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b

- Tor India as a whole, the crop occupies only 1-3% of the total
1 cultivated area; in some parts the proportion is much greater while
. in others it is much less. It is only in the United Provinces that this
proportion is as high as 5-04%; ie. nearly 4 times the All-India
ratio. In Bihar and Orissa and the Punjab, it is slightly greater than
1-3%, in Bengal and in the North West Frontier Province, it is
slightly less than 1-3%. In the other sugar-growing tracts of India,
the proportion is much less than this (Vide Appendix IL.)

It is not merely the total area under a crop which determines
the importance of that crop, but in any region the actual proportion
of the area under a crop to the total cultivated area is a much better
index of the relative importance of that crop. This is well brought
out by the map showing the ‘Distribution of Sugar Cane Area in
India.’ Thus Mysore has nearly 90% of the sugar cane acreage of
Hyderabad, but in Mysore the crop occupies 0-75% of the total

- ‘ cultivated area while in Hyderabad it is as low as 0-18%; ie. to
Mysore the cane crop is nearly 4 times as important as it is to
Hyderabad although the total area under the crop in Mysore is less
than that in Hyderabad. Many other similar examples can be cited
and column 7 of Appendix II, brings it out clearly.

Table I

India . {zxcluding Burma) 1921-22 1925-26 1931-32 1934-35

than ——— .
192],1 cultivated area in
ares

w %al irrigated area ‘in
anqacres 54,760,870 54,299,873 56,986,382 59,183,304
' ca;er(‘:entage of total irrigat- '
! ed area to total culti-
vated area
Total area under sugar

Percentage of total area
under sugar to total
cultivated area 0-9 1-0 1-1 1-3

Total irrigated area under
Osugar # 1,711,807 1,824,373 2,122,638 2,}74,635
Percentage of total irrigat-
ed area under sugar to /
total area under irriga-

269,781,428  272,563199 281,172,401 280,271,501

20-3 199 20-3 211
2503807 2801230 3102899 3635518

’

tion 31 3-4 37 w37
Percer‘xtage of total irri-

gated area under sugar v

to total area under sugar 68-4 65-1 .69:3 608
- © M

fﬁcall& 7 11;
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Table 1II
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1921-22

1925-26
1921-22

to 11,390,973 2,225,512 409,245 556,980 73+5 18-4
1931-32

1921-22
to 10,490,073 4,422,434 459,514 1,068,502 43-0 10-4

193435

to } 2,781,171  —460,997 112,566 298,023 37-8 —_

Note the reduction of percentage in columns 5 and 6 of_ Table H. above
since protection, 1932.

The above statistics in Table I prove the importance of irriga-
tion to this crop. More than 60% of the total area under sugar is
irrigated. It is noteworthy that there has been a diminuiion ir the
proportion of irrigated to total acreage. In 1921-22 it was as .
as 68-4%, it came down to 65:1% in 1925-26 while in 1931-3.
reached the peak position of 69:3%. Since 1932 the proportion 1
been diminishing steadily and in 1934-35 it was only 60-8%. T.
percentage of total irrigated to total cultivated area in India has bee
fairly constant about 20% for the whole period 1921- 31, In 1934-30
it was nearly the same, 21-1%; even if it is construed as a variation
it is only an improvement in the conditions of irrigation. For India
as a whole therefore, the increase in sugar cane acreage has very
little to do with the improved facilities for irrigation. This conclusion
is more amply brought out by a study of Table II above. 1921-22 has
been chosen as a base year for comparison and these ratios bring out
clearly the role of irrigation in the increased cultivation of the crop
for the whole of India. Based on these statistics, the following

conclusions can be arrived at :—

pressed ag a percentage of the increase in area under sugar cane has
been ‘iminishing since 1931-32. (1e since protection was g1v\en to

the mdusirY)

1. Tre increase in irrigated area under sugar cane, when ex-
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2. Equally well, the ratio of the increase in irrigated area under
sugar cane to total irrigated area has also diminished since 1932.

3. Increase in sugar cane acreage has very little to do with the
increase in facilities for irrigation. The last column 6 of Table II
shows that the increase in irrigated area has been at a faster rate
than increase in irrigated sugar cane acreage, (nearly twice as
much),

4. Column 5 of Table II shows the influence of irrigation on
increase of acreage under sugar cane. ‘The last two ratios show that
during the period 1932-35, the proportion of the rate of increase of
irrigated area under sugar cane to total increase in area under
sugar cane was much less than during the period 1921-31.

It is therefore clear that for India as a whole, the increase of
acreage under sugar cane has not been due to the better facilities for
irrigation. Probably therefore it has increased since 1932 due to
other economic factors. This however does not mean that there
are no regions in India where increase in acreage is not due to the
improved conditions in irrigation. There are large tracts like the
Central India States, Hyderabad, Rajaputana states etc., where the
increase in acreage under sugar cane can only be attributed to the
improvements in irrigation.

It has already been shown that sugar cane occupies slightly more
than 1% of the total cultivated area in India. It was 0-9% in

1921-22, 1-1% in 1931-32, and 1-3% in 1934-35. India is a country

where irrigation plays an exceedingly important role in agriculture
and it is found that the proportion of irrigated area under sugar
cane to total irrigated area is nearly 3 times as great (3:7: 1:3) as

. the proportion of total area under sugar to total cultivated area in

India. It is the more important crop that is grown under irriga-
tion and hence the importance of this crop becomes obvious.

Much of the increase in acreage under sugar cane has been since
1020, Appendix III shows the total and irrigated acreage
- ~ane since 1930 till 1935, the last year for which offi-

s L oUER CtOT ofable The heaviest increases are in Bihar

- vp'a:aputana states. The climatic require-
'“-.;perloa 1312 10 o« Loz anpendlx I) are such that irri-

¢ease. No correct stat
Swe t of irri-
%]aputana
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i
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both these regions the rainfall is 1nadequate and unless amply sup-
plemented with irrigation the crop cannot be grown successfully.
Hyderabad and the Rajaputana States are perhaps the best ex-
amples which show that with increased facilities for irrigation even
previously unirrigated crop becomes an irrigated one; in other
words, the crop is a serious competitor for irrigation water, the
ryot using the irrigation water in increasing quantities for the
cane crop. The increased acreage in both these areas is due to
better facilities for irrigation. In Hyderabad it is mostly in the
area irrigated by the Nizamsagar that the increase is seen.

Central Provinces and Berar are regions where the increase
in total acreage is graat—nearly 30 to 40%—but this increase is
proportional to the increase in irrigated acreage. The rate of
increase in C. P. & Berar has been very slow since 1923, indicating
probably that maximum has nearly been reached.

United Provinces, Mysore and Bombay have all shown a steady
growth, though a smaller one—about 20 to 25%—the average in-
crease per year being fairly constant. Both in Mysore and in
Bombay the increase in acreage is due to the better facilities for
irrigation. In the United Provinces irrigation is necessary to sup-
plement the rainfall, but the increase in acreage far exceeds
the increase in irrigated acreage. It indicates that most of the area
that could be irrigated has already been irrigated and the ryot has
extended the area of cultivation without a proportionate increase
in irrigation, thus gambling with the monsoons. In the Punjab
also the needs for irrigation are similar, but the increase in ‘total
acreage is nearly double the increase in irrigated acreage. The
Punjab ryot also gambles with the monsoon like his U. P.
neighbour.2s

It is however noteworthy that in Madras, in tropical India
where irrigation is essential for the cultivation of the crop and

where it is cultivated by a better class of agrlculturlsts,26 tha

n T Is the in se. !
increase in irrigated acreage equals the increa Bt the erop

Again, where due to climatic reasor ics, the following
sary as in Bengal, a diminution in, e

seen. It is only in Assam +h-"
- wwteu area under sugar cane, when ex-
. «--vag€ of the increase in area under sugar cane has
25. Asng since 1931-32. (i.e. since protection was given to
since then
cessful gam
the insect T
26. Pa !
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In the United Provinces, Bihar & Orissa, the indigenous canes
are now almost extinct, occasional small patches being met with
only in the interior. In Bengal and the Punjab the new and bet-
ter varieties of the Coimbatore canes grow in popuiarity.

Acreage under Sugar Cane

Acreage under Average Cane

Year Total acreage improved production in

varieties tons per acre
1931-32 .. | 8102899 1,170,478 14-1
1932-33 .. © 3,445870 1,845,788 14-9
1933-34 .. 3,424,072 2,295,257 15-3
1934-35 . 3,635,518 - 2,512,476 15-3
1935-36 .. (Estimate) 4,020,000 3,071,153 ) 15-3
1936-37 o ( do. ) 4,431,000 3,500,000 15-3

These statistics clearly show that in 1931-32 slightly more than
1/3 the total area under cane was under improved crops, but by
1934-35 the area under improved crops was more than 2/3 the
total area under the cane showing thereby a phenomenal increase
in the acreage of better varieties. If the increase goes on steadily
it is sure that in a few years, the cane cultivation of India will bt;

of the superior quality of the canes. It is however surprising that

in spite of this, the average cane production in tons per acre has
not proportionately increased. ) :

The yield per acre is highest in the tropical parts of the penin-
sula; in Madras it is 6,224 1bs while in Bombay it is .5,422 Ibs. The
Punjab has the lowest yield,—1764 lbs,—Delhi is slightly better
(1,792 Ibs).  The yield in the United Provinces is poor (3~463 lb;)
as is that of Bihar (3,2871b) and Orissa (3,65915) o the, Central
Provinces (3,58416). The yield of Ben~* NI
(4,127 Tbs). In respect of the yi<? ™ »
content or average pem s--ca under sugar cane, when ex-
far behind Java. <. uhe increase in area under sugar cane has
crop is pes smce 1931-32. (i.e. since protection was given.to
ian yield A
acre whil v :
sugar). | R - ' 3
tific systes

!
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manures and fertilisers, (4) the lack of suitable seeds; (5) the lack
of water; (6) the disease in the cane crop and (7) insect damage as
in the Punjab and the United Provinces.

It is true that the acreage under improved varieties has increas-
ed phenomenally in the near past, but it is often forgotten that these

Distribution of Sugarcane Area in India.
(Bulk of Indian Sugarcanc area in Sub-tropicsi.
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improved varieties often demand more manure. Unless artificial
manuring is done, the soil will diminish in quality very rapidly 2

. 'The Director of Agriculture, Bihar states that “the development and
- ’ ~"‘we canes have conferred a substantial benefit on the
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The sugar factories in India do nothing to foster the cultivation
of the cane although the cost of the cane is nearly 2/3 the cost of
the final product. It is only in Bombay that the cane grower is
the capitalist so that the holdings are large. In his annual report
on the Department of Agriculture, Bombay for 1935-36, the Direc-
tor says that the factories have their own cultivation for about
11,566 acres (more than 1/8 the total area under cultivation in the
Presidency) and the yield in this tract is nearly 3% tons of refined
sugar per gere. (Total yield is about 39,115 tons). In the United
Provinces which is the largest sugar-growing tract of India, the
conditions are the exact counterpart of this. If the factories in the
United Provinces foster the growth of the early and late ripening
varieties, the yield would be much better and the factories would
have a much longer working season. If the industrialist and the
agriculturist were to work in co-operation, the yield can be increa-
sed so that the miller gets his crop at a redueeqd price witiwwut re-
ducing the income of the cultivator. A pari of the profits in the
industry must be ear-marked for investinen's in the fields,—irriga-

tion projects if necessary—and this should be.considered as part
of the capital expenditure. '

In Mysore, in the Irwin Canal area the yield of the cane is about

40 tons of cane per acre; the average for the United Provinces and
Bihar is only 15 tons per acre and even in the other parts of Mysore
- it is only 20 tons per acre. 'The Mysore Sugars Ltd. have insti-
tuted prizes for the best cane yields in one acre blocks and five
acre blocks. The Mysore ryot co-operates with the plans and
programmes adopted by the factory. The time of planting is ad-
justed to the requirements of the factory so as to obtain as long &
crushing season as possible. The mills advance up to Rs. 500,000
for the cultivators and also employ a good trained staff to instruc
them about pests, manuring, proper methods of cultivation ete. It i
only in the Irwin Canal area that the factories work for 9 months
and it is well worthy of emulation by the other sugar manufacturers

The average cultivator of India is hardly awor whans Jat ety
proved methods of farming or manurir ~S 1 poor (3,463 1ps)

of varieties suitable to the soily Lof'lsga (3,65916) or the Central
(o ens v I T

-.9f the yi~1-0" o Totter
oo 2 #8am #k-+ed@'under sugar cane, when ex-
V& © . e increase in area under sugar cane has
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nal methods from year to year without effecting any improvemen(':s
in the quality of the cane grown in his fields. Sugar cane crop is
one of the most important cash crops of thv country, the annual valufa
of which is approximately Rs. 60 cyores, (vide reply to t}.le Council
of State, February 1937) and the prosperity of the third larg_est
industry in the country is closely linked with it. Demonstratlo.n
farms and nurseries should be established to improve the condi-
tions of the crop throughout the country.

INDIA
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in further increasing the area under cane cultivation except in
localities adjoining existing sugar factories. The sugar committee
did not take any action in this matter as several relevant statistics
(e.g. the consumption of sugar) were not available. In May 1937
the sugar committee expressed its opinion in favour of improvin:

the quality of the cane crop by arranging zones, research etc anfl
zgainst any further extension of the acreage. It is oertainly. frue
that the present area under cultivation meets the demands of the
country and more attention should be devoted to imprdving the
quality and lowering the cost of cultivation of the crop rather than
'incFease t}.le area. With the best qualities of cane being cultivated
in increasing quantities, it is clear that within a few years, India
without incre.aSing the acreage under the crop, can, not melzel be
self sufficing as in the past as regards her needs of refined sggar
but could also hope to play a very important role in the worl(i
market in spite of the severe competition with Cuba, Java ete
Indian export of refined sugar has not met with considerable a -
proval even from the Empire marketing board and perhaps’thgt

may to a certain extent—and only to a very limited extent account
for the failure of the export trade in sugar.

_ This however is not
our main theme at present,
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Sugar Cane Cultivation in India
By

Georce Kurtyaw, B.Sc. (Lowp.), S g
(KQ\I?.'\
Department of Geography,

University of Madras.
(Continued from Vol. 15, No. 1, page 540).

The total area under sugar cane in India has been varying very
considerably and the following tables (include Burma also) give
the total acreage under sugar cane in millions of acres :—

Avérage
- for the
1915-16 1916-17 1917-18 1918-19 1919-20 quin~
quennium
2-669 2-730 3-153 3:179 3-008 2-948
1920-21 1921-22 1922-23 1923-24 1924-25
2-887 . 2-699 3-044 3-232 2-837 2-940
1925-26  1926-27 1927-28 1928-29 1929-30
2-993 3-245 3-227 2-836 2:751 3:010
1930-31 1931-32 1932-33 - 1933-34 1934 35
3-061 . 3-267 3-617 3-600 3-783 3-466

Average rate of increase per year for the period 1915 to 30:="-14%
Average rate of increase per year for the period 1930 to 35=3703%
. f

From the above statistics, it is clear that the acrea:‘ge un
sugar cane has been fairly constant—about 3 million acres ¢ w
the period 1915 to 30. Since then there has been a re "
increase. No correct statistics of cultivation are availa |
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but it has been estimated by Mr. Gandhi in his Sugar Annual
7 that this increase has been continuing even since 1935
is estimate of the area under cane sugar in 36-37 is 4-431
gn acres. (Vide Appendix IV). The distribution of the
in the various provinces of India are also shown in Appen-
IV and it is obvious that by far the largest portion of the crop
A5 grown in the United Provinces, the Punjab, Bihar & Orissa and
Bengal. They have really been the most important regions for
sugar cane from the earliest times of which we have definite statis-
tics. The two maps of sugar cane cultivation appended herewith
also bring out this fact very clearly.

It is found that the total cultivated area in India (excluding
Burma) in 1934-35 was 277,270,610 acres of which sugar accounted
~ for 3,635,518 acres forming nearly 1:3% of the total cultivated
area. It might therefore appear to be an unimportant crop, but
1.7 "dld e remembered that the sugar industry is the third largest
industry in India.? Tt has been estimated that there are nearly
20 million agriculturists who are sugar cane cultivators and their
interests have to be zealously protected.2¢

23. Cotton comes first with 470 mills, a subscribed capital of 40 crores
of rupees and about 400,000 workers. There are about 150 sugar mills work-
ing (178 registered) with a subscribed capital of about 7 crores of rupees
and nearly 100,000 workers. In the Jute industry there are nearly 109 mills
and a subscribed capital of nearly 20 Crores of rupees. Nevertheless, it should
be borne in mind that neither the number of workers nor the amount of capi-
tal invested in any industry could be taken as absolute criteria regarding the
importance of the industry. The shift system and the average output per
employee have also got to be considered. Again, at best the sugar mills work
only for about 150 days in the year. The number of agriculturists involved
is perhaps a fairer factor to determine the relative importance of any indus-
try.

24. The cane crop is the most important cash crop for the agriculturists
of Bihar and the United Provinces and nothing has yet been devised to replace
it. On the foriunes of this industry depend a very large number of ryots
in both Bihar ~ad the United Provinces. In a statement made by the Gov-
ernment of India (vide reply to a question in the Council of State dated 16th
February 1337) it was stated that during 1935-36 the amount of 833 lacs of
rupees was paid to cane agriculturists by the mill owners ! From the avail-
able statistics of production, it is found that nearly 11,315,000 tons of cane
were crushed and based on an average yield of 15 tons per acre, this shows

st nearly 758,000 acres were under cultivation which supplied the factories.

erage in the United Provinces and Bihar the two predominant cane
2 acre represents the average holding for a family of five persons

ue of almost every other part of India) and hence the factories alone
1 nearly 3,800,000 agriculturists!
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(Continued from page 181 of Vol. XV, No. 2.)

C. DISCUSSION OF INTER-RELATIONSHIP

In the previous section a brief account of the seasonal changes
in the physical, chemical and biological conditions of the lake water
during the three years of 1933-35 has been given. It is now pro-
posed to discuss the inter-relationship that exists between geogra-
phical factors on the one hand and some of the important physical,
chemical and biological conditions oa the other.

(i) RainrFaLL, TEMPERATURE AND LAKE LEvEer,

The level of water in lakes depends upon climatic conditions,
especially rainfall and temperature of the region in which they are
located.

In the case of the lake under study, the maximum level is reach-
ed in December (north-east monsoon season) or in January (cold
weather period) and the minimum in August or September (south-
west monsoon season).

It is a shallow lake and is subjected to nearly uniformly high
temperature for nearly nine months in the year. Besides the
fall in level resulting from evaporation, water is dajly drawn for
the city’s water supply throughout the year and for irrigation pur-
poses periodically so that there is a gradual fall in level from
January to September.

With the decrease in jever; the shore all round is gradually in-
creased and large.iract of meadow land is seen towards the end
of the south-iest monsoon season. This land gets completely

covered aga’in with water during the next north-east monsoon

season, |

(ii) ¢ RaINFALL, WIND, AND COLOUR AND TRANSPARENCY

The lake water varies from yellowish green to whitish in co-

lour. It is yellowish green from January to September and whit-
ish during the remaining months. The yellowish tinge is most pro-
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bably due to fine slime disturbed from the bottom and shore by
wind action during the period referred to above. The greenish
tinge is due to phyto-plankton, chiefly oscillatoria lUimnetica and
Aphanocapsa elachista var novo, the two most dominant algae in
the lake water. . The whitish colour is due to clayey turbidity
brought into the lake from its own catchment area, to water from
Sholavaram lake, whicii gets it from the Kortalayar river during
the north-east monsoon season.

(iii) TeEMPERATURE OF AIR, BRIGHT SUNSHINE, WIND,
SurracE ARea, DEPTH AND TEMPERATURE OF WATER

The chief source of heat for lake waters is the sun, The sur-
face layers are heated to a depth to which the sun’s rays can pene-
trate and this depth is dependent upon their colour and transpa-
rency. The heat thus received in the surface layers is distributed
to the deeper strata to a certain extent by wind among other causes.
This temperature is also influenced to a certain extent by other
causes such as rain and feeder streams or rivers, but these causes
are only of minor importance. Lake waters lose their heat by
radiation, by conduction to air and by evaporation.

A general account of stratification so far recorded in temperate
and tropical lakes.

Thermal stratification in temperate lakes:

Studies of the seasonal changes in the thermal conditions of
lake waters of the temperate region have shown that the entire
depth of any deep lake is divided into three well defined strata in
summer. First, there is a top layer of about 8-12 metres in thick-
ness which is more or less of a uniform temperature. Its surface
is the warmest part of the stratum and is subject to diurnal varia-
tion. This layer is known as “epilimnion.” The thickness of the
epilimnion in temperate regions varies according to the amount of
solar heat available, but the maximum depth of this layer is about
twelve to fifteen metres. ‘

Immediately below this layer is the stratum of rapid cooling
° ; kndwﬁ'»'i,lalwqiﬂi‘(‘égrmocline”, “sprungsicht,” “metalimnion,”
cli “transition zor'er” AR -~ Tayev! ete.  In this layer which
’ ~1"eq up to three metres,

one metre or leS ey b0 'Fo\ Y =)

etre is greater than 1°C13i}1ia‘; of the

per cent of the in the
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is aided in the alkaline lakes by their extreme shallowness and by
the regularity of the wind.” What takes place daily in the surface
layers of deep lakes like Naivasha, takes place in the entire body
of the water in the Red Hills lake daily, since the maximum depth
of the lake is only 5-6 metres. In fact the stratification of the Red
Hills lake would be considered by Worthington and Beadle as
merely a case of daily heating and cooling of the whole body of the
water, since the lake is shallow; and that is really taking place in
the Red Hills lake.

The temporary stratification formed in the Red Hills lake is
shown in Tables IX (Ganapati 1934, 1935) and graph I (Gana-
pati 1934).

It is interesting to note that within this stratification, there is a
region of nearly uniform high temperature near the surface and
a region of greatest fall immediately below it and finally a region
of more or less uniform temperature which however may gradu-
ally decrease towards the bottom. These three regions may be
compared to the epilimnion, thermocline and hypolimnion of the
temperate lakes during summer and to the larger lakes of the East
Indies investigated by Ruttner. It is again interesting to note that
the amount of the greatest fall is seen generally in March and
April. It is just possible therefore to differenciate a temporary
epilimnion, a temporary thermocline and a temporary hypolimnion
within this temporary stratification, during the short period of its
occurrence daily. The author believes that a similar temporary
stratification with the three thermal strata would be found in the
surface layers of the East African lakes, which get heated up
during day time.

Detailed observations on shallow lakes of the type of the Red
' Hills lake over a long period have not been made so far in the
tropics. The interesting point about such lakes is that a temporary
stratification is fairly well developed by the middle of the day, and
is destroyed at night. But in the case of a small pond in Calcutta
WTuseum, Hem Sing Pruthi (1933) found the least difference (0-5°-
¥.0°C) between the surface and bottom in December and January
and greatest \z-3°C) in summer (April to June); that there was
complete stratification during the latter period; that in November
and December there was a decrease in temperature difference so
that the stratification of the water was disturbed ; and that finally
in January when the difference was least, a complete mixihg of the
waters took place. That our experience with the Red Hlills Lake
is extremely different has been sufficiently explained abgve,
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Classification of the Red Hills Lake based upon its thermal condi-
tions.

