
2360 2520 2680 3290 2050 2720 2350
43 43 404 404 421 40 40
42 34 40 17 11 28 1?
503 538 4-31 502 2-88 324 311
4-42 4+42 368 367 2-10 2227 2:20
9:45 9-80 7°99 869 498 5:51 531
2 9 615 7 8 4 8 413 6| 513 6} 5 711
lg g g 11.Z 18 0| 1013 0| 13 4 3 711 6| 910 3 9 9 0
11 5 912 3 9 1014 9] 13 1 8 6 16 -
14 16|14 50/ 1215 6| 15 2 7 813 611 1 711 2 6
13 0 0 (14 0 0| 12 8 0 15 0 O 700 .«
411 2| 411 3 313 5 415 7 214 0 312 91411
79 7'6 77 92 9-25 11-0 12:2
22'5 225 20 25 13:75 19 17°5
625 625 6 7'6 836 9 111
015 3| 1 06 015 0 116 01211 015 5} 014 ©
013{013 01 2 01 4 009, 010011
g 201320 21211 3 514 114 0; 2 6 0} 2 9 2
4 134} 426 3111 4 6 8 21011} 3 5 5 37 2
+0 9 9 |+0 8 9 +0 0 6| +0 811 |+0 3 1{+0 7 4{+0 911

of the Indian Cotton Textile Board.

In Col. 9(4) the weight of weft yarn
of yarn in Col. 11 is arrived at on the basis of the prices noted in Chapter on
stated in the report,



CERTAIN FACTS RELATING TO THE PRODUCTION ON HAND-

STATE-

Fine cloth : Towels
: Plain ;
Longcloth| With Striped with
: Particulars. I.«%om Dobby Shir?ing Dobby
No. 1 harness Loom Border
' Loom No. 3 Loom
No. 2. 0r 9 No. 4.
Count of warp 20 60 2/64 20
Count of weft 20 60 30 20
Count of reed 44 72 72 48
Picks per inch 48 72 80 48
Width of warp in reed (inches) ... 441" 46* 353~ 343~
Width of cloth on the Counter 413~ 424~ 323~ 32¢"
(inches),
Weight of warp per yard of cloth 2 oz. 1} o0z, 1550z 165 oz,
(in ounce)
Weight of weft (in ounce) 2% oz, ljoz.| 1'850z.| 1650z,
Contraction in warp .. 5% 5% 5% 5%
Contraction in weft 63% 8% 7% 6%
CosT OF PRODUCTION PER VARD | Rs A P| Rsa P|Rs 4 2| Rs ap
Cost of yarn 013 0 2 6
}0 29 0 2 1
Cost of weft yarn 0 1 4 017
Cost of warp preparation in-) 0 0 6/ 0 0 8} 0 0 3| 0 0 5
cluding sizing.
Cost of weft preparation and} 0 011} 0 2 4) o 1 © 010
weaving.
Cost of bleaching and Dyeing... 00 3
Cost per yard of cloth 0 4005 9,057 036
Cost of production per yard in-| 0 1 5| 0 3 0} 0 1 6] 9 1 5
cludes preparation and weaving
charges only. :
Production per day of 8 hrs.|] 10 yds. | 5 yds. 10 yds, 10 yds.
(actual results).
Weaver's earningsperdayRs. | 0 9 2| 011 8| 010 0| 010 0
Length of cloth per pound (in| 3%yds. | 6fyds. & 4} yds. | 46 yds.
yard).
Cost of production per 1b. of
yarn used in the cloth exclud-
ing the price of yarn and
charges for bleaching and
clyeiggé Re.l| 0 5 6/ 1 5 4/0 5104/ 0 610

MENT B.
1ooMS IN THE GOVERNMENT TEXTILE INSTITUTE, MADRAS.

Fancy - L.ooms 27 :
S | ST |y 3 (oo SRR A | g
: 'wo v
Loom | (Shuttles) | PARESS). | ‘Double | (LOUH | LOOM | Shutre)
No.5. |poom No. 9. 100m: loom. 0 99 * %1 loom,
20 60 2/6 2/20 2/42 20 2/30
20 40 30 10 20 20 16
52 80 72 40 52 44 60
64 84 72 40 50 48 72
334 46" 43” 48~ 234~ 44* 353~
30%” 43” 42%” 46*” 22% 40&” 32*
13 oz. 1-3 oz, 2}oz. 4 oz, 1} oz. 2 oz, 3 oz,
215 oz. 2 oz. 2}oz. 4 oz. 13 oz. 2 oz. 31loz
4% 6% 5% 6% 4% 5% 6%
10% 7% 5% 4% 7% 81% 9%
Rs o P| Re A P Rs AP|Rs AP /Rs aP|{Rs AP  Rs ap
0164}031/021| 0612013/ 029
024 {0 16 ;017019 002®8 013/ 018
006/ 009)] 003/ 003001 00¢6|000
013 026026 008 00380009018
. 010 01
"o 4 1073 | 083/ 056{028 0639|080
019] 043 029/ 00117009 013|03€6
yds 5 yds. 5yds. 24yds, | 12yds. | 15yds. | 6 yds.
010 0/ 012 6 (0126 ) 080} 080011301086
4 yds 4} yds. | Shyds, | 2yds. 6k yds. | 33yds. | 2} yds.
.
072 0159} 099)012}0354! 050053




CHAPTER XVIII
COTTON FABRICS

MR. ParteL, a former Director of Agriculture and Industries
of Baroda, prepared an estimate of the quantity of different
kinds of cloth consumed in India and the extent of supply
from (1) foreign imports, (2) Indian mill production and
(3) hand-loom production in India.!

(In Million yards).

¥
a | Bx
Class Counts ‘ Counts Hand-loom I,.E‘. 2 '%g Total consump-
of warp]\ of weft supply 'S g E g tion of cloth
‘P—l -
Patel’s Coéés‘:t' Patel’s CO:;:CL
Coarse ...| 6-20s | 6-20s 900 600 60 { 300 1,260 960
Coarse-

medium ... | 20-26s | 20-40s 150 100 (500 {1,100 | 1,750 1,700
Medium ... | 26-40s | 30-50s 450 300 40 | 750 | 1,240 1,090
Fine ... | over 40s| over 50 150 100 .. | 350 500 450

Total ... 1,650 1,100 600] 2,500 | 4,750 4,200

It is not stated how he arrived at the output of hand-
looms. He evidently estimated the hand-loom supply
on the basis of 6 yards to a pound of yarn. The Indian
Textile Tariff Board (1926) took 4 yards of cloth to a pound
of yarn and on that basis the corrected figure in the above
table is arrived at., The Tariff Board (1930) considered this
to be an over estimate. While 3 to 10 sq. yards of cloth
can be manufactured from a pound according to the count
of yarn and nature of the cloth, we are safe to assume that
on an average a pound of yarn is equal to 4 yards of cloth.

The above table was prepared in 1906-07. As denoting
generally the relative importance of cloths of different
fineness, it is fairly accurate. The bulk of the consumption
of cloth i.e. 60 per cent was made of coarse and coarse-
medium yarns. Medium accounted for 25 per cent, This is

1 Indian Review, 1907,
* (Correced 1 lb. =4 yards of cloth,)
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nearly so even today though the relative importance of the
hand-loom, the Indian mill and foreign cloths has changed.

From the available statistics the changes in the hand-loom
and in mill consumption of yarn cannot be correctly stated.
But certain conclusions are possible from Mr. Patel’s table.
The bulk of coarse cloth i.e. over 65 per cent was prepared
by the hand-loom ; the shares of the Indian mills and foreign
imports in coarse-medium amounted to go per cent; and
regarding cloth of the medium and fine counts, the foreign
imports accounted for nearly two-thirds of the supply while
the hand-looms supplied the other third. The share of the
Indian mills was insignificant, though of late it has increased
considerably.

THE NATURE OF THE SuUrpLY AND CONSUMPTION OF CLOTH

Though definite statistical information is not available on
this point, it is possible to state broadly the extent and
nature of the supply from the three sources of (1) hand-
looms, (2) Indian mills, (3) foreign imports. In 1926-27
which was a normal year and when there were no heavy
protective duties nor boycott of foreign goods, the estimated
Indian consumption of 3290 million yards was made up of
1758 million yards of foreign imports, 2166 million yards of
Indian mill goods and 1366 million yards of hand.-woven
cloth. e S

The cloths can on the basis of the fineness of yarn used,
be grouped under three heads:

(a) coarse : below 24s

(b) medium: 24-40s

(¢) fine: above 4os.

On a careful study of the cloth market and the literature on
the subject the following points suggest themselves : —

(1) Regarding imported cotton piecegoods, the bulk of
the import is of medium counts i.e. 24s to 40s. The bulk
of the Japanese cloth imported is of the coarser variety. As
regards the coarse and grey cloth events have shown that
Lancashire has lost much ground in competition with the
east. It is observed by the Committee on Industry and Trade
(U.K.) that the fall in the exports of coarse grey cloth to
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India was great after the war and the Indian mills captured
the local market. Now the total imports of foreign piece-
goods have declined, and the fall is greater in the common
varieties of grey coarse goods than in finished goods. But
how far this decline is made good by the Indian mills and
hand-looms respectively, it is difficult to state. Lancashire
is now said to be specialising in the production of non-
competitive goods. It stands to reason to assume that there
has been a slight increase in the import of non-competitive
piecegoods, such as finer grey cloths and white and coloured
piecegoods of fine counts.

(2) As for the Indian mill production, the nature of
the mill consumption of yarn is determined by the progress
in the spinning section of the mills. The mills were pro-
ducing about 6oo million yards in 1906 and today they
produce nearly 3,000 million yards. An examination of the
quantity of the different counts of yarn spun in Indian mills
suggests that the mill production of cloth is mainly in counts

from 16s to 36s. The consumption of fine counts yarn is
still small.?

PropUCTION OF YARN IN INDIAN MILLS
(in million 1bs.)

. Counts ’ 1903 ' 1913 1926 1931 © | 193¢
1t010 149 131 s 4 0| 109

11 to 20 342 362 401 400 453
21 to 30 123 167 28 259 274
31 to 40 22 20 27°5 607 91
above 40 27 27 11-§ 27'3 42

! Mr, Hardy, 1.C.S., in his Report estimates that over 90% of the goods
produced in Indian mills is of counts below 30 and that the consumption of
counts above 40 is less than 4%. The consumption of finer counts by hand-
looms is comparatively larger. The writer is of opinion that the hand-loom hag
not been worsted by the power-loom in India in respect of fine cloth manu.
facture. But the scope for the extension of jts manufacture is limited. Those
who talk of hand-loom taking to the production of finer counts cloth are not
evidently aware of the difficulties of the hand-loom such as (a) the limited
demand for such goods, (8) the dependence for yarn supply on Lancashire
which enjoys a practical monopoly of it, and (¢) the more formidable opposi-
tion of foreign interests.
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At present the export of yarn to other countries is almost
négligible being less than 3 per cent of the total. manu‘facture.
Nearly the whole quantity is consumed by Indian mxll§ ancF
hand-looms. It is difficult to estimate thg exact quantity of
different kinds of yarn consumed by mills and by ha'nd-
looms respectively. But it is safe to assume that weaving
mills which are also spinning mills @amly produce s.uch
kinds of yarn as are required for their own con§umpt10n.
Foreign imports of cloths made of coarse-medium 'and
medium count yarn and hand-loom manufa'ctures of medl}nn
grey cloths having declined, the increase 1n.the production
of cloth in Indian mills must have been in the class of
fabrics employing yarns from 16s to 36s. .

(3) The hand-loom manufactures have 1.ncreased from
260 million lbs. in 1907-8 to 320 millio'n Ibs. m. 1926j7’ an.d
390 million Ibs. in 1932-33. But the increase is mamlx in
the produCtion of cloths made of coarse. and coarse-r.nedxum
yarn (14s to 36s) obtained from local m’nll's. Regarding the
province of the hand weaving industry, it is well known vthat
cloth of coarse yarn is the monopoly of hand-looms, that fhe
bulk'of very coarse cloths is woven on t.hem from Indian
mill varn. This is made from very inferlo‘r cotton. . Some
of th:a, mills in Bombay tried to produce this. class of cloth
but the yarn could not stand the speefi of the p(.)wer.-loon?.
T‘h'éyr had to give it up.as a bad. business.! . This cl?th is
Qery thick; warm and durable. and is made everywhere in the
c.ountry for local sales. This may, therefore, be consxde;ed
as coming within the absolute sphere of the' hand-loom.
Foreign cloth of this class was being once 1-mported but
with the increased local production the foreign 1mports. have
practically ceased; but before 1935 Japan was a formidable
competitor. .

In regard to the production on hand-looms' certain conclu.
sions are possible : (@) the coarse counts yarn is .the monopoly
of hand-looms; (b) hand-looms consume pract1.ca.11y al-l the
imported yarn, (It was estimatefl .that of 47 million Ibs. of
yarn imported in 1920-21, 44 million lbs. were used by the

s Mukerjee’s Foundations of Indian Economics.
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hand-looms ;' (¢) that the rest of the yarn consumed by
hand-looms is from Indian mills of counts 125 and above.
On this assumption the following comparative table of the

hand-loom production for 1908-09 and 1926-27 and 1931-32
i1s made out :—

Yarns available for hand-looms
(In million 1bs.)

1907-1908 | 1926-1927 | 1931-1932
I. Below 10s. Indian yarn 148} 108 114
II. 1ls. to 40s. Do. 77 166 174
III. Above 40s. Do. nil 42 13#
IV. 1ls. to 40s. foreign yarn. ... <63 29 16
V. Above 40s. imported yarn ... 73 8¢ 13
Total .., 2593 315¢ 330

The progress in the hand-loom production is mainly in
the class of goods produced from the coarse-medium and
medium and also fine yarns. There is a decline in the out-
put.of very coarse yarn which is used for the manufacture of
jamakkalams, durries, dhupatis, carpets, and for making
cotton . ropes and strings. The coarse medium from 16s to
26s is employed in the manufacture of coloured goods and
sarees. The medium yarn is used for lungis, kailis and
sarees. Grey cloths such as towels, dhoties, bedsheets etc.,
are also produced from the coarse and medium counts.
Grey and bleached men’s wear such as dhoties and upavasth-
rams and laced cloths are usually manufactured from fine
yarns.

THE CHANGES IN THE RANGE oF Goops SupPLIED BY HanD-
LooMs, INDIAN MILLs AND FOREIGN IMPORTS.

The case of the hand-loom can be dismissed with a word.
There is no statistical information regarding the quantity
} Alnscough, British Trade in India, 1921, p. 34,

* It is assumed that yarns above 40s produced in Indian mills are shared
equally by the hand-loom and the power-loom.
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and varieties of goods manufactured on the hand-loom.
The difficulty of collecting information systematically and
comprehensively regarding the volume and kinds of output
in this cottage industry is obvious. All that can be said is
that the production has increased about 20 per cent mainly
in coloured cotton fabrics and cloths with solid border, or
some special weave or having a mixture of silk, artificial silk
or gold lace.

