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Malaria and Agriculture in Bengal. 

INTRODUCTION. 

Malar.ia and Agriculture. 

"Only the greatest wilderness or the most complete culture of 
lhe land protects a district from malaria." 

ASCHENFELDT; 

•• The neglect of cultivation of the soil and the decay o~ land 
recently built on are conducive to malaria, whereas, on the. contrary, 
a rational culture of tile soil caus~s the gradual disappearance· of 
malaria." 

SCHEUBE. 

"Experi,~nce teaches that the soil is the more insalubrious the 
l~ss it is cultivated. In the cultivation of the soil, we include 
several factors, namely, the regulation of the ground moisture by 
caualisation, drainage, etc., the growing of plants, which, by .using up 
the water, contribute to the drying of the soil, anJ finally, the 
number of the population, etc." 

· MANNABERG. 

1 -MalaPia and AgPicultuPal Decline. 

A clos~ association has always been recognised between· 
malaria and agricultural conditions, · and it has long been 
known that a gt·eatly increased prevalence of the dis~ase 
almost invariably accompanies the decay of agriculture. and 
the decline of cultivation. For example, Pliny, iii his 
Natural History, writingof malaria in ancient Italy, records 
that: - . · - . 

" The Pontine mari!hes were anciently a fertile and -well•. 
cultivated plain occupie<l by twenty-four villages, but towards the 
close of the republic gradually fell into their prt>sent condition, owing 
to the decline of agriculture." . · · 

A similar explanation has been given of the· increase ·of 
malaria in the Tuscan Maremma: · ·· ' --

.. During the Etraican period, it possessed several' ·considerable 
towns, hut on the decline of agric"lture in Italy and the conversion 
of the farms into pastura lands, the desolation of the coast tlistricts 
maJe rapiJ progress." 



Of the Roman Campagna also, it is stated :-
.. Once a densely-peopled land with numerous anti prosperon~ 

t.lwns, it is now a dreJry waste, of which barely ono-Lt>nth part i:~ 
furrowed by the plough share. In May, when malaria bl•gim1 L•, 
prevail, herdsmen and cattle retire to the mountains; while the few 
individuals, who are compelled to remain behind, lead a miserable 
and fever-stricken existence. The cause of this changd dates from 
as remote a period as the last centuries of the republic, when t.he 
independent agric11ltural population was gradually dio~placed by 
proprietors of the large estates and pasture~ This system inevitably 
entailed the ruin of the country, for a dense population and a high 
degree of culture alone can avert the malaria which is produced by 
defective drainage and the collection of stagnant water in the 
undnlating and furrowed volcanic soil." 

2. The great epidemic of malaria in Mauritius and 
Reunion in 1867 followed a d~terioration of agricultul'o. 
Hirsch points out, when describing this outbreak, that-

"The coast and level country of the Mauritius, which formerly 
afforded a rich soil for the growing of coffee, indigo and cotton, had 
been gra•Jnally allowe.J to go out of cultivati~n and had become 
entirely barren." 

· "Mauritius is over-drained," says one of the reports on the 
epidemic," the localities which are the driest, and where health and 
agriculture suffer most, being low lands on the eastern, north
we~~tern and northern coasts." • 

"Meanwhile, the }ield of sugar estates on and near the eastern, 
north-western and northern coasts began to decline and, tht>ir 
unprodnctiveness continuing to increase, some of them were at 
length abandoned. Since 1864 or 1865, about 35 sngar house:J on 
the low land have been closed and extensive plains, which at one 
time were highly fertile, are now barren. The present sterility of 
these lands .is generally ascribe~ to want of sufficient moisture. It 

· is said that, owing to the clearings which have been made on the 
elevated lands to windward, the soil and air on the low Janus to 
leeward· have become too hot and above all too dry for sugarcane.· 
Others ag11in, while not disputing that deboisement on the high land 
has prodncad injurious effects on the low lands, cont~ider that the 
principal cause,of the sterility is exhaustion.of that soil induced by 
long continued cultivation of the same plant." 

3. Hirsch associated the increase of malaria m 
Georgia (U.S. A.) with very similar conditions :-

"In Georgia, the disease prevails widely and in severA forms, not 
only in the numerous creeks of the coast, but also in the interior, the 
neglect of agriculture having greatly conduced in quite recent times, 
as it. seems, to au increase both· in the amount and intensity of 
endemic fever." · 

· · ·" l'here was waste land." says Winwood Reade, " in abundanc~ 
at the South i but it- wa1:1 dead. Their style of agriculture was 
precisely that. which is pursued in Central Africa. They took n 
tract from the wilderness and planted it again and again with 
cotton and tobacco till it gave np the ghost and would yield no more. 