Forell (1895, cited by Whipple, 1927) was the first person to
study the thermal relations in the various strata of lake waters.
He classified the lakes of the temperate region into three types
from their thermal conditions—polar, tropical and temperate.
“Polar ” lakes are those in which the entire mass of the water has
always a temperature lower than 4°C. The surface layers are
colder than the bottom layers exhibiting what is known as an “in-
verse ” stratification. In “tropical” lakes, on the other hand, the
temperature always remains above 4°C in all the layers. The strati-
fication that is seen here is “ direct” stratification. Their waters
show highest temperature near the surface in summer and the
temperatures decrease with the depth. “Temperate” lakes show
the conditions of “polar” lakes during winter and of “ tropical ”
lakes in summer. The temperature of the surface water in winter
is lower than 4°C but during the rest of the year is always higher
than 4°C.

Whipple’s (1927) modification of Forel’s classification is as
follows: He classifies each of the above three types into three
sub-groups: (i) lakes whose bottom temperature is near 4°C
throughout the year and having only one circulation period possibly
in winter; (ii) lakes whose bottom temperature varies but not far
from 4°C and having one circulation period in winter and (iii) lakes
whose bottom temperature is very similar to that of the surface
and having practically a continuous circulation throughout the
year.

None of the truly tropical lakes so far e.g. the lakes of Java,
ete.. investigated by Worthington etc., and the South Indian lakes
investigated by the author, can come under the first two groups
of tropical lakes according to Whipple’s classification, since the bot-
tom temperatures of these lakes are far above 4°C and often come
very close to that of the surface (within about 5°C). The lakes
that can come under these two groups of Whipple are those of
Italy, which in a way belong to the warmer parts of the temperate
region and can be considered tropical only from a denth European
or North American point of view, who will consider the climate of
Italy as really tropical. Thienemann (1931, p. 213) for instance
calls therh “ Warm » lakes.

The L.;ropical lakes of Java, Sumatra and Bali, East Africa and
South Inia referred to above may come under Whil;ple’s third
group of 'tropical lakes, since as already pointed out, the bottom
temperatl.xre differs from the top only by a few degrees,
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In this third group, according to Whipple’s definition circula-
tion of water takes place continuously throughout the year from top
to bottom. Worthington and Riccardo (1936, p. 64) mention that
in the East African lakes complete mixing takes place during windy
months. They state “ the mixing of the water is probably helped
by strong winds which are prevalent at certain seasons on most
of the lakes.” The depth to which wind could be effective in mix-
ing up the waters depends, according to Ruttner (1931, p. 407) on
the surface area of the lake. Since the East African lakes have a
large surface area (more than 10 sq. Km.) and are comparatively
shallow, the waters of these lakes can he completely
mixed up when a strong wind prevails. Worthington and Beadle
(1932, p. 55) state in another place “These results confirm Rutt-
ner’s conclusion with regard to area and wind mixing, since all of
those lakes mentioned are of the larger type, with areas more than
10 sq. Km. and range up to the enormous area of Lake Victoria;
but the wind effect, if responsible, produces even greater mixing in
that no thermoclines were detected at any depth.” From this state-
ment it is clear that mixing is possible only during periods of strong
wind and cannot be continuous and as such cannot conform com-
pletely to Whipple’s definition, where he states that mixing is con-
tinuous throughout the year. Though this complete mixing is
seasonal and not continuous, a partial mixing confined to the sur-
face layers up to a depth of about 5 metres is seen continuously
throughout the year. This mixing of the surface layers goes on
daily. Worthington and Beadle (1932, p. 55) state “ As a general
rule, the water from the surface to a depth of two or three metres
heats up several degrees during the day and complete mixing takes
place at night, so that from midnight onwards the temperature curve
is vertical or even reversed in the upper few metres as illustrated
in Fig. I for Lake Naivasha.” In another place, Worthington and
Riccardo (1936, p. 58) state with regard to Lake Bunyoni “Both
graphs indicate some mixing of the water near the surface down
to a depth of about 5 metres during the night, but there were no
signs of turnover.” So, these East African lakes fulfil the defini-
tion of Whipple only partially as regards the question of continuous
mixing throushout the vear. Continuous mixing throughout the
vear is seen but is confined only to the upper layers. And com-
plete mixing occurs when the wind is strong but is not present
throughout the year. '

Regarding the South Indian lake, it conforms completely to
Whipple’s definition. The bottom temperature is very i
that of the surface and there is continuous mixing throughout the
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year: Since the lake is very shallow (about 25 feet) the entire
body of the water gets heated up during the day and cooled during
the night and behaves like the surface portion (upto 5 m.) of the
East African lakes referred to above. The mixing is diurnal and
continuous throughout the year. Owing to its wide area and
shallow depth, a thorough mixing can also take plac> whenever the
wind is very strong.

Coming to the lakes of the East Indies investigated by Ruttner,
the bottom temperature recorded is very much above 4°C., the
lowest bottom temperature recorded being 20-1°C (Ruttner 1931, p.
403). The bottom temperature is very near the surface tempera-
tures, the difference being only 0:25°C to 5:5°C (Ruttner lLc.). So
from the standpoint of temperature, these lakes can come uhder
Whipple’s third group. But as regards the question of circulation,
complete mixing takes place owing to wind and cooling in the case
of certain lakes like D. Bratan (Ruttner lec. p. 392) and partial
circulation only in others like D. Batur (Ruttner l.c. p. 397).
But in lakes with less than 2 sq. Km. of surface area the wind can-
not bring about the complete mixing of the waters below a certain
depth from the surface. The mixing would be confined only to
the upper portion of the lake. The diurnal heating and cooling also,
as in the case of the East African lakes brings about a mixing of the -
surface layers upto a depth of few metres (about 5 metres) (Ruttner
1931, p. 221 and Table I). But a complete mixing from top to
bottom will not be possible in a lake of this type at any time during
the year. In these lakes a complete turn over is possible only if
there is a possibility of the surface waters becoming cooler than the
bottom layers at some time during the year. From the data given
by Ruttner for his several lakes, it looks as though such an occasion
never arises at any time during the year. If such should prove to'
be the case, a complete turn-over can never take place at any time
in these deep lakes. Ruttner (p. 446) states “ Es ist leicht moglich,
daf} sehr tiefe Seen nur selten bis zum Grunde durchmisclit
werden.” 'This point has to be verified by further work viz.
whether the surface layers in these East Indian lakes at any time4

during the year become cooled down to a temperature lower than
that of the bottom. '

So we can provisionally subdivide the third group of tropical

lakes of Whipple as follows, basing, our classification upon the
nature of their mixing: ’

) Lake-s i.n which complete mixing takes place throughout
the year. This is brought about by the daily heating and night
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cooling and may also be brought about by strong winds occasion-
ally e.g., South Indian lakes.

(i) Lakes in which complete mixing is seen only periodically
i.e. during very windy seasons. In addition to this a partial mixing
confined to the upper layers upto 5-7 m. brought about by the
sun’s heat during the day and cooling at night may be seen con-
tinously throughout the year, e.g. East African lakes and some
lakes of Java (less than 5 sq. Km. in area) and D. Braten.

(iii) Lakes in which complete mixing never takes place at any
time during the year. Mixing in these lakes is only possible and
confined to the upper region and brought about (a) periodically by
wind whenever it is strong and (b) continuously by the sun’s heat
and night cooling and confined to the surface layers upto about
five metres depth as in (ii). :

(iv) TEMPERATURE OF AIR, DBRIGHT SUNSHINE, WIND, SURFACE
Area, Depra AND DiIssoLveED OXYGEN.

Lakes receive their supplies of oxygen from (i) the atmosphere
(ii) from the photosynthetic activities of chlorophyll bearing
plants in the water; and (ili) from bacteriological denitrifi-
cation. From the atmosphere the surface layers of water get
oxygen by mechanical admixture of air through the action of waves, '
so that when the lake water is in complete circulation, the entire
lake is saturated with oxygen in the above manner. During the pro-
cess of photosynthesis, theé chlorophyll-bearing organisms “diminish
or deplete the supply of CO, and increase the oxygen content beyond
saturation.” A very small amount of oxygen which is practically
negligible is added through bacterial denitrification.

The quantity of oxygen present at any time in the day is the
resultant of several factors such as diffusion, photosynthesis, respi- .
ration, the chemical processes of decay and of reducing substances.

(Carte; igég’ci;fnﬁﬁu”““ i if the consumption of oxygen by vari-
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(b) Tropical lakes have been studied by a few investigators—
Fritsch (1907), Downes (1911, cited by Whipple et al, 1927),
Ruttner (1931), Jenkins (1932), Worthington (1903), Hem Singh
Pruthi (1933), Beadle (1932-34), Worthington and Ricardo (1936).
Fritsch (l.c.) stated that the O, content of tropical lakes would be
low considering their high temperature. Downes (l.c.) examined
three reservoirs—Cocoli (9 ft.), Carabali (12 ft.), and Comache
(26 ft.)—in the Panama canal region. He found 8.66 cc/l in the
surface, 6-2 cc/1 at 5 feet below, 0-8 cc/1 at 7 feet below, and nil at
9 feet below the surface in Cocoli reservoir ; in Carabali reservoir,
O, was absent at a depth of 8 feet; and in Comache reservoir, it
was absent at a depth of 14 feet.

Thienemann (1930) has stated that the deep tropical lakes ave
devoid of O, in their hypolimnion. Ruttner (1931) who actually
investigated the lakes of East Indies has made a very valuable con-
tribution to this important problem of tropical limnology. His im-
portant conclusions are detailed below.

(i) The oxygen curves of most of these tropical lakes resembl-
ed those of the eutrophic type of temperate lakes. Ruttner has
given the following reasons for the presence of the eutrophic type
and for the absence of the oligotrophic type of O. curves in them.

(a) Oxidation of organic and inorganic matter, respiration of
animals—these processes by which O, was consumed took place in
the entire depth of the water while the process of photosynthesis by
which oxygen is supplied was confined only to the upper illuminated
water mass,

(b) The vertical distribution of oxygen will therefore be
dependent upon the quantity of oxidisable substances present in the
lake water and on the rapidity of the oxidation process. The latter
in turn was dependent upon temperature, and according to Vant
Hoff's R.G.T. Rule the quickness of a reaction will be doubled or
trebled with a temperature increase of 10°C. The bottom tempera-
tures of tropical lakes is about 20°C higher than those of temperate
lakes. This means therefore, that at the bottom of tropical lakes,
oxidation process will be hastened at least four to nine times. If
the oxidation process is hastened, then the concomitant oxygen
consumption must be very great and result is the eutrophic type
of O, curve. The O, stratification in the lakes of East Indies,
therefore, is due to the great difference in the temperature in the
tropholytic zone, !

(ii) Ruttner found that a few days were sufficient tc effect a
sharply expressed O, stratification with the complete disaphearance
of oxygen at the bottom.,

4
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(iii) The lowest value observed by him was 61% saturation
in the surface water of Ngebel-see. This figure did not represent
the minimum occasionally reached in these tropical lakes, since he
thinks that in some lakes much lower figures may be expec;ced.

(iv) Supersaturation was generally very high and usually
?eached in the afternoons an extremely high figure. In one single
instance, the value came up to the extremely high figure as 347%.

(v) . During night time, a large portion of the O, was consum-
ed by the respiratory process and very little was lost to the air.

(vi) Maximum amount of oxygen was not found at the sur-
face but was a little below the surface as in lakes of the temperate
region.

Jenkins (lc.) found the surface water of lake Nakuru saturat-
ed to the extent of 113%, and the water at a depth of 1:75 m, only
18:2%. In the lake Elmenteita the percentage of saturation varied
from 44-4% to 104-8%; and in Naivasha, from 40:7% to 86-

She concluded that “the comparative abundance of oxygen (see
Table III) at all depths in these lakes may well be contrasted with

the conditions in tropical swamps, since it cannot here, as there, be -

one of the limiting factors in distribution (Carter and Beadle, 1930,
p. 249)”.

Beadle (l.c.) obtained at station 30 in the Lake Naivasha at
midday on 23-11-30, 5-46 cc/]; and at 18 m. depth, 3-54 cc/1; and on
26-2-31, 5-50 cc/1 and 3-70 cc/l for the above. He has also re-

marked that the oxygen content from the surface to bottom was

uniform at dawn and that at midday there was a considerable rise
in that of the surface water to a depth of (probably) about
5 metres and that the surface water at midday was saturated
to 94%.

.The nature of the Oxygen distribution in the Red Hills Lake

From a study of the dissolved oxygen content in the several .
layers of the Red Hills Lake the following facts are noticed. In the: i

early morning-the entire vertical layer is homogeneous i.e. contains -
- nearly the same amount of dissolved oxygen from the surface to the’
bottom ; but as the day advances the surface layers contain slightly '

though: definitely more oxygen than the bottom layers. This is:

illustrated by the data for January, February, March, April, July
and August for 1934; and for January, February, April, June,

the jugust; and October for 1935 (Table No. X Ganapati 1934, 1935),
This is not .

iting the formation of a weak stratification.
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ermanent but is destroyed at night so that in the morning the
alues are the same from the surface to the bottom.

In the afternoons when a weakly expressed O, stratification is
form.ed the differences between the surface and bottom layers do
not exceed 1 ce/l (vide Table No. X lc.). These small differences

ay be due to two causes: (i) photosynthetic processes of the
hlorophyll-bearing organisms resulting in increased oxygen content
n the upper layers, and (ii) mixing taking place daily in the night
effecting a uniform distribution of O from the surface to the bottom.
If daily mixing did not take place, and a stratification of long dura-
tion resulted in the Red Hills lake, one should expect a considerably
greater depletion of O, in the bottom layers, so that the differences
also will be considerably greater. Thus, the small differences
between the surface and bottom layers in the Red Hills Lake and
the relatively high O, content of the bottom layers are indirect
proofs of the diurnal mixing which takes place at night (Beadle
1932-34), Worthington (1930), Worthington and Ricardo (1936) and
Jenkins (1934).

" Diurnal variations.—The maximum amount of oxygen in the
surface layers is shown between 4 and 5 p.m., and the minimum at
about 7 am., as will be evident from the data for diurnal variations
on 31-3-34 and 2-4-34 (vide Table X lc.) Similar results have been
obtained by Hem Singh Pruthi  /933), and by M. O. T. Iyengar
(1926 p. 1180). The former found the Calcutta Museum pond
water to be below saturation in the morning, almost saturated at
10 a.m., and supersaturated at 12 noon and 4-30 p.m. and decreasing
after 5 p.m. and reaching the minimum at 10 p.m. M. O. T. Iyengar
found the O» content was lowest at 6 a.m., and that it reached its
highest level between 2 and 4 p.m., in the afternoon and thereafter
declined gradually till the lowest level was reached at 6 am., on
the following day. So, the fact that maximum content of oxygen is
being reached at about 4 p.m., in the afternoon and the lowest value
being recorded at 6 a.m., are also shown by the Red Hills Lake.

The amplitude of diurnal variations in the O, content of the
Red Hills Lake was small, i.e., 0-61 cc/1 on 31-3-3¢. M. O. T.
Iyengar, also , ound similar small ranges (1:65—1-78 mg/1). It
must however be pointed out that Pruthi found in the case of the
Calcutta Museum pond water a greater difference betwyeen the
minimum and the maximum amount of O, produced in the course
of a day. ,

. These diurnal fluctuations are due to a lafge extent to tt)e photo-
synthetic action of the algal flora present in a piece of water. The
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greater the algal content, the greater the diurnal fluctuations,
Butcher et al (1930). So, in the case of the Red Hills Lake, the
small difference in the diurnal fluctuation only shows that the plank-
ton algal population is comparatively very small.

Supersaturation in the lake water.

The quantity of oxygen found at different depths in the Red
Hills Lake was also below the theoritical point of saturation ekxcept
in a few cases where the O, liberated in the process of photosynthesis
brought up the amount to the saturation point or slightly higher as
in the case of the temperate lakes. A small or only slight
supersaturation (109%) was noticed in January, February, and Oc-
tober 1935. This slight supersaturation indicates again that the lake
does not support a vast growth of algae. The quantity of oxygen in
the several layers on other occasions was less than the theoritical
point of saturation; and this deficiency is to be ascribed to “the de-
mand for O, in the respiratory process of aquatic organiem and in
the decomposition of organic matter” (Juday and Birge 1932).

Another interesting feature noticed in the Red Hills Lake is that
the O, content was always lowest in the second half of the south-
west monsoon season i.e. in August or September. At this part of
the year the velocity of wind was low and the organic content of the
lake water has been found to be at its maximum and the duration
of bright sunshine was less. This is most probably due to the using
up of the oxygen by the fairly large quantity of organic matter pre-
sent in the water at this part of the year for oxidation purposes
(Pearsall, 1923, p. 53 Juday and Birge l.c.). The oxygen conteni
was highest in May, when the duration of bright sunshine was
longer, velocity of wind higher and temperature also higher.. It was
also high during the last quarter of each of the 3 years. This was
due to fall in temperature of air and water which increases the
solubility of oxygen, brought in from the atmosphere.

Relation between the vertical distribution of oxygen and the vertical
changes in temperature of the Red Hills Lake.

A definite relationship has been established between the verti-

cal distribution of O, and the vertical changes in t'mperate lakes.
during summer months. Thermal stratification was almost always .

accompanied by oxygen stratification (Thienemann 1925). Ruttner
(1931) has also made a similar statement in the case of the tropical

East Indian lakes. In the case of the Red Hills Lake also we find @
definite ! relationship between the two. A tempor'aryn thermal -
stratification is noticed by the afternoon and this is accompanied by,
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a temporary stratification of O, also, as in the case of the East
African lakes (Beadle l.c.)

Classification of the Red Hills Lake based upon its
oxygen Conditions.

Thienemann (1914) classified the lakes of the Eifel district,
Germany, on the basis of their thermal and oxygen relations in
summer. He differentiated the following three groups. In the first
group of lakes the three strata of varying temperatures e.g. the epi-
limnion, thermocline and the hypolimnion are present but the
oxygen curve does not correspond with that of the temperature.
In the second group, the three thermal strata are present but here
the oxygen curve follows generally that of the temperature.

In the third group, no definite stratification is seen, the tempera-
ture being more or less uniform throughout. In these lakes the Oa
content also is uniform and shows no stratification.

Thienemann later on in 1920 rejected the third group and re-
tained the first two groups. In 1928, he explained the scope of the
two groups of lakes in still greater detail and while doing so, point-
ed out that all oligotrophic lakes would come under the first group
and all eutrophic ones under the second.

Ruttner (1931) classified the lakes of Java, Sumatra and Bali
into three groups on the basis of their oxygen conditions. The
0. curves in these lakes generally followed that of the temperature
in the three groups.

The first group consisted of all small lakes below two sq. Km. In
this group there was a pronounced thermal stratification with a
sudden fall in the thermocline region. Here the O, curves were
nearly similar to the thermal curves. The surface layer was nearly
saturated with oxygen, but lower down there was a gradual decrease
and in the thermocline region there was a sudden fall. It was very
poor in the hypolimnion being present only in traces or even
entirely absent.

The second group consisted of the great lakes of the middle and
south Sumatra of about 100 sq. Km. (excepting Tobasee). The epi-
limnion of these lakes extending upto a depth of 10 m. contained
high values for O,. In their thermocline, the fall of oxygen was
more gradual and less steep than in the case of the first group and
continued into the hypolimnion where it disappeared at ; depth of

, 100 m, so that there is a general similarity between the okygen and
temperature curves. But the fall in Os is not so deep as in the first
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group owing to the greater surface area of these lakes and the con-
sequent exposure of water to the mixing effect of wind.

The third group of lakes of more than 1000 sg. Km. area is repre-
sented by the two great Toba-basins of North Sumatva where the
epilimnion extended down to a depth of about 30 metres and the
thermocline was less marked and its lower limit could not be sharp-
ly differentiated from the deep hypolimnion. The oxygen conditions
were also similar. The thick epilimnion extending to a depth of 30m.
was saturated with oxygen. In the thermocline below the 30 m.
layer the fall of oxygen was very gradual and merged into the hypo-
" limnjon where even at a depth of 425 metres zero value for dissolved
oxygen was not reached.

As regards the Red Hills lake, it does not come under any of the
above classifications. The thermal and oxygen conditions though
similar are rather peculiar. A definite thermal stratification is
observed in the lake but it does not remain undisturbed for a long
time like those of the temperate region or of those of the East Indies.
It does not, in fact, last continuously even for a single day. In
the early morning there is no stratification, but as the day progresses,
a fairly well expressed stratification is formed in the hot part of thd®
day and is destroyed in the night. In the same way, there-is a
temporary oxygen stratification formed in the Red Hills Lake, which
is daily formed in the afternoon and destroyed in the night. In the
early morning the O, content of the several layers is the same, and
as the surface layers get heated, the O, rontant nlag increases result-

[RPHETR WY 1 2 - PN ]

ing in a fairly wel) expressed O, stratification, so that the tempera-

Pt

ture 274 oxygen curves resemble one another.

In Griffith’s (1936) pool also which shows similar temperature
conditions as those of the Red Hills Lake, the O, conditions are also
similar.

(v) TeEmMPERATURE, BRIGHT SuN-sHINE, WIND, SURFACE AREa,
Depra axp Carsonic Acmd.

Carbonic acid occurs in natural waters as free CO., or chemi-
cally combined with alkaline earth and alkaline metals. The latier
is found in two different conditions: as “bound” CO, (mono carbo-
nates) and “half bound” CO; or bicarbonates. All the three forms

are of great significance in the biological eccnomy of lake waters. -

The free! CO, 1s used by plants in water during photosynthesis,
When all the available “free” CO, is used up, .the “half-bound” CO,
(from 4/!5 to 5/8) is then attacked and utilised (Brige and Juday
1912). When the first two sources are exhausted, the fully “bound”
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‘O, (or monocarbonates) may be utilized (Schutow 1926, Maucha
929, Neresheimer and Ruttner 1929—-cited by Juday et al 1935).

(a) Free CO, was not found at any time and in any of the
amples collected from different depths during 1934 and 1935. It
vas, however, observed once on 23-12-33.

The absence of “iree CO,” may be due to (a) photosynthesis
(b) marlforming organisms (c) agitation of water and (d)
:vaporation of water taking place in the Red Hills Lake (Welch
1935). During photosynthesis which takes place almost throughout
the year by chlorophyll-bearing plants, consumption of free CO,
takes place (Juday et al 1935, p. 6, and Ruttner 1931).
Hence free CO, is absent. Its absence may also be due to the
activity of marl-forming organisms, which are also present in
the Red Hills Lake. The several groups of or'ganisms concerned
in marl-formation are bacteria, algae, mussels, chara, higher
plants and plankton organisms (Welch 1935, pp. 176-182) . The
sandy, wind-swept beaches of the Red Hills Lake contain marl; the
incrustations on the wave beating region of the laterite bund, and |
on pebbles in the sandy beaches of the lake contain fine calcium car-
Joonate incrustations. Also, chara and higher plants like Najas,
Potomogeton etc., are covered with marl incrustations. This is in-
lerred by the evolution of CO; when hydrochloric acid is added to
these incrustations.