To begin with forcign imports. Before 1910 nearly 6o
per cent of the demand for cloth was met by foreign imports.
In 1927 they did not exceed 30 per cent of the total con-
sumption of cloth. In 1931 they declined to I4 per cent. A
comparison of the various items of imports during 1907-08
and 1933-34 will be interesting and indicate in what lines
there is either an increase or decrease. (Vide Tables below.)
The imports are grouped under three heads : (a) grey, (b)
white or bleached and (c) coloured, dyed or printed. Each
group is again sub-divided according to the trade name of
the cloth (a) dhoties, sarees and scarves, (b) drills and jeans,
(¢) T-Cloths and domestic, (d) long cloth and shirting, (2)
nainsooks, (f) prints and chinte, (g) jaconets, madapolam,
mulls and cambrics and others.

InporRT OF CorroN PIECEGOODS INTO INDIA
(In million yards)
(A)
1907-8

Grey White Colour Total

1. Dhoties, sarces and scarves ... 501 79 50 630
2, Longcloth and shirtings ... 581 156 62 799

3. Jaconets including cambrics,

madapolam mulls 139 200 73 412

4, Nainsooks 247 247
5. Prints and Chintz... 200 200
6. Others,.. 32 51 159 242
Total .| 1,253 733 . 544 2,530

15
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(B)
1925-26
Percent-
Grey White | Coloured ;| Total age of
1007-1908
1. Dhoties, sarees and
scarves . 428 72 29 529 84%
2. Longcloth and
shirting . 170 94 72 336 42%
3. Jaconets, cambrics,
madapolam,
mulls 80 177 34 291 70%
4. Nainsooks 77 77 31%
5. Prints and Chintz... 56 56 289,
6. Others... 22 45 174 241
Total 700 465 5 | 1,530 60-4%
©)
Exrent oF THE FALL IN IMPORTS IN 1025-26 AS COMPARED
WITH THE IMPORTS IN 1907-08.
(In million yards)
- Percent-
Grey Bleached | Coloured Total age of
decline
1. Dhoties, sarees and
scarves 73 7 21 101 16%
2, Longcloth and
shirting . 411 62 +10 463 58%
3. Jaconets, cambrics,
Madapolam,
mulls 59 23 39 121 30%
4. Nainsooks etc. 170 170 69%
5. Prints and Chintz... 144 144 72%
6. Others... 10 6 +15 1
Total decline 553 268 179 1,000 39:5%
e T —————
Percentage total
decline ... ave 44-2 358 329 305
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The following points are well brought out :—

(1) The fall in the import is greater in the case of
grey goods than in that of bleached and coloured ones. The
market is now captured by Indian mills.

(2) Of the first five classes of cloths enumerated in the
table which themselves represent nearly 85 to go per cent of
the total imports, the greatest fall quantitatively, however, is
in respect of long cloth and shirting and dhotis and sarees.
They declined from 1429 to 865 million yards—a drop of
564 million yards. This fall is made up by an increase of
671 million yards of long cloth and shirting and dhotis pro-
duced in Indian mills. The drop is also great in respect of
prints and chintz of the coloured group and nainsook of
the bleached group.
~ Production in Indian Mills has increased from 8oo million
yards in 1907-8 to 2,200 million yards in 1926-27 and over
3,000 million yards in 1932-33. The production is classified
under three main heads (1) grey and bleached; (2) coloured
piecegoods and (3) cloths other than piecegoods i.e. hosiery,
cotton mixed with silk or wool. The first group is again
sub-divided into ten heads according to the trade names of
fabrics. If the volume of production of grey and bleached
goods is separately stated, it would enable us to note the
direction in which the mill industry has advanced.

The accompanying table will indicate in what lines the
mill production in India has advanced since 1907-08.

ProDUCTION OF CLOTH IN INDIAN MILLS
(In million yards or dozens or pounds)

Increase
1907-1908 | 1926-1927 or
decrease
(1) Grey and Bleached Piece goods—
Chaddars ... yds. ... 428 65'5 + 23
Dhoties ... 2379 5857 +348
Drills and Jeans 21-5 79-7 + 58
Prints .. 77 20-9 + 132
Shirting and longcloth 207-2 5800 +373
T. cloth, domestics, sheetings ... 120-3 93-0 —a7
Khadi, dhungri and Khaddar ... 26-1 987 + 726
Tent cloth ... 2'5 67 + 42
Other sorts... 14-0 427 + 287
Total of Grey and Bleach%?ﬁds... 6800 1,577°2 897
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Increase
1907-1908 | 1926-1927 or
decrease
— ——
2) Coloured piecegoods ... yds. ... 128:3 681'5 +553
(3) Grey and coloured goods other
than piecegoods - 046 dozens 1-01 + 058
(4) Hosiery 027 035 + 012
(5) Miscellaneous 019 1bs. 429 + 31
(6) Cotton goods mixed with silk o
wool -, 231 4 2:31
Total .. 8084 t 2,258 + 1450

Thus it is evident that there has been an increase in the
output all round except in the case of T.-Cloth, domestic and
sheetings.  The increase is important,
of coloured picce goods, long
and drills and jeans state

however, in respect
cloth and shirtings, dhoties
d in the order of importance. Of
the total increase of 1,450 million yards, coloured piecegoods,
long cloth and shirting, and dhoties alone account for 1,250
million yards. The increased Indian output in coloured
goods is not the result of corresponding fall in foreign im-
ports which indicates that the imports under that head are
of the non-competitive type.

Since 1926-7 there has been a further decline in foreign
imports followed by an increase in the Indian mill produc-
tion due mainly to the policy of protection. The following
table will indicate that while total consumption of certain
staple varieties remains more or less constant, Indian mill
goods are rapidly replacing foreign imports : —

1926 1934
B2l8.] g
28 | §g & @
28/5E | Total |Fg g2 row
2E | = 28| ==
Grey and White .
(1) Dhotis and Saris .| 619 590 2209 2 { 107 1175
(2) Chaddars ... 1 65 66 10 ! Sg 59
(3) Long cloth and Shirting | 336 587 923 207 | 827 1024
(4) Drills and Jeans 20 ( 80 100 S| 17 122
(5) Cambrics and lawns ... 16 3 19 6] 113 9
(6) T.-cloth, Domestic and ‘
Shestings ... 24 84 108 3 159 162
(7} Coloured, dyed or print. ‘
ed e | 4291 645 107¢ | 341 | 734 1075
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Jaconets, madapollams, and mulls besides fine dhoties,
sarees, long cloth and shirting, and coloured fabrics are the
only varieties of foreign imports that have maintained them-
selves against Indian mills competetion.

THE RANGE oOF PRoDUCTION ON HAND-LOOMS

The products of the hand-loom can be classified with
reference to the fineness of yarn used in their manufacture,
the colour of goods produced, and the arrangement of the
warp and weft threads. These wvariations constitute the
various patterns which are produced,

(a) by the use of different coloured yarns,
(b) by the use of more than a single pair of treadles,
(¢) by both these means,
(d) by specially interweaving yarn on a set system as
the weaving of the fabric proceeds, and
(¢) by processes subsequent to the weaving as needle
work and embroidery.
To this classification must be added patterns which are the
result of printing and dyeing.

It must however be remembered that this classification is
neither exhaustive nor exclusive and there is a great confusion
with reference to the names of fabrics in the various districts.
Again it would be tedious, uninteresting, probaply out of
place to mention all the details regarding ends, picks, warp,
weft, weave, colour, texture etc., of all hand woven fabnc.s.
Therefore, they would be considered under three main
heads : —

I. Plain woven grey materials.
II. Plain woven coloured or printed fabrics.
II1. Patterns requiring more than one pair of treadles,
coloured, printed and white.

1. Plain woven uncoloured materials.—The typical fabrics
of this kind are dhupatis, bedsheets, dhoties, thundus,
chaddar, munduhs. They are usually of coarse count yarn
obtained mainly from Indian spinning mills. The yarn used
is usually coarse. With the increased handspinning which
supplies coarse yarn plain shirtings are also now woven. The
counts used vary from 8s to 24s. According to quality the
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number of threads varies from 24 to 48 per inch. They are
all strong thick material as closely woven as the yarn used
will permit. This kind of fabrics is used generally by the
poorer classes for clothing, bedsheets, blankets, and wrap-
ings. The fabrics under this group differ only in respect
of their length and width rather than of materials used.
The dhoti is used as the loin cloth, the thundu or dupatta is
a sort of scarf worn loosely round the neck or over the
shoulders or sometimes as the head dress. The materials
of which these are made vary according to taste, caste and
wealth of the consumer. The plain coarse white cloth of
6 yards is usually favoured by
south. .

the Vellala: women in the

IFine upavasthrams, and veshties and turban cloths are
also woven in various parts of the country.  The yarns used

vary from 40s to 200s. The ends and picks vary from 6o to

8o per inch. Plain muslins and white sarces are also woven
with nice coloured borders or with gold lace and silk
borders.

L. Plain  woven Coloured Fabrics.—Under this head
come the coloured checks and stripes used by men and women
for apparel, such as sarees, pyjamas, urumals, turban cloths,
carpets, bedsheets, Madras handkerchiefs, lungis and shirt-
ings with stripes and check effect.

The carpets are specially
made of very coarse yarn,

The lungis generally have 32s
warp and 36s weft. The Madras handkerchiefs have 40s
and 50s warp and 60s weft. The texture and the number
of ends and picks per inch vary in respect of each cloth.
But on an average 42 1o 64 picks are put in per inch, though
in the case of lungis and handkerchiefs, the picks and ends
are twice as many. But the bulk of the production under
this group consists of sarees made of coarse count yarn with
or without figured borders, and they are worn generally by
the poor agricultural and the lower middle class women.

L. Patterns requiring more than one pair of treadles.—
Twills, drills, satins and figured cloths fall under this group.
They are produced in hand-loom factories in the West Coast,
Madura, and Salem Districts. Sateens are still produced in
Ayyampet in Tanjore District.

Another classification of the hand-loom products is based
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on the nature of the border: (1) solid bordered c'loth, and
(2) cloth with ordinary border. The former requires more
than one shuttle and one weaver, as the weft yarns for the
border and the body of the cloth are different e.g. Bangalore

sarees.

ANALYSIS OF MILL CLOTHS

We shall now examine the reeds and picks, the counts'of
warp and weft yarns, the nature of the weav.e and the ﬁr.ush
of the chief classes of mill goods, both foreign and Indian,
with a view to see the extent to which they can be produced
on hand-looms; for the future of the hand-loom industry
depends on its regaining its lost ground. .

Long cloth and Shirting. The total consumpt.mfl under
this head is more than 1,000 million yards: 200 million yds.
from other countries and 820 million yds. from Indian
mills Long cloth and shirting are plain woven cloth, grey
bleached or coloured, manufactured in various widths. 36s
for warp and 38s for weft for imported long clot¥1 .a.nd 32s
for warp and 4o0s to 50s for weft for imported shirtings are
used. There are different qualfties both in long cloth and
shirting, the reeds and picks varying from 42 to 46 per
inch.! The Indian long cloth and shirting are coarser and
more heavily sized.

Dhoties, Sarees, and Scarves total 1,150 million yards, go
per cent being from Indian mills. All of them are plail?-
weave, while in the case of dhoties and sarees the border is
also ‘crammed’ and coloured. The imported dhoties and
sarees are made of 3os/40s for warp and 36s/46s for weft
and have from 56 to 66 ends and picks per inch. Imported
dhoties are of three kinds: (1) shirting dhoti where the warp
is less than 40s, (2) jaconet dhoti where the warp is from
40s to 48s, (3) mull dhoti of finer warps.? The sarees are
of similar texture and pattern but the border design and the

¢ shirting’ is often used with referenceto quality. In'the
Sizeslg'il;}eig ;eblgee vilglitge cloth woven from finer yarns than 40 to 44sis
hipped to India and shirting quality is therefore used to indicate a cloth not
:xceediug this limit of fineness. However white shirting is often made from
the finer counts yarn and is normally 40 yards in length,
1 Hardy’s Report.
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length of the piece are different from those of dhotics. The
scarves ar¢ most loosely woven with 44 to 6o ends and 30
to 6o picks; and from 28s to 34s for warp and from 32s to
40s for weft are employed.

Next in importance come the Jaconels, Mulls, Nainsooks,
Madapollams and Cambrics. Jaconels are plain grey cloths
with 64 ends and 52 picks, woven with 38s for warp and 40s
for weft. They are made of all widths but generally from
I8 to 22 yards in length. Mulls are plain woven cloths,
mainly bleached with 64 to So ends and picks woven with
different kinds of yarn from 6os to 100s, both for warp and
weft.  Nainsooks are also plain  bleached cloths made in
various qualities from the fineness of cambrics downwards.
Cambrics are fine woven plain cloths with 6os warp and 505
weft.  Madapollams are bleached plain cloths used by ladies
for underwear. They have from 72 to 8o picks and 84 to
96 ends and are woven with yarns from 508 to 6os for warp
and weft. Domestics are plain heavy grey cloths; the warp
is finer than the weft and the length is from 20 10 66 yards
with various widths.

T.-Cloth, Domestics and Sheetings. They are heavy piece-
goods.  T.-Clolh is a plain heavy grey cloth.  The warp and
weft are usually of the same count and the length is 24 yards
with different widths. Domestics have a finer warp than weft.
Grey sheeting, as known in the Indian trade, is a plain heavy
grey cloth and has the warp coarser than the weft, the usual
dimensions being 35 ins. by 40 yards weighing from 14 to
17 lbs. per piece. Voile is an open mesh wiry fabric of a
plain weave and hard twist cotton.
class of coarse grey cloths of special dimensions and specially
surfaced to receive a printed pattern. The machine-printing
industry has always been very small but there is a considera-
ble output in the Indian mills which is used for hand-printed
quilt covers. Prints and chintz form a particular class of
coarse printed goods of special dimensions. In the ‘dyed’
print goods printing is done on dyed cloth, while in “printed’
this is done on grey or white pieces. The lungi is a coloured
garment generally with a pronounced check and is worn in
Burma with the two ends stitched together. The length is
from 2 to 2} yards. The sarong is the Malay equivalent of

Printers constitute a
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the lungi and like the latter is a nether garment. The cotton
lungi or sarong is worn by the poorer classes of Burma, men
and women alike, and by certain classes of men in East
Bengal, Ceylon, and the Muslims in South India. Dungri,
khaddar and khadi are coarse cloths woven from the lowest
counts of yarn. They are sold in competition with the hand-
loom cloth from hand-spun yarn. Coatings and trouserings
are terms applied to a variety of heavy coarse fancy cloths,
sometimes loaded almost to the consistency of serge or felt;
tweeds and checks are similar to coatings and trouserings.
Checks, spots and stripes, as applied to white goods, imply
self-coloured patterns woven by the use of different kinds of
white yarn or by modification of the weave in different parts
of the cloth.?