They then move•i on and took in another piece. Obliged to spend 
all their 0:1sh in buying prime slav~s at two hundred pounds a piece, 
they could not afford to use manure or to rotate their cro>ps •••.•• 
The North•~rner, who travell~d down South, was astonished to find 
that the cities of the maps Wrlre villages and the villages clusters of 
log lutts. Fidds cov~reJ with weeds and moss-grown ruins showed 
where farms once flourishing had been." 

Norcom, .&riting in 1874 regarding the rerrtarkable 
increase of malaria in the Southern States of t.lu~ Union, 
remarks:-

" Befor\3 the war, the Southern States were in a high state of 
cultivation and the lands thoroughly drained; hence the malignant 
forms of malarial di~ease as a general rule were not .known, except 
in very low, badly-drained swamp lands. Within the past eight 
years, owicg to so much land lying waste,. Jefective drainuge'and 
the general insanitary condition of the country, the malarial_ poison 
has acted with intense virulence and caused the disease we are now 
considering." 

4. At a much later date, Laveran, when· de13cribing 
t.he malarious districts of France, states that : 

•• La Sologne fiorissante BOllS Henry IV etait devenue au. com~ 
mencement de ca siecle, a Ia suite de !'abandon de la culture du sol, 
nne des regions les plus miserables et les plus insalubres de la 
France." 

5. 'rhe passages quot.ed above . emphasize the over
whelming importance of cultivation of the ~:;oil in relation 
to malaria, and with good reason, for the question of rural 
malaria is so closely bound up with that of agriculture that 
the one cannot be properly understood without some 
knowledge of the other. Moreover, as will be shewn later, 
there are grounds for believing that the mitigation and 
prevention of malaria in the rural districts of Bengal, a 
problem for which no adequate solution ha& yet been 
suggested, may eventually be secured hy measmes, design
ed as much for preserving or restoring agricult.ural pros-
perity as for directly dealing with malaria. · 
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CHAPTER 1. 

Malar4a and Agriculture in Bengal. 

2-Publlc Health In Bengal. 

6. In Bengal, where the bulk of the people are depen
dent upon agriculture, low death-rates and good health 
accompany agricultural prosperity and high mortality and 
bad health on the contrary are as clearly associated with 
evidence of agricultural deterioration. This may be seen 
by comparin.~ stati~tic.') regarding the health of the res
pecti,•e populations in the four great natuml divisions of 
the p1·ovince with certain figures reflecting the agricultural 
conditions prevailing in the same areas. In the decade 
1901-11, the mean annual birth and death rates in each of 
the four natural divisions, viz., Western Bengal, Central 
Bengal, Northern Bengal and Eastern Bengal, were as 
follows:-

-
Mean recorded Mean recorded lllean annual 

hirth-rates death -rntea death-ro lea 
Natural tlivisions. corrected for per 1,000, per 1,000, migration per 1901 to 1911. 1901 to 1911. 1,000. 

--- --
We~tern Bengal ..• 1 33·0 31·9 31·8 

Central ... . 33·8 33·2 30·5 
" 

Northern 
" 

... 38·8 34·8 32•0 

Eastern 
" 

... :I7·5 28•1 28·3 
; 

7. In the first three· of the divisions, the death-rate 
during the decade was considerably in excess ( 13 to 23 
per cent.) of that in Eastern Bengal, whereas the birth
rate in Eastern Bengal was much higher than in either 
Western or Central Bengal. As a direct result, the rate 
of natural increase of the population in Eastern Bengal_ 
was very much higher than elsewhere and nearly eight 
times greater than that of t.he Burdwan Division 
(Western Bengal). The total expansion of population in 
Eastern Bengal during the decade was over 12 '1!3r cent., 
a figure far in excess of that in aay of the remaimng three 



% 11112 11JIJ1 18111 18()! 190 

11tJ GRDWTHo,POPULA711JN 
IN EADH II/VISION 

1821 
I 

i 
t 

% /812 1881 16/11 .. 1!101 /80 1811 

1711 PRE$/1/EKilY DIVIS/II/I 
GR/JWTH*PIIPVUTIIJ/t 

16/J 

ISIJ 

14/J 

12/J 

no 

11172 11181 18!11 ISII1 11111 11321 

# 
1110 

fiROWTHori'IPULATIIJH 
t7Q BURDWAN DIVISION 

lllil 

1872 11181 1891 lllflt tstt ,, 
*' CRDWTHvPIJPf/UT/111 

ZH EA81ERM IENIIAL 
DISTR/fJTS 

1811 

170 

IBII 

1511 

1411 

1:111 

1211 

ffll 

~ 

R8IJ NIJRTNERN BENIIAL 
DISTRIIJTI' 