"The third factor which is responsible for its absence is the agi-
tation of water, caused by wind action which is very effective in
getting rid of “free CO, and finally, on account of evaporation, there
is probably also loss of half-bound CO, resulting in precipitation of
monocarbonate. “This form is greatest in shallow lakes of large
area where evaporation is most effective” like the Red Hills lake.
Welch (1935).

(b) Distribution of carbondioxide, bicarbonates and
carbonates in temperate lakes

A brief review of the distribution of the three forms of carbon
dioxide in temperate lakes especially at the time of their thermal
stratification during summer is given below. Birge and Juday
(1912) found definite stratification of free CO, in the Finger lakes
of New York during periods showing thermal and oxygen stratifi-
cation. They found that (i) the free CO, was absent in the epilim-
nion ;- was present in fairly large amounts in the thermocline and
in abundance in the hypolimnion ; (i) a very small quaatity of the
bicarbonates was present in the epilimnion, a fairly L jge amount
in the thermocline and a still greater amount in the hyi;olimnion;

i

i
i
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(iii) the carbonates were present in the epilimnion but were absent
in the thermacline and hypolimnijon,

As regards the general alkalinity of the water, they found that
this was not uniform throughout but was greatest near the surface
and gradually decreased downwards. They attributed the high
degree of alkalinity of water in the epilimnion to several factors
such as the free exposure to the atmosphere, the absence of much
decomposition, the photosynthetic uctivity of the plankton algae
present and the amount of sunshine avaflable. The low degree of
alkalinity in the hypolimnion was attributed by them to the pre-

_ Sence of the large quantity of the precipitated, dead planktonic
forms and the consequent increased decomposition of organic
matter. The thermocline shows conditions approximately inter-
mediate between those of the epilimnion and hypolimnion.

In the lake waters of north-eastern Wisconsin, Juday et al (1935,
pp. 15-27) found that the vertical distribution of free CO, and
the carbonates was as follows: The free CO; was almost uniformly
distributed from the surface to the bottom in the shallow lakes of
6-13m depth, the uniformity being due to these lakes being subjected
to considerable wind action. (i) “ A rather large variation in thd}
free carbon dioxide content of the lower water was found in lakes

ranging from 15 to 20 m in depth.” (iii) A more marked increase
in the quantity of free CO; in the hypolimnion than in the epilim-
nion was found in lakes of more than 20m. depth and (iv) in a few
lakes there was a smaller amount in the thermocline than either
above or below this stratum.

As regards the carbonates, some lake
distribution throughout the several layers,
difference was noticeable between the upp

cording to them (Juday et al 1. c.) these
under “seepage’

s showed uniformity of
while in others a definite
er and lower layers, Ac-
lakes could be classified
> lakes as the differences between the surface and
bottom values were not so great as in the case, of the “ drainage "
lakes. They also found that the surface layers in drainage lakes
had larger quantity of carbonates than the bottom layers. It must
however, be pointed out that in the case of shallow lakes (6-13 m),
the carbonates were uniformly distributed from the top to the
bottom. This was due to the mixing effect of wind action,
() Distribution of carbondioxide, bicarbonate and
| carbonate in tropical lakes

Sevex’;\al tropical lakes have been studied by Ruttner (1931, a
b), Jenkith (1932), Beadle (1932-34) and Worthington (1932) w,it};
regard t& .{these factors. Ruttner (le.) found distinet stratification
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joxide i East Indies. He found that
A dx‘c(‘:'zﬁgc;?io?xleiria‘l‘{fi‘&;ee()fctgj" and that it was essenti.ally
ﬁ"ex"e e hat Birge and Juday found in the North A'merlcan
e tc;) o hat Bronstead and Wesenberg-Lund found in 'Euro-
e e WHe found that it was absent or present f)n‘ly in ex-
trem Waters.ll uantities in the surface layers, but that it mcr.easid
i in qantity downwards. The absence of free‘ (?O._, in the
B e quwas attributed to the assimilatory activity of Fhe
o ‘133{81-2 and the gradual increase of CQO. in the thermochﬁe
P ?’garlli)on to respiration of the organisms the?e and to { g
i hypo‘;:l'nn of organic matter. A close relationship was fm‘ml
decom'p: SIble(:tween their bicarbonate content and the geologxi)a}
t(;l ex}: of their drainage basin. In most of the li?.keS., the Thb
Cacbon etr ntent was found to be greater in the hypolimnion. te
flal'bona : (;os attributed, just as in the case of termperate lakes, to
;izredi:zoxtion of the precipitated calcium carbonate by the accu-
mulated free CO, present in the hypohmmor.x.- o
Beadle (lLc. p. 200) has found the all;il‘)l;xtz;l :: » Yfeace tor of
increase
b cllak‘fo Ea?av:ta;d’?éo:n:frz?}:)l: stc(s), 1thoug‘h there was practically no
c::n;e in the alkalinity below that range.

(d) Red Hills Lake

In the case of the Red Hills Lake the vert‘ical distributti};)fx i(;i
carbonates and bicarbonates ‘was not the same in each rf:osn eciauy
ter though varying from month to month was not sp caly
fil;;:ﬁ;uishable for each period of the year. Tht?y ‘\Zertzd ound
- either 1o decrease or increase oOr homogerfeouﬂy distri l; ed o
the surface to the bottora or were present in larger agloott:om o
intel’mediaté el ﬂ;ots}? iozfvt:riiczllué?:terib(:ﬁon is pz.'obably
:aﬁztfsir?;eglioc}tl}: E:i::lo(ivneses and the meteorological conditions
0

prevailing in the lake.

Relation between the vertical distribution of cgrbo;:ates
(e)a.nd. bicarbonates and the vertical thermal changes iun the
Red Hills Lake.

A definite relation has been established between ‘.thel :;:::;::i
distribution of carhonates and bicarbona}tes and thedver;wa e
in temperature of temperate lakes (Birge and Juday c(i aday ot
” d of tropical lakes (Ruttner l.c., Beadle l_.c.) 5\;nn.g :

- aluml.cme.) o ths. “The character of the vertical distr utxf)n s
3 dl‘n?:: a lz;rge extent upon the thermal stratificatio ’:)vhxch in
(tlifnendeepends chiefly upon the depth and area of the lake)” (Juday

o
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et al p. 23 Lc.). In the case of the Red Hills Lake, a temporary
thermal stratification is formed in the afternoon but this is not
always accompanied by a gradual decrease of the carbonates and
an increase of the bicarbonates from the surface downwards,
the case of the temperate and tropical lakes cited above. The
carbonates were found to increase or to decrease from the surface
to the bottom or were found homogeneously distributed through-
out from the surface to the bottom. Therefore, both the carbonates
and bicarbonates do not exactly follow the thermal changes in
the water. Similar cases have also been reported in temperate
lakes. Juday et al (l.c.) themselves found in certain lakes a
uniform distribution of bound carbondioxide e.g. in Beak Lake which
is very shallow and so did not show any thermal stratification. On
the other hand, they found the same to be the case even in crystal
lake which is deep enough to be thermally stratified.

As regards the bicarbonates they found that (i) they were not
uniformly distributed from the surface to the bottom in lakes of
6 m depth; (ii) they were found to increase near the bottom in
. lakes of 6 to 13 m depth, which showed g slight thermal stratifica-

tion e.g., Dorothy Dunn lake; (iii) a
water was found in lakes ranging fro

Carr and Crystal lakes; (iv) a smaller amount in the thermocline
than either above or helow this stratum, e.9., Anderson, Paliette,
and Silver lakes. These decreases in CO, content of the water in

the thermocline were due to the photosynthetic activities of the
phytoplankton of thig stratum,

All the four types of vertical distribution cited by Juday et al
in the different lakes of the north-eastern Wisconsin have been
recorded by me in the Red Hills Lake during the different seasons
of 1934 and 1935.

Taking all the three items, fre
hates in the Red Hillg Lake,
tionship between these and o
is most pronounced,

Juday et al (1935, p. 6) found that the surface w.
line to phenolphthalein in all ¢

he * drainage ’
them. They state “ This alkaline reaction t

due to photosynthetic activities of the v
chiefly to phytoplankton forms; these orga
the half-Kound carbondioxide from the b
cess of as#similation, thus leaving a certaj
bonate in the water, which gave it an alk

as in

m 15 to 20 m in depth, e.g.,

e CO,, bicarbonates and carbo-
there does not appear to be any rela-
f the thermal stratification when that

ater was alka-
" lakes investigated by
o phenolphthalein wag
arious aquatic plants,
nisms removed some of
icarbonates during pro-
D amount of normal cap.
aline reactjon.” The lake

'

large variation of the lowem
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i igati ills lake) is a “drainage ” lake.
vestigation (the Red Hills
1Iltn iefzef; intefesting to find that in this lake also the surface waters
are alkaline to phenolphthalein at all seasons.

(vi) TEMPERATURE, BRIGHT SUNSHINE, WIND
SyuRrrFACE AREA, DEPTH AND pH.

From a study of the literature available on the fsubjec’cﬁl’c1 1:
found that natural waters show a wide ra.nge in p;{ ron; pH o
to0 12+0. “Jewell and Brown (1929) obtained rea f1n1\g/[s (})\ i I;n o
on the waters of pools in the Sphagnum Ma}rgxn OH 31(:1 gg.8 o
lake and Skadowsky (1326) r;;tsorted( ;;;\s;nfespfrted re—a—d ) Lo

ussian bogs. rom :
;Z?;e:: gilsgfgeif the water§ of peatir bogs of ‘II\Torwassr. 1:12:}1:1}1:;:;
ined a reading of pH 1:4 in a Japanese
gfsi:ir)edd\:::ter from a volcanic region and the sulphzige3 5c)OnteIr}te ::(f
the lake water was 174 mg./1,” (Juday etk .al o éhinano
(1934) has reported a pH value of 3 OQfor a brooh in orid \
Japan, which contained a large quantity of sulphurie acid.

All these records have been made on the water of temperate

nly.
qakel: ngards the pH values recorded so far for tropi?a} watex;
the pH values of the South African lakes range from a ?ﬁ‘mml(liggg
3.7 to a maximum of 9-8 (Hutchinson et al 1932).. Jek 1%5 . aSh;
p. 547) has recorded values ranging fro.m pH 8-3 in lake alvHem
to'pH 12 in the lake Nakuru of the Rift Valleys in Ifem;;. fern
Singh Pruthi (1933) obtained a range of 7:4—9:0 for the p
ter in the Calcutta museum.
" A study of the seasonal and vertical changes in tbelpHuzall.t:;s
of the Red Hills lake shows that the lake water is definite 3:( ; 1% ‘1)V e;
the range varying between 8:4 to 8-9.. In 1933 alo;l;gs e e
limit reached was 7:7 due to heavy ramf:?ll (Welcllx 3 , lp.kes oé
Among the trpical lakes in this respect, it reser.nb es lke 1.a ¢ of
East Indies which have been stated to be definitely alkaline
above pH 8:0 (Ruttner Lc.).

(a¢) Stratification in pH ) )

rded instances of pH stratification in trapical la es
is giﬁeiegelx:\fro: —Graham (1929, cited by Buttner 1931) found. 5m
the Lake Victoria significant differences between the surfece (8 1?
and the bottom (7-4). In the lakes of Java, Sumatra pnd Ba.l,
Ruttner (l.c.). found that the pH values of the surface {water in
almost all lakes was above pH 8:0 and those of ’fhe b.ott m layers
varied from pH 7-2—7-4, showing distinct stratification
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Uniformity in pH values in all the layers (pH==6:8) was
observed only in Danu Bratan in Bali by Ruttner (lc.). This

condition was attributed by him to complete overturning and cir-
culation,

In the case.of the Red Hills lake, uniformity in pH values was
noticed from the surface to the bottom in all the months during
1934 and 1935, although on all these occasions a very weakly ex-
pressed thermal, and oxygen stratification was present. This might
appear rather strange, for in almost all cases where thermal and
chemical stratification (in O, and bicarbonates) have been report-
ed, stratification in' pH values also have been recorded. For ex-

ample, in Plonersee, Wiebe (1931), Juday et al (1935) in Wiscon- -

" sin lakes have found thermal stratification always being accom-
panied by chemical stratification also (in O,, bicarbonates, pH etc.).
In the latter case, the differences have varied from 0-2 to 2-8 pH
units. (Juday et al Lc.). So, the absence of such a phenomenon
in the lake under investigation is most probably due to very small
differences (less than 0-2 unit) in the values which cannot be easily
determined with the help of the Hellige comparator used in thes
studies. Gessner (1932) has come to a similar conclusion when
using the Hellige comparator for pH estimations. -

(b) Diurnal variations in pH values

Diurnal variations in the pH values of the surface watem in
lakes have also been recorded. A difference of 26 units (Ska-
dowsky, lc., cited by Juday et al 1935) was noted in some of the
surface waters of lakes near Moscow, and of 2-45 units (Philips,
lL.c. cited by Juday et al 1935)., Butcher et al (1930) found the pH
values to be minimum during the hours of darkness and maximum
at the time of the maximum oxygen content. Birge Juday (1911)
on the other hand found no diurnal variation in Lake Mendota.
Worthington (1930) found a change from 7-95 to 8-7 in the Lake
Victoria ; and Pruthi (1933) from 7-8 to 9-05 units in the Museum
pond, Calcutta. The latter found that it was low in the morning
and maximum in the afternoon, and had decreased after 5 P.M. He
has also stated that this diurnal difference was bigger ” than that
recorded o far in the case of any tropical water. He has stated
further that the diurnal changes in pH of temperate waters is much
less. Buit this appears to be incorrect according to Skadowsky and
Philips, fited above. Variations in pH on the same day are noticed
usually In ponds and pools which are fully protected and which
contain plenty of aquatic vegetation, but in the larger bodies of
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water, they cannot be so easily detected (Welch 1935, p. 114). The
latter’s observations appear to be confirmed in the case of the Red
Hills lake. Though observations on diurnal changes in pH values
were not made, they have been made at different times of the day
on different dates in different months and in one case in the same
month. Thus, the pH value of the surface water at 6-14 A.M. on

- 3-4-34 and at 1-0 P.M. on 29-4-34 was 8:3 (Table XII, Ganapati

1934) showing that there was practically no diurnal changes in pH.
This conclusion is also supported by Beadle (1932-34, pp. 179 & 188)
who found in Lake Baringo a change of 0-1 only from 6-30 A.M.
(8-7) to 12-30 P.M. (8'8 pH) ; and 0-2 unit only from 12 midnight
(9-4) to 12 midday (9-6) in Lake Rudolf. Or it might be due to
the apparatus, used, as has been stated previously.

(c) A Brief Review of the Factors influencing pH

The important factors which regulate the reaction of natural
waters are (i) CO,, (ii) carbonates of caleium, magnesium, sodium
and potassium, (iii) salts of strong acids and weak bases, and (iv)
humic acids.

(i) Carbonic acid—Carbonic acid is a weak acid and its
mode of formation has been explained already. Its quantity is
responsible to a large extent for the changes in the chemical
condition of the water. These changes are brought about by
the withdrawal of CO. by various causes mentioned before. So,
the effect of CO, upon the pH value of natural waters is to increase
or decrease the value. Neresheimer and Ruttner (1929), Wiebe
(1931), Maucha (1929) and Schutow (1926)—all cited by Juday
et al (1935) have shown that if both free CO, and bicarbonates are
entirely used up, the assimilation does not stop at least with the
higher water plants as they use “ bound ” CO. or monocarbonates.
Above a pH value of 8-0 there can exist no “free” CO. in water
(Smith). )

In the case of the Red Hills Lake, free CO, has not been de-
tected excepting on one ocassion ie. on 23-12-33. The presence
of free CO, is attributed to heavy rainfall in that month, so that
the pH value also was as low as 7:7. On all other occasions, when
free CO, was absent, the pH values were higher and ranged from
8:4—8:9. Its absence indicates that either it is used up as soon

. as it is formed or the amount that is regenerated is no* sufficient

to convert all the monocarbonates into bicarbonates. L‘o, “free”
CO; by itself does not seem to be an important factor it influenc-
ing the reaction of the Red Hills Lake water.
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(ii) Carbonates of calcium, magnesium, sodium and potas-
stum: —Calcium carbonate in the form of pure calcite gives a
limiting value of pH = 9-0. Atkins (1919-22), Moore ot al
(1921) have shown that sea water may become as alkaline as
pH == 9:7 as a result of very active photosynthesis.  This is due to
the presence of maghesium salts since the limiting pH value of mag-
nesium carbonate is 10:0, the same as for Mg (OH),. Values bet-
ween 10 and 12 obtained with the lake waters such as those situat-
ed in the Rift Valley in East Africa are due to the presence of sodium
carbonate derived from the voleanic rocks of their respective
drainage basins (Jenkins 1932, Beadle 1932-34).

In the case of the Red Hills lake, the pH values range gene-
rally from 8:4—8-9. This indicates therefore the presence of the
salts of calcium in greater amounts than those of magnesivm;
sodium, and potassium are present in the Red Hills lake water.
This conclusion is further borne out by the results contained in
Table No. XI Ganapati (1934, 1935).

(iii) Salts of strong acids and weak bases: —For those lake
waters in which the pH value is less than 6-0, the presence of
strongly dissociated acids or salts of strong acids and weak bases
with small amounts of buffer salts or humic acids is indicated
Hagland (1912 cited by Lonnerblad 1931) and Schaperclaus (1926)
have attributed the low pH values to the presence of free sul-
phuric acid in the waters examined by them. Strom has obtain-
ed values lower than 4-0 for Norwegean waters and attributed the
figures to the presence of humic acids (cited by Lonnerblad 1931) .
Yoshimura (lc.) and Ueno (lc.) have obtained pH values of 1-4
and 3-0 respectively and have attributed the low figures to the
contamination of these waters with sulphuric acid. “Water in
the outlet of a thermal spring in Japan has been reported to have
a pH of 2:2” (Welch 1935). “In general however, readings below
pH 4-0 are not found in natural waters except under extreme bog

conditions or in cases of pollution with mineral acids” (Juday et
al 1935).

Red. Hills lake water is not contaminated with waters con-

taining jtrong acids like sulphuric acid, and therefore is always
distinctly! alkaline. ’

(iv) ) Effect of Humic acids:—Most bog lakes are acid in re-
action du¢ to the presence of humic acids, and Oden (1922) has

establishell a pH value of 45 for this effect. So humic acid
absent in |Red Hills lake. ic acids are
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Relation between the vertical changes in pH and the thermal
changes in the Red Hills Lake

Usually in all temperate lakes in the summer months, when
there is thermal stratification, it is always followed by stratification
in chemical conditions such as dissolved oxygen, carbonic acid,
pH etc. A few examples in support of this are the Wisconsin lakes '
of United States, Central European lakes etec.

In the case of tropical lakes also, a similar relationship has been
‘recorded.  Jenkins (1932, p. 457) found in Lake Nakuru a fall
in pH from the surface (12-0) to a depth of 1:75 m (10-1); Bea-
dle (1932-34) found in Crescent Lake at midday a fall of 1-3 pH
units from the surface (9:1) to a depth of 18 metres (7-8) on
23-11-30; and a fall of 0-1 unit from the surface (8:5) to the same
depth (8-4) on 26-2-31. Ruttner (Lc.) also has recorded similar
relationship in the lakes of East Indies. Worthington (1930,
p. 336-337) found a stratification in pH which was dependent upon
the thermal stratification in the Kairrondo gulf in the Lake Victo-
ria.  The pH value of the surface water was found to rise from
the morning till the afternoon and to decrease after 3 p.m. till
next morning corresponding to the rise and fall in the case of
temperature.  Worthington and Ricardo (1936) found an inii-
mate relationship between the temperature and pH values in the
deeper portions of the East African lakes. The temperature
and pH values showed temporary stratification upto a depth of
about five metres by midday and mixing till that depth only by
night.

In the case of the Red Hills Lake, there is a temporary ther-
mal stratification by the afternoon, but it is not accompanied by
definite changes in pH. This might probably be due to the

‘shallowness and vast surface area of the lake, which prevents

the development of a thermocline.

Classification of the Red Hills Lake based upon its pH values.

Birge and Juday (1911) consider lake waters acid if they con-
tain more carbonic acid than is necessary to convert the carbonates
into bicarbonates. But waters which are acid to phenolphthalein
show an alkaline reaction with methyl orange. Discrepancies of
this kind have been removed by the use of the more exact methods
which have been recently introduced for determining the hydrogen
jon concentration of water. pH values of lake waters hyve been
used as basis for classification of lakes. Wehrle (1927)} divided
lakes and ponds into four groups: —(i) those with very acj waters
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which are buffered by salts of humic acids; (ii) those with mode-
rately acid waters, weakly or not at all buffered; (iii) those waters
showing in summer a diurnal variation between an alkaline and a
moderately acid reaction; and (iv) those with a permanently
alkaline reaction. According to the above classification, the Red
Hills Lake will come undcr the fourth group of Wehrle’s as its water
is permanently alkaline (pH 8:4-8:9).

Fritsch (l.c.) has briefly summarised the relation between hy-
drogen ion concentration and the chief types of water as observed

by other workers as follows: —“Naumann (89, p. 302) emphasises

that neither in oligotrophic nor in eutrophic lakes are any marked
extremes of hydorgen ion concentration to be observed, so that the
conditions admit of the development of a large diversity of orga-
nisms, and other factors than pH determine the quality of the phy-

toplankton (and no doubt of the algal flora generally). In euiro- .

phic lakes, however, there is a marked difference of pH between
the upper and lower layers of water (12, p. 34). According to
Skadowsky (124, p. 114) also the pH is very constant in deep lakes
with hard waters and in acid waters. He points out that in eutro-
phic waters the variations in pH are the greater, the smaller the
concentration of dissolved salts and the shallower they are, and both
he and Naumann (89, p.302) ascribe this to the high plankton pro-
ductivity. The influence of the latter on the reaction of the latter
type evidently varies with its nature, the highest degree of alklinity
being produced by a Myxophyceous plankton.” In the Red Hills
Lake also which approaches the eutrophic type of lake marked ex-
tremes of hydrogen ion concentration are not noted as the range is
only between 8-4 and 8-9. But, unlike the eutrophic type of lakes
referred to by Fritsch, in the Red Hills Lake, there is no difference

between the surface and the bottom layers since no stratification
in pH value is seen.

Juday et al (1935, p. 5 & 47) classify lakes of the North-eastern
Wisconsin into two groups: “seepage” and “Drainage”. Seepage lakes
are “those bodies of water which have temporary or permanent out-
lets.” They state that “the seepage lakes, in general, contain a smaller
amount of dissolved inorganic substances whith will serve as buffers
than the drainage lakes, and that this produces a characteristic
difference between the two types with respect to their hydrogen ion.

Their pH results show the characteristic difference between the two .

types of lakes. Generally speaking, the pH values of the surface
waters off the majority of the seepage lakes range from 4:4 to 6-5;

while thdse of the drainage lakes range from 6-6—8-9 (Juday et al,
1935 p. 47).
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In the case of the Red Hills Lake, which constitutes an inter-
mediate type in as much as it has got both an inlet and several out-
lets all through the year, the pH values (8:4—8:9) of the surface
water approach those of the “drainage” iype referred to above.