The nature of lhe weave is also an important point for
investigation. It is well known that the texture of a cloth
is largely dependent on the manner in which the warp and
weft threads are interwoven. The ‘plain’ weave which is
adopted for the majority of cloths is that in which each threzf.d
in either direction runs alternately under and over another in
the opposite direction. Another common weave . is the
‘twill’ in which the method of interlacing warp with weft
describes a uniform diagonal line on its surface. There are
some special weaves as bird’s eye pattern (produced on four
shafts), sateen and Italian (generally of five shafts or more),
honey comb and mat weave. .

Cotton fabrics can again be classified into three kinds
according to their finish (a) grey, (b)' blea}ched or white, an'd
(c) coloured. Cloth can be finished in dxf‘fe.rent ways by (1)
filling and finishing with starch and add}tlonal wexgpt,. (ii)
calendering, (iii) mercerising, (iv) bleaching, (v) prmt.mg,
and (vi) dyeing. Cotton fabrics: can also be c]assnﬁe.d
into (i) garment units and (ii) pxecegood,s. The‘forrrfer x’s
distinguished from the latter by ‘borders’ and herfldmgs .
At present the hand-loom produces more garment units than

piecegoods.

* W, Hough, Cofton Fabrics. Hardy’s Report and Industry Vear
Book, Caleuntta,
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We can now divide the cotton fabrics according to their

weave, finish and tradenames as follows :—
Plain weave Special weave
Garment units Piecegoods Garment units Piecegoods
GREY—
Chaddars, dhoties,|Jaconet ,mull, Drills and jeans.

sarees and scarves madapollam, cam-
bric, longcloth
shirting, printers
sheeting, ‘T.-cloth
and domestics

WHITE—
Chaddars, dhoties, | Mulls, jaconets , Checks,spots and
sarees and scarves madapollam, cam- stripes ; drills
brics, muslias, and jeans and
lawns, nainsooks, twills,
longecloth and
shirting
COLOURED—

Chaddars, dhoties, Cambrics, mado - Checks, spots
sarees and scarves, pallam, musling, and stripes,
lungis, sarong mulls, jaconets, drills and jean

shirting twills.

PRINTED Goons—
Printed dhoties,|Prints and chintz
sarees, etc.

Regarding the manufactures in Indian mills more than o5
per cent relate to the fabrics woven out of coarse and medium
count yarn i.e. from 14s to 32s and nearly 8o per cent of
them are plain weave.

Now we shall make a comparative table of the relative
importance of the foreign imports, the Indian mill production
and the hand-loom manufactures in the Indian market in
1926 and in 1934, the former representing the post-war pro-
tection period and the latter representing the present day of
discriminate protection and Imperial preference ;: —
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SurpLy oF CLOTH

(In million yards)

1926 1934

! 5.8, 4] & -

' : ~ ISSRl8|& 53 ~ las &

Cloths of RN Y8 S |EERE|R | 8| 3 gEa

S BE S5 2 |%cE &gl oy g 185z

(BIEE m2 8 5whlE S 5% 8

|~ ] s 8T IElE | B8

o |

o es " " | 250 1675 | 985 | 2010 | 534 | ... [1050 1000 | 2050 | 539

M0 R 550 500 | 215 | 1565 | 208 | 375\1025] 275 | 1675 | 306
!
[

S ovios | 650 25| 1001 775|148 | 500| 225| 125 | 850 | 155

1400 | 5475 | 190

Total ... [1750) 2200 | 1300 | 5250 | 100 | 875/3200) 1400

factured from one
—Iti med that 4 yards of cloth can be manu 0
poun[év E)f.co;tréz a;s:;;l 4} yards from medium counts and 6 yards from fine

yarn.]

It is evident from the above table that

(1) the total consumption of cloth has increased under
all three heads: coarse, medium and .ﬁne;

(2) the imports of coarse cloth have practically ce?sed
and of medium and fine qualities have declined
56 per cent and 23 per cent respectively; .

(3) the fall in the imports is made up by increased
Indian production; but the benefit to the hand-
loom is very insignificant;

(3) there is a tendency for greater preference for cloths
of medium and fine yarns due partly to the system
of protection; but there is no marke.d chang:e
in their percentage of total consumption. This
suggests unmistakably that the scope for fine
goods which the well-wishers of hand-loom
weavers desire them to produce is limited, for the
demand for the fine goods at their prices is almost
inelastic. It is also doubtful whether fine g:oods
can be produced on hand-looms as economically
as they are produced on power-looms. Further
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this will drive them into a hopeless competition
with the powerfully organised mill industries both
at home and abroad. Therefore much cannot be
hoped for by inducing hand-loom weavers to use
more of fine yarns. They must capture, if they
are lo prosper, the other vast spheres of the
power-loom.

Now our enquiry regarding the weave and the counts of
warps and wefts etc., of imported and Indian mill fabrics
reveals that :—

(a) about 1,750 million yards produced in Indian mills
are of plain weave with warps below 25s;

(b) about 500 million yards produced in Indian mills are
of plain weave with warps above 255 but below
32s;

(c) about 250 million yards of Indian mill manufacture
and 300 million yards of foreign imports are of
plain weave with warps above 325 but below 40s;

(d) about 450 million yards of foreign goods and about
200 million yards of Indian mill goods are of
plain weave with warps above 4o0s and

(¢) about 500 million yards of Indian mill goods and
and 150 million yards of foreign goods are of
special weave.

For special weaves hand-looms are less suited than
power-looms as the automatic device in the latter makes the
manipulation of the shafts much easier than the treadles
in hand-looms.! Advantages in respect of finishing, large
scale production, etc., can be secured for hand-looms by
. establishing central finishing and dyeing factories and
co-operative centralisation of the business.® Limitations im-
posed by mechanical devices are the only limitations to the
development of the hand-loom industry. In the production

* It is interesting to note that in the Government Textile Institute, Madras,
cotton voiles are now manufactured on handlooms at almost the same cost as
in mills, .

? The cost of finishing (which relates to filling, bleaching, dyeing, printing,
folding, baling etc.,) varies from one anna to twenty annas per pound of cloth
according to the nature of the finish. Balfour Commitice Report and Anro
Pearse : * Indian Cotton Mills.’ ‘
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of plain woven cloths, especia]ly of yarns below 40s, hand-
looms seem to have the same advantage as power-looms.
The extent of this class of goods now produced in mills in
India and imported from abroad is nearly 3,000 million
yards, a part of which, if produced on han.d-looms, can
employ over two more million persons. I'f this were done
along with the development of the present lines of ha}nd-l.oom
production the lot of the hand-weavers can be infinitely

improved.



TABLE A

DETAILS oF COTTON PIECEGOODS IMPORTED FROM OTHER
COUNTRIES AND PRODUCED IN INDIAN MirLrg IN
1927-28 (IN MILLION YDS,)

Imported from other

Indian milis

TABLE B

DzeraiLs oF CorTON PIECEGOODS IMPORTED FROM OTHER
COUNTRIES AND PRODUCED IN INDIAN MiILLS IN
1934 (1IN MILLION YDS.)

Imported from other Indian —
countries mills G
Names of cloths N S "6-‘§
. ) *'« B s 4| B
& -] 8'8 Total %g’cg 8l &%
0] S LLdSigs®s| B
B IS OB Yo &
i Saries and
s v | 9290 89| .. 1018 | 1073 .. |11748
Saries and scarves ... .. 2261 226 22:6
Sarongs and lungis 140 t 140 140
Chaddar . - 07 .. . 07 591 .. 59'8
adi, Dungri an
Kt}{haddar . 1016 | ... 1016
Cambrics 60 442 4g(2)} 1127 ... 1629
Tawee Madapollems
nets, »
Jalf![ouslms and Mulls ...| 232} 233, .. 46'5 } 177
o] e |131°3] 0| 1313 8
Mulls .-
Long cloth . | 1345 L 1345
Shirting ... | 81'5] 81'5 827:3 | ... {11160
Long cloth and Shlrtmg 7271 .. 72°7
Twills . 64 186| 250 250
Nainsooks 41 .. 14-1 14'1
Drills and Jeans «| 08| 41| 522, 571 | 170} .. | 1741
T.-cloth, Domestic, and
Sheeting 25 01 2'6 1586 1 ... 161-2
Checks, Spots, and
Stripes 42| 144! 186 186
Flannels and Flannets. 01l 94 95 95
Printers 189§ .. 18-9
Prints and Chintz . | 284 284 284
Sateens and ltalians ...; .. 232| 232 . 232
Velvet and Velveteens... | ... .- 63| 63 o . 63
Coating and Trouseungs . 34] 34 . . 34
Embroidered ol 41 271 68 57 68
Tent cloth : 57
Unspecified 10} 21§ 197 228 7344 757-2

countries
e ———————— —
Names of cloths Coloured ke ]
BEw |9 &

o | - ad g g5 o
glE|21% 52| 825 |88 %
= ¥ Q - —-—

SIiE L |AlBEIE] & 3 5
Dhuti, Sari, Scarves ; ’
and Chadder .| 528 721 23] 24 3 50 66 716
| (Chadder).
Saris and Scarves 300 3 5| 38 616 654
(Dhutl) |
Jaconets, mulls,
madapollams, cam-
brics, muslins .. 80| 16} ...
Mulls e | 208 .. } 304
Cambrics and lawns .. 8 ... 5}
Long cloth and shirt- 134
ing 2231 112 ... | L L)
Sheeting oL | 7290 300 20 | 88l 2o } 1,083
T.-cloth and Domestic
sheetings 23 o L e 39 62
Drills and Jeans 11} 71 31 10 231 64 92 174
Checks, spots, strlpes | 14 20 100 7| 19 . 33
Nainsooks . L2 THRVOURS S R 93
Twills . 15 15 13/ 12| 40 55
Flannels and Flan-
net . 120 40 41 20 .. 20
Sarong and Lungls . 1.1 9 20 . 20
Prints and Chintz - 68, 2/..{ 70 . 70
Sateens and Italians ...| .. S| 25 ... 30 30
Velvet and Velveteen...! ... 2 2 . 2
Coating and Trouser-
ing 9| 9 .. . 9
Printers . oo | een 20 20
Tent cloth 6 ’ 6
Khadi, Dungri and a
Khaddar 116
Unspecified 1 1) 9] 28 17| 54 a | G| 7e
Total ...| 876| 556] 235| 158|111 | 504 16214 | 681 42384




TABLE C

Tuae CoUNT OF YARN IN THE WARP AND WEFT, THE NUMBER
oF P1Ccks AND ENDS PER INCH AND THE NATURE
OF THE WEAVE OF CERTAIN CLOTHS USUALLY
IMPORTED INTO INDIA,

Name of cloth

Warp

Weft

1.

D G e LN

10.
11,
12,
13.

14,

15.

16.

17,
18.
19.

. Twill

Dhoti

. Saris

. Scarves ...
. Longcloth
. Shirtings.
. Printers ...

. Domestics.

. Cambrics.

Jaconets,
Mulls ...
Nainsooks.|

Madapol-
lams ...

Muslin ...

Voils
Drills ...

Lungis ...
Kerchief.

Jeans ...

.| 30s~40s

.| 36s

Do.
28s-34s
36s

32s

36s

18s-24s
60s

38s
60s-100s
40s-60s

50s-60s
80s-100s

2/100s
32s-36s
32s

32
16s-20s

36s-46s

325-40s
38s
38s
40s-50s

423

36s-40s

50s

40s
60s~100s

36s5-50s

50s-60s
80s~100s

2/100s
36s-42s
325-40s
46s
20s-32s

Ends

56-66

40- 60
72

64-76

64-76

56-64

90-100
64

64-80

72-80
48-96

58
112-128

60
96
80-90

Picks

56-66

76-108
60-76

56-64
90-110
52
64-80

84-96
48-84

60-80
60
80-100

52-60

Nature
of
weave

Size
used

Plain
weave
with
coloured
borders.
Do.

Plain
weave.
Do.

weave,
Plain
weave

Plain
grey
cloth.
Plain
weave
Plain
weave,
Do.

Do.
Do.

Do.

Five
shaft
weave,
Plain,

Plain, |

Three

Twill |10% Size.

Heavily
sized
25-100%

shaft
twill !
weave, !

Remarks

Mainly
grey.

Coloutr-
ed.

Cockle.
finish.

striped

27”,28"

and 31”7
width.
grey.

Fine.

Grey 18-
22 yds.
Bleach-
ed.
18 yds.
piece.

Bleach-
ed.
Bleach-
ed
Printed
and
Dyed.

Poor
Good

aes

quality.
quality.

[From W. Hough :

Cotton Fabrics.]

CHAPTER XIX

THE RE-ORGANISATION OF THE
HAND-LOOM INDUSTRY

‘If the cottage industry is to survive as a means of livelihood the
hereditary craftsman, the artistic patron, the philanthropic helper—all these
uneconomical elements of the present systems must be modified in confor-
mity with modern industrial ideas cr else be eliminated. But if the inherent
obstinacy and conservatism of individuals in the cottage industry prove to

retain economic vitality, it must be so modified as to bring about the sal-
vation of the worker.’

‘ The improvement of the hand-loom industry if undertaken at all must
be done on a comprehensive scale and by tackling the problem from all
sides '—DaviEs, 1.C S., Formerly Director of Industries, Madras.

* Any method by which the hand-loom weaving can be preserved deserves
a prolonged trial and it may be pointed out that there are no justifiable

grounds for any undue pessimism regarding its future.’—Maclegan Com-
mitiee on Co-operation.

THE PrOBLEM

The problem of the hand-loom and of the hand-weaver
is only a part of the larger problem of poverty and unem-
ployment in India. It is a sad feature of the present indus-
trial system that everywhere factory workers have to face a
very severe competition from poor-paid workers in handi-
crafts and unorganised industries. Sir Alfred Chatterton
noted the significance of this.!

The consequences of the development of industries with
the aid of imported machinery are many. Unemployment
has increased. There is no appreciable improvement in the
economic conditions of the Indian working classes. If there
is any betterment, it is more the result of world forces than
the consequence of internal development. And what is
gained by the few is nothing compared to the sufferings of
the many. It is now becoming increasingly clear that merely
mechanising production cannot solve our problems. It is on
this consideration that the revival of the handicrafts in gene-
ral, and of the hand-loom in particular, is here advocated.

We may now proceed to state our objectives. Firstly,
in view of the peculiar economic condition in India we have

* ¢ Industrial Evolution’, p. 22,
16



238 JOURNAL OF THIS MADRAS UNLIVERSITY

to evolve an industrial system whose chief aim should be
‘o employ human power to the greatest extent possible and
in the way more advantageous to the individual.” This end
cannot be realised by the mere development of large scale
industries  without a radical change of the present  social,
cconomic and political system.  But one cannot deny the
necessity for providing employment. Every power-loom and
every mill hand displaced, it must be noted, can provide
employment to at least four persons. The extent of the
increased employment depends on the extent to which the
hand-loom can capture the province of the power-loon.
The defence of the machinery by the Classical Economists
fails in this case, as no new avenucs of employment as
indicated by them have so far been opened to absorb dis-
placed labour. In India the introduction of foreign machin-
ery has created permanent unemployment.  This ugly feature
cannot be found if the hand-loom is developed. It is a
simple machine which can be made in India and does not
displace labour.