~~D 1/JI()WTH,.PIJPQ~A 'T/1/K 

ll7il 

llSfJ 

11411 

ItS# 

............ · 



5 

natural di~ision~, as may be seen~ ,frqm; t.he, figures ~ited 
below:-

. 
Excess of Mean anoual. 

rate of nafntal 
Nutural divisions birtlJa over inc.rease correct- .. Increase of 

deaths per ed for migration JlOpulation. 
1,000. per 1,000. · ; 

' 
.. 

Western Bengal ... 1·1 1·2 - 2:8 per cent 
Central 

" 
... 0•6 3·2 5·1 

" Northern ,. ... 4·0 6·7 S·O .. 
Eastern .. ... 9•3 9·2 12·0 • • . . 

... 
8. For many years past, the growth of population -i~• 

Western and Central Bengal has undergone a serious check 
owing to diminished birth-rates and excessive· mortalit.y. 
The factors mainly responsible for this condition ;.~.re malaria 
and economic streqs resulting from agricultnr;tl ._decline. 
These factors are known tc;> be specially destructive of 
child life, and the proportion of children undE>r ten in the 
different natural divisions reflects their influence very 
clearly in the case of both Western and Ce-g~ral. Benga J. 
In the districts of Western Bengal, the percentage of 
children in th6 population varies from 23"9 per cent, to 
27"2 per cent., in .Central Bengal from 27"1 per c~nt. to 
30"3. per cent., in Northern Bengal from 26"6 per cent. to 
~5·0 per cent., and in Eastern Bengal from 29~1 per. cont. to 
.14 ·7 per cent. 

BEN~~L 
POPULATION 
C~OWTH 
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9. 'rho following table gives the mean of the figureA 
for the various districts of each natural division in 1911, 
together with the mean increaso in young children during 
the previous decade and the mean proportion of chilJreu 
11nder 10 to married women, aged 15-40 years :-

Natural oil Ylaiooo. 

Western 
Central 
Northern 
Eastern 

Bengal 
,. 
" ., 

I 
Cbildreu onder 10 I 

lo population 
of 1~11. 

... 1 .. 

Per cent. 

25·5 
28·0 
31·3 
32·0 

Increase of I Ohildreu under 10 
children under to married womev, 
lol siucu 111111, agod 16-tO. 

Per cent. 

+" 2·1 
+ 4·5 
+ 11·4 
+ la·1 

10. 'l1be lower death-rate, higher birth-rate and morlj 
ra.pid growth of population in Eastern Bengal are Jue to 
the relatively better health and greater agricultu!·al proH
pority of this natural division. This has received recogni
tion' in the report of the Census of India for 1911 in the 
follo~ing passage :-

. "Of the four natural divisions, the largest increase has occurrfld 
in East BengaJ.., where it is ·due entirely to natural growth. This 
tract is perhaps the healthiest in the province. It lies mainly in the 
joint delta of the Ganges an1l Brahmaputra rivers, where the fertility 
of the soil is replenished yearly by fresh deposits of silt.'' 

3-.MalaPia In Bengal. 

11. The lessened incidence of malaria in Eastern 
Bengal is the fuain cause of its better health. Malarial 
ft3ver is at least three times more prevalent in Northern 
Bengal, fourti~es more ·prevalen.t in Central Bengal and 
five times more prevalent in We~tern llengal than in 
Eastern Bengal. The fever- indices of the four natural 
divisions are gi~en below:-

, 

PPOPOPtlon _of mal aPia cases total cases. tPeated, 

. ' I . .. 
Western Bjm$al· · 
Cent.ral l , 
Northern ; ,. 
Eastern 

" 

.... ) 

Per cent. 
40·9 
32·3 
23·7 

7·5 
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4-Agrloultural ProsperitY In Bengal. 

12.. As regards agricultural pr9sperity, wa find that 
during the decade 1901-11, agricultural conditions 
generally were much more favourable in Eastern Bengal 
than elsewhere. For example, whereas the outturn of the 
principal food crops fell short of the normal by 21"8 per 
cent. in Western Bengal, 21 per cent. in