(vii) RaINrALL, TEMPERATURE, GEOLOGICAL CHARACTER OF THE
CatcHMENT AREA, DEPTH AND PHOospHATES (P»0;)

The major portion of the phosphates found in fresh waters is
derived by the leaching action of chemicals from the surrounding
land after each rainfall. A small portion is also obtained from the
decay of plants and animals.

They occur only in very small quantities and are found in
two states. (i) organic and (2) inorganic. In the former cgse,
the phosphorous is found in combination with the organic materials
in the water such as the dead material of the plankton an.d other
organic debris, and “a certain part of it may consist of dlssolvgd
phosphorous that is not in a pentavalent state ” (Juday et al 19.2'7 ).
In the latter case, it is found commonly as phosphates of sodium,
potassium and ammonium and their double salts (Kenwood 1930).
These salts are in a state of solution and are readily available for
plants in the water. A certain portion of this is usually lost from
the main body of the water by being absorbed by the bottom de-
posits (Black 1929).

It is very interesting to note that though the water of the Red
Hills Lake was examined for phosphates every month during a
period of two years, on not even a single occasion phosphates were
found at any portion of the lake.

The experience of other workers with the temperate and tropi-
cal waters has been found to be as follows: Some have est.a-
blished a seasonal variation in the quantity of phosphorous while
others have not found any such correlation.

Range of variation in temperate lakes.

WactErgue wxdJester (1921, cited by Juday et al. 1927) found
that the soluble phosphate coirztent varied in the springs, streams
and rivers of U.S.A., and that it depen.igd_upon ’L?le nature of the
geological strata, Clark (1924) found that it ,3ajied from a mere
trace to 0-133 mg/1 in the river and lake waters off_the Q‘S'A'
Atkins (1923-1925b) found in the natural waters and rese, TVOIrS of
England, Scotland, extremely small quantities of soluble p%‘SOSP}}a;e_S
(less than 0-05 mg/1) and that anything above 0-5 mg/1 (vas indi-
cative of sewage pollution.

8
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Brandt (1919, cited by Wiebe 1930) found in the North Sca
the smallest quantity in May and June, and the greatest in Novem-
ber and February and that the quantity ranged from 0:029 to 0-070
mg/1 in the surface water. Atkins (1927), Marshall and Orr (1930)
established a correlation between the increase in phytoplankton
and the decrease in phosphate. Atkins (1923-1925b) found that
the waters of tropical seas were very poor in phosphates and
attributed their deficiency to the greater amount of sunlight
ava.ilable and the consequent increased assimilatory and metabolic
activity on the part of the plant plankton organisms both in sum-
mer and winter. Atkins and Haris (1924) have concluded that

the consumption of the soluble phosphates in the early spring limits
further growth.

The quantitative studies of Juday et al (1927) and by Juday
and Birge (1931) in the lake waters of Wisconsin did not give any
positive evidence that it was a limiting factor in the production of
phytoplankton., Wimmer (1929), Tressler and Domogala (1831)
also have arrived at a similar conclusion.

As regards tropical lakes, Ruttner’s work on the East Indian.
lakes stands foremost. He found that the inorganic P was greater
than in the North-American lakes, and that it varied from 0—0-02
Itflg/ 1 in the surface layers. Beadle (1932-34) found greater quanti-
tlES‘Of phosphates in the East African lakes than those of the East
Indies. Carter and Beadle (1930-32) have stated from their stu(iies
of Paraguayan swamps that seasonal variation of the type noted
by Atkins was strikingly absent but that they thought that t;
absence of such a seasonal variation was probably due to the hi kex
concentration of the phosphates. The reduction of the phosph gt~
?ontent.as the swamp water evaporated was also probabllj dﬁeatt
its having been used by the phytoplankton. Hutchinsg’n et (i
(1932) found that the amount of phosphate varied from a minin;u;

of 0:01 mg/1 to a maximum of § i
. mg/1 i
pans and other inland waters, @1 i the South African

Though conflicting views ha

- have been nynrersel rematine
role (_)f phosphates in controlling th."v”‘nytOpl;nI:ton tﬁid-lj;mgrtfhi
part it plays for aquatic vegriiution cannot he doubt;d Hmportan

Reasons for th

It hac -
sources o;lrf

chemlcals(' from the surrounding land after each rainfall. But in

the case S‘i)f the Red Hills Lake, the drainage basin is not likely to

% absence of phosphates in the Red Hills Lake,

been stated in the beginning of this section that one of the
phosphates for lake waters is by the leaching action of

i
|

'

.
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be an important source, as the soil is laterite and as such cannot
materially add to the phosphate content of the lake water after
each rainfall. So, the chief sources must be from within the lake
or from the Sholavaram lake, which drains into it or both. But
phosphates have not been found at any time. Their absence is most
probably due to their utilisation by the phytoplankton as soon as
they are formed. They are most probably continuously regenerat-
ed and are continuously consumed by the phytoplankton. Their
absence at any depth is also due probably to the diurnal mixing of
the several layers. Waksman et al (1937, p. 371) have reported
that “In the presencz of an adequate supply of available energy,
all of the phosphate originally found in the sea water and also that
amount which was liberated in the decomposition of the diatoms
was consumed by the rapidly multiplying bacteria. But in turn
it was soon regenerated into the sea water as the bacteria died and
underwent autolysis.” Therefore, it may be reasonable to suppose
that a similar situation as in the case of the sea exists in the Red
Hills Lake also. If that should be so, then the phosphates are
utilised by the plants first, then during the decomposition of the
latter by bacteria are probably consumed by them; and finally after
their death liberated into the water, to be used up again by the
plants” This cycle is probably taking place throughout the entire
body of water and at all seasons in the lake, so that phosphates are
not detected at any time. This conclusion is in perfect agreement
with the finding of Ruttner (1931, pp. 436-438) who found only
traces or none of phosphates in most of the lakes of the East Indies.
This is also to be attribiited to the longer hours of bright sunshine
resulting in more active and longer assimilation period every day
than in the temperate region.

(viii) RAINFALL, TEMPERATURE, BRIGHT SUNSHINE, GEOLOGICAL
CHARACTER OF THE CATCHMENT AREA, SURFACE AREA,
- Depta aAND SiLicates (S10,)

- Just as in the case of phosphates, the amount of rain water"
draining into a lake from its catchment area is an important source
besides that brought in by feeder rivers and streams. They are also
dissolved from the bottom sediments in a lake. They appear chiefly
as salts of silicic acid of sodium and potassium in solution and some-
times in colloidal solution. ) '

(a) A general account of the vertical distribution of  silicates
so far recorded in the temperate and tropical lakes.—Bjrge and
Juday (1911) found a direct relation between the amount|of silica

|
|
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dissolved in the upper layers and the diatom growth. In Lake
Wingra, the correlation between the two was not so marked
(Tresler and Domogalla 1931). Atkins and Harris (1924) have
shown that the content of silicates of fresh waters varies with rain-
fall and that an increase of temperature and alkalinity favour the
solution of silicates in suspension. Pearsall (1923b) has stated “ The
presence of considerable amounts of organic matter is understood to
imply the appearance of large proportions of dissolved silica, though
?he connection if any is not understood.” Yoshimura (1930) found
in 10 waters of Japan a variation of 3-3 to 575 mg/]1 and in most
cases it was found to increase with depth. '

(b) Tropical Lakes—A maximum value of 41—69 mg/l was
obtained by Jenkins (1932) for the water of the Lake Naivasha in
Jl.me 1929. Beadle (1932-34) found an apparent decrease of silicates
with an increase of alkalinity in the Rift Valley lakes of East Africa
This is apparently a contradiction to what has been observed in the'
case of the temperate lakes (Atkins and Harris Le)) But Beadle at-
tributes his observation to errors in the existing technique for the

estimation of silicates in the highly alkali
y alkaline waters of the t
has met with in East Africa. vee he

The experience of Ruttner (1931) was different in the case of the
?akes of East Indies. He found it to vary from a minimum of 1 mg/1
in Danu Bratan to a maximum of 97 mg/1 in Ranu Klindungen. In
the lﬁtter lake, he found the silicate content to increase with d;apt‘l
In Tjigambong he found the silicates to decrease with depth, and m

the lakes Bratan, Batur, and Toba
’ ) to b
distributed. e nearly homogeneously

In the South African pans and lakes, Hutchinson et al (1932)

found the silicates to vary f ini
y from a minimum of 1
it of 30 s of less than 1 mg/1 to a

(¢) Red Hills Lake.—The silicate co i
. ntent is not so great
that recorded for the highly alkaline lakes of East Africa.g But aj

resembles the val
mer 1o values recorded for those of Lake Toba North (Rut-

As regfirds the vertical distribution, three types have been re
corded during the course of a year; (i) uniform distribution fr ,
.the tqp to the bottom as in Danu Bratan (Ruttner le.) (ii) in o
ing with depth as in Ranu Klindungen (Ruttner l.¢ c;md Yo h(':reas-
le.) or decreasing with depth as in Tjigombong (R.uttner lf: )lmura

There was no general correlation of silicates with

or season or with depth in the Red Hills Lake femperature
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(ix) RarnraLL, TEMPERATURE, BRIGHT SUNSHINE, GEOLOGICAL
CHARACTER OF THE CATCHMENT AREA, SURFACE AREA, DEPTH
AND NITROGENOUS COMPOUNDS.

Lakes obtain their nitrogenous substances from rivers or
streams flowing into them, more from their catchment area if it is
composed of inhabited and agricultural lands than from a wild un-
settled area, from the decomposition of organic material and ex-
cretions of aquatic animals. They occur in varying amounts in
different waters and also vary with the seasons, the amount of pollu-
tion and the abundance of plankton life. They occur in two forms:
organic and inorganic. Organic nitrogen is found partly in suspen-

- sion and partly in solution. Suspended organic nitrogen is that which

is found in the millions of bacterial cells, in the phyto-and zoo-plank-
ton and other floating organic materials in water. These can be
easily separated from water by filtration or centrifuging. The
soluble organic nitrogen (in true and colloidal solution) results from
the decomposition of dead organic matter by bacterial action; and
from excretions of aquatic animals.

The inorganic form of nitrogen consists of ammonium salts,
nitrites and nitrates. Free ammonia or ammonium salts result
from the decomposition of organic matter by saprophytic bacteria

‘and from free ammonia and ammonium salts result nitrites, and then

nitrates by the action of nitrifying bacteria. Free nitrogen and
ammonia can be formed by the action of denitrifying bacteria on
nitrites and nitrates. Therefore the total quantity of inorganic
nitrogenous compounds will be dependent upon the proportion of
nitrifying to those of denitrifying bacteria.

(a) Distribution of nitrogenous substances in temperate
lakes.—Very valuable work has been done upon the Wisconsin lakes
by Peterson et al (1925), Domogalla et al (1925, 1926). They esti-
mated quantitatively twelve different forms of nitrogen; and esta-
blished a seasonal variation in their quantities. Tressler and
Domogalla (1931) found that the ammoniacal nitrogen followed the
nitrate nitrogen in a general way; the latter was higher in winter
than in summer, and was also found to vary inversely with organic
nitrogen. Organic nitrogen was found in maximum in spring and
summer when vegetation was abundant. In other Wisconsin lakes
nitrites and nitrates were found in traces or were absent completely
(Progress Biol. Inq. 1926). [

Pearsall (1921a) has correlated the nitrate conteny of lake
waters with the nature of their drainage basins. He found that in



246 JOURNAL OF THE MADRAS GEOGRAPHICAL ASSN.

the case of the English lakes, those with rocky drainage systems
and shores have relatively low nitrate maxima and the other lakes
which have a greater proportion of soil on their basins have higher
nitrate maxima. He concluded therefore that the nature of the

drainage systems plays an important role in developing the nitrogen
reserve in lakes.

(b) Distribution of nitrogenous compounds in tropical lakes.—
As regards ammoniacal nitrogen, Ruttner (1931) found that it was
present in largest amounts at the bottom layers but that it gradually

decreased upwards and was almost completely absent in the surface
layers of deep lakes.

As regards the records for the presence of nitrites and nitrates
in the tropics very little is known. Hutchinson et al (1932) state
that nitrites were found in traces in all the pans and lakes of South
Africa. Beadle (1932-34) found traces or nil of nitrites and nitrates
in the Rift Valley lakes of East Africa.

(¢) Red Hills Lake.—In the case of the Red Hills Lake, albu-
minoid nitrogen alone was found to show seasonal variations as in
temperate lakes. It was found to be higher in the hot weather and
south-west monsoon seasons than in the north-east monsoon or cold

weather periods. This finding is in agreement with that of Tressler
and Domogalla (loc. cit.)

As regards the other three forms of nitrogen, while in all tempe-
rate lakes they have either been found in varying amounts in the
different seasons or to be found in traces or absent, it is rather sur-
prising to find only traces of ammoniacal nitrogen and a total ab-
sence of nitrites and nitrates in this case. The lake is a very shallow
one and the phytoplankton is fairly evenly distributed from the sur-
face to the bottom layers. The phytoplankton readily utilised any
available nitrogen that may be present in the water. This process
probably takes place during their photosynthesis which must natur-
ally be very active owing to the strong tropical illumination and also
its longer duration in the tropics (Atkins 1932-33).

In the deeper tropical lakes such as those of Sumatra, Java and
Bali investigated by Ruttner (l.c.) the amount of ammoniacal
nitrogen increases downwards—probably on account of the deeper
layers not receiving as much illumination as the upper layers and
the consequently less photosynthetic activity. Again the quantity of
phytpplan‘;_kton also' decreases downwards according to this -author
(Ruttner 1931 b), meaning thereby less photosynthetic activity
there. These facts are probably responsible for the nitrogenous

GEOGRAPHICAL ASPECTS OF RED HILLS LAKE 247

compounds being utilised in the upper more illuminated layers and
being less utilised in the deeper and less illuminated layers.

A second factor may possibly also be at work. It is just possi-
ble that the absence of nitrites and nitrates is due to the activity of
the denitrifying bacteria. The studies of Drew, Macclendon (cited
hy Pia 1934), Atkins (1926-27), Harvey (1926, ’28) and Cooper
(1937) for sea water show that denitrifying bacteria thrive more
richly in the warm seas than in the cold seas. These bacteria are
very active at higher temperatures (27°—30°C) or slightly more
but are not so active when the temperature is below 15°C (Pia
1934). The presence of nitrites and nitrates in the temperate
waters is probably to be ascribed to the lower temperature of these
waters and the consequent lesser activity of these denitrifying bac-
teria; whereas in the case of the Red Hills Lake, the temperature,
even at the bottom rarely goes down below 27°C during any part of

the year, which temperature is most favourable for the activity of

these organisms. So any nitrites or nitrates that may be formed in
the water will be immediately reduced by these organisms. Their
absence in the Red Hills lake is in slight conformity with the finding
of Beadle (l.c.) who has stated that they may sometimes be totally
absent as in the Rift Valley lakes of East Africa.

(x) RAINFALL, TEMPERATURE, BRIGHT SUNSHINE, WIND, CHARACTER
oF THE CATCHMENT AREA, DEPTH, SURFACE AREA AND ORGANIC
MATTER

Organic matter in inland lakes is derived chiefly from phyto-and
zoo-plankton, and to a smaller extent from higher plants growing in
lakes and from washings of the surrounding soil after each rainfall.

Compared with other inland tropical lakes, the quantity of orga-
nic matter which is present in this lake water is considerably low.
As has been stated above, organic matter is derived chiefly from the
death and decay of phyto-and-zoo-plankton. The former depends
upon nutrients salts like phosphates, and nitrates for their growth
and multiplication. These salts are not present in the lake water.
Probably they are present in traces and are utilised by the algae in
presence of bright sunshine as soon as they are formed. But other
factors such as temperature and sunshine are found in optimum
without the nutrient salts of biclogical importance being found in
fairly large quantities. )

The absence of a reserve of these nutrient salts can b traced
ic the absence of a strongly expressed thermal stratificatioy, which
in turn is due to the shallowness and the vast area of tne lake,
which is unprotected on all sides against wind action.
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Further, the character of the catchment area is such that no

nu_trient salts are likely to be washed into the lake after heavy
rainfall during the north-east monsoon ‘season.

Therefore, the productivity in the lake is comparatively limited.
Still .variations in its quantity are seen. The maximum quantity
being found in August or September might be due to low-level, con-
centration of water, and death and decay of vegetable matter due to
smaller hours of bright sunshine; and the minimum in December or
January might he due to dilution after heavy fall.

(xi) RainraLLn, TEMPERATURE, BRIGHT SUNSHINE, CHARACTER OF THE
CATCHMENT AREA AND THE BACTERIOLOGICAL CONDITIONS OF THE LAKE
WATER.

Bacteria are usually washed into a lake after a heavy rainfall
from the surrounding soil, and thus their numbers are increased.

Further, if the margins of the lake are thickly populated, the lake
water will be further polluted.

‘ Most of the bacteria, especially the disease producing organisms
ea§11y succumb to high temperature and longer hours of bright sun-
shine which prevail in the tropics.

‘Therefore, we find the lake water to be of very poor quality
(}illunng the north-east monsoon season and of fair quality during the
ot weather and south-west monsoon periods, bacteriologically.

(xi}) RAINFALL, TEMPERATURE, BRIGHT SunsHINE, WiND, CHARACTER
oF THE CATCHMENT AReA, DEPTH, SURFACE AREA, AND PHyTo-
PLANKTON

Free floating microscopic plant organisms or phytoplankton
depend upon bright sunshine and upon the nature of substances dis-
solved in water for their nourishment. The lafter are obtained
usually in two ways. They are obtained from the soil surounding
the.lake after a heavy fall. They are also obtained from bot‘;om
sed}ments containing the highly complicated organic substances
:)vhlch are first decomposed by bacteria into simpler substances an(i
iater on are converted into inorganic nutrient substances. The
are :Formed in the hypolimnion during the period of therma.l stratilz
fication (in summer, in the case of temperate lakes) and are brought
to the suﬁace during periods of “turn-over,” when they are utilif@d
by phytoplankton in presence of bright sunshine. In the absenc-:
of any thermal stratification, which is ordinarily prevented by va\stfi

ness of strface area, shallow depth of the lake and wind action, the
first source naturally attains greater significance, ’
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Among the phytoplankton in any piece of water, three important
groups of algae attain their maxima at one time or other. They are
green algae, diatoms, and blue-green algae. The last group with
which we are more concerned plays an important role in summer in
shallow temperate lakes and its dominance is usually correlated
with high organic matter, low nitrates, and phosphates (Pearsall
1921).

Fritsch (1907) considers this group. as being the very charac-
teristic organisms of tropical waters. Rich (1932, 1933) found that
Microcystis flos-aquae, M. aeruginose, and the genus Aphanocapsa
were very common in East African lakes. Ruttner (1931 b.) found
that the lakes of Java, Sumatra and Bali were characterised by the
predominance of the smallest Schizophyceae (Dactylocopsis, Anabae
nopsis, Lyngbya). Hutchinson et al (1932) found Microcystis flos
aquae as the most important blue green alga in the larger waters
and also in a variety of smaller habitats of South Africa. Beadle
(1932-34) found Microcystis in abundance in lakes George, and
Baringo, in smaller numbers in lake Edward, and little or none in
lakes Naivasha and Rudolf. He found Arthrospira in plenty in Lake
Hannington.

In the Red Hills lake, phytoplankton is not found in as great

numbers as in our temple tanks. The two most dominant algae
among them are Aphanocapsa elachista var novo and Oscillatoria

“limnetica Lemm, both belonging to the Myxophyceae group.

The chief factors favouring the development of blue green algae
in the tropics are bright sunshine, high temperature of water, phos-
phates, nitrates and carbon dioxide. The first two are found in
optimum while phosphates and nitrates are absent in the Red Hills
lake. Their absence in the lake is probably responsible for the
poor development of the algal flora as compared to those found in
our temple tanks. Their absence is also due to the character of the
catchment area and to the absence of a strongly expressed thermal
stratification, which in turn is to be attributed to the shallowness and
vast surface area of the lake.

SUMMARY AND CONCLUSION.

1. The most important problem of tropical limnology is the
occurrence or absence of a stable thermal stratification. In the Red
Hills lake, it is found that a weakly expressed thermal stratification
is formed at-all seasons at about midday; its duration is very brief
and daily mixing of the surface and bottom layers seemlg to take
place. In this respect, it resembles the Rift Valley lakes of East

7 o :
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Africa and differs from temperate lakes and those of Sumatra, Java
and Bali.

2. The absence of a stable thermal stratification is due to
meteorological and morphological features of the lake.

3. The absence of a stable thermal stratification is also indicat-
ed by the absence of a stable chemical stratification.

4. 'The presence in traces of free ammonia, and the absence of
nitrites, nitrates and phosphates in the lake water are factors of great
biological significance. Their absence is explained. The geologi?al
nature of the catchment area is such that it is composed essentially
of iron oxide, silica and alumina. So, during the north-east mon-
soon season, when the lake is filled up with water from its own
catchment area, the water is either free from phosphates and nitrates
or contains them in such minimal amounts as to be used up imme-
diately by algal denizens in the water, in presence of bright sun-
shine.

The absence of a stable thermal stratification of long duration
prevents the regeneration and accumulation of free ammonia,
nitrites, nitrates, phosphates and other substances of biological im-
portance from the bottom deposits by bacterial action.

Also, the absence of nitrites and nitrates might show either that
the free ammonia resulting from decomposition of organic matter
even during the period of temporary thermal stratification, is utilised
by phytoplankion before it reaches the stage of nitrates or that they
are consumed by algae as soon as they are formed.

5. Therefore, the meterological, morphological and geological
features—included broadly under the term “geographical”’—appear
to be responsible for low productivity in the lake.

My sincere thanks are due to Rao Bahadur Dr. C. S. Govinda
Pillay, and to Dr. P. Sadasivan for their permission to publish the
paper, and to Professor Dr. M. O. P. Iyengar for the identification of
algae,
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ToPOGRAPHICAL SURVEYS

Surveying is the process of accurately determining and record-

o : i ocess
(1936) —Scientific results of the Cambridge <o the features on the earth’s surface. Topography is .the pr

Expedition to the East African Lakes 1930-1—No. iT. The vertical disteibution and move- ¢ ing he i ap. Thus topographical survey-

ments of the plankfon in lakes Rudolf, Naivasha, Edward, and Bunyoni, JI, Linti. Soc. (Zool.) of delineating these features in a map.

Yol. XL. (No. 269). ’

101, Yoshimuya, 5. (1930).~—~Seasonal

variation of Silica amount of Takas
Saitama, Jap. JI. Geol. & Geog. Vol. VII, b slkasuka

ing is the process of accurately determining and recording the
~tiuma, mg
112-123,

natural and artificial features on the earth’s s?rface and delineatitng
them in a map. Natural features are rix(riers, hgls, ic;reitsalaill{les; 1:30;:1;,
ificial features are towns, roads, raiways, \
ﬁiat::r:f (;zﬁtures are brought into existence on the earth’s surface

by human hands. A
’ Only such features as can be legibly shown ih:uld b]ied(:?;i:;
ted in a map. Thus the amount of features t ad c;nk be shows
in a map depends upon the scale of the map ilnwtalemﬂes_omy
the country. In a small scale map—say 1 m(;l = iles ony
important details or featur}es can bef esk;g;n:: ;Zne;iaihown rger

i = 1 mile—more 1ea .