Secondly, we must increase the national income by all
possible means and secure its proper distribution. The
benefit of increased production to be permanent must be
shared by the whole community. This is what is meant by
the co-ordination of production and distribution. Economic
progress consists not merely in the increased earnings of
workers individually, but in the number of workers sharing
this  prosperity. If the present mill outturn in India
is made on the hand-loom the aggregate earnings of
workers will be about Rs. 12 to 15 crores i.c., an increase
of 50 per cent of the purchasing power of the working
class. This is not negligible. The extent to which new
purchasing power of the community is created depends on
the extent of the replacement of the power-loom by the hand-
loom.

Thirdly, we should bring about the much desired co-ordi-
nation between agriculture and industry. The development
of the handicrafts, particularly the hand-loom, will benefit
agriculture by creating a larger demand within the country
for the products of Indian agriculture, will increase the
purchasing power of the rural population by providing
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additional means of livelihood and will enrich the Indian
rural life by establishing rural factories.

The organisation of the hand-loom industry has its
limitations. It is not advocated here that all capital and
organisation should be wiped out immediately. The trans.
formation must take place gradually. Further, this prefer-
ence for the hand-power is not for eternity. It is a necessary
intermediate  phase.  Other limitations are also noted.
Having in view all these considerations the following
suggestions on the reconstruction of the hand-loom are
made.

Before we proceed to sketch out the lines of reorganisation
and the revival of the industry, we shall recapitulate the
following facts which bear on the re-organisation of the
industry : (a) The scope for weaving special patterns of cloths
and for encouraging hand-looms to use more of finer counts
is limited, and the market for very fine cloth cannot expand
to any appreciable extent unless there is a great increase
in the purchasing power of the agricultural population. And
so long as very fine count spinning is a practical monopoly of
Lancashire, Indian hand-loom cannot compete with Lanca-
shire in the production of such fine varieties as mulls, mus-
lins etc.! (b) The prosperity of the hand-loom cannot be
looked for by devoting attention to the artistic aspect of
weaving alone; the industry cannot prosper unless it regains
much of its lost ground in common varieties; and the weaver
will continue to sink in poverty if the industry does not
expand. (c¢) Lastly, the expansion of the hand-loom industry
is determined by the nature of the demand for cloth, the
nature and extent of the imports and Indian mill production
and the possibility of manufacturing them at the same cost,
if not lower, on hand-looms. Now more than 80 per cent of
cloths consumed in India, it is estimated, have warps with
counts below 4os. A large portion of it is plain weave.
Taking the grey plain cloths alone produced in Indian mills,

1 Machinery for fine count spinning, it is said, is a B_rit_ish mounopoly. The
cost of erecting a spindle is nearly twice in India as it is in England.” Hence
the very high cost of production of fine counts in India. In this connection it
must be noted that Japan successfully competes with Lancashire and India in
the manufacture of many kinds of cloth, because Japan manufactures her own
looms and spindles and this, be‘sxdes other advantages, reducesits cost of
production, (Refer Arno Pearse, ‘ Cotton Industry in Japan and China).’
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the annual consumption is not less than 2,000 miilion yards.
Add to this 500 yards of grey cloth imported.  The bleached
and coloured, printed or dyed piccegoods differ from grey
ones in their  fAnish. There is not much difference in
weaving which would render the manufacture of such cloths
on hand-looms impossible or unprofitable.  The bulk of the
manufactures  of the Indian mills is of coarse-medium
counts varying from 14s to 32s and that of the imports, of
medium counts from 24s to 50s. Only when the hand-loom
is organised to produce these types of cloths without increas-
ing the cost of production, can we look forward to the ameli-
oration in the conditions of the weavers and the solution of
the problem of unemployment and misery of the rural
population.

It must also be noted that the immediate objects in
organising the hand-loom industry are: (1) to increase the
earnings of the weaver and his family by giving him a con-
tinuity of employment and by substituting  the more
remunerative work of weaving for preparatory operations ;
(2) to standardise hand-loom products, which does not mean
a creation of monotony of patterns or absence of varieties,
but the introduction of that principle of business which
makes the product answer to the sample and, in general, the
improvement of the trading and manufacturing systems;
and (3) to standardise wages by eliminating exploitation of
all kinds, and lastly (4) to realise the other objectives
mentioned in the beginning of this chapter.

LLINES OF ORGANISATION

L. LiINkING OF tHE WEAVERS AND HAND-LOOM FAcTORY
WITH SPINNING MILLS

The future of hand-loom weaving depends on the improve-
ment of the loom, the preparatory processes, the business
organisation and the system of education and industrial
training. L.eadership, organisation, co-operation, technical
and general education, technical assistance, better business
arrangements for producing and marketing are obvious
necessities.

The first step in the reorganisation of the industry is to
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ensure a steady supply of yarns of reputed count and quality
to hand-loom weavers at reasonable prices. At present the
weaver depends on the mills for the supply of yarn. In
spite of the semblance of competition the price of yarn to
the weaver is higher than it need be. Due to the presence
of import duties on yarn, its price to the hand-loom weaver
is further enhanced. In the case of mulls, muslins, etc.,
the difference between the price of cloth and the price of yarn
at market rates is so low that it raises the reasonable suspicion
whether it is sufficient to cover the cost of preparation, weaving
and finishing in mills and whether the price of yarn is not
artificially maintained at a high rate.® While the price of
raw cotton lags behind the general level of prices and the level
of wages the rise in the price of yarn is higher than that of

1 ¢ find it strange that the cost of yarn we import is greater than the
imported cloth of the same weight. It is not possib]q to produce mulls of the
well known 1703 type even at the cost they are sold in the bazaars though we
use the same yarn and weave at the lowest possible cost. My experience tells
me that the price of imported yarn is specially raised by some combination of
foreign spinners and cloth manufacturers '.— M7, Churchill of Ahmednagar at
the Industrial Conference, 1908. )

The w.iter has examined some foreign cloths in 1928 in the manner
given below and the examination ) su.bstantiates _the view expressed above,
viz., that the price of fine yarn is artificially maintained.

9000 1703 ‘Lady’
Specifications. Glasgow Bleached 3
b mull. mull. grey mull,
20 yds, 20 yds. 20 yd
th Ily ,y 8 yds.
I‘;/elt(li%h vee 52 527 49”
Weight of the piece 1°9 1bs, 2'9 1bs. 29 1bs.
Ends 84 84 80
Picks ) os 1?; gg gg »
arent count ] S S
&”:;tp ((app do, ) 111455 8855 6ds
f size . . 3.5
Percentage O { - 0°90 1bs. 13 lbs, '
Weight of yarn 0-93 1bs. 14 Ibs. 2:6 1bs.
i of yarn excluding yarn
Prcllcuety 5 pe); cent udi ok Rs. 6- 3-0 6-10-0 5-10-0
ice of the piece excluding clo
Prtlic:t; of 15pper cent o Rs. 11- 0-0 10-12-0 7-5-0
i nce® being the cost o©
Dl}iwf:ggv.xctioxl ... | Rs. 4-13-0* 4- 2-0* 1-11-0%
Cost of production per yard ...| Re. 0- 3-10 0- 34 0- 14

* This includes the cost of preparation, weaving, finishing, baling,
transport to India, and other incidental charges. In the case of the grey mull
the cost of production works out at the rate of one anna and four pies per
yard and this cannot cover even the cost of preparation and weaving of even
medium cloths in India. Refer appendix X1I,
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cloth and of raw cotton." 1t means either that greater econo-
mies have been secured in the production of cloth than in
the production of yarn or that the price of yarn is artificially
maintained at a high level. The latter seems to be more
probable.  Taking the index number quoted in the Indian
Trade Journal since July 1914, the rise in the American yarn
in the Manchester market is 65 per cent while the rise in
the price of cloth is only 52 per cent in 1928. The differ-
ence between the rise in the prices of LEgyptian yarn and
cloth is still greater, Regarding the supply of Indian mill
yarn and cloth, the same tendency is observed. Taking
again 1914 prices as 100, the index numbers of the prices
of raw cotton, yarn and cloth are 1306, 225, 170 respectively
in July 1928. The conclusion is irresistible that in the
absence of any radical inventions or changes in business
practice which can reduce the cost of weaving in mills, the
high level of prices of yarn is maintained artificially.

There is no regularity or steadiness in the supply of
yarn to weavers; when the price of cloth tends to fall, more
yarn is sold to them; and when the price of cloth is rising
more yarn is used in mills and the weaver cannot have his
quantity of yarn unless he is willing to pay
the yarn. The fluctuations in the price of yarn due to causes
other than the fluctuations in the price of raw cotton or in
the cost of spinning, make the position of the weaver depend-
ing on the mills for the supply of yarn absolutely insecure.

As regards the quality of the yarn sold to the
it is distinctly inferior.
in 1908 that the spinni

a premium for

weaver,
It was ohserved by Mr. Churchill

ng mills prepared two qualities of

X The movewment of the prices of raw colton,
‘ The price of yarn may be regarded broad
plus the spinning margin and the price of cloth
weaving margin. When the index number of yarn isahove the index number
of raw cotton, the implication is that the spinning margin has risen in greater

proportion than the price of raw cotton and where the index number for yarn
is below the index number of raw cotton the implj

¢ i ; : cation is that the spinning
margin has risen in smaller proportion than the price of raw cotton. A similar
statement is made mulatis mutandis regarding the relation of yarn and cloth
prices as bearing upon the weaving margin.

The figures suggest that the spinning m
cotton has been consistently higher relatively to 1913 than the price of raw
American cotton. This holds good of Egyptian yarn too.

The weaving margin rose on the whole less proportionately than the

price of yarn upto 1925 but lately when yarn prices were reduced the weaving
margin did not fall in proportion.’

yarn and cloth :
ly as the price of cotton
as the price of yarn plus the

argin in the case of American
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yarn, one for their own use and the other for the market.
Besides, the cotton yarns supplied by many Indian mills are
badly reeled, contain many knots, do not possess the tensile
strength necessary for warp and are often not of the decla.red
count. It is suggested that false labelling and short reeling
should be penalised.’ The system of double numbering prac-
tised by certain Ahmedabad mills to pass off low.count yz.lrn
as superior one is a great defect of which special mention
was made by the Indian Textile Tariff Board.® The method
of bundling and packing, the weight of the bundle, the
number of knots in a bundle and the number of hanks in a
knot, the method of stamping the count of yarn and its
quality must be standardised. . N
In order to ensure a regular supply of specified qualities
of yarn in the required form it may be necessary for the
State to impose certain conditions on spinning mills regard-
ing hall-marking of yarn. But these conditions may prove
ve;catious and it may be difficult to enforce thern. It is neces-
sary in that case to organise weavers’ societies to arrang:e
with spinning mills for the supply of yarn nnd where that is
not possible, to start spinning mills in su1table-centre§ for
the supply of yarn to weavers through' co-opera'tlve societies
or other suitable agencies. Spinning mills as adjunct to wea-
vers’ societies will be the ideal cond_ition for the stcndy suPply
of good quality of yarn at reasonable and competitive prices.

II. ESTABLISHMENT OF WARP DISTRIBUTING CENTRES.

The second step in the reorganisation of the industry is
the reduction in the cost of the preparatory processes as

cth impasse.

:{\'i‘n}?g:?s: rg;éf;;n tcc;l be]ievg that in Indian mills general]_y e!?forts are
in a finer count of yarn than the quality of the cotton Justifies, the
made tof sphich is inferior yarn. Instances were given of 18s yarn being sup-
result 0 2‘6’ ith the consequence that the length was reduced to make up for
plied as 20s VtVs This practice appears to have led to the stamping of double
coarser couIIlt was. for example, stated that yarn from Ahmedabad stamped as
numbers. L ’place d on the market. The representative of the Ahmedabad
28s x 40 b Assgciation admitted that in some instances, 28s yarn had been
Ml]lownel’i1 market in bundles of 40 knots but explained that this was done
placedint est of the merchants and that although the yarn was marked 28s x
at the reque realized was that for 28s only. They considered that marking in
40 the price de it perfectly clear what the count actually was but we are told
this manner n;a of 28s yarn in bundles of 40 knots facilitates its being passed
that the Sup’gh); ractice is obviously undesirable and should, in our view, be

3§§§n‘i?2aea.'—1"eeﬁw' of the Textile Tariff Board, 1927.
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practised in the country system and the distribution of ready
warps to weayv

ers which is most essential for the standardisa-
tion of cloth,

The cconomics of the dresser sizer and Amal-
lant have been considered in an carlier chapter.
They have not reduced the cost of preparation as much as it
is desirable for enabling the hand-loom to have (he same
advantage that the  power-loom

Therefore the problem of

sad sizing

enjoys from  slasher-sizer.!
reducing the cost of preparation
in hand-loom weaving remains still unsolved.  But both the
dresser sizer and the various hand-driven sizing plant can
eliminate the waste of time and labour

involved in country
sizing,

and enable (he weaver's family to take to more re-
munerative occupations than winding, warping and sizing.
Still, however, the improved hand-driven sizing machines have
not become common nor has the dre
Department of Industries or under private management in
Ganjam District proved a success. The weaver who is to
find out the market for his manufactures prefers to have small
warps in ball form to long beamed warps so that he can
change the designs, textures and weaves as easily as possible,
The warp distributing centre which saves to the weaver the
time lost and trouble involved in the country method of warp

sser sizer under the

* The following table will show th

; at the introduction of the dresser sizer
reduces slightly the cost of prep

aration which now obtains in some centres :—

Cost per pound of warp of specified count
The count of ;—T:}:T;—Ahw»w‘k YT
We nder the indigenous process
arp g 1.s processes Under the
B Dresser-
Madura Rasipuram N. Circars sizer
N R TR e RS ATy RS A B | RS A B
20s 0 5 4 0 3 6 629
30s 0 611 0 3¢9 0 36
40s 0 80 0 5 6 05 3 049
60s 100 10 3 0 7 3

. The cost of preparation on the slasher-sizer is considerably low ; even two
pies in some cases.

HAND-LOOM INDUSTRY IN MADRAS PRESIDENCY 245

preparation and which gives him long warps and l;hereby
saves the time lost in piecing the'warps cz{nnot becom.e a
practical proposition unless it provndes. the finance reqmlr?d
by weavers and undertakes the marketing of (iloth,‘an.c‘l mst
the regular custom of 200 weavers. At prese_nt 1tl is no
difficult to find centres with 200 weuvers. producing the sarlne
kind of cloth. But the real problem 15 to find a regular
market for the increased outturn. The weavers, poi)}:,
ignorant and unaided, cannot be expeft‘ed to expli)re.bt e
possibilities for extending the market. The warp distridut-
ing centres can become a success only when they (;m ler-
take the marketing of hand-loom manufac.tures an as’o
introduce the second loom or more looms in the weaver’s
fam’i‘llyi‘ere are other advantages of the central warping mill.
Yarn can be tested regarding its count, 'streng’th, clolour],
finish and suitability for the purpose required. .I(‘ihe engltji
of the warp and the number of ends suppl@ Ca? he
uaranteed to the weaver. The fraudulent practic'es o t e
is;ills and the merchants may be prevented, thus improving
i e cloth.

the'IflliijﬂIctzi75(>:0ff<)trhlhe central warp distributing agencies resis
on one more ground. The economy of mechéimcal power llS

ter in preparatory processes tl.ian.weavmg. Secondly
gre inning mill, the warp distributing centre and the
g:;;ﬁg an%i dyeing house arourid which caii flourish tEe

_loom weavers working in their cottages.wﬂl le‘ad t(? t e
hand' t of rural factories which, while rationalising
eStab]lS}?men would correct the evils of excessive industrial-
'pmduc“on’xtreme ruralisation.® In the woollen industries
l'sm\)\;'mlcels ehand-li)om cottage weavers flourish in the neigh-
i)ri)url’i:)loci’of small spinning mills driven by wate;-po¥§r,
The merits of rural factories caimot be .exaggerate .h .e);
avoid the evils of urban factory life but still adopt mechanica

- e eminently suited to the Indian
* The ‘Veav.mgirilnt?i: S(f;?’n i?ﬁ?gse ,t‘i)f }riis circumstances can be bettered and
craftsman woﬂlﬂn_%formed, the success achieved by Japan has been i;:e larlgliglg
if I am correctly i jsation of cottage weaving centred round facto! els lv;v l(];
to a splendid Org";n, h the fabrics. Whether we achieve a similar result Ytt e
only collect and mtshe group of weavers, or the hand-loom factor% is 91. mat ett'
individual wea‘sl:al‘ﬁces purely. but it cannot ordinarily be by any developmen
3i igglails.clrlcvi]gwell-Lefoy, Silk Industry.



246 JOURNAL OF THI: MADRAS UNIVERSITY

power within necessary and desirable limits., They possess
the advantages of handicrafts without foregoing the essential
economies  of largre-scale production.  Also, these  rural
factories are (he essence of the linked system!' which is said
to be adopted in Switzerland. “Fhere are a number  of
hand-looms linked 1o a factory  which does all preliminary
work of spinning, warping and beaming and the weaver
begins his work direct with weaving. By this, the weaver
saves a lot of time which he used to spend upon the processes
uneconomically and is thus able to produce more cloth than
before’.> It will of course take a long time to make the
weaver adapt himself hut yet a beginning in this direction
must be made to facilitate his work and thus make his
production more rapid and perfect.  The keynote of the
Swiss system of cottage industries is expert control and a
constant. market and also a reasonable intelligence on  the
part of the working population.  The difficulties in introduc-
ing the linked system in India are many. The hand-loom
weavers are scattered over the whole

presidency and there
are difficulties in

having the combination to the same
extent as in a small country like Switzerland. But the
scheme is not an extravagant imagination impossible  of
realisation if it is given a fair trial.?

I, INTRODUCTION OF MORE LOOMS IN THE TFAMILY

The third step would be the introduction of the two-
loom system.

The object of it is to increase the earnings of
J
the weaver’s fa

mily by substituting weaving for the unremu-
nerative preparatory processes now done by the members
which take more time and labour than weaving  without
any corresponding advantage. But still these preparatory

especially with the growth of new mills in the upcountry the growth of the
linked system can greatly be facilitated.

3 By« linking’ is not meant that there should be g factory system o_f labour
at all. The weaver will take the product to his own home and weave it there.
He will be supplied with yarn by the mill. Economies of power and large
scale production in some respects are secured without the attendant evils of
overcrowding, and other industrial problems.
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processes are done by the members of ’his family be:cause
some income is better than none at all. The weaver himself
cannot be persuaded to give up the pr.eparatory .work unless
there is scope for increased production and income and
there is an organisation which can ‘prepare the wz.zr[? for
him at the same, if not lower, cost. The tende.ncy to mucias?
the looms in the family is evident even now in a m.nnbelBo
centres where special warping an('i sizing agents exxst.d fut
that is possible only when there' is an increased der}r:an o;
the hand-loom product. But in the general sc erlzle ;)
re-organisation we cannot ho[.)e for the weaver tolta e tbe
initiative. To be more effectwe‘\ {\Tld for the resu fs to be
ent, an external organisation for Productlon and
perman' , referably on co-operative lines, is necessary.,
ma'r]‘{e“ng’o-?mm system is nothing radical and strange in
i dlht(;i'ltlwrationalisation. We find this principl.e adopted in
m.us' o d weaving mills. Where speeding up the
splnn}ng lz not possible, the usual step towards economy
machm.ef}" Lsin the outturn per worker by increasing the
s > m(;ez;;)on%s or spindles he will have to attend to or
pumber © intensive use of capital equipment by increasing
b Wore ; emy loyment. It is also based on the modern
the Shlﬂ.s ° éinp t'he efficiency of the worker, which aims
idea of lﬂCfﬁa at gobtaining a higher efficiency per machine
not so mH ti(ve In the hand-loom organisation the effi-
a.s per Opetli?e ir;come of the worker’s family as a whole
s tlcl)z:n of the weaver alone is to be ai.med at. .
rac sent where there is one loom in the family and
. ‘3‘_‘ pr:na warping are not done by its membe.rs, and the
- ;e works the hand-looms, the daily earnings of the
?::lrili:yn:xaccording to the statement on the next page ar'e fro.m
13 annas. If the warp is prepared by the family, its
zartr(x)ings will be from 13 annas tf) a rupee. Butfwhere tl:e
two looms are introduced the famlly‘ earnings areb rom -1 5 to
20 annas though the cost of production falls by about 2.3 pe;
cent. Add to this the advantage of a greater regularity o
em[’)ll‘(l)l};m;irfl’f;.culties in the introduction of more lc?oms 'in the
family are many. Firstly, whik? the weaver. with h;ls onlel
loom cannot find a market for his prodiict, how can he se
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his increased outturn?  This difficulty can be obviated by
the marketing organisation proposed herein and also there
will be an increased demand for the hand-loom product as
its price can be lowered and its quality improved. Secondly
women i India, it is stated, cannot stand the strain involved
in weaving. This is not quite true.  Women are found to
work silk looms and also cotton looms in certain centres. In
Japan women and young girls are mostly employed in
hand-loom sheds."  There will be no difficulty in inducing
women in India to take to weaving. Thirdly, there is the
financial difficulty. This can be overcome by the system
of State-aid and co-operative finance outlined below.

Details of the cost of production per yard of cotton cloth made on
hand-looms (1927).
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(B) Under the double loom system wheve Drvesser sized warps
are supplied.

a b c d e

“loth Coarse | Women'’s Fine Turban | Angavas-

Clot dhoties sarees dhoties cloth thram
Count of yarn | 20s 40s 60s 80s 100s
Length ... ] lyd. 1yd. 1yd. 1yd. 1 yd.
Width | 48" 48" 48” 48” 48~
Weight ... | 4750z. | 3oz 2'3 oz. 2 oz, 1-8 oz.
Ends per inch ..| 48 60 72 80 90
Picks per inch | 82 64 72 80 90

(A) Under the single loom system where winding and warping are done
on tndigenous lines.

1 a l b ¢ d e
1
RS A P[RS A P|RS A P{RS A P|RS A P
Yarns | 03 6] 03 9] 039, 0 54| 0 5 6
Sizing w.! 00 6 00 7] 00 8| 0 010] 0 010
Weaving ... el 00111 01 9§50 2 4| 0 3 4| 0 4 5
Cost of production ...} 0 1 5/ 0 2 4] 0 3 0| 0 4 2| 0 5 3
Output per day in the
family ... 10 yds. 6 yds. 5 yds. 4 yds 3 yds

(@) Earnings per day
of the family where
warp prepation is not
done by the weaver. 09 2| 010 6{ 011 8] 013 4| 013 3

(6) Daily family earn-
ings if warp prepara-
tion is done by the
family. 013 3, 013 6] 014 6.1 0 0] 1 0 0

! Freda Utley. Lancashire and the Far East.

! @ b ¢ a e
RSA P |RS A P|RS A P/RS A P|RS A P
Yaru 0 3 6 0 3 9| 03 9| 05 g 05 6
00 45/ 006 007|000 009
Pov've‘fnprepdratlon 00 006/ 007/ 008/000
e roduction .0 4 1'S| 0 110/ 0 2 4] 0 211 0 4 0
in th
oggﬁlitlype-r--day " e 20 yés. | 12yds 10 yads. | 8yds. 6 yds.
Daily family earningsé 015 0 100} 116{120] 14¢6
defu;:(i)(:inucltlilorfhe O loo4a | 006/ 008013 013
Percentage of 1r.e(tiu(cj-f
g?;ldulcntiotr?e * 26 21 22 30 22
Percentage of incrpasesz |
in the daily earning i '
o[; the family . 13 18 21 12 25

1V. ESTABLISHMENT OF A CENTRAL CrLotH EXaMINING Boarp

The fourth step in the organisation of the hand-loom in-
dustry is the introduction of a device for uniform picking in
weaving' and the establishment of a central clolth bqard for
examini'ng and passing the cloth manu.factured. .It is said,
and it is true to some extent, that umf.orm weaving can ble
obtained if weavers are trflined ar.ld paid by ‘results and if
the product is closely examxlned as it was d‘one in the Itc.hapur
Weavers’ Co-operative Society and as tt is now done :n the
case of Madras hand-kerchief and S'alf}r'n \Ve.avers Co-
operative Society. However, .the p0551b111t)'7 of mtrf)ducmg
in the ordinary loom a snr.nple mechan:cal device fc.>r
uniform wefting, as it obtains in Hattersley’s hand-loom, is

worth investigation.

V. EsraBLisHMENT OF CENTRAL PRINTING, DYEING, AND
FINISHING FACTORIES

Since our ohject is to substitute the hand-loom product

for the mill cloth, it is necessary to finish the former and

nt of a cloth examining board attached to the
other marketing organisation for examining the picks
d stamping it as of specified length, width and picks
1t is estimated that it will be less than 0'5 pie

1 The estab_lishme
Co-operative Society or
and gnds of the cloth an
and ends cannot be a costly one.

per yard.
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make it answerable in all respeets to the latter. 1t must be
l)lguchcd, printed, dyed or finished in the same manner as the
fmll cloth and for (his purpose small cottage plant Tor print-
Ing, dycing, bleaching and finishing may he attached to the
warp distributing factories. Thus it is the warp  distribut-
mg .ccntrcs with  small cotage  hinishing  plant  that  will
constitute the real rural factories round which can flourish
hand-loom  weavers. The weavers with no knowledge of
modern methods of finishing cannot be expected to manufac-
ture those finished products made in mills. Central factories
for this purposc in suitable centres can alone help them to
get the upper hand in mill competition. '
to link the hand-loom with ¢ spinni il :

distributing centre on the onl:(cr:jl)lll:llr%llljlltlilni(:ll]l(ijn((fh(f" “}rarp
on the other. Then | otk co-opora
tion in all

‘Thus it is necessary

It would be possible to work CO-Operil=
spheres successfully and effect  various  other
meas e M . . .

1casures of improvement in the quality of the product, in

the conditions of (he industry and the position of the
weaver.

VI. THE EstasLispyent OF (a) A CENTRAL RESEARCH
Instrruts, (b) A Mustum of DisiGNs aAND ParTERNS AND
(¢) A RuraL INDUSTRIES INTELLIGENCE BoarD

. The future of the hand-loom
Improvement of the designs, patterns and quality of its
f)utput, as dyeing and calico printing play an important part
In the development of (he industry. The Bihar and Orissa
Government made a good beginning in 1920-27 by appointing
a staff consisting of a dyeing demonstrator and four maistries
to Fonduct dyeing demonstration and to teach the weavers
dyeing fast colours. The Madras Government Textile School
has introduced autograph printing. Further progress in this
respect depends on the establishment of o museum where
different designs and patterns are collected. At a co;lference
held in Simla of the Directors of Industries, 1920, Sir Alfred

industry depends on the

*The economics of the cottage finishin 1
) _ ant have not been full
investigated by the writer. But so far as he cz§1 see the practices ineSwlt:er)f

Switzerland and Italy import cloths from the United Kingd i i
] om, finis
their small factories and export them to other countries, & » finish them in
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Chatterton, pleading for the cstablishment of central experi-
mental workshop for hand-loom weaving, stated: ‘What we
now want in India is a Cenrtal Research Institute intimately
connected with some of the larger schools in the country, so
that the results of experimental work, on what may be termed
a laboratory scale, may be given a more extended trial on
what will be generally semi-commercial conditions’.

After enumerating the work of the research institute in the
direction of improving the preparatory processes combining
the advantages of indigenous methods with the productive capa-
city of the machine used in factories and of evolving suitable
cottage plant, he emphasised the need for the establishment
of a museum of designs and patterns. ‘Even more important
than the improvement of appliances is the provision of pat-
terns and designs to meet the demand for change and variety
if new markets are to be opened out both in India and
abroad’." While the research institute will make new designs,
a museum for the collection of patterns and designs
must be established with a view to educate the weavers and
to enable them to produce for foreign and home markets.

Besides, each province must have an institution like the
Rural Industries Intelligence Board, London, to offer advice
on designs, to maintain a workshop for experiments, to run
a library, to collect samples and to publish tracts and
journals. The Department of Industries has done much
work in this direction. But it can probably be more effec-
tively done by an independent non-official body. Organising
weaving competitions and textile exhibitions in important
weaving centres will give a great impetus to the industry.
The publication of magazines in vernacular will be highly
educative.

~VII. The next problem is the avoidance of mill imitation
of hand-loom products for which there is a great demand.
Buyers are often deceived by unscruplous dealers in mill
goods. Legislation on the lines of the Irish Hand-loom
Weavers’ Act® will give the hand-loom the necessary security
against mill imitation and competition. By legislation it is

] ings of the Confevence of the Dircclors of Industries, Simla, 1920,
; g;fggz’g[:land-loom Weavers’ Act of 1909 compels the term ‘handwoven’
to be stamped in all goods manufactured on hand-looms, and prohibits such

a description of cloth woven in mills.
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not sought o prevent the mills from producing the kinds of
cloth that are usualty woven on hand-looms but to prevent
the possibility of palming off mill goods as  hand-woven
ones. The existing laws of copy-right and trade marks are
nadequate and the weavers are (oo ignorant and poor to
take full advantage of the same.

VI, Then the further possibility of the export trade
in hand-loom products must he explored. There is even now
a greal demand in other countries for many kinds of cloth
made oo Indian hand-looms.  Handkerchiefs to the extent of
several millions of rupees in value are exported from Madras
every year; and lungis and kailis and other coloured goods
are usually in demand in places where Indians have settled.
But during the last few years we witness a decline in the
export trade, especially in the Madras handkerchiefs. It must
be noted that the expanding market will nol come to us;
it will have o be made. A Trade Commissioner must be
appotnted to create a market for hand-loom products in
other parts of the world who will educate the manufacturer
and acquaint him with the requirements and the changing
tastes of the distant consumer. The establishment of a central
co-operative wholesale depot will be a great source of help
especially to weavers manufacturing for distant markets.!