Sifstrmyaizir;ngﬁamres are numerous, only such im}?ortant ones
(;s can be useful should be shown. The scalfe 01111 j;lXChiliopO%i:
phical surveys are carried out is generally 1 inch= tzrat; oy
less the surveys done and the maps prepared ~a§e ;ic: e thes
are not only absolutely of no value k?ut are m;; f:a i g.ose topoi

for any work aceuracy is most essiexwttlal. For I.S... purpose 1

graphical surveys consist of two distinet pro.cess : ;
(1) Triangulation or Trigopometmcal Surveys to serve
as framework, and | S

(2) Surveying and delineating the physical features on

|
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the framework or the
skeleton pr .
triangulation. prepared on the basis of

TRIANGULATION.

Triangulation is the process of covering the country with a

Eet-work of triangles. Triangulation commences from a measured
ase .and closes on another measured base. The opr

:;f)n ;cr?anflulatr:'lon as preliminary to topographical surveyr; OS:::
neeived only in 1735, The first country that was dealt

vl;;g; cevs::d ]'io]u‘-:h America and that by scientists from

pran elgium. It was only in 1745 the brocess began in
ngland and it was not until 1792 it wag completed

not far behind England i
. n the comm
This work was started ; ) encement of such surveys.

India was

Triangulation consists of three distinct branches :
(1) Selection of sites for hase lineg .
(2) Construction of range of triang’les and

b

C. k gulation by asty i

ras; and a flat place near Madrag

ete., the measurement j

» the t is redu
then . utilised in the computat e e
ment of ‘Vthe base is of utm

i an  sea level and
tc.?n. The accuracy of the measyre-
Ost Importance as the measurements of

ment. ‘ ngles depend on this measure-

Theh points are selecte
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itowers, church steeples and such eminent points so that large

kriangles may be obtained. Series of triangles are so formed and

;observations are taken at these points for angles, heights

Cr depressions. The first series or range of triangles started from

‘the Madras base and went westward to Bangalore and closed on

fa similarly measured base. This series was started by Col.

Lambton. The series went up to west coast from Bangalore to

‘Mangalore. Again another series started from Bangalore to
Cape Comorin in the south and to Delhi in the north. These

.series are called Lambton’s series. Several other series were

also run along the coasts, parallel to and perpendicular to Dslhi -
series, etc. Thus the whole of India was covered with a net work
of iriangles. Between these series several ranges of triangles were
also run to cover the country fully.

Accuracy of the triangulation was checked at intervals by
observations taken for Latitude and Longitude. For this purpose pro-
per points in the series at intervals were selected and values of these

¢ points were computed direct from these observations and compared
with those obtained by the solution of triangles—it must be
remembered in passing that these triangles are spherical and not
plane—starting from the measured base. Check is also exercised
by comparing the measurement obtained by calculation of the
base at the terminus of the series with that obtained by actual
measurment of the base. For example, for thé series from Mad- °
ras to Bangalore, the length obtained by measurement of the base
at Bangalore was compared with that obtained by the calculation
of triangles.

As already said above, the Madras observatory was the starting
fixed point for calculating the values of the various points fixed by
_ triangulation. With reference to the values of this observatory
! the values of triangulation points were computed with a view to
" rojeet or plot them on paper to serve as framework for topogra-
hical surveys.

For purposes of survey and issue of maps the whole of India
; divided into quarter degree sheets and degree sheets, the former
eing on scale 1 inch =—=1 mile and latter on 1 inch =4 miles.
‘'opographical survey—field observation—is carried on 1 inch=1
yile scale. Hence a skeleton or a framework showing the triangula-
jon points fixed at the trignometrical survey is prepared for each
juarter degree on scale 1 inch=1 mile. It is mounted on a plane
able head and taken to field for delineating the physical ?.?eéti,lres

n that part of the country. i

8
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The plane table is then set up on one of the fixed points ‘and,)f

aligned in proper position by sighting other fixed points projected
on the sheet. Then the magnetic meridian is marked by placing
the magnetic compass on the table to indicate the magnetic north
to facilitate the setting up of the table in other places.

Then the delineation of the features of the country roundg
begins. To important physical features rays are drawn from theg
point after sighting them through the sight-vane. Temple towers
in a village site or other prominent buildings, important.

bends along a road, or rivers etc., are generally sighted. Then the

table is taken to another fixed point and another set of

rays is struck to the ‘same points. Thus the positions
of these points are fixed by intersection and these are
verified from a third fixed point. Thus the features are filled in
by plane table survey minor details being sketched in by the eye.

. Prismatic compass is also freely used in delineating the details.
The whole sheet is thus filled in with details or features. The
plane table surveyor should not only cover his sheet but also a
portion of the sheets adjoining his so that there may be no diffi-
culty in the combination of the sheets for a small scale map—say
a degree sheet on 1”—=4 miles. In the case of big lakes and forests
the outer boundary is fixed by inter-section, interpolation, compass
~ survey etc. In drawing the contours of hills, clinometer is gener-
ally used in ascertaining the heights at different points along the

slopes ; and contours are marked by a process called stepping, i.e.,
by marking the intermediate points between two clinometer heights
where the slope is roughly uniform. There are different methods
of exhibiting the contours by joining the points of equal heights by
continuous lines, by vertical hachures, by layers etc. Thus the

whole sheet is completed in field and sent to office for further work
of publication.

There was at first no printing office in India. Hence the original
plane table sheets had to be sent to England for publication. Even
in England there was no Government department for printing maps.
The work had to be entrusted to private agencies. Aaron Smith
brought out in 1822 his atlas of South India based on Lambton’s
triangulation on scale 1"=4 miles in 18 sheets from Krishna to

Cape Comorin. The work of publishing the maps of the rest of
India was entrusted to Mr. John walker who came of a family of

engravers. For the purpose of publishing maps the whole of India,

Burmeh and Ceylon was divided into 177 sheets each sheet to

measunle 40 inches by 27 inches. It was not until 1868 that arrange-
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sents were made to have the publication of ma;.)s done in India.
3y that time Mr. Walker had completed engraving o.f 84 sheets.
nver since, maps of India are being published systematically. Now
legree sheets on scale 1"=4 miles and quarter degree sheets on
cale 1”—1 mile are being issued and re-edited regularly by the
survey of India Department. In 1877 a very useful and valuable
nap of India on a scale of 64 miles to an inch was completed. Later
»n a general map of India on double the above scale was also pub-
ished.

It may be of some interest to mention here that 1or%g before the
sublication of the map of India based on trigonometrical surveys,
Major Rennell, the father of Indian Geography, .broughF out his
famous map of India in 1788. This map was compiled m'amlyf f_rom
route surveys carried out by the military staff at various tm}es
during the 18th century. When Bengal was acquired by Lord Clive
Major Rennell began his survey of the Province and a'ftex.' cor?-
pleting that survey he returned to England and spent his time .m
bringing out his atlas of Bengal and his famous map of India.
This is the starting point in the history of Indian Government map-
making.

In conclusion it may be said that topographical surveys have
very materially helped towards the completion of our knowlec?ge
of the physical geography of the vast tracts of India. The Indian
topographical surveying by theodolite and plane table based on
major and minor triangulation cannot be excelled for general accu-
racy anG-rapidity. These surveys on scale 1”=1 mile are very use-
ful for engineering, military, administrative and geographical pur-
poses,



Paddy Cultivation in Tinnevelly District
By
Srt M. Sussian Pirrar B.A. B.Sc. (Agr1)

Officer-in-charge, Government Rice Research Station,
Ambasamudram.

Introduction.

The Tambraparni Valley is one of the best paddy growing areas
of the Madras Presidency. There is a belt of rich fertile lands on
either side of the river Tambraparni; and the average acre yield
of paddy here is about 2000 Ibs., the maximum out-turn recorded
being 5200 Ibs. The total area under paddy cultivation is some-.
where in the neighbourhood of three
about 20% of the cultivable area of this district and of this roughly
two third area is irrigated by the perennial river Tambraparni and
is tributaries and the remaining one third area chiefly confined
to the taluks of Nanguneri, Sankarancoil and K;)ilpatti, is irriga-

ted by purely rainfed tanks, and jun:

ed ’ gle and mountain streams
rlsmg from the Western Ghats during the north-east monsoot

lacs of acres representing

Soil of the tract.

The Tambraparni valley may be broadl
portions. 1. The upper or head portion. 2.
3. The tail end portion of the valley.
land in this valley is undulating and th
The soil is a red sandy loam with .an
gravel at a depth of 1’ to 115,
the valley; and hence these lig

y divided into three
The middle portion.
The conformation of the
e fields are well drained
impervious substratum o,
}(:tspecially in the higher regions of’
. . open soils res ing!
1mmed.1ately \fvith very good rvesults and unleszo?}?est: Eﬁ: r:;f
I:elzlenlshed with p.lant food year in and year out the fertility of the"
o grl‘ﬂnnot be maintained at it high level. The ~middle portion
Cape Cﬂy of clayey loam with a very good capacity to retain mois.
India The lanc?s at the tail end of the river are somewhat heavyé
engrave IoarTls with alkaline patches near the coastal region The;
Burme‘lds in the higher regions of this valley are al] doubl;e cro ,
measug 6’;ds a}s there is an early receipt and never-failing su .1 of|
|but in the lower regions the lands are classified eiflll)ey
or compounded double crop lands because the ;uppl; ZS
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water is not always assured. But there is a bright future for this
valley when the construction of the Papanasam-Reservoir is com-
pleted. Though it is mainly intended for generating hydro-elec-
tric power, it may no doubt go a long way in augmenting and sup-
plementing the supply of irrigation water during years of sub-
normal rainfall and thus averting the catastrophe of complete fail-
ure of paddy crops in the valley.

Rainfall and paddy season.

The average rainfall of this valley is about 40 inches and the
paddy season commences with the advent of the south~west monsoon
which usually breaks out late in the month of May or in early
June. When the monsoonic symptoms are signalled in the Western
Ghats where the river Tambraparni and its tributaries rise, the
ryots start their kar nurseries well in advance with the help of
water from wells or ponds nearby. The south-west monsoon on
an average records about 5 to 6 inches of rain and the freshes
received in the river from the month of June facilitate the kar
cropping. Dogging at the heels of the south-west monsoon, the
north-east monsoon sets in from the middle of October and extends
upto the end of December and brings in its train heavy rains,

" ample encugh to fill up the rainfed tanks, and facilitate the semi-

dry paddy cultivation in normal years. The north-east monsoon
precipitates about 20” to 25” of rain and it is in this period the
main paddy crop is taken in the single crop wet lands of this dis-
trict and it synchronizes with this pishanam or 2nd cropping of
the Tambraparni valley. Thus there are two well defined crop-
ping seasons for paddy in this tract namely—kar season (June
to September) and pishanam season (September-March) besides
the Manavari season (December-March) in which a manavari
crop which is chiefly confined to the tracts where the supply of
water is conditioned by the vagaries of the north-east monsoon. -

The hot weather period, January—April records about 4 to 6
inches of rain and the summer showers during the period are often
helpful to the ryots to take a cash crop like senna or gingelly or
blackgram especially in the single crop wet lands. In the upper
regions of the valley with the aid of summer rains, the wet lands
are brought to a fine tilth for broadcasting kar seeds. \

As a whole, the fairly even distribution of the average rain-
fall of 25 to 30 inches of rain in the main paddy season (September
to February) may be considered sufficient to raise a gdod crop of
paddy. .

i
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Cultivation Routine—Kar Season.

The varieties grown during the kar or first crop season are
of short duration ranging in age from 110 to 120 days. The main
variety that rules over the whole area of the Tambraparni valley
is Kar-samba red; and some of the other varieties grown are kar-
samba' white, vari-samba and Katti-Samba. As a rule, trans-
planting is always adopted. But in the upper regions, broad-
casting is done in the light type of soils when the lands have been
brought to a fine tilth fit for broadcasting with the help of summer
shower ploughings. It may be recorded here that it is the expe-
rience of the ryots that the yield of a timely broadcasted crop gives
a better out-turn than the transplanted crop and so for the light
types of soil, that is, sandy red loams the summer ploughings are
not found to be injurious to the succeeding paddy crop. This
finding, however, should be tested and confirmed by conducting
regular cultural experiments. The kar nurseries are generally
dry ploughed with the help of summer showers and kept in a fine
tilth and the seeds are sown in dry seed beds in June at the re-
ceipt of water in the Channel or earlier with the help of water

from ponds nearby or with the soaking showers received in the
latter half of May.

Preliminary Cultwation.

After the harvest of the Pishanam crop, the fields are plough-
ed dry, when the lands come to condition. If this opportunity
is lost for some reason or other, the lands are wetted in March
before the channels are closed and then ploughed when fit for
dry ploughing.  Subsequent ploughings are given to the felds
as many times as possible at the receipt of summer showers in
April and May. Generally in normal years, 9 to 12 ploughings

with the country plough are given to the fields and brought to a
fine tilth for the Kar crop.

Planting.

Should the tilth of the fields to be transplanted be in a very
good condition, water is let into the fields and the planting is
done straight away by women with seedlings 25 to 30 days old lift-
ed from \the dry nurseries previously kept ready without giving any
further wet ploughings to the fields. But if the conditions of the
fields are ‘ot good, 2 or 4 ploughings are given with the country
plough, le}l'elled and immediately transplanted, lest the soil should
get hardened.  The former method is largely practised as it saves
lot of time and labour during the busy transplanting season. The
ploughingy given to the field are very shallow, the depth being 2
to 3 incheq and so the use of the iron ploughs like cooper No, 25 or

»
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11 for the light and porous nature of soils especially should be strong-
ly advocated as it is not only beneficial but also more economical.
Two ploughings with iron ploughs followed by the working of
the puddling implement devised by the Agricultural Research
Engineer twice or thrice bring the soil to a fit condition for trans-
planting. The puddler brings the clods, making the particles into
as fine a condition as possible so that the irrigation water will not
drain down too rapidly and thus it facilitates to prepare the wet
land into an ideal condition for the paddy crop. The puddler can
be worked by a normal sized pair of animals and it can cover 2 to
3 acres in a day of eight hours working. By this improved method
a ryot can easily save a rupee for an acre in getting his lands pre-
pared for transplantation.—usually for pulling out seedlings and
transplanting an acre about 20 women are required. The prac-
tice is bunch planting, about 6 to 9 seedlings even per hole, dis-
tanced 6 to 9 inches apart either way. It may be noted that the
optimum spacing that can be adopted for kar crop is about 4 to 8
inches with two or three seedlings per hole.

Pishanam season.

In the Pishanam season a long duration fine variety like Anai-
komban 160 days from the date of sowing to harvest is usually
grown. Some of the other second crop varieties cultivated are
éendhinayagam, Sembuli, Milagi and Arikiravi.

Soon after the harvest of the kar crop in the last week of
September, the fields are ploughed and kept in a puddled condition
fairly over a month or so as the consensus of the ryots’ opinion is
that a well rotten puddle for the pishanam crop is very conducive
to its vigorous growth. Generally 6 ploughings with the country
plough are given to make the kar stubbles rot well. It is here also the
puddling implement is immensely useful as it serves to bury the
stubbles and weeds quite effectively into the soil. Bunch plant-
ing 6 to 9 seedlings distanced at 9 inches to one foot apart is a
common practice for the second crop also. The optimum spacing
for the second crop may be 6 inches apart either way with two
seedlings per hole.

Manures and Manuring.

For the Kar or the first crop, the fields receive befoxige‘ hills
plantation 20 to 25 cart loads of village cattle manure t‘er above
or sheep penning is done i.e., about 1200 to 1500 SheeP‘he water
and for the pishanam or second crop invariably no manu’ In 1885
plied. But of course, a few well-to-do ryots manure 1000 spin-
nam crop also with one or two cart loads of green me

Kolingi or Avarai.
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The analysis of the soil samples of the Rice Research Station
which may in a way represent the mechanical and chemical compo-
sition of the upper regions of the tract reveals that though the
soils contain fair amount of available nitrogen and phosphorus,
they are low in humus content and so attention to the copious ad-
dition of organic matter to the soil seems to be the main considera-

~ tion in the improvement of the paddy fields of the tract. The
manurial problem of this tract is no doubt as acute as in any other
paddy growing areas of this Presidency. What little cattle manure is
available is hardly sufficient for manuring the nursery and Kar
fields and so the only avenue opened to the paddy farmer is to ex-
plore the ways and means of raising the right kind of green manure
“in sitw’ and so various kinds of green manures, to wit, kolingi,
Sun-hemp pilli Persara, daincha, cow-pea, and indigo etc., were
being tried at the Rice Research Station, Ambasamudram and the

results of the past seasons seem to indicate that the growing of
the green manure daincha soon after th

March is very successful and on an aver

thousand pounds of green stuff which
manure 3 acres.

e harvest of pishanam in
age an acre yields 10 to 15
would be quite sufficient to

Rice Research Station, Ambasamudram.

The Rice Research Station, Ambasamudram was opened in
1937 in pursuance of the policy to provide facilities for the im-
provement of the paddy crop in each of the most important paddy
sub-tracts, as it is not the case, as a rule, that the good performance
of a strain evolved under certain climatic conditions should be equal-
ly so over a wide range of land with different agronomical and
seasonal conditions and as such the selection work for a particular
tract should be done in that tract only. The fundamental object
- of the station is the improvement of the local paddy crop by the

evolution of pure strains on the basis of yield duration ete. by
means of pure line selection and hybridization and also to tackle
the manurial and cultural problems pertaining to this tract. For
the present, at this station, pure line selections have been made
in the major varieties of kar and pishanam and the promising
strains are under various stages of comparative yield trials at the
.- ~te and-it is gratifying to note that there are some good high
B ed froXitrains in each variety and the best strains after thorough
furtherll be released for general distribution to the ryots after
fields & so, This apart, inter-varietal trials with kar and pisha-
ploughition varieties and strains obtained from other parts of
get haigt are conducted to observe whether any exotic variety

lot of te the local ones with better results,
plough
to 3in
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Industries and Occupations of Tinnevelly
' District

By
D. SANKARANARAYANAN, Drp. GEoG.

The census of 1931 shows that 47-1% of the pf)pdul}jt}on Ztltl};:
Thambaraparni Basin do really no work of any %«un . temrglce her
d or too young or dependant on others for their sustena N , f
AN tual workers, their working dependants and those o
o theh a;uve mofe than one occupation form 62:9%. The co;:
fhem i 0 5{‘_1 ures for the Presidency are 44:5 and 63-5. )
rospor fgnon-working dependents may be due to the 'actu;\
e bOd{; f)n employed outside the area in Ceyl?n or in 'It'h e
worlt:f rsamdmsugpporting their relations by money.rem1ttan'cesz.5.8 e
iii?:lersxtage of people actually depending on agriculture is .

The ordinary artisans, the carpenters, the goldsmi'tt}‘xs, tl;z
blacksmiths and the potters exist in most village communities a
their work is much the same as elsewhere.

in the Basin under
- ar there were 102,109 acres in :
o vation. Of this area 96% is under indigenous cott(;?s
1. . i
mainly Karunganni and Uppam. Pu_llylchl ornlMa:ll;mO\fvi; ém:ul-
vated as mixtures in varying proport};ns. ghzlf Oc; i sroun
' dia cotton an
i d area was under Cambo ' ™
tlvZteer irrigation and the rest treated as rain-fed crgp‘;lrl T;:':raat
un .
"spinni i Papanasam an
spinning mills one at : ‘ ‘
:EI‘WO' liife I—I;and looms for the production of cloth exist throliltgl;f
ufltc}(l)e aI.'ea A few spinning wheels are still at work as a res:s o
Rba: . ivity i gressive
ty is not so prog i .
aganda but the activi 8 ‘ . "
11;9})2?;1; prTolza Tinnevelly mills in Vikramasingapuram Vﬂlaii rle i
Ambasz;lmudram taluk which are driverfli by v;atferr;)ovge;y epre:
€ i t put forwar ]
rv great advance on the idea firs . ;
Sl\(]?nti:r ‘?:1 32718%9. Mr. F. Harvey engaged in the cottonf gladiﬂis
thapbistrict proposed in 1883 to build a mill at- th.e foot ut (: s
fePapanasam by diverting the Tambaraparni lrlveg 1‘s:va j}elr hove
" i developed by -he
t the immense power ;
Papanasam falls to ge . loped by e s
t of the hills to the p ‘ 18
in its descent from the crescen : . . oo
Lr;sl :cheme bore fruit and the mill was started with 10.000 sp
9

cotton cultivation.
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dles. A second and much larger mill was started in 1908 and in
1930 after the amalgamation of the Tinnevelly and Madura mills
a further extension was carried out and now 1,700 employees work
on 60,000 spindles. The supply of water from the rivers thus
works two sets of turbines which develop between them -1,350
H.P. and after use the water returns to the river below the Koda-
melagian dam. Further extensions took place in the middle of
1930 and a mill to accommodate 100,000 spindles was opened and\
now 25,000 spindles are working in it. The building is one of
the most modern fire proof construction and this new mill will:
eventually provide employment for 3,000 workers. These 85,000 °
spindles consume 4,600 tons of cleaned cotton annually from Tin-
nevelly, Madura, Ramnad and Coimbatore districts and their an-
nual output of yarn is 4,200 tons in counts from 2s to 44s.

The Coral Mills of Tuticorin was started in 1888 and is under
the management of Messrs. A. & F. Harvey. Now there are
73,560 spindles engaging 2,000 labourers. The consumption is 3,800
tons of cotton annually and the out-turn is 3,400 tons of yarn.