_ IXL There are two other important lines in which the
industry needs re-organisation, viz. (1) business and (2)
finance. In regard to both of them the industry has very
little organisation to speak of. The primitive character of
his trade places the weaver at a disadvantage. What can
be achieved in this direction is indicated by the experience
of Japan. ‘Not a little of the industrial success of Japan
is due to the attention that has been paid not only to the
educational and technical training of cottage workers but to
the building of business organisations which take over the
products of the industry and dispose them all over the
world.” Therefore the urgent and immediate step in the
permanent amelioration of the conditions of the weaver is
to provide him with an agency for marketing his goods on
fair commercial terms. The maximum benefit from the

1 Cf. Export Development Society for cotton goods, Japan.
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introduction ol improved working processes can be derived
only when the business organisation relating to the purchase
of raw materials and to the sale of finished products is
systematised."  The appointment of a marketing officer by
the Government of Madras in 1931-32 was a  successful
experiment. The  sales of  hand-loom  products developed
greatly but the experiment was given up too soon. The
present wasteful methods of middlemen and the primitive
and crude indigenous system of marketing must give
place to a more economic and effective method of distri-
bution.  The organisation of the trade depends on a proper
survey of production, the demand for the products, advertise-
ment, experimental production and so on. All these cannot
be done by the individual weaver. The hand-loom factory
or any other central organisation with some governmental
assistance can do much for extending the market. Mr.
Davies, a former Director of Industries, Madras, said that
the only hope of the weaver was in the hand-loom factory.
But it is often supposed that the hand-loom factories are
unsuited to the habits of the weaver and the failure of the
Salem hand-loom factory is often cited in support of that
opinion.  But the prosperity and growth of hand-loom
factories in South India and elsewhere indicates that future
business organisation of the hand-loom industry lies in some
sort of co-ordination and not in the present independent,
wasteful and uncoordinated system of cottage production.
The market for the hand-loom product can expand only
with proper transport facilities. Reduction in the railway
rates, lowering the rates for yarn,” special concessions in
regard to hand-loom products and yarns required for hand-

! Prince Kropotkin says in respect of small industries: ‘ In the immense
number of trades it is not the superiority of the technical organisation of
the trade in a factory nor the economies realised in the prime motor
which militate against the small industry in favour of the factories but the
more advantageous conditions for selling the product and for buying raw
materials which are at the disposal of the big firms. Whenever the difficulty
has been overcome either by means of associations or in consequence of a
market being secured for the sale of the produce it has always been found first
that the condition of the worker has immediately improved and next that a
rapid progress was realized in the technical aspects of the respective
industries.’—Field, factory and workshop.

2 ¢ At present both yarn and cloth are charged the same freight with the
result that foreign countries and mills in India prefer to trade in cloth rather
than in yarn as the finished cloth is of less freight than the yarn.’ — Zravancore
Industyial Bulletins, No. 15,

17



N JOURNAL OF 1115 MADRAS UNIVERSITY

looms, abolition of the import duty on yarn and gold and
silver lace and abolition of professional and other local
taxes on looms are some other ways of bettering the industry.

In respect of financial assistance to the hand-loom indus-
try the establishment of yarn bank which can purchase
yarns, advance loans to weavers against yarn and cloth
pledged to it or the organisation of a bank on the lines of
the Home Manufacturers Bank in China will be of great
help to the weaver. Certain facilities must be given to the
bank. Capital should be provided by the State with neces-
sary safeguards. The bank should purchase and sell yarn
to recognised co-operative societies of weavers. Concession
rates in railway transport and exemption from duties on
yarn imported by the bank and provision of free audit by
Government are some directions in which the State can
assist the bank and the weaver. The present State-Aid to
Industries Act must be so amended that weavers can be
adequately supplied with funds without undue insistence on
the furnishing of real securities. Co-operative organisation
for credit, purchase, and sale and production must be
strengthened, for there can be no more powerful lever for
the uplift of a community steeped in poverty, ignorance and
vice than co-operation.

The finance required by the state for the establishment of
central warping and finishing factories, and the museum of
patterns and designs and for making the present work of the
Department of Industries more effective and all-embracing
can be obtained by imposing a small duty on yarn for the
special purpose of assisting the hand-loom industry. At
present the amount spent on education, propaganda, and
research connected with the hand-loom industry in different
provinces cannot be definitely ascertained; but it is negli-
gible. If a tax of one pie per pound of yarn consumed in
mills is levied it will yield more than Rs. 30 lakhs. This
tax cannot be exorbitant, for even on the basis of the
present prices of yarn it is hardly 1} per cent. The opposi-
tion of the mill owners to this excise duty can be changed
into active co-operation if the duty so collected is not used
for general purposes by Government but is earmarked for the
development of the hand-loom industry. The Department
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. of Industries can extend its activities in different directions

without being as at present unduly handicapped in its work
for want of funds.

X. The mere organisation of the industry which does
not improve ultimately the conditions of weavers nor
modernise them is not commendable. Their economic and
social conditions must be bettered.'" The home-workers are
at a special disadvantage in regard to bargaining; they
cannot easily be reached by organised effort to better their
wages; thus they do not benefit by the gains which trade
union organisation has secured for the factory worker.
How to create and work an organisation if home-workers on
trade union lines is the problem. The influence of the
trade union on home-workers has been slight except in
Soviet Russia, in the cigar trade in Germany and to a small
extent in the clothing industry of France.?

Legislation in the interest of industrial home-workers
began in England with the factory laws but it was inoper-
ative as they could not be reached and effectively regulated
by inspectors. The Trade Boards Act of 1908 introduced the
minimum wage and it achieved some measure of success.
In the U.S.A. the system of licensing was introduced,
especially in respect of cigar-making in tenement houses.
The object of the legislation was to improve the sanitation of
the work-place. Another law provided that the tenement
where industrial home-work was carried on was to be inspect-
ed every six months. But it was not possible to carry out
inspection thoroughly. In Germany the law provides that
employers should register all their home-workers and the
social legislation relating to home-work concerns itself with
sanitary conditions and wages of the home-workers. It
determines piece rates and fixes the hourly minimum rates.
Industrial home-workers in Russia are now brought under
Producers’ Co-operation and Governmental Agencies.

There is very little legislation in India in the interest of

1 The isolated weavers require an organisation to protect their interest
against those of manufacturers and merchants who provide the yarns and
have performed the necessary preparatory processes, Otherwise they would,
by under-cutting, destroy their own standard of living.’ Forrester :” History
of the French Cotlon Industry, p. 62,

® Social Science Encyclopaedia.
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home-workers.  Recently some effort was made (o safe-
guard the interests of workers in the

\ beedi  industry in
Madras and the Central Provinces.

. It is obviously difficult
to flcul with the entire organisation  of cottage  industries
which is built of t(he merchant, the contractor, the entre-
preneurial - home-worker  and  (he
members  of the family and

home-workers  who are
' the  hired  home-workers.'
Nevertheless some attempt must be made to improve their
lot and strengthen their bargaining power and improve their
sense of self-respect and thus educate them to better their
standard of living.  The present system of remuneration of
labour and the payment of wages based, not on the needs
of Jabour but determined by supply and demand, irnores
the human claims of labour, especially  so in regard to
colltage workers.  Mr. Hobson says: “To accept the view
lh{.l[ to buy labour power, like other commodities at a
price determined purely by relations of supply and demand
Is a policy dangerous to the life and well-being of the indi-
vidual whose labour power is thus bought and sold, to those
of his family and society. . .. The private human needs
of a working family should be regularly and securely met out
of their weekly and fortnightly pay. The life and health of
the family and the sense of security which is essential to
sound character and regular habits, to the exercise of reason-
able foresight and the formation and execution of reasonable
plans, all hinge on their central demand for a sufficiency and
regularity of weekly income based upon the human needs
of the family’. Though this is not possible of realisation
fully all at once something can be done by the constitution of
the Trade Boards. -

Boards consisting  of employers and workers and
r_epresent‘atives of the Government must be constituted in
different areas for the regulation of wages and hours of

* The problem of protecting the home-work i
:;)ir]lldﬂg?s d'.zsttx;); sol\}rﬁ;id IL‘i)censing home-worlf;rsfro(z-mtligeple:élesooff lsl‘g;la(:-\i'ggg

I y child labour which is easi i ion i
desirable but useless without effective inspectio?:l}ylncc(l)irx)::zl ]ceodn'trollzc’if’z E:)rrig?\:or‘lf
through general social legislation is equally faunlty. Hours cannot be regulated
when the work is performed during leisure time or on * rush ’ orders ng the
fixing of wage rates by the Trade Board is effcctive it would probably; destroy
the entire home-work and leave without meansof support many persons unable
to secure work in the factory. The problem is full of difficulties.
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work, conditions of employment and weltare. More than
that there must be an organisation on the lines of All India
Spinners’ Association which will give the worker the full
reward of his labour, prevent sweating and exploitation,
develop the technique of the industry and the morale of the
worker and organise production, purchase raw materials and
sell finished products. But to wait for such an organisation
to appear spontaneously would b2 to miss the opportunity
not only of the very immediate remedial action but also of
acquiring accurate information with regard to the hand-loom
and other valuable handicrafts.

The education of the weaver is equally important in the
regeneration of the industry. At present the education given
in the industrial school is not of the nature which will ulti-
mately enable the children of the weaver to take their place
in the organisation of the industry. The majority of the
schools are in practice not regular schools but small hand-
loom factories and the training offered does not help the people
to earn an independent livelihood. The weaving schools
should not be mere charitable institutions but effective centres
where better types of artisans and captains of industry from
among the community are reared up. More vocational
schools at suitable centres for the education of weavers’ chil-
dren must be established under the control of the Department
of Industries. A technological institute for the study of
problems in connection with dyeing and textile technology
should also be started. A weaving institute under a weaving
expert for the improvement of processes and mechanism of
hand-loom weaving and a large increase in the number of
peripatetic parties to control and assist in the economic re-
generation, specialised education and the improvement of
manipulated processes are desired.’

1¢ The question of practical importance is how the great changes stated
herein are to be brought about ; how a new generation of weavers is to be created,
who will at any rate ply their trade on terms of equality with other artisans.
Education alone can do this and that to be effective it must be begun at an
early stage. Besides provision for the training of the rank and file adequate
arrangements must be made for the education of those who will be leaders in
the trade and the masters of the future associated groups of weavers. For
them a high grade technical school is required where the art may be studied
in all its varied branches and experimental work can be carried on.'—
Sir A. Chatterton : Industrial Evolulion.
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In the absence of a sound organisation, technical instruc-
tion and state patronage will prove futile. A practical spirit
is wanted. It is hecause of the insuperable  difficulty  of
modernising the independent weaver who, as long as he re-
mains the entreprencur, will not move out of the deep rut
in which his ancestors have travelled, that those who believe
in the future of the hand-loom industry advocate the erection
of the hand-loom factory. In such a case, a private capital-
ist, preferably educated, would install a certain number of
improved looms in his own premises, engage weavers on a
monthly salary, and set them to work upon the kind of
fabric for which he has discovered there is a market. Thus
the organisation of the industry on a factory basis will
facilitate an early regeneration of the industry. The moral
and material conditions of workers would further improve
if the factory is organised on co-operative lines. But this
factory organisation of the hand-loom would be useful,
though not as indispensable as the warp distributing
factory, for the revival of the industry. Nor need it be feared
that the establishment of the factory will result in the re-
crudescence of all those evils of large-scale industries which
we are anxious to avoid.

Another way by which the industry can greatly be ad-
vanced lies in the perfection of the tool the weaver uses and
of the methods he adopts. The possibility of introducing
a mechanism for automatic and uniform wefting, must he
explored. The strain involved in weaving must be minimised.
But such improvements must be simple and cheap and within
the reach of the weaver. When the use of power is considered
desirable and when electric power becomes cheap and easily
available, the weavers must be encouraged to use it.!

In this connection it must, however, be noted that
the mere adoption of labour-saving appliances will not. do.

* The prospect of rapid development of electrical power raises the question
of the advisability of applying that power to the hand-loom. (There is no
standing prejudice to the use of mechanical power if it does not take one’s
bread out of his mouth.) Weaving in that case will cease to be hand-done
but mav continue to be a cottage industry. When power becomes so cheap
as to be of universal application and work becomes so properly distributed as
causing no extremes of poverty and opulence, employment for a few and
unemployment for many, the introduction of machinery and the application of

electrical or other mechanical power will be to the great advantage of all
workers.
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Saving of labour is not always a matter of importance; for,
it is often gained by the introduction of absolute‘ly aut‘omatxc
plant driven by mechanical power. But the invention of
tools which do not eliminate man-power to the same extent
as machines, and which do not reduce the V\feaver tf) a mere
automaton, is what is desired in countries' llke'Indla..

Finally, the attempt made in the past in t}llS Presidency
having been confined mainly to certain technical aspe'cts of
the industry, the economic condition of the‘ weaver dld.not
materially improve; for, the improvement In th'e technique
resulted not in actually increasing the productxo? of the
weaver but in cutting short his hours of work owing to the
absence of marketing facilities for him. Further, the other
aspects, finishing and baling of.handjwoven cloths arfd
placing them on a marketable basis as in the case of mill
ooods so that regular and extensive business may result,
:;’vere not considered; and they remain still unso'lved. .

The organisation of the industry in all. its economic
and commercial aspects requires the co-operation of officials
and non-officials. All Government departments ‘must act
together. The textile expert, the. research engineer, th.e
co-operator and the business organiser must cqmbme thel.r
efforts. The development of the hand-loom mdu.stry, if
undertaken at all, must, be carried on a comprehenswe- scale
by tackling the problem from all sides. There are dli'ﬁ.cul-
ties; of course the improvement of the status_ and cgndmons
of a million people who are indifferent to their own improve-
ment is not an easy task. But if we approach the rising
generation on a basis of enthusiasm tempered by knowledge,
we need not despair of success. What is now wanted is
concentration of efforts along definite lines.



CHAPTER XX
CONCLUSION

* There can be no true progress in industry unless that progress is reflect-
ed in the conditions of the masses and workers who make industry possible,
an advauce in which they do not share would be a transient advantage.
Healthy and permanent progress are bound up with a steady improvement of
the human and the economic status of the rank and file of the industrial army.
It is the well-being of all the persons engaged in the industry which consti-

tutes the contribution that industry makes to national wealth.’—Tir RT.
HoN'BLE J. H. WHITLEY.

* The world’s most pressing problem has come to be not a further
increase of power to produce but the devising of means for the full use of the
productive resources already at hand.'—G. D. H. CoLz.

‘ Whatever be true of *‘ labour as a whole in the long run ” here is enough,
in my judgment, to make it likely that in the next half-century the march of
science and the growth of capital will continue to reduce large groups of work
peopie to a state bordering on economic worthlessness for long periods of time;
and will thus subject a society based on the correspondence of reward with
economic worth to greater strains than it has ever previously known. * ). H-
Robertson:’ g Mechanisation a Dauger ? '— Times of India, December 1933.

In preceding chapters the case for the resuscitation of the

hand-loom industry has been stated. It is (o he preferred to

the power-loom as it causes less unemployment, as it suits
the peculiar economic conditions prevailing in India, as it
distributes  work  and  welfare  witl, greater  justice and
equality.  The plea for the revival of hand-loom weaving—

all other small industries as well—raises certain

important
of policy and ideology  which deserve a fuller
treatment in this chapter.

questions

The first question is: in the natural sel

ection in industrial
evolution is it not an inexorable 1

aw that smaller industries
wear out and larger organisations take their place? Is it
not inevitable that human power is repl

aced by mechanical
power ?

Is it not true that small industries lack the basis of
permanence and stability and that their protection, is there-
fore, unwise and unnatural?  The answer to the last
question has been given. Reference has been made to an

exhaustive enquiry into small scale organisations in the

countries of the world, a summary of which was published
in the International Labour Review, June 1928. Even the
Council of the People’s Commissaries and the Minister of
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National Economy of the Reich have recognised the impor-
tance of small scale industries. In a decree of May 1927
the Soviet Council declared: ‘IFor a long time to come large
scale industries will not be able to produce sufficient for the
needs of the country, nor will it be able to ab.sorb .all the
surplus labour. Small scale handicraft industries will use
this surplus labour especially among the poorer strata of
the peasantry, and will to a great extent satisfy th.e needs
of the rural and urban markets. This explains the
enormous importance of the small industries .for the
national economy of the Socialist Soviet Republlc’.. The
Reich Minister declared himself- in favour of the handicrafts
in no less unequivocal terms. ‘The handicrafts-man has‘ h‘eld
his own in production and has even succeeded in gaining
some contested ground but he is no longer the handicraftsman
of old historic times with methods of working handed down
from bygone centuries’.

The answer to the first question is given by Richard
Gregg and Theodore Morison. The latter, Whl]f." r‘e‘cog.ms-
ing the place of machinery in the progress of civilisation,
states: ‘It is not a law of nature that steam power should
supersede hand-power. It has been the consequence of ‘the
special conditions of Europe. . . . When the power required
is. not in excess of that which can be supplied by hur.nan
body, it is a calculation of the relative cost which 4e01des
whe‘ther steam power or hand power shall be applied to
manufactures’. Hand-power is expensive in the west f)f
Europe; hence the attempt to substitute steam-power but in
India at the present day hand-power is cheap and to the
employer, generally, more economical than stearfl power,
This consideration of comparative costs will be dominant and
cannot be eliminated at least so long as the society is organised
on a capitalistic basis and production is for profit and not for
consumption ; and so long as that consideration prevails the
substitution of mechanical power for human power cannot
always be effected. It must also be remembered that as the
human skill, intelligence and dexterity cannot be replaced by

machines completely, however perfect they may be, there is

always a place assured for handicrafts employing human power
in the industrial scheme. The proposition that in the
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industrial evolution small scale industries are mercilessly and
invariably wiped out by large scale organisations stand
discredited.  “The more one examines’, says Dr. Radhakamal
Mukerjee, ‘the present state of the small industries in this
country, the more one is inclined to think that they have been
steadily developing and conquering new fields for the last
fifty years. The petty trades are not killed and cannot be
killed. Like Proteus they change their aspects. It is a
fallacy to suppose that natural selection in industrial evolu-
tion is only a process of larger organisations surviving and
wearing out the smaller. . . . There is always a place for
the smaller industries in the course of industrial development
—a place which can never be abolished, but will always grow
simply because it cannot be filled by large industries’. Lead-
ing industrialists and economists of the world have declared
that small industries and handicrafts are not mere relics of
the past but form an integral part of the future industrial
order.

Another question of practical importance arises out of the
advocacy of protection of the hand-loom against the powe.r-
loom. One may ask, ‘Is it a wise policy to pit the low palC,l
homeworkers against the beétter paid factory labourers?
“Will not such a policy lead to the lowering of the standard
of living’? ‘Is it not a novel method of economic reconstruc-
tion which seeks to depress the elevated classes rather than
to elevate the depressed classes’?  Generally speaking, it. is
true that it is not wisdom to promote an unhealthy competition
between a well paid worker and a low paid one. The State
must allow the process of natural selection to have its course.
But the special circumstances prevailing in India demand,
however, such an action. It is a truism that competition
tends to level down wages in different areas and industries.!
The high wages now obtaining in Indian factories cannot for
long remain far aBove the average level of wages that the
actual resources of the country and the stage of economic

1 ¢« Modern power-driven machinery and large-scale industries will mean a;
rapid advance in material prosperity but only upto a point. The existence 0
backward communities and countries and the possibilities of cheap labour
working on modern automatic machinery will worsen the situation by
increasing unemployment and imperil the relatively h.igh wages which the
workers in those industries and countries at present receive.’—G. D. H, COLE,
The Intelligent Man’s Guide through World Chaos, p. 176,
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development of the country can warrant. Also a difference
in the nominal wages does not necessarily reflect a difference
in the relative efficiency of the workers concerned; nor even
a difference in their conditions of living. A high nominal
wage is not always indicative of a better living or cultural
advancement of the person receiving it. Further the present
higher wages in urban areas, in industries, or in even
highly advanced industrial countries cannot be maintained by
any amount of trade unionism and governmental buttresses
if there is a large working population living on lower
wages with no legal or political obstacles in their way to
compete with better paid workers. When such extremes of
poverty exist, it is not just to invoke the argument that the
State interference with the natural selection in industrial
development of mechanised industries and cottage industries
is unwise as it results in the lowering down of the standard
of living of workers in the former. One cannot afford
to make a cult of the standard of living especially when
that standard of living is not shared by all. While it is
desirable to increase material comforts and maintain a high
standard of comfort, it cannot be arbitrary, much less exclu-
sive. It is conditioned and dependent on a number of factors
such as the resources of a country, its population, its pro-
ductive powers, the degree of its productive efficiency, and
others. But the existence of the extremes of poverty and
riches, of luxury and want, the presence of a large population
remaining unemployed and under-employed are in themselves
the manifestation of an unstable economic order and can
promote nothing but economic insecurity which slowly
increases with the widening of the gulf between the groups
of workers in the society. It is folly to maintain—even to
tolerate—great disparities in wages, as it is folly to main-
tain disparities in wealth and income. For, it can lead to
only one end which every one fears and none has the
strength and vision to avert—Revolution. Apart from the
fear of anarchy it might create, it is heartlessness to suggest
that the State should not interfere in the natural ordering
of the economic system—however hideous its manifestations
may be—as evolved by the forces of competition and econo-
mic freedom while a large section of the people live for
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ever on the verge of starvation and a fraction thereof enjoy
the extremes of opulence. The State would fail in its duty
i it does not eradicate such preventible economic and social
discases as threaten the stability of society and the advance
of civilization and il it does not regulate the economic pro-
gress in a manner that its blessings are shared equally by all
individuals and classes.  That the State exists for all and
not for the few is not a meaningless truism. It is a hard
reality which every civilised Government is seeking to
realise. Its function is not merely to maintain political
order but to secure cconomic and social stability; and it is
now realised that the State is not an instrument of exploita-
tion, much less a partisan organisation but a creative institu-
tion, the highest expression of social justice and harmony.

In these days of rationalisation and mechanisation of
industries, one often hears a wholesale denunciation of all
industries which cannot pay a decent wage making a decent
life possible for workers. ‘No civilised society’ it is said,
‘can tolerate the existence of such industries as cannot per-
mit enough leisure for men employed in them for their
cultural development and as cannot afford enough returns
to workers for their comfortable standard of life’. Home
industries are specially covered by this sweeping condemna-
tion, for it is the home workers that are as a class poorly
paid, are weak in bargaining, are not easily reached by
trade unionism or state protection, live in squalid sur-
roundings and slave for long hours. As an ideal to be
realised in the future cconomic order, it is excellent that
sweated industries are weeded out. But as an  immediate
practical proposition in India—perhaps, in all countries of
the world—the desire to suppress all home industries is no-
thing but an empty aspiration. Cottage industries and small
scale organisations, however uninviting their conditions of
work may be, have not been wiped out and they cannot be
wiped out by all the wondrous mechanical inventions and
scientific progress. There is a permanent utility, an inex-
haustible vitality, in them. True, they produce certain
monstrosities in the life of the workers and in the conditions
of employment under the stress of competitive production
for capitalist profit which aims at cheap production. Cheap
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production is not an ultimate good. It is good only if it
leads to a right distribution and if it is limited by the
demand of the workers for tolerable human  conditions of
labour'.' The remedy does not lie in the total suppression
of the homecralts, cottage workshops or rural industries, as
it is often contemplated, but in placing human values above
cconomic values and in guaranteeing sufficient returns to
workers and tolerable human conditions of labour in all
cconomic activities which are essential to sustain the life of
the society.

This plea of the writer for the revival of the hand-loom,
his love for Thomecrafts and small industries, his argu-
ment for the cautious introduction of machines and his half-
concealed admiration for the socio-economic experiment now
carried on in Russia—all this makes a hotch-potch of econo-
mic ideals. What is the place he gives to machine in the
industrial order? What is the economic creed that he would
wish India to possess? An attempt will be made here to
answer these questions and avoid possible misunderstanding.
While he has no hesitation in equating economics with
human welfare, in accepting the liberal and social doctrine
of ‘maximum of production with minimum of effort’ and the
socialist theory of just distribution and the province of
Government, and while he does not deny the material basis
of civilisation and the need for increased production, he has
his own difficulties in accepting the methods by which the
end is realised; he has his own misgivings in adopting the
machine as the medium by which the economic salvation is
to be attained. The working out of the economic ideal in
practice must vary according to the circumstances in which
each country is placed. The blind imitation of the methods
and the indiscriminate absorption of the ideas of the West

* G.D. H. Cole, observes : There are serious obstacles in the way of
introducing mechanical power in its most developed forms in countries like
China and India. It is hard enough for Soviet Russia, to abstract at th

expense of the low standard of life of the great mass of her people, enou t(:
capltgl to finance l]er ambitious schemes of industrial reorgansiati,on Bgut
Russia as a country is thinly populated in relation to the countries of tf:e Far
East and in their case the density of population, the very small size of their
crowded peasant holdings, and their extreme poverty, put even greater
dxﬂicultles.xn the way of any comprehensive plan of economic development.’
The Intelligent Man's Guide Through World Chaos, p. 139. pment.
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and their haphazard, or even unflinching, application to India
will spell disaster. The philosoplyy of machinery which has
transformed Western Europe and increased its material wealth
is sound theoretically; and it has also achieved a great
measure of success in practice. But it must be recognised
that even in those countries it has prospered on the ruins of
humanity, on the miseries of millions and it has left its per-
manent marks of devastation on mankind. It must also be
recognised that the philosophy of machinery has its own
limitations. It cannot be realised in all countries and at all
times in the same manner as it is done in Russia today or as
it has been donc in any other industrial country of the
world. Though India and China may requirec a thorough-
going reconstruction of their entire e¢conomic systems on
lines of large scale collective organisation based on the use
of mechanical power in its most developed forms, and
though they may stand in need of a thorough-going commu-
nism, these ideas require a great deal of adaptation before
they are applied to the different economic circumstances of
these countries.® There is ample scope for increasing the
total production, even of necessaries and comforts of life in
India; there is a crying need for shortening the hours of
work and reducing the physical strain of labour and increas-
ing the wages of workers; all this seems possible only by
the mechanisation of industries and large scale organisation
on the collectivist principle. But, still, ‘the doubt persists
if all the mechanical inventions yet made have lightened the
day’s toil of any human being’.? ‘The direct evidence
drawn from the most highly evolved machine industry’,
writes J. A. Hobson in his Evolution of Modern Capitalism,
‘seems to justify the general opinion expressed by Prof.
Nicholson “it is clear the use of machines, though apparent-
ly labour saving, often leads to an increase in the quantity
of labour, negatively, by not developing the mind, positively
by doing harm to the body”.”” Even granting that mecha-
nisation of industries increases the leisure for the working

1 G. D. H. Cole, World Choas.

s 1. S. Mill, Principles of Political Economy.

s Pp. 338-40. Mr, Hobson cites certain instances of machinery increasing
the intensity of labour, *The general opinion seems to be thatin spinning
mills, roughly speaking, 75 per cent. of the increased output per operatve
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classes and descreases their physical strain, it often leads to
the degradation of human personality and sows the seeds
of social disintegration, especially when such production is
unaccompanied by a just system of distribution. For there
is the danger of ignoring the human problem in the enthu-
siasm for the development of the technique of industries.
“The technician’, as observed by G. D. H. Cole, ‘tends to
regard industry merely as a technical problem; whereas it
is fundamentally a human problem as well, and its object
is not merely to create the maximum of goods, but to create
them with the minimum of human suffering and incon-
venience and in such a way as to promote the best distribu-
tion of wealth’. This danger may be avoided in a perfectly
controlled economic and social order. The difficulties in
transforming the present society to such a highly communis-
tic state as contemplated are many. Perhaps they should
not deter us. ‘To do great things a man must live as though
he had never to die.’ But this unshakable faith in the
cause and optimism in the rectitude of our own conduct must
not at the same time blind us to certain realities, certain
difficulties which can be tackled only by patience, knowledge
and intelligence. It must be understood that even in a
communistic society it is hard to realise the principle of
justice in distribution. THat principle to be a fact and not
a dream must base distribution not merely, subjectively, on
individual needs but also, objectively, on his capacity and
opportunity for work; and there can be no divorce of work
from remuneration, of responsibility from privilege; and
such a close relation which is absolutely essential for the
permanence and stability of the social order, would be very
difficult to realise, and even if realised, difficult to maintain,
in such a vast country, with such a vast population living
in abysmal ignorance and stark poverty as India when it is
rapidly industrialised and transformed with the help of
machines. For, apart from the danger arising from the

may be imputed to improved machinery and 25 per cent. to increased inten-
sitv of labour in regard to quantity of spindles or speeding up.’ °The
driving system in looms by which the overworkers are paid a bonus on the
product of the looms under their charge has admittedly induced, as it was
obviously intended to do, an increased intepsity of labour’,
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limitations of the human vision, rectitude and intelligence,
it undermines the basis ol distribution, 1t is possible,
though it scems extremely unlikely, there may not be cnough
work for all. I, as it were by the wave of a magic wand
the whole world in all its economic activities is transformed
with automatic machines which can be manipulated by a
couple of millions of men and if they can produce by work-
ing for a couple of hours all that the community nceds, distri-
bution of work and wealth will become extremely difhicult.
This is not an impossibility, a mere ligment of the imagina-
tion; for, as we see it today, the recent phase in the develop-
ment of mechanical invention and scientilic progress has
been 'm the direction of transferring human intelligence to
machines.! If this is carried far enough and proves a success
the place of man in industry will be lost and the cupidity of
the few who have the control over the economic machi;lery
will result not merely in shattering to pieces the fabrics of a
socialised State but it will cause all evils of unemployment,
poverty and miseries. The theme of this book is not to dwell
upon these political and economic scares, nor to deal with
these highly improbable nightmares which might frighten us
to inaction, but to stress on the limitations of the capacity of
t.he machine in realising human happiness; to emphasise the
importance of work to human development as also to the
realisation of distributive justice; to emphasise the necessity
of advancing cautiously the progress of economic develop-
ment with the sole assistance of mechanical power so that
human sufferings may be reduced to the minimum ; to compel
recognition of the rightful place of small industries and
handicrafts in the industrial scheme:; and at the same time
to urge the need for appreciating human values likely to be
lost in the craze for industrial progress which seeks unfortu-
nately to substitute the cult of the machine for the love of
humanity.