The hand gin was in vogue for a long period and it is said that
this forms one of the wedding presents to the bride-groom among
the Kammavar community. It is called a Pirai and a good number
of them still exist in the black soil country. The Steam ginning
factory was introduced in 1894 and now small ginneries from 2 to
8 or 10 gins are to be found in villages all over the cotton growing
area. Cleaned cotton had to be pressed to reduce the bulk and
now there are 7 power-driven presses in Tuticorin of which 6 belong
to European firms. The growth of the mill industry in India and
the consequent large consumption of cotton has reduced the sup-
plies available for export with the result, that some of the pres-
ses are doing very little work,

The weaving of cotton is a hereditary employment of the
Kakkalayans, Pattasalayans and Pattunulkarans and forms the chief
occupation of a large number of Muhammadans and Iluvans and
a few Kolia Parayans. Their streets are characterised by width,
lined with-two rows of trees to give shade to the workers at the
long line of out-stretched warps. The most prosperous centres
of the industry are Ambasamudram, Kallidaikurichy, Viravanallur,
Pottalputhur, Tenkasi and Kadayanallur. Pattunulkarans are
numerousi_ in Viravanallur, Vellangudi and Palamcottah. Muham-
madam wleavers are found in Kallidaikurichi, Pottalputhur, Mela-
palayam, Kayalpattanam and Sedunganallur. Tluyans are com-
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mon in Ambasamudram and Srivaikuntam taluks. Till the impert
of machine-made cloth in 1860 broad cloth of the district found a
ready sale in European markets. At present weaving is a profi-
table industry only in a few centres where the existence of a class
of capitalists has rendered possible a combination of workers and.
a fairly large and continuous out-put of woven fabrics. The rich
Brahmins of Kallidaikurichi had their brokers, or tharagans in all
the villages of Ambasamudram taluk. They advance money to the
local weavers for the purchase of yarn etc., and buy the finished
products from them and till recently were sending them on to
Malabar, Cochin and Travancore where they owned their own
shops. In Kallidaikurichi alone there are more than 1,500 looms.
Altogether there were 20,000 looms all using mill yarn from 20s
to 60s though yarns of finer counts were used to a considerably
lesser extent. Weaving of coarse cloth is done by Kakkalayans and
Adidravidas. Street sizing continues and warping to a great
length as 190 yards is not rare and a warping mill exists for every
10 weavers’ houses. In warping for great lengths ten or fifteen
weavers join together. Coarse cotton sarees 13 cubits long for
lower classes are largely made and exported to the plantation
coolies to Ceylon and the straits. Sankaranayanarkoil, Pulliyan-
kudi, Kadayanallur and Viravanallur are the chief centres for the
sarees and they range from 2 to 6 Rupees and an average weaver
earns about Rs. 10-8-0 a month. Towels 3 X 114’ cubits are in
great demand locally and among the Malayalis. Melapalayam
continues to be the largest centre and the annual export of cloths
is to the extent of Rs. 15 lakhs. There are 4,000 Mussalman fami-
lies engaged in weaving and 800 looms are fitted with fly shuttles.
The products range from lungis to sarees and the chief foreign
markets for these goods are Ceylon, Burma, Penang, Singapore
and Travancore. Cheap varieties of lungis are in great demand
among the Singhalese for under-wear. Cheap Japan yarn is now
used for Lungis and an average weaver earns As. 8 a day. The
Pattasalayans and Pattunulkarans of Shermadevi, Viravanallur and
Kallidaikurichy produce superior kind of dhoties for men known
as mundus and nariyals in which there may be borders of silk and
lace. Sarees of pure silk in warp and weft are woven by about
50 Pattunulkarans’ families especially in Viravanallur. For less
costly sarees cotton is used in the weft. They get their silk
dyed ready from Kumbakonam and there is a clean profit of Rs. 8
for each silk saree. The Pattasalayans have taken to ‘xthfs work
also. At Vadakankulam the mission authorities are trying silk-
worm rearing.
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Carpet weaving on a large scale goes on in Palamcottah, Mela-
palayam, Munnirpallam, Pettai, Alwarthirunagari and Srivaikun-
tam. The weavers are mostly Muhammadans. There are twc
sizes of carpets 744 ft. by 3 ft. and 15 ft. by 6 ft. Mill yarn is

. used and the carpets find local sales mostly. The district jail of
Palamcottah manufactures office tapes of various widths supplied
for the Government departments and the broader’ variety for cots
and curtains. Gold and silver laces are manufactured by a few
Muhammadans in Viravanallur. In several mission institutions
the boarders and girl students are taught lace making and embroi-
dery. Pillow lace made in Tuticorin, Vadakankulam and Idayan-
kudi was in great demand in Europe before the war.

Dyed yarn from Madura has almost killed the dyeing industry,
A few Pattasalayans in Ambasamudram taluk, some Sayakkaran
in Siniyapuram, Tenkasi, Vallanadu and in one or two places an
some Mahammadans in Melapalayam and Kayathar still carry o
dyeing mostly in blue and red. Blue dyes are obtained from th
Indigo plants.

Palmyra mats are common in places where the Palmyra tred
is plentiful and the women folk of the tappers’ families during thA
off season employ themselves in making mats and baskets and oth ¢
useful articles. Large number of mats are bought at Kulase’ a
rapatnam at 100 per Rupee by the merchants and shipped to 7 i
corin or Bombay where they are used in the local bazaars to sit on
or sold to steam-ship compaines. Mats of a coarser texture are
manufactured by Muhammadan women in Srivaikuntam and Tri-
chendur taluks and sent to Pettai and Tuticorin for local consump-
tion mostly or for packing goods for transport. Smaller coarse
mats are in much demand at Calicut for packing fish. Nadar wome
also take to the weaving of Palmyra mats and earn about annas two
per day. ‘

Mats of korai grass are woven mostly by Muhammadans at Pat-

- tamadai, Alwarkurichi, Kayathar, Kalakad and Viravanallur fro

~ the korai obtained from the beds of tanks and channels the right to

- gather it being sold by public auction by Government. A variety
of colours is given to it and woven by hand to a warp which ig

- made of aloe fibre. Pettai and Harikesavanallur are the collecti

ing centres for exports. Marriage mats are usually made with

red coloured strands of the grass and at least a pair of mats ar.
- given.for the bridal party. Madras market gets a great propor
tion from Tinnevelly District. Very superior mats .are woven in
five or gix Muhammadan families at Pattamadai who have. tradi-

~
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| tionally taken to it. So fine are the mats that even if they are
/ crumpled in the hands they are not damaged and such mats 6 .ft.
j by 3 ft. costs each from Rs. 10 to 35. The korai for the special

Pattamadai mats are grown on the banks and bed of the Thambara-
{'parni for 5 miles with Karungadu as the centre. The Pettal
; Muhammadans are the lessees. The korai grass has to undergo
; several processes for the superior mats and the superiority is judged
{ from the number of threads in the warp for a span which ranges
¥ from 16 to 120; 42 kans is considered to be the marking between

9 the superior and the or;’inary.

" The Palmyra provides a variety of occupations for a large num-

ber of the people in the Basin. Loose red soil with sub-soil springs
rovide the best edaphic features for the Palmyra. It is not possi-

) Bble to enumerate the 801 uses idyelized by a Sanskrit poem, {fo
hich the tree can be put, for want of space. The rain falling in
March and April is important to the Palmy{la for the developmént
" of the spathe. For purposes of tapping the spathe is pruned twice
a day and the daily yield of a normal male tree is half to one
Madras measure. To avoid fermenting the pots are lined with lime
and the juice then is sweet. It is called pathani which forms a
delicious drink in the hot seasons. When the juice ferments it be-
comes Kallu. The quantity and duration of yield are in the case
of all kinds of palmyra most uncertain. Most of the juice is utilised
in the preparation of palmyra jaggery known as karupatti. This is
mostly collected at Tinnevelly junction and the annual export is
11,000 tons. Of late there is much home consumption and the sugar
factories at Thachanallur, Kulasekarapatnam and Alwarthiruna-
gari purchase large quantities. The price has risen to Rs. 20 per
candy of 500 lbs. from Rs. 15. Tapping is the monopoly of the
Nadar caste but of late the tea and rubber estates of Ceylon, Tra-
vancore and Malaya, sheep-keeping and garden cultivation at home
have attracted many; the spread of edu'cation especially thrc.)u'gh the
agency of Christian missions has opened a new field _Of activity for
'many Nadars. Enormous tracts of trees in Tenkasi, Ambasamu-
{ dram, Nanguneri and Trichendur areas grow. untar.)ped. The
Nadars from Nanjankad in Travancore migrate in 'Apm? af'ter tap-
ing in their country to Nanguneri, Trichendur and Srivaikuntam

nd tap the trees according fo writs >~ settled with the owners. The

appers’ work is very severe in the season w “’hgn he .climbs about

6 trees twice daily. The popular farm of the lea. ;ce\ls varam, but

fixed rental system is not also uncommon. The L. - ‘kﬁhmx Sugar

lills at Alwarthirunagari started in 1890 and the Pet fai sugar

iills at Tinnevelly founded in 1895 are carrying on wo| 'k under
|

L2

22ilS
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Nattukottai Chetty management.
started work in Kulasekarapatnam j
had to stop work for want of adequa
juice both to Kulasekarapatnam an

The East Indian Distilleries
n 1912 but in 1925 the factory
te supply of jaggery and sweeot
d Nellikuppam factories,

Gingelly oil is the chief oil produced in the area by the Vanni.
yar community and Pettai is a good collecting centre. Tt ig used
for bathing and edible purposes. Kerosene oil is now common in
towns and even in villages. Castor oil for lighting and medicina
purposes is used. Oil from the seeds Illupai and Pinnai is used fo
lighting lamps but it becomes solidified ‘in the cold season. Mar
gosa oil is used for children for convulsions, Coconut oil is gene
rally imported from Malabar and Colombo. Tomeo oi] is at pref
sent largely used for caking purposes and the Tata Qjl Compang§
supplying the Tomco Oil is located at Cochin,

are made in a number of places the chief cen 4
kulam, Mannarkoil, Seythinganallur, Eral, Tinnevelly, Narasing
nallur and Sankaranaynarkoil. The liquid metal an alloy of lea ;
and copper in a certain proportion when poured into the mouldsy
hardens in twelve hours.” Vatils and eating plates are greatly i
demand in Ceylon. Tumblers and Sombus are a speciality o 4
Sankaranaynarkoil while Kujas, cups and vessels with broad mouth}
are a speciality in Seythinganallur. There are about 100 hc- .yl
in each village doing bell-metal work. Brass plates are imp
and Kannasaris work on them usually with bell-metal wori
Hindu idols are made at Vakaikulam, kudams or water pots
made at Sankarankoil and Pettai and other places are noted
broad mouthed vessels as koparais.

The Avaram bark is used for tannin
exported to Europe is'produced in a

factories meet the local demand and the ordinary Tinnevelly sli
pers are noted for their strength and neatness. !

Beedi manufacture of late is an im
village with a fair Muhammadan population has a small facto

Bell metal ward
tres being Vagalf

'

where beedies are made. In Mela Palayam 5,000 Muhammad;{ ‘

families are engaged in this work, Mukudal has risen in recen
years where Sokkalal Beedies are patented. Cw

Cpe e )
coasf‘ xllsilllllnggeslsa:l}c;ev?:‘ ettod oot o??ﬁka}feds ‘of Paravars in' the se@"
be half 3 lakh.. ~~PQfie total catch at Tuticorin I?as l?een estimated 't&
Alanthgle _;V‘s.tféf Rupees per annum, Frch Tuticorin, Manappad aql‘
lages in"tl\i‘f large quantities of salted dried fish are sent to t.h_e v1}1
commo?  the interior and even shipped to Ceylon. The valai is t (ei ‘
ihest kind; others are sardines, the seer, the sea bream an

g purposes and good leathe .
tannery near Pudukottai, othz -

portant industry. Ever,

INDUSTRIES & OCCUPATIONS OF TINNEVELLY 271

i in 1925 lasted from 17th

llet. The pearl fishery industry in .
gieebiigrl;utoemth March with a catch of 1,648,312 oysters which
brought a net revenue of Rs. 26,802 to Government. Another
fishery was held in 1927 when 103-6 lakhs of oysters were fished

" and the net revenue was Rs. 157,383. The chank fishery of the

Gulf of Mannar is another large item. The shells are.scattered
about and the divers have to move from place to place. A diver earns
about Rs. 1-8-0 to Rs. 6 per day and in 1929 to 1930, 612,680 chanks
were collected getting a revenue of Rs. 246,651 to the State. They
are mostly exported to Calcutta and heavy demand comes for the
chank bracelet from the women of Tibet,



Trade Centres of Tinnevelly District
By
Dr. V. Krisunan, M.A., Pu.D., Drr. Geoc.

Stuart writing about the Tinnevelly District observes that it i
an ‘epitome of the Madras Presidency.” Almost all the economi
activities of the Presidency are carried on in the District to ;
smaller or bigger scale depending on the circumstances favourabl
or otherwise to the growth or decay of such activities. The factor:
that have contributed to the growth and development of variou:
trades in the different centres in the district are of a permanen
and natural character. Artificial stimulus like the patronage o
courts to particular kinds of trades in particular centres has not doné

" much to create trade relationship between one centre in the Dis
trict with another in the same District or outside the District.

The differences in the peoples themselves, the differences ir
the stage of industrial and agricultural development, the differ-
ences in the resources of respective lands are the main factors that
have brought the existence of some of the main centres of trade ir
the District. For example, Ambasamudram and Tinnevelly situat-
ed in the clayey basin of the Tambraparni Basin are important ex-
port centres of paddy and other raw products of the forests nearby
like timber to the far remote drier regions of Nanguneri and Koil-
patti Talugs. Tisianvillai in the Nanguneri Taluk is the place where
the exchange of products grown in drier regions round about takes
place for those raised in the river valleys of the Tambrgparni.

The configuration of the country, the differences in soil fertili
ty, the adequacy of roads and railways and convergence of the sam
in particular places have given rise to another set of trade centre
Koilpatti in the centre of the black-cotton tract and Tenkasi, Alan
gulam, Sankarankoil in the red soil tract are centres which expor
cotton and chillies and other garden crops in exchange mainly for

food crops of cheaper variety from the clayey region of the
Tambraparni valley.

Th ' products of the well used mountains and those of the w:ell
developied plains must for ever be different. The full _utih.zatlon
of mountains therefore means minerals, cutting wood, collection of
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. : ;
minor and major products and conserving the same, fruit culthxl"le,
mining and quarrying industries. The mountain pfeople want‘u ;
roducts of the plains which can be only paid for with those ra‘llse".
iI; mountains. Such is the trade that now passes.between the 'It‘e}l
country ’ in the Trichendur Taluq and the adjoining t;lul'ishof Arxc-l
i ts of Elangudi, Naduvakurichy an
chendur, The chief expor !
Kuthiraimoli theri are palmyra jaggery, leavgs, fibre, and (ll)asi«:}tlats
and they import mainly consumption staples like paddy and other
manufactured cotton fabrics. :

The District has also got a maritime sea-board. The shorelanctl;
of the Srivaikuntam, Trichendur and Nanguneri Taluqs.haze ﬁo-
an enduring trade with the interior regions of 'Ijenkf{ass}i, m e;s

i Sankarankoil Talugs in , cerea
samudram, Tinnevelly and fish, cerea’
ducts. Kayalpatnam, Trichendu
salt, chanks and palmyra pro e, Trichencur ane

icori the | tant ports through which p:
Tuticorin are some of the impor ' : pro
th:e well developed interior region in and outside the district pass

The trade centres of the district may be diyided into thos\e
hich play an important part in the international commferce,
glose which play a chief part in the distribution of productts 1?11;
istri istri d those which act as centres 1o
is district to other districts an . ‘
:EL distribution of products between one region andTant(Lt.herlazz
i d another portion. To this ¢

een one portion of the Taluq an ther n. 1 |
]E:lt:r,lg the numerous shandies in the district which are held in

more than 80 villages.

Tuticorin, Kulasekarapatnam and 'Kayalpa?na’r‘n ar'e‘zch tg«;
three important sea port towns of which Tutlcolrmh.w; e
. . n
i i tant, possessing a rich hinter a.
harbour is the most impor ;P ch binterand
i ties of crops. In the

ucing different types and varie \
prod : ared with Kayalpatnam and Kulasekarapatnar‘n 'thls pox:t
days comp During the American civil war it

was of no importance at all. ot of

suddenly shot up to prominence confeglftuzr}llt(:e orr)xh:}rlliriaex;lg; port o
cotton through this port on accoun ‘ : oot
in the case of Indian cotton. Since then its progress‘
'::)e:l; p\lrz}e' 1i‘lapid and so much so Kaya%patnam and Kulas:f:ilx:';
tnam are nowhere when compared with the. co¥nmerce A t
o t. Yet some native crafts ply between Tuticorin, Kulasekara-
i;:n‘am and Kayalpatnam, where th'e products of the .palniyra L"hte
hief crop of the hinterland such as jaggery, molasses, ]aggf:ry mats
lc)askets and fibre are assembled by the local paravans for export
to Tuticorin. Onions, a local crop of importance 1sdex11f>r ed frc')m
this place to Colombo on a large scale. Manufactured articles main-
10
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I .

aidOfof}?;:.or‘; ek;x:ught from Panagudi, Melapalayam, Munnirpallam
The e wea 1ng ctfentres: ne.arb.y are also exported to Colombo.
o e 12 czéy 0 gut.lcorm is that connected with the treat-
Tty < on. esides cotton spinning, senna pressing was
; in those days. The local chank industry is also likewise

only of historical inter
. est. The salt produ : : ,
port is exported through this port. produced in and round this

Amba i .
are some S?n:}tbdmm, 1.{01lpam, Sankarankoil and Kallidaikurichy
oI the more Important centres connected with the treat.-

ment of cotton mainl ;
y and trades . )
around those places. ades in other products raised in and

parn;ﬁrniz‘l;::asfrﬁudtgam, sntugted on the Northern bank of the Tambara-
borm :Wen ortly affter 1?5 emergence from the ghats is a bridge-
own as wel as Zboot-hlll tc.)wn. Being situated on the great
o ern perxt;(;aniale&‘\;rf:gxr:‘;:ngve.zlly and g‘ravancore, at a place
' impraparni is crossed by a bridg h
meeting-place of the plains and the hills of the VSs;estern1 St it 1
: Ghats, it i
?n‘;gzﬂaf;ﬁ gl)jc;olmghcentre for the agricultural specialities tz’rtl)twlr?
ey So,il rvtfrc attram, and Alangulam and palmyra products
e e e sol belglon of the southern portion of the Tenkasi Talug.
iy th.e pmdua 1:es fof cotton yarn are exported from Ambasamu-
o ,Wherefromc acis :hceof:::;vei Mills at I.’apanasam. Unlike Koil-
samudram is not situated in tlzer}r:e:rr;dofh?lzeaz;tizf)o: ted'l, e
tI‘he ?nly factor that has contributed to the growth o? :}:’Vlrig e
in this place is the availability of cheap motive power i etlllnduStry
waters .c?f the Tambraparni before it reaches the | lm ) he;'ld-
was utilized for the turning of the turbine. The aI') a'lfi;'l'Whmh
Z}(;ggg lal?our was an auxiliary factor. The three miH: a}i;\‘}; lati of.
u s;ﬁndles. The Car}nbodi.a Cotton of Sankarankoil area :led
innevelly of the Koilpatti region and cotton ’
beyon.d Satur and Virudunagar occasionally e oo
to Vikramasingapuram direct, four miles to, t;re Prought
Ambasamudram, at the foot of the Western Ghats on t; M
bank of the river Tombraparni, on the road which i r:l(irthéml
Weste?n Ghatz connecting Tenkasi, Sankarankoil and élr Tls e
t1.1r with ,Ambasamudram. On account of these factor :;:’li oy
51nga}purfm has become an assemblage centre for rs 4 ton.
The impoyrtance of Vikramasingapuram is further iner. a“dc}())tton-
{;:-st I?TIid e ac;;)lss the Tambraparni being situated to etiS: smls‘;ht}(l);
he village. i S
g“ e completion of the hydro-electric project which
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is 'n progress now will make it still more important. It is likely
that in the near future with the help of cheap hydro-electric
power available locally, with excellent climate, abundant supply
of cheap and trained labour force, coupled with the enterprise of
the big financiers of the village just on the other bank of the river.

it may become another ‘Manchester.’

Haﬁd-woven 'cloth is exported from Ambasamudram and
Kallidaikurichy by rail and road to the Travancore State and other

parts of the District. Once the entire trade in cloth of the District

. with Travancore was in the hands of the Brahmins of Kallidaikuri-

chy whose vast riches (which have gone down now) are attributa-
ble only to this. Enterprising as they are by nature the Brahmins
of Kallidaikurichy have specialized in a system of Banking com-
parable to that of the Chettiars of Ramnad District and were
financing the whole of the cottage industry of the region nearby.
Ambasamudram towels in this Presidency and Ambasamudram and
Kallidaikurichy ‘Muris’ and ‘Mundoos’ in the Travancore State

are some of the familiar trade names; and these articles command

a good market even to-day.

VaQaikulam in the vicinity of Ambasamudram is an important
centre in bell-metal industry. Some of the biggest and finest Bells
and Idols in the well known temples in the Presidency are made

here by the local ‘ Kannans’.

Tinnevelly.—All roads lead to Rome, so also all roads in the
District lead to Tinnevelly. The convergence of all roads at this
place has made it an important nodal town. Its importance is
further increased by -its being situated right in the centre of the
District. With its satellite town of Pettai it controls the entire in-
ternal trade of the District. Grocery trade is mainly concentrated in
Tinnevelly and the trade in oils, oil-seeds, and fancy goods is con-
centrated in Pettai which directly imports the latter from Bombay

and Madras.

The bulk of the inter-talug exchange of products is done
through weekly shandies held in some 80 villages in the District.

" These shandies are temporary centres of intense trade activity on

specified days. This institution called ‘Shandies’ has greally influ-
enced the human geography of the region by giving rise to a parti-
cular class of traders whose main economic activity is to carry pro-
ducts from one shandy to another. A sort of seasonal .| vi27 jig
prought about in the lives of the people of the district —'  ge
shandies.  For example, a market trader and a ey
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bandy-walla have come to mean a certain occupat:sNal
group of people as distinguished from others. A market trader
may start from Ambasamudram with paddy to Tisianvillai, about
four days journey by road, and sell it there and return with vege-
tables, visiting the various shandies on the way at Kalakkad, Pana-
gudi, Mela Kallur, Pattamadai and Sermadevi, Kallidaikurichy, etc.
The shandy trader does not follow a particular course or route.

Like a tramp vessel he visits places wherein he could get business. .

Thus the shandy or market trader may return to his place within a
week or fortnight, the length of the period depending on the con-
dition of the market on his way. These shandies have further given
rise to particular subsidiary occupations like shandy money-lend-
ing, shandy broker etc. .

Certain centres of pilgrimage and famous shrines become sea-
sonal trade centres where big fairs are held in coniicetion with the
festival of some local deity to worship whom huge congregations of
people come from far and near. Cattle fairs are held only on such
occasions. The fairs last for over a month though the festival pro-
per is for shorter duration, say, ten days. New heads of cattle for
agricultural operations in the District are supplied only by these
fairs. Exchange of used cattle for new ones and out-right purchase
of new cattle to the value of thousands of rupees, is done in each
of t}.lese places like Kalugumalai (Thai Poosam and Panguni Uttram
fest.lvals), Sivalapperi (cattle fair, Navarathri fair) Alwarthiruna-
gari (cattle fair etc.) Sankaran Koil (Audi Tapasu and fair).

Population of Tinnevelly District

By
|
/

M. P. Rasacorar, B.A., L.T., Dip. GEoG. -

Introduction

This district which is the most southerly in the Presidency is
bounded on the north by Ramnad, on the east and south by the
sea, and on the west by Travancore. Under Sir William Meyer’s
redistribution scheme the taluks of Srivilliputhur and Sattur (ex-
cepting 21 villages of the latter) in the old Sattur division of the
District was transfered to the newly constituted Ramnad District.
In G. O. No. 1127 Press, dated 18th, June 1927, the taluks of
Anjengo and Tangasseri were detached from Malabar District, and
included in Tinnevelly District with effect from 1st. July, 1921. So
the District is now made up of the nine taluks of Ambasamudram,
Kovilpatti, Nanguneri, Sankaranayinarkoil, Srivaikuntam; Tenkasi,
Tinnevelly, Tiruchendur; and Anjengo and Tangasseri. The addi-
tion and the revision of the frontier so far has brought down the

area of the District to 4, 315 sq. miles.

Population

According to the census of 1931, the District had a total popula-
tion of 2,046907. Tinnevelly District comes tenth in the order
of population among the districts of Madras and is above Madras
average (1,797,696). There are no less than 19 towns of over
10,000 inhabitants and numerous villages of over 5,000. The fol-
lowing Table classifies the population in towns and villages: —

s g

[~
2f &

) ] ..3

4 o 7 3

3 § g n_‘g‘ Under 500 5001000 1000-2000 2000-5000
IR "

P‘o ﬁ No. Pop. No. Pop. No. Pop. No. ' Pop.

999 2,046,907 180 - 46,589 199 149,947 317 446,330 244§ 712795
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10000-20000 20000-50000

5000-10,000 50000-100000 100000 & above

No. Pop. No. Pop. No. Pop. No. Pop.
40 272194 13 176,371 3 72,330 3 168,508 Nil

The largest towns in the order of population are Tuticorin,
(59945) Tinnevelly (56591), and Palamcotta (51972) . Tuticorin is
one of the largest ports in the Presidency. Tinnevelly, at least from
t}}e times of the Nayakkan rulers, forms the headquarters of the
district to which it gives its name. Palamcotta with its fort, three
miles from the town of Tinnevelly on the opposite side of the river
Tambraparni assumes importance as a strategical position; and
from the early days of the Company’s interference in the District
became the military headquarters.

. Graph on p. 287 shows the growth of some towns in the Dis-
trict from 1891-1931. In the District there are many towns which
have increased little or have actually declined during the decade
as compared with the pronounced growth of Tuticorin, Tinnevelly
Pa.lamcotta or Tenkasi. Sermadevi, Alwar Tirunagari and Sri:
.Valkuntam are instances. The number of people li\‘/ing in Towns
in the District is very high being 25%.

Density of Population

" The District stands ninth among the districts in the Presidency
(Madras excepted) in regard to the density of its population, with
;n a.\(rierage of 474 persons to the sq. mile. The density is above
residency average 329. The distribution of povpulation i i
resic ion -
trict is as shown below : — . i the Dis

Taluk (iﬁresz- Occupied Males - . Total Pop. Density

miles) ~ Douses ' SMAS (in 1031) Pi ilseq.

ﬁﬁiﬁ?d“‘m 490 50,428 96,059 106451 202510 413.
Kovilpatti 1085 9303 119267 135282 254549 367
Sank ) . ] 76,963 174,807 182,110 356,917 329
T:r’:k::i"‘“ayma”kovﬂ 634 59,230 132888 135192 268080 423
Tinnevelly - ggz 56,432 123,526 125,943 249,469 609
Tiruchendur B 393 56,020 113,042 124,163 237,205 728
Srivaikuntam 361 o728 111,068 126,103 237,171 734
Al 57,640 113311 120,929 234,240 649
njengo & Tangassen . 1 1,140 3,191 3,575 6’766 6766
District Total, .. 4315 474442 987,159 1,059,748 2,046,907 474

)
)

i

|
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Diagram 1 also shows the distribution of population in the
taluks in the descending order. of strength.

A glance at the Population Map clearly shows that the taluk
with the largest area—Kovilpatti—is the most thinly populated, and
Tiruchendur the most densely inhabited. Diagram 2 clearly shows
that the density is below District average (474) in Kovilpatti,
Nanguneri, Ambasamudram and Sankaranayinarkoil. The river-
side taluks are all above the District average and come in the fol-
lowing order—Tiruchendur (734), Tinnevelly (728), Srivaikuntam
(649), and Tenkasi (619). Ambasamudram’s figure of 413 would
be much higher if forested areas were left out of account from the
total area. The lowest densities come from extreme North-east and
South-west, i.e. Kovilpatti and Nanguneri respectively. These are
dry areas with uncertain rainfall.

Vartation in Population

Owing to the fact that the district was reconstituted in 1910,
it is impossible to gauge correctly the increase of its population
over any considerable period. The following table compares the
population as ascertained at the census of 1931 with those of the
previous census. (Previous census figures have been adjusted to
allow for inter-district transfers, i.e. to show the population existing
at these enumerations in the areas now forming the District. On
account of changes in 1901-1911 in the District constitution, it is
not possible to make such adjustments for census earlier than

1891). -

1931 1921 1911 ~ 1901 1891
2046907 1907314 1796191 1663312 1,535,442

1921-31 1911-21 1901-11 1891-01
139593 - 111123 132879 127870

Net variation in the period 1891-1931:—511465

. Males
1931 1921 1911 1901 i891
987159 929,338 868323 806424 746571
Females
1931 1921 1911 1901 - 1891

1059748 977976 927868 856888 788871
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A reference to the census figures relating to the old district of
Tinnevelly shows that, in spite of the great famine of 1876-1878,
the population increased slightly by 0-3% in the decade 1871-1881.
In the next ten years the rebound usual after scarcity took place,
the advance being as much as 12:7%. In the period 1891-1901 the
growth of the population was 8-3%( or slightly greater than the
Presidency average. In the decade 1901-1911 the increase was 8%,
a figure slightly below the Presidency average. In the intercensal
period 1911-1921 the population increased by 6-2% and in the next
ten years the increase was slightly higher 7-3%.

Graph on p. 287 shows the variation in population from
1891-1931. The subjoined statement in the following table shows
variations in the taluk figures:—

Loss or gain of pop. percent between

Taluk

1891-01. 1901-'11. 1911-°21, 1921-°31. 1901-'31.

Ambasamudram e —0-6 +6:0 +0-1 +3-7 --10-9
Kovilpatti .. +4-6 +39 3.2 +2:5  410°1
Nanguneri . +16-1 +3-6  4+12-2 +8-2 4257
Sankaranayinarkovil .. +10-2 ° +9:7  410-0 467 4.28-5
Srivaikuntam . +7-1 +21-9 4+6:5 4-8-9 +-41-4
Tenkasi . +12-6 +11-8 +14-1 +12-1 +43-0
Tinnevelly . +5-4 +-8-7 +4-5 +7-3 +-27-8
Tiruchendur . +14-7 +3-6 —0-3 +11-3 +15-1

District . +8-3 +8-0 +6-2 416 +25-3.

The Tiruchendur Taluk shows a decrease in 1921 of over 0-3%
over the figures of 1911 (which had been inflated owing to the oc-
currence of the Masi festival held at the time of taking census).
The census of 1931 recorded an increase of 11:3% over the popula-
tion in 1921. While all the taluks returned during the 20 years
(1911-1931) an increase in population,—the district increase being
13:5%, the advance was most marked in Tenkasi 26-2%, Nangu-
neri 20-4%, Sankaranayinarkovil 16:-7% and Srivaikuntam 15-4%.
Tiruchendur taluk returned an excess of 11%, Tinnevelly 11-8%,
Kovilpatti 5:7% and Ambasamudram 3-89% only. The gain of popu-
lation per cent between 1901-1931 is highest in Tenkasi 43-0%. The
reason is due to the rich irrigation at the foot of the hills in that
taluk and its industrious Nadar population who have taken largely
in these 1‘.i)arts to well cultivation. Srivaikuntam ranks next 41:4%

i
|
{

TINNEVELLY DISTRICT MAP
SHOWING POPULATION.
One dot=1,000 persons.
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due t i i
e to the growing prosperity of the port of Tuticorin and partly

to the extension of ; ot
wet cultivat fai ‘o
tion system, ation under the Srivaikuntam irriga-

The Growth of Population in the District *

Th ¢ i
any o j:‘:: are two fa(‘:tors governing the growth of population in
e Ty, nfe\mely, Natural increase’ and ‘ Migration.’ By the
natural increase’ is meant the excess of births over deaths

while the term ‘ mi ion’
igration’ comprises the di o
. e 1 »
over emigration. g difference of immigration

e ;n g‘linnevelly District during the last decadé, from 1923 onwards
rih-rate exceeded that of the Presidency. The following tablé

shows that through. i
oo g ghout the period there had been excess of births

Ratio per 1,000 population of
Births.

‘;%2; 1922 1923 1524 1925 1926 1027 1938 1939 1980 1931
6 321 347 363 359 886 S7.7 40.9 88.5 39.9 37.1

Deaths.

132; 12222 1923 1924 1925 1926 1927 1928 1929 1930 1931
R 6 219 271 Q7.6 97.5 24.4 281 31.9 263 24.2

Presidency average,

Births., Deaths
34-6 23-9 .

The death-rate in the district is not high as the general health

of the district as a whole is
good. Th i
causes of deaths in the District:— @ following table shows the

Ratio of deaths per 1,000 of population-v 2’

District average for:— o T
Cholera . ,
Small-pox " (l)gg . Qf,'sentery & Diarrhoea .. 228
Plague . % . All other causes .. 1841
Fever Tt Ni
_ax )T . —_—
o Total .. 2152
{ o " —_—
*The

‘population problem in India~P. K. Wattal (p, 11)
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Fever accounts for about one in six of the total number of
deaths in the District, and mortality from Cholera is not much as
it was before. The District is free from plague.

As in other districts in the Madras Presidency, we find in this
District a greater percentage of female population than male popu-
lation. Graph 3 shows the growth of Male and Female population
respectively. Emigration during the decade was affected to some
extent by the passing of the Emigration Act of 1922, which brought
under control all assisted emigration to Ceylon and Malaya. Though
no reliable figures are availabe there is reason to believe that there
has been a rapid decrease, in the decade 1921-1931, in the total
number of emigrants from the District.

Hence the  Natural increase’ and the decrease in.  Migraticn ’
during the last decade, together account for the rapid growth of the
population in the District. ‘

Mother Tongue.

The principal language f the District is Tamil which is the
parent tongue of about 89-8% of the total population. Telugu is
the language of about 8-6%; for a smaller section, Canarese, Hin-
dustani and Malayalam are the languages; while Saurashtri, Mara-
thi and other non-Presidency languages are spoken by still smaller
section. Diagram 3 shows the distribution of population per langu-
age in the District. Tamil is spoken wholly in Ambasamudram, Nan-
guneri, Tinnevelly and Tiruchendur; and Telugu is spoken by a large
number in Kovilpatti and Sankaranayinarkovil taluk, and by a
smaller number in Srivaikuntam and Tenkasi taluks. The Nayudu
and Reddi communities constitute the bulk of the Telugu-speaking

section. Telugu Brahmins are sprinkled over the District in small

groups.
Religion

1n the District about 83% of the total population are Hindus,
5-9% are Muslims and 11-1% are Christians. Diagram 4 shows
the percentage of Hindus, Muslims and Christians to the total
population in the District as a whole, and in each taluk in parti-
cular. The proportion of Christians to the total poptlation is
higher than in any other district in the Presidency. The {following
table gives the rate of increase of the different communij’es in the

District : —
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COMPARISON OF THE POPULATION OF THE TALUKS OF THE
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DIAGRAM II

COMPARISON OF THE DENSITY OF POPULATION PER SQUARE MILE
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Percentages of rate of increase

in in in in _
1891-1901. 1901-1911,  1911-1921. 1921-1931

Among Hindus +7-4 +6-2 +6-0 _iigg

Among Muslims +6-1 +10-4 . +§§ _11.18.3

Among Christians .. +9-7 +16-7 + + B3
Dislrict. . +8-3 +8-0 +6-2 +

Christians—In the decade 1921-1931, the Christians (almost
entirely Indians) increased by 18%0. In the T.iruchendur Taluk
which contains several villages wholly inhabited by Parava'rs
(fishermen mostly converted to Roman Catholicisrr%), the C}:I‘IS-
tians comprise nearly a fourth of the tqtal population (25-3%) .
Nanguneri (19-2%) and Srivaikuntam (14:5%) come next. The
Christians have gained ground markedly during the l.as? four de-
cades, evidently by conversions. The Protestant Missions ha\{e
been successful chiefly among the Nadars and the Roman Catholic
Missions among the Paravar fishermen,

Muslims.—Muslims who constitute only 5:9% of the popula-
tion of the District are concentrated in the three‘ taluks of Tinne-
velly  (12%), Tiruchendur (9%) and Tenkasi (9’/0.). They b.elon'g
te a class usually known as ‘ Labbai.” The Muslim populgtlon is
distributed more along the coast than in the interior, as Muslims are

a sea-faring people.

Hindus.—The Hindus constitute the bulk of the population.
The Brahmins form only 2:6% of the total population.

The principal castes other than Brahmins are:—the I.\Iad?rs
found along the sand-dunes, and known as the palmyx:a-chmbn'lg
and toddy-drawing castes and who are mostly converts into Chlj.ls-
fianity; the Maravars; the Vellalans who come next to Brahmins
in the social scale; the Vadugars and Kammans (commonly known
as Naidus) and Reddis concentrated in the Black C- - lands; and
the Iluvans who are mostly weavers. v

Literaey.

Judged by the census returns, Tinnevelly District stands fourth
among the Districts of the Presidency, in regard to the literacy of
i ' t
tion as a whole. The census of 1931 disclosey a grea

the populatio _ T

i
'
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2 winoes  @ECHRIsTIANS ,_i:f.;ns
advance in education in the District, 25-7% among males were re- A
turned as literates, or an increase of 12-2% in 20 years, Literacy , S
among women is marked-—4 :7%(, an increase of 80% over the figures B > —
for 1911. The Hindus are the least in literacy (13%), and Chris- -
tians the most literate (29%), the Muslims coming in between them - o
with 20-5%. The high value of literates among Christians is due to — TAMIL 898%
the advanced state of women education among them. In point of m'“" - @23
general literacy Tiruchendur containing some important mission- s " : a/g
ary centres, comes first among the taluks; next come the taluks of . - =
Srivaikuntam, Tinnevelly, Ambasamudram and Nanguneri, the CR v

least literate taluks being Sankaranayinarkovil, Tenkasi and Kovil-
patti.
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¥
—
.
@
c
o]
<))
3

The proportion of illiterate males and females to the total PO} -
lation are 74-3% and 95-37%. respectively. The following table gives

the number of literates among males and females in each taluk : — Variation in the population of some of the towns of Tinnevelly District

during 1891--1931,
b TUTICORIN

Education in 1931, Literates per 1,000 of pop.

Taluks. No. of literates.
Males. Females. Males. Females. . TINNEVERLY
Kovilpatti 37,396 3,448 o214 19 PALAMCOTTAR
Sankaranayinar- sou
kovil ’ 24,440 1,626 184 12
Ambasamudram 26,185 4,620 273 43 ‘ "
Nanguneri 28,915 7,232 242 53 o o
Tenkasi 25,467 ©2,331 206 19
Tinnevelly 34,907 7,908 309 64 / -
Anjengo and ] e
Tangasseri 1,131 980 . 354 274
Srivaikuntam 39,328 8,834 347 713 —
Tiruchendur 36,236 12,994 326 103 B
Dist. Total 254,005 49,973 ‘ 257 47 " »
Hindus 194,077 22,115 - ™ 234 26 TENKASI
Muslims 20,163 1930 377 28 = " - R
Christians 39.752 24,928 369 207 :
Life and Occupation of the People
f . . . AMBASAMUD ]
In !minnevelly District, Pastoral and Agricultural occupations e /
form th . most important occupations and support 24-1% of the raDEY! l
! . : 3 , PATIE
total poyulation (as against 28:2% of the population in the Presi- - 23733,(\::? - .
dency 'gho are found to be actually engaged in agriculture). Among 7 .
o ' . ' ALWAR TIRUNA s
3,000 GIRI TOWN] 7.0
]

4 . T : : * j
S o 90 19 NN wh - |
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the agriculturists, the cultivating landowners form 9:5% of the
total population, and non-cultivating landowners only 0-8%. As
many as 14,342 people were returned by the census of 1931 as be-
ing actually or partially deriving their livelihood from the palmyra.

The cotton cultivation and cotton indusiry provide occupation
for a large number of individuals. There were in 1931 a total of
21,306 weavers and spinners as against 12,800 at the census of 1921.
The weaving of cotton cloths is the hereditary employment of the
Kaikkilaiyans, Pattasalaiyans and Pattunulkarans, .and forms the
chief occupation of a large number of Muslims.

Domestic service comes next to agriculture and employs 13-8%
of the population. About 6% of the population is supported by
industry while only 2-6% is engaged in trade.

According to the census of 1931, about 47-2% of the total
population are non-working dependents. The large body of non-
working dependents in the District, with its trade connections out-
side India may be due to the actual workers being employed out-
side the District and supporting their families at home by money
remittances.

The following table shows the classification of the people in the
District according to their hereditary occupations : —

Oceupation. Pop. supporte.d by  Percentage of the Pop.
the occupation, ‘to the total pop.

Pastoral and Agriculture .. 493,379 24-1 —‘-

Domestic Service . 282,564 13-8

Industry . 124,961 ) 61

Trade . e SEL T ay

Others . 1,112,672 53-4
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The ‘Race’ Idea, and the Present “Conflict
' By ‘

Naris Aamep, M.A., B.E.S.,
Professor of Geography, Islamia College, Calcutta.

Racial hatred was deliberately worked up in Europe as an
instrument of national policy and even before th? present con-
flagration started, it succeeded in spreading the poison of mutual
hatred among the peoples of the Continent. It went a long way
good neighbourly feelings among the Européan state.s-
and certainly influenced the outlook of many an ambltlou.s poll1-~
tical party elsewhere. There seems hardly any consolation in
the fact that such an idealogy of hate was ut_.lhzed merely ?s a
cover to hide ugly political and economic mo.twes and to divert
the attention of distressed millions from 1.'ea1 issues tc‘) vagl’le.and
vain-glorious idealism. To the protagonists of the ‘race 1dea:
the conception of the ‘human race; ‘ the brothe_rhood of man,
and the like notions relating to the common dest.my of mankind,
are a misreading of the evolution of human society. They‘ can
only visualise ‘blood groups’ which have been engaged in a
ceaseless struggle to obtain places in the sun !

Thus it was that an aggressive fascism exploited the idea to
just;fy its brutality and ruthlessness.

Nazi Racial Theory.

By a curious turn of events a people of Europe, whose con-
tributions to modern scientific thought speak f‘or themselves, are
to-day the most ardent upholders of the mc'e.ldea. '.To tl;e l\ﬁm
philosophers it is the revelation of a new religion, which, a 1 'ot ;ar
so-called scientific notions and religious gospe'ls had criminally
shut out from the minds of men (to the c%etnment. .of the Ger:
mans !); according to them a people is a * umFy, totality and .Valll.le
only to the extent that it incarnates a sv.:p.enor race. Heztem ies
the purpose of the racial state—the ‘race’ is ‘t.he p%vot’of cgm;gn
life and certainly an instrument to beat the ‘ inferiors our! The
¢ race’ is to be kept pure at all costs and for Germany the race can
mean only the ‘ Aryan’ or the Nordic race. Alfred Rosenberg,

2
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the Director of Culture and the brain of the Nazi party declares
that ‘the belief embodied in the sublime knowledge that Nordic
blood represents that mystery which has replaced and vanquished
the ancient sacraments’ should be the Gospel. If it is suggested
that perhaps, except in very tiny localities, nowhere in Germany
did there exist a ‘Nordically ’ pure race, then the ‘ racial’ megalo-
maniac is ready with his reto'rt—by careful selection the Germans
could again be ‘Nordicised’ (what about the horses and pups—and
dear intellectuals, you forget the great Spartan ideals!).

Task of the Geographer and the Anthropologist.

What is the answer to such sheer nonsense? The Geo-
graphers and the Anthropologists scratch their heads and fall back
upon the resources of their sciences. To them who have had
their training in the School of Scientific inquiry, free conscience
and rational approach, the topic sounds like the best joke in the
garden of racial humour! Then what is their answer ? Cer-
tainly racial prejudice is another name f
ance. The Social Sciences are bein
action. And the totalitarian states

in making perverted use of anthropology and sociology ih advancing
their views. According to Professor Griffith Taylor, geographers
could do yeomen service to humanijt

v by clarifying some of these
issues by teaching tolerantly and scientifically what is becoming
known as cultural geograp

hy. Tt will help to clear conceptions
in drawing the much-needed distinctions between race, nation,
language and religion, which are too often imperfectly grasped,

or ethnological ignor-
g challenged by forces of re-
have gone to amazing lengths

~ The Meaning of Race.

What is then the meaning of race ? Can we speak of races as
pure ? What are the racial distributions of Europe ? And who
are the Nordics ?

The origin of the word ra

late Dr. Herschfeld; some etymologists look upon Spain as its

have source ’.
Others derive it from the Latin ‘radix’ a ‘root ’, and yet others

from the old High German ‘reis’ which meant a line or fssure
or cranpy. This would connect it with the English ‘raze’ But

these arg little better than speculations. Race can he said to be
a biolog{tcal term indicating major groups of people who share a
commong‘ descent and hence display some similar characteristics,

|

|
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isti | ey are physical and not mental
These Chara;teZ:tt;iiafof:::uESS t:sy‘che cﬁlour or quality of t}}e
mﬁ}y b Sucl nd the form of the eye, the shade of the skin
hal, the oo Ourfathe nose. The external characteristics are eas'y
and the shan: a(r)l of them are visible at first glance. Due to this
t(’) Stl{d'y’ aihm oy ular classification into the white, yellow, red and
Smplie . Ifg lrzmg been continued. But such external ?harac-
bla'Ck' o aoor guides to ancestry as they are suscgptlble to
terl.StICS hare ! under the influences of geographical environment.
vane‘d ' ancg:sof ¢ Climate is most far-reaching, for exa.mple'darl;
g;iulxﬂuegeople predominate in hot climla;cles z;lnd Iflagll*exil;lln:id
’ although co
P?Ople § land: :}llw?:a;:ea;(:ie ?ndéi(;:i(zy as far as exter.nal traits
dun?ctich?n:; it is difficult to draw the line b;:tween t.h:hmiiftéir;ce:
e i d they are, ther ,
of geographic environment ar.ld rgce, an1 ey ar
ide in determining biological relationship:

POOrHilahd({:orm provides a better criterion for I.'a.ce», ‘t;ecet\zzz i :;

tion value of the skull and the facility of s ;
fhe Preserva' s from past ages. Thereby the past can be compare
h}'lman i nt although the correlation between head-form and
vith b p'l:cesjs slight and no study of bodily traits has y.et gonIe
men't iy tl‘al.s any relation between race and innate ability. . t
’far - s'howtngno’cey mental differences between closely rela‘te(% in~
a e}musllng ’ even between selected groups of peoplg .thhm a
d}“i“i:;em;re much greater than between any two living races
give ,

a whole. . ' .
- All are agreed (with the exception of the racial ma}t:llslctel;n)g
that pur:'1 races in the form of great groups of {))fzolplgi, aelxdescent

i isti d the same biologic

hysical characteristics an . descer
e lsamer pex};st. The world has now come tc? be 13?1ak;1t: anﬁ
n101 Ole'tg: of mixtures of races, who are really hl;;;hly : 1\;:3 ii, i,d and
Sis i reat number of 1
it i averaging together a g ' ] :
o li pelila:::iiy?zg them into types, that outstanding rac:al tsgg::d
c : ‘ : !

(c)ires S:)f different groups are recognized. Hoft ho;:elz Su;;) e
¢ yaces’ are there certainly none and the myifh of ra
v:nishes before the logic of environmental influences.

Peoples of Europe.

Fu d V i i t the
H w ery little is known abou

W as rope people ? - ) >
i (': inhabitants. Geologically speaking, in ‘fhat eiarly 1::;-
ear}ilesf human activit, much of Northern Europe, mclu({lmtg Scer
i 0 y ! -
ll‘ixond Northern England, the Low countries, Denmark, NJ)r h G

td



292 JOURNAL OF THE MADRAS GEOGRAPHICAL ASSN.

man, Polish and Russian plains, Scandinavia and Finland, were
covered over with the huge ice-sheet, which retreated and advan-
ced several times, before finally disappearing.  The Heidelberg
skull from Germany and the Piltdown skull from England indi-
cate a primitive human type with ape-like jaws and powerful phy-
sique. Then came the Neanderthal man with long heads and brcad
noses, very much similar to the Australians and the extinct Tas-
manians.  The tall Cro-magnon man inhabited much of Western
and South-Western Europe during the next period and has left a
legacy of wonderful cave-paintings reflecting his high talents.