. 1 Cf. G. D. H. Cole, The Intelligent Man's Guide Through World Chaos,
Chapter on ¢ Machinery and Men’, pp. 139-149.

PUBLICATIONS OF THE MADRAS

UNIVERSITY
(Text-books, Calendars and Question Papers have been omitied.)
Name of Publications Price

Rs A »r
1. Some South Indian Villages,
by Dr. G. Slater. Available at the Oxford Univer-
sity Press, Madras . each S 0 O

2. Sources of Vizianagar History,
by Dr. S. Krishnaswami Ayyangar, available
from the Superintendent, Govt. Press, Mount
Road, Madras... each 4 8 0

3. Dravidic Studies, (available from the Superintendent,
Govt. Press, Mount Road, Madras)

Volume I . w 0 20
Volume II . 0 80
Volume III .. 012 0
Bound Vols. I-111 we 2 40
4, History of Sri Vaishnavas,
by Mr. R. Gopinatha Rao . 010 0
5. Psychological Tests of Mental Abilities,
by Dr. A. S. Woodburne ‘e .- 2 80
6. The Nayaks of Madura,
by Mr. R. Satyanatha Ayyar, available at the
Oxford University Press, Madras ... .. 800
TO BE HAD OF MESSRS.
C. COOMARASWAMI NAIDU & SONS, GEORGETOWN,
MADRAS
7. A Study of the Optical Properties of Potassiurm
Yapour,
by Dr. A. L. Narayan ... . 112 0
8. Absorption Spectra and their bearing or the struc-
ture of atoms and molecules,
by Dr. A. L. Narayan ... . . 0 80
9, lnvestigatlons on the molecular scattering of light,
by Dr. K. K. Ramanathan . 112 0
10. The Kavari, the Mukari and the Sangami Age,
by Mr. T. G. Aravamudan - w 2 40

11. Dravidic Studies—No. IV on the Octaval System
of Reckoning in India,
by Dr. Mark Collins w 012 0
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University Publications-(continued)

Name of Publications

12. Stone Age in India,
by Mr. P. T. Srinivasa Aiyangar, M.A.

13.  Anatomical and Taxonomic Studies of some Indian

fresh and Amphibious Gastropods,
by Mr. H. Srinivasa Rao, M.A., D.sc.

14. India through the Ages,
by Dr. Jadunath Sirkar, m.A., rh.D.

15. Political Theory of the Govt. of India,
by Mr. M. Ruthnaswami, Mm.A., C.L.E.

16. Ante-natal, Natal, Neo.natal mortality of infants,
by Dr. A. Lakshmanaswami Mudaliar, M.D.,

L.R.C.P.

17. History of Pallavas,
by Mr. R. Gopalan, M.a. ...

18. Industrial Welfare in India,
by Mr. P. S. Lokanathan, M.A.

This is a critical study of the work and achievement of
the three great agencies of the workers’ welfare—the State, the
employer and organized labour. ‘The first part deals with
mdu.strlal legislation and the second describes the Welfare Work
carried on by the employers, emphasis being laid on the need for
a new orientation in the relationship between the employers and

workers. In the third part a history of the Trade Union Movement
is given.

19. Critical Survey of the Malayalam Language and

Literature ..

20. Records of the Indian Museum, Vol. XXXI, Part I,

by Mr. K. S. Padmanabha Ayyar

21. Restricted Relativity,
by the Rev. D. Ferroli, s.1.,, D.SC.

22. Kuchalavirtham and Krishnavilasam,
by Mr. C. Achuta Menon, B.A.

23. Hindu Administrative Institutions,
by Mr. V. R. R. Dikshitar

24. Tamil Sangam Age,

by Mahamahopadhyaya S. Swaminatha Ayyar ...

25. Agastiya in the Tamil Land,
by Mr. Sivaraj Pillai, B.A.

26, Purananutrin Palamai,
by Mr. K. N. Sivaraj Pillai, B.A.

27. Rasa and Dhvani,
by Dr. A. Sankaran, M.A., Ph.D.

Price
Rs a P

1 00

112 0

112 0

University Publications—(continued)

Name of Publications

28, Sivadvaita Nirnaya,
by Mr. S. S. Suryanarayana Sastri, M.A., B.SC.

In this work, Srikantha’s commentary is analysed and con-
sidered in great detail. The work is published critically with a
translation, introduction, and notes in English.

29, Sivadvaita of Srikanta,

by Mr. S. S. Suryanarayana Sastri ...
A critical exposition of the philosophy of Srikantha, other-

wise known as Nilakantha Sivacarya, the author of a Saiva com-
mentary on the Vedanta Sutras. The first chapter determines
Srikantha to be possibly a contemporary of Ramanuja. Chapters
[I-1V give an account of his philosophy, under the heads of
Preliminaries, Criticism of Rival Theories, Brahman, the Jiva,
and Release. ‘The last chapter is an estimate.
30. Taittiriya Pratisakhya,

by Pandit V. Venkatarama Sharma ...

31. Essay on the Origin of South Indian Temple,
by Dr. N. Venkataramanayya

32. Samkhya Karika,
by Mr. S. S. Suryanarayana Sastri

33. Indian Currency System, 1835-1926,
by Sir J. C. Coyajee

34. Political Theory of Imperialism,
by Prof. K. Zachariah

35, Vishnu Puranam,
Ed. by Mr. K. Ramakrishniah

36. Kavirajamarga,
Ed. by Mr. A. Venkata Rao

37. Spotasiddi,
by Mr. S. K. Ramanatha Sastri

38. Problems of World Economy,

by Prof. V. G. Kale
39, Lingannasasana,

by Pandit V. Venkatarama Sastri ...
40. Hindu Administrative Institutions in S. India,

by Dr. S. K. Aiyangar
4]1. Mauriyan Polity,

by Mr. V. R. R. Dikshitar
42. Studies in Cola History and Administration,

by Mr. K. Nilakanta Sastri

43. Historical Inscriptions in S, India,
by Robert Sewell. Ed. by Dr. S. K. Aiyangar ...

44. New Light on Fundamental Problems,
by Dr. T. V. Seshagiri Rao Naidu ...

45. Chronology of the Early Tamils,
by Mr. K. N. Sivaraja Pillai ...

Price

Rs A P

2 8 0



46.

47,

48.

49.

50.

51

52.

53.

5.

S5,

56.

57.°
58.

59.

60.

University Publications—(continued)
Name of Publications

Civilization as a Co.operative Adventure,
(Principal Miller Lectures of 1931) by Prof. A. R.
Wadia. (Reprinted from the Jowrnal of the
Madras University)

The Anatomy and Mechanism of the Tongue of
Rana Tigrina,
by Mr. C. P. Gnanamuthu (Thesis for the Mahara]a
of Travancore Curzon Prize, 1931)

An Indian Federation,
by Diwan Bahadur A. Ramaswami Mudaliar,
M.L.A. (Reprinted from the Journal of the
Madras University) .-
Some Aspects of the Vayu Purana,
by Mr. V. R, R. Dikshitar. (Reprinted from the
Journal of the Madras University)
A Report on the Modi MSS. in the Tanjore Palace
Library,
by Mr. R. S. Shelvankar
Vijayanagar—The Origin of the City and the
Empire,
by Dr. N. Venkataramanayya
Samkhya Karika Studied in the Light of the
Chinese Version (Bulletin No. 1),
by Mr. S. S. Suryanarayana Sastri. (Reprinted
from the Journal of the Madras University)
Paranar,
by Mr. V. Venkatarajalu Reddiyar

Prabhavati Pradyumnam,
by Mr. P. Lakshmikantam

Subadraharanam,
by Mr. V. T. Sreemanavikrama Panikkar

Rasaratnakara by Salva,
Ed. by Mr. A."Venkata Rao

Abidhana Vastu Kosha

Pushpadanta Puranam,
Ed. Mr. A. Venkata Rao and Mr. H. Sesha
Ayyangar .. e
Rig Vedanukramani of Mndhava Bhatta, Vol. I,
Ed. by Dr. C. Kunhan Raja

The Unadi Sutras in various recensions,
Ed. by Mr. T. R. Chintamani—Part I

” " " 11 can
» ” » VI

Price
Rs a

o]
P®

W e
o

r

(= =4

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

University Publications—(cortinued)
Name of Publications

Sahitya Ratnakara,
by Mr. T. R. Chintamani (Reprinted frem the
Journal of the Madras University)...

The Challenge of the Temporal Process,
Principal Miller Lectures for 1933—by Dr. A. G.
Hogg

Purpose and Progress,
Principal Miller Lectures for 1934——by the Rev.
John Meckenzie .

Considerations on some Aspects of Ancieat
Indian Polity
Sir Subrahmanya Ayyar Lectures, 1914—by Raa
Bahadur K. V. Rangaswami Ayyangar (Second

Inter-Statal Law,
The Law affecting the Relations of the Indian
States with the British Crown—by Sirdar
K. M. Panikkar (Sundaram Ayyar~ Krishnaswami
Ayyar Lectures for 1933-34)

The Colas, Vol. I,
by Mr. K. A. Nilakanta Sastri

The Matsya Purana—A Study,
by Mr. V. R. R. Dikshitar

Vishnumayanatakam,
by Mr. K. Ramakrishnayya

Studies in Dravidian Philology,

e

by Mr. K. Ramakrishnayya . -
Brhati, Part I—

Fd. by S. K. Ramanatha Sastri
The Rg Veda Bhashya of Skandaswamin (First

Astaka)—

Ed. by Dr. C. Kunhan Raja

Raghunathabhyudaya of Ramabhadramba,
Ed. by T. R. Chintamani

Burhan’s Tuzuk-i-Walajahi,
Ed. by Mr. S. Md. Hussain Nainar, Part I

Katyayana Pratisakhya,
Ed. by Pandit V. Venkatarama Sarma

Critical Studies on Katyayana’s Sulka Yajurveda
Pratt Sakhya,
by Pandit V. Venkatarama Sarma ...

Price
Rs a



University Publications—(coninued)
University Publications—(continued)

Name of Publications Price
Name of Publications Rs A »
Price Vol. I1I—Part 11 200
Rs A p . ,, 111 2 00
Problems in Filariasis, (Maharaja of Travancore . . IV 200
Curzon Lectures, 1934-35), " w V 2 00
by Dr. T. Bhaskara Menon, M.D. .. 1 0 0 Vol. IV—Part I w. 2 00
i 0
The SiddhantaleSasangraha of Appayya Diksita, » w1l 20
Vol. I, . , III .. 2 00
Ed. by Mr. S. S. Suryanarayana Sastri .. 500 . , IV 2 00
—Part 1 . 2 00
Studies in the Third Dynasty of Vijayanagara, Vol. V—Par i1 . 2.0 0
by Dr. N. Venkata Ramanayya .~ 5 00 ” ”" I 200
Prakatarthavnvaranam Vol. l . , IV 2 00
Ed. by Dr. T. R. Chintamani 6 0 0 Vol. VI—Part 1 2 00
Ballads of North Malabar, Vol. I, ” n I 3 g g
by Mr. C. Achuta Menon, B.A. . 300 . o I
A Criti ¢ Dif (A free English Rend Note.—Copies can be had at half the marked prlce by:
ritique of Difference ree English Rendering 1s d Oriental
of The Bhedadhikkara of Narasimhasramin), a Students .Of .Colleges, High Schoo an nta
by Mr. S. S. Suryanarayana Sastri and Mr. T.M.P. Institutions ;
Mahadevan 100 4 Members of the staff of Secondary and High Schools ;
Sandhi : I 3 i
" E o Combinagon . Tag, ¢ Pandits employed B College b tho sevsmanee
by K. Ramakrishnaiya, M.A. w 1 80 cations ar
institutions.
Some Trends of Modern Public Finance with

Special Reference to India. (Sir William
Meyer Lecture, 1934),

by Rao Bahadur K. V. Rangaswami Ayyangar... 2 8 O haly lw‘ \
R o
Economic Conditions in Southern India (A.D. 1000- N \
1500). Vols, I and 11, N ¢t
by Dr. A. Appadorai .. 10 0 0 Tyt }, <
Kapilar, v
by Mr. V. Venkatarajulu Reddiar ... w. 2 0 0

Tamil Lexicon :
Vol. I—Part 1

4 0 O
”» »w 1 4 0 O
» sy 1II 2 00
Vol. [I—Part I 2 0O
" ,» 11 2 00 PRINTED BY W. H. WARREN AT THE DIOCESAN PRESS, MADRAS AND
” ., III w. 2 00 PUBLISHED BY THE MADRAS UNIVERSITY— 1936 (5407
Vol. II—Part IV and Vol III-—-—Part I 2 00
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PUBLICATIONS

QR
THE INTER-UNIVERSITY BOARD, INDIA.
Price
Rs. A. P.

1. Handbook of Indian Universities 2 0 007 3s.

2. Facilities for Oriental Studies and
Research at Indian Universities ....0 8 0

3. Facilities for Scientific Research at
Indian Universities 012 0

4. Bulletin of the Inter-Umversnty
Board, India, Nos. 1 to 13 w1 0 0 each

5. Biological Outlook on Life and its

blems. By J. Arthur Thomson,

1.A,, LL.D., Regius Professor

of Natural Hxstory,, Umversxty of
Aberdeen e 02 0

6. Third Conference of Indlan Um- .
versities .1 0 0

7. Training of Teachers ln Indian :
Umversitles .0 8 0

8. Annual Report of the Inter-Umver-
sity Board for 1934-35 . w1 00

POSTAGE AND V.P. CHARGES EXTRA

Augilable from :

BANGALO RE PRESS, BANGALORE CITY. -

N .



JOURNAL OF THE MADRAS UNIVERSITY

ISSUED TWICE A YEAR
Subscription Rs. 4 per annum

(Rs. 3 for Principals and Teachers of Colleges)

Back Numbers contain Important Contribu-
tions from well-known scholars on Literature,
Philosophy, Mathematics, Botany, Zoology, History,
- Economics, Politics and Ethnology.

Among the Supplements are *“ The Origin of

Saivism’’, ‘Vyasa Siksha'’’ (Sanskrit), ‘ History
of Shakespearean Criticism’, ‘‘Samkhyakarika”’,
“Vayupurana’’, ‘Sahitya Ratnakara” (Sanskrit),

‘““Indian Federation”’, and ‘“ Handloom Weaving in
the Madras Presidency.”

BACK NUMBERS ARE AVAILABLE

Apply to the Editor,

JOURNAL OF THE MADRAS UNIVERSITY,
Senate House, -
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