Then began a unique infiltration of new-comers to Europe
from the heart of Asia and ushered in the period of the great
migrating intruders who can be divided into three groups, regional-
ly—the Mediterranean race in the south, the Alpine race in the
centre and the Nordics in the north. Indeed, the change in climate
from the rigours of the Ice-age to increasing mildness, must have
exerted a ‘push and a pull’ upon these early peoples in the grass-
land interiors of Asia. The push from behind was, doubtless,
due not only to increasing drought but also to growing density
nearer the centres of the deserts. The pull in front was due o
the “attraction of the new ice-free unoccupied lands, which were
gradually passing out of the grip of the glacial climate in Europe.
No one can tell whether the pull was stronger or the push, but the
passing away of the Glacial period presumably caused migrations
into Europg to follow different paths at different times, according
to the suitability of regions for human existence and the ease of
movement dependent on relief.

The Mediterranean race was the first of the three main mi-
grating (racial?) groups to reach Europe, probably via North
Africa from Asia. These people were characterised by long
heads, medium stature and dark hair and eyes, spread over the
whole of the Mediterranean basin and extended through France
into British Isles and even to Scandinavia. The Alpine group
of intruders had broad heads, stocky build, short stature with dark
hair and dark to greyish eyes. They chiefly penetrated into
Europe north of the central mountains, spreading over to the Bal-
kans, the Danube Valley and the Alps. They intermingled with
the Mediterraneans over the plains of France and the lowlands of
the Po. They later on pushed on to Spain, British Isles and
Norway.; The Slavs are very largely their representatives in
much of \Russia and the Balkans. The Nordics were the young-
est group of intruders with long heads, fair -hair, blue eyes-and
were tall. Many of their physical traits were developed in the

|
E
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environment ‘of North-Western Europe. Later, the Nordics like-
wise spread to many directions. A body of Nordics, the Russ,

migrated from Scandinavia to Russia (but according to the Nazis,

the Russians are inferiors!) and gave their name to that country.
They settled even in British Isles, Normandy and Iceland.

Thus, the area which we often call ‘the Germanic lands’
(Austria and the Sudetan areas of Czecho-Slovakia included) has
been a cockpit of racial admixtures, chiefly the Alping and the
Nordic. In fact in coming to Europe these so-called racial gr_ou.ps
have actively shoved one another aside, interpenetrated an'd mlxe(.i.
With the change in environment, they have suffered ml.ltatlon, their
complexions, stature and figures have undergone rad.lcal changes.
In Europe a noteworthy change has been the evolution of bl'ond~
ness in the North-west both among the Nordics and tllrxe Alpines.
And similarly environmental influences have gone far, in all parts
of the world, in marking their stamp on diverse human groups.

Exploding the Myth.

Magnus Hirschfeld, one of the leading modern sgxologist; in
a comprehensive exposition, supported bx eliab’orate 1.nvest1gat1>on;
has exploded the myth of ‘Nordic superiority and its plenty o
geniuses. Taking the example of the allotme.nt of. the Nobel Prize
he says, “All such lists when made without bias, will show that per-
sons of genius and persons of outstanding talent are not set‘ apart
from the rick by any peculiarity of stature, by their complexion, or
the colour of the eyes, by a peculiar shape of the .s,kull or th? nose, by
any ethnological characteristics whatever. What is decls%ve ‘m.;mlilan
beings is not ‘race’, but individuality. A great individual, a

' i ny time as the outcome of
‘genius’ can appear anywhere and at any

a lucky assortment of gemes and an up'bringing in a favoura;l;lie
environment.” Thus science has long since exp’loded ‘tilxe n;)yh1;
cal superiority of the Nordics or the ‘long hfaads. Wllt1 a he‘.e-
to the contrary the ‘Germans’ will have to dlsper}se wit szc . me
feriors’ as Luther, Beethoven, Nietzche, Goet1'1e, Bismark an’ abov!
all Hitler! For such luminaries of ‘Nox:d1c ‘blood group colrlm‘ac
from southern areas of acute intermingling in Germany—wha

an irony!
Why Racial Megalomania ?
1 nv!
One might ask, why all this ‘racial’ megalomania? Germany!

i its activities to be dictated
.tlerite Germany to-day believes all i .
E;ﬂ:}zl:eneed for self defence. Certainly the most provocative

doings of the Third Reich are the outcome of defensive reactions.
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It is usual for the people in a ‘bad way’ to ascribe their troubles
to the criminal intentions of others. After the exhaustions and
disappointments of the War, the humiliations of Versailles, the
miseries of inflation and widespread unemployment, Germany was
in an explosive and catastrophic mood ready to accept a leader-
ship blindly. The reactionary leadership needed an ‘idea’ to
cover their economics'—ruthless suppression at home and naked

aggression abroad. ‘Racism, provided such a safety-valve and a
means of release.  Goebbels calls it a ‘discovery’, but certainly it
was a clever ‘invention” Thus ‘Racism’ like war made it easy

to hunt people out of their positions, deprive neighbourmg regions
of their freedom and reap the harvest of economic loot, all the time
singing the hymns of hate punctuated with jingoistic utterances and
celebration of victory. In his ‘Racism’, Hirschfeld points out:
“It was possible for mass selfishness to parade behind the respect-
able mask of patriotism or Nationalism. Under racist auspices,
too, it became easy for self-seeking to take the name of eagerness
for public welfare. Internal and external hindrances to the cult
of egoism having been removed, the apostles and energumens of
racism in all good faith give free rein to impulses of which they
would be ashamed did they realize their true nature—selfishness
has been rationlized.”

The Future!

Then what is to be done! The poison of racism is eating into
the vitals of broader human understanding. The law of the jungle
is prevailing. The goal of mankind seems to be a death struggle
between warring groups—'superior races!’  The ‘racists’ instil
megalomania and intolerance into the minds of children, awaken-
ing prejudices which sooner or later would lead to strife at a scale
which even the barbaric ages had not witnessed. QOur immediate
objective is a world of peace and it behoves us to counter-act the
pernicious attempts of the false prophets.

Subjects like Modern Geography, sociology and anthropology
are vital to such an education which must lead to a sympathetic
understanding of world problems, especially those involving other
nations and cultures. They dispel hatred and -build up a free
conscience—a preliminary to solve the problems of mankind. Thus
when the agonies of the present conflagration are ended, education
must primarily aim at the creation of an international citizenship
which alone would succeed in saving a warring humanity from
barbarism and destruction,

3
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News and Notes

Four ordinary meetings of the Association were held during
the third quarter of the year. In the first two of them, held on
27th July and 3rd August respectively, Rao Bahadur K. N. Nara-
simhacharya (Asst. Director of Survey) delivered two lectures
on Topographical Surveys and Cadastral Surveys.

In the third meeting held on 31st August, Mr. M. Subrah-
manya. Aiyar spoke on The Defence of India: A Study in Histori-
cal Geography. In the fourth meeting, held on 14th September,
Dr. S. M. Hussain Nainar (of the University Department
of Oriental Research) delivered a lecture on Arab Geographers of
India. ‘ o

* x * % *

In this issue of the Journal, the papers on Sugar and Red Hills
Lake are concluded; and some of the remaining papers of the
Tinnevelly Conference such as Paddy Cultivation, Population,
Trade-centres and Communications are included.

* % ES * *

The 11th Geographical Conference of the Association will be
held at the Rishi Valley in Chittoor District during next summer;
and along with it a Summer School of Geography will also be
conducted there. It is not yet decided whether there would be
a separate Summer School at Saidapet also.

% * * . % *

Four important Resolutions were passed at the husiness
session of the Tinnevelly Conference, the first of which regarding
the conversion of the Associate Members of the Association to
Ordinary Members has been approved by the Executive Committee;
and steps are being taken to have the rule altered before the next
General Body Meeting.

* * * *

As regards the other three resolutions—about the separate
entry of the History and Geography marks in the $.5.L.C. book,
the increase of the time for the question paper, and the inclusion
of the World Regions for S.S.L.C. Public Examination—a copy

13

%
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o.f the resolutions has been submitted to the Board for considera-
tion and necessary action.

* ’ * * EY Fd

We. are glad to note that Mr. V. Kalyanasundaram, M.A.,
L.'Ij., Dl.p. in Geog., has been appointed Junior Lecturer in the
University Départment of Geography, Madras.

* B ok FY e

While none of the Colleges in Madras (except Queen Mary’s)
has stal:ted Geography, it is gratifying to learn that two
colleges in Mysore State (at Mysore and Bangalore) have opened
geography at the Intermediate stage this academic year with the
idea of continuing it in the degree course.

* * % * *

Of course, Aligarh stands pre-eminent with its well established
M.A. and M.Sec. courses in Geography—thanks to the pioneering
zeal and spade work of Dr. I. R. Khan of the U. P. Educational
Service and the untiring zeal and steady work of Dr. S. M. Tahir
Rizvi.

* * * * *

Dr. Rizvi is the President of the Geography and Geodesy
Section of the Indian Science Congress Session to be held
at Benares in January next. We are glad to learn that a good
number of interesting papers have been contributed for this sec-
tion—several from this province.

* * & * *

The All-India Federation of Teachers’ Associations will meet
at Udaipur from 27 to 30th December 1940. Teachers from South
India who intend to attend the Benares Session of the Science
Congress can make it easily convenient to attend the Udaipur

Conference also on their way.

Reviews

Food, Clothing and Shelter Geographies: Book 8—The World for
Senior Students. By McD. Robison. (Macmillan and Co.,
Ltd). 1940. Price Rs. 2—4—0.

In reviewing the earlier books in the Primary Series in a
recent issue of the Journal, we had pointed out that the central
aim of the whole series has been to bring out man’s efforts to
obtain food, clothing and shelter, as indicated in the general title.
“The pupils observe sparsely settled areas in their own
neighbourhood. They apply their growing geographical knowledge
to studying where and why man lives in small numbers and in
large numbers in different parts of the world”. This aim is more
fully developed in the books of the Post-Primary Series of which
the volume under review is one. These show the relationship
between land forms, vegetation, climate and distribution of popu--

lation.

In this eighth book of the series, there is a more advanced
treatment of the World for Senior Students than in Book 7. The
plan of the volume is as follows :—The first five lessons deal in
order with Landscape, the Hydrosphere, the Atmosphere, Land
Forms and Vegetation and Animals. The 6th lesson deals with the
Major Climatic Regions of the World under the subdivisions (which
are further subdivided) of Tropical Climates. Intermediate
Climates, Polar Climates and Mountain Climates. The last three
lessons treat about Man’s Occupations and Settlements, Transport
and Trade and Geographical Regions. The volume is well got-up
and finely illustrated with numerous choice pictures, sketch-maps
and diagrams; and as in the Primary Books of the series the
exercises in Part B of each lesson serve both for revision and fur-

ther work.

————

The Complete Geography Series: The World ; The Complete Geo-
graphy Series: The Americas. By Alys. Mamour. (Mac-
millan & Co., Ltd.), 1940. Price Sh. 4 each.

The above are two of the volumes in this series designed to
provide a complete course in Geography for pupils aged eleven
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plus. The volumes are self-conta
. -contained so t
independently also. o that they can be used

thregﬁzoiizf?s £ the prise the World as the Introductory book and
ralacie B of t 3 wor.ld in order—the Americas, Asia and Aus-
here ’Th ope and Africa. The first two alone are under review
' e key-note of the series may be summed up in the
wozds Realiability and Readability ; but special mention should be
::EZ :n?lf Otfwo o}f t}})le noteworthy features such as the exercises at
books and aeat(;l ¢ apter and the many short excerpts from travel
of the tex tu OIrltat“’e volumes arranged and inter-woven as part
teristic of . n fact the ‘latter feature is unique and charac-
stic o the volumes—serving to sustain interest, enabling pupils
easily to follow and enjoy the facts presented.

Other important points in the series are the specially prepared
maps, the numerous valuable illustrations from authoritative and
reliable sources, suggestions on geography games, handwork and
local study, and a balanced treatment of the various countries.
Each of the volumes forms a complete course indeed.

The World and Ourselves. By Elsie White. (W. & A. K. John-
ston, Ltd.) .

This is a superb volume of World Geography for Children
treated regionally in a simple descriptive way. Starting with the
L:_ands of Ice and Snow, the child is taken round through Moun-
tain lands, Lands of Corn and Cattle, of Fruit and Sunshine, of
Sun .helmets and Mosquito nets, Lands of Wind, Rain and Rice
(Im.ila, China and Japan), Lands using Steel and Concrete
(B:mtain, U.S.A., and Western Europe)—and brought to the
neighbours of Britain, closing with the chapter on * London
Calling the World.” Altogether a splendid introduction to World
qeography for Children with attractive get-up, bold print, fine
. pictures and useful maps. Provision is made at the end of each

chapter for varieties of practical work including handwork and

suggestions for further study.

A Map Book of Nm?h America: For Middle and School Certifi-
cate Forms. By A. Ferriday. (Messrs. Macmillan- and
Co., London). Price 1/9d. paper cover; 2/- cloth.

The teaching of Geography in schools has hov(r-a-days .ceased
to be the dull, mechanical, bookish thing it was ; and among the

|
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factors that contributed to it have been books of the type under

review,

This Map Book of North America follows the plan of the
previous books of the series, reviewed in earlier numbers of the
- Journal, namely that of presenting the main geographical features
in map form with accompanying text on the opposite page. The

" questions included at the end of each lesson serve to test the

pupil's capacity for illustrating his answers with sketch-maps. -
They include those taken from school certificate papers, being
intended for school certificate forms, though the more straight-
forward ones might be attempted by pupils of middle forms.

Exact Knowledge Tests in Geography : The British Isles. By R.
V. Taylor. (W. & A. K. Johnston, Ltd,, Edinburgh) .

This set of 7 outline maps of the British Isles, showing Towns,
Rivers, Landmasses and Headlands, Islands, Seas, Railways, Coal-
fields, Industries, ete.—~complete with answers, enables a simple
accurate method to be applied in testing knowledge of map posi-
tions. These tests enable the teacher to test, mark and analyse as
speedily and efficiently as in testing mental arithmetic with a great
saving of time and énergy for him, at the same time giving
him an accurate and comprehensive record. - The use of these
tests in schools is strongly recommended for the reasons stated.

Journal of the University of Bombay, July 1940. Vol. IX (New
Series), Part I, History, Economics and Sociology Section.

-

This useful volume contains besides several important histori-
cal articles, the following articles that may be considered to
be having a geographical bearing though they are primarily of
an economic nature : —Kathiawar Ports, Coir Industry and Trade
in' the Malabar Coast, the Gold Thread Industry of Surat and A
Sociological Study of the Kolis of Kathiawad. In the article on
Kathiawar Ports, Prof. R. D. Tiwari discusses the location of
"the several ports, facilities offered by them, artificial extensions,
services regarding shipping and goods with statistics of recent
years showing competition between the ports themselves and closes

up with an indication of their future.



Books and Journals Received

The World and Ourselves: By E. White.

Exact Knowledge Tests in Geography : The British Isles: By R.
V. Taylor.

Studies on the Chemistry and Biology of the Slow Sand Filters at
the Madras Water Works: By S. V. Ganapati.

The World for Senior Students: (Food, Clothing and Shelter
Geographies, Book 8). By L. McD. Robison.

The Complete Geography Series: The Americas. By Alys
Mamour.

The Complete Geography Series: The World. By Alys Mamour. -~

A Map Book of North America: By A. Ferriday.

The Upper Cretaceous and Lower Eocene Beds of India: By L.
Rama Rao.

The Co-operative Villages of Palestine in 1938.

Issledowania—Photometry and Sensitometrii, Book I (Moscow) .

Issledowania—Kartografii (Moscow) .

Issledowania—Geodessi (Moscow) .

Trudia : Centralanogo, Navno Issledowatelskogo : Books 30, 31 and
33 (Moscow).

The Educational Review: June, July and August 1940.

South Indian Teacher: June, July and August 1940.

Journal of Indian History : April 1940.

Southern India Commerce: June, July and August 1940.

Indian Information: July 1, July 15, August 1, August 15, and
September 1.

Quarterly Journal of Mythic Society : July 1940.

Kalaimagal : July, August and September 1940.

Journal of the University of Bombay : July 1940.

The Indian Journal of Political Science: July-Sept. 1940.

Geography : June 1940.

The Geographical Journal : June 1940.

Geographical Review : July 1940.

Indian Co-operative Review: April-June 1940.

Visvabharathi Quarterly: Aug-October 1940
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rints of articles from them are given

Back nun?bﬁrs fidtllllceec‘llo;.l:trézl ;sn 21::£n below up to 3lst December 1940.

away o specéa t})’iese back issues contains important arpcle_s of permanent

a4 on% c"t is an opportunity for individuals and institutions to comple_te

T s i\Ion-Journal members can go in for those issues .whxch conta&n

t};(taicﬁ:leii which they are specially interested. The prices given below do
a

not include postage.

Vol. No. Rs. As.
17 1 0 4
2 0 6
” 3 0 4
" 4 0 4
Ci;e whole volume 1 0
As.

Rs. As. | Vol No. Rs.

Ve 0 6 | VI 1 0 8
1 2 0 8 ” 2 0 8
i 3 0 4 » 3 1 g
” 4 0 6 i, 4 0 8

Ti;e whole volume 1 4 The whole volume 2

Rs. As. Vol. No. Rs. As.

M I\1I°' 0 5 |VII 1 0 6

1 2 0 6 ' 2 0 6
; 3 0 10 , 3 1 g
, 4 0 7 ., 4 0

Ti’xe whole volume 1 8 The whole volume 2 0

Rs.  As. | Vol No. Rs. As.

‘1;?1' o ) X 1 0o 5

2 0 4 " 2. 0 6
. 3 0 10 , 3 0 g
. 4 0 4 " 4 ; 0
Ti,le whole volume 1 4 The whole volume
: Rs. As. Vol. No. Rs. As.
koS I\110' 0 5 X 1 0o 8
2-3 1 0 ” 2 0 10
. 4 0 5 , 3 g g
The whole volume 1 8 »” 4 2
The whole volume 2
Rs. As. | Vol No. Rs. As.
‘\;fl' Pl o 5 | X 1 0 12
2 0 5 ” 2 1
” 3-4 1 0 | o, 3 0 13
1] 1 3 ”
The whole volume The whole volume 3 8
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(Elected to the Exec. Com. by the Council).

Secretary.
Mr. N. Subrahmanyam, m.A., L.T., F.R.G.S.,
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Mr. K. Ramamurti, M.A., L.T. pIP, GEO.

Treasurer,
Mr, M. P. Rajagopal, B.A., L.T. DIP. GEO.

Other Members. .

Mr. George Kuriyan, B.sc. (LONDON), B.L.,

" (Elected to the Exec. Com. by the General Body).
r. K. Sundaresa Ayyar, B.a., L.T.,

Mr A. Tirumalai Ayyangar, B.A., L.T.,

MISS H. T. Scudder, m.A, L.T., DIP. GEOG.

Miss S. Koman, 8.4, L.T., pIP. GEOG.
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tary, the Asst. Secretary, the Tre .
and Mr, George Kuriyan, asurer, Mrs. P, Sundara Raj,

[Approved by the Text-Book Committee,

DESCRIPTIVE GEOGRAPHY
For the Middle School

Prepared in accordance with the principles given in Scheme of Work and in
accordance with the type syllabus, jssued recently by the Madras Educational
Department.

BY

N. SUBRAHMANYAM, MA,, LT, FRGS.
{  Lecturer in Geography, Teachers’ College, Saidapet.

Tamir, TELUGU AND MALAYALAM Eprrions
Book I As. 10, Book II As. 12, Book IIl As. 12.

The following are some of the special features of the seriesi—

The treatment is throughout descriptive; and the influence of geographi-
cal environment on human activities have been well brought out everywhere.
Physical, human and political geography have been taken in combination, so
as to present a synthetic picture of human societies in the different regions of

the world. Constant reference has been made to local conditions and examples,
n throughout. The main

making the home region the standard of compariso
geographical principles have been treated in an elementary way, each in
relation to the region of which it is a characteristic. Attempt has been made
to develop the chief geographical concepts in the course of the regional study.
The exercises at the end of each chapter have been very carefully pre-
pared not only for the purpose of testing the subject matter learnt, but also
in some way to supplement the matter taught. The volumes are copiously
illustrated with pictures, maps and diagrams. The bold print on glazed paper

" makes the books attractive to the pupils.

P. VARADACHARY & CO,

8. Lingha Chetty St., Madras,

THE SOUTH INDIAN TEACHER
Is the Teachers’ Journal

Annual Subscription, Rs.3 only.

Do you get a Copy of it!
If not write at once,

To the Hony. Secy. & Manager,
520, HIGH ROAD,
TRIPLICANE, MADRAS.
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A New Geography of India, Burma and Ceylon. By L. D, Btamp, D. Se.,

P.R.G.8,, Re. 1-12-0

A thoroughly revised and completely reset edition, with fresh illustrations. ‘

Geography for To-day. A new series of Gsographies. Prepared by a Committee ¢}:

active teachers,
R
Book I At Home & Abroad, 3s.
Book II The Southern Continents, 4s.
Also available in parts

Australis & New Zealand, 2s. 3d.
South Amaerica, 2s. 3d.
Afrien, 28. 64.

Book III North America & Asia, 4s.
Also separately

North America, 38. 3d.
Asin, 28, 9d.
Book IV Furope & The British
Isles 4s.
Also separately

Hurope, 8s. .

British Isles, 38.

Real Geography. By Fairgrieve and Ernest Young.

Book I Visiting South Amerios, Australia and New Zealand, 2s.
Book II North America, 25. Book III Africa and Southern Europe, 2s.

o

Other Continents in Preparation.

Philips’ Loose-leaf Revision Notes in Geography. By L.B. Cundsll, M. Se.,
F.R.G. 8, and W, V, Janau, F. R. G. 8.
Genernl Set, Major Regions and the Continants, 18, 8d.

An Introduction to Commercial Geography. By L. D. Stamp, 4s.

Longmans’ Wall Maps in Tamil and Telugu. Size 43 x 33 inches. On cloth
Rollers and varnished. Physico-Political. Each Rs. 4,

THE WORLD, ASIA, INDIA,

Longmans’ Atlag {n Tamil. New and Revised Edition, As. 12,
Atlases in Telugu and Urdu algo available.
Mapograph. For taking copies of outline maps. Easy to handle.
Rolls available for all Continents and Countries.
Fall partioulars will be supplied on request.
Philips’ Globes and Wall Maps. Available in different sizes.

List on application.

reeNamEREEnNE LONGMANS, GREEN & CO' LTD. ITaEmeonen: w8
36-A, MOUNT ROAD, MADRAS.

Printed by G. Srinivasachari, at G. S. Press, Narasingapuram Street, Mount Road,
Madras, and published by N. Subrahmanyam, Gopalapuram, Cathedral Post, Madras.
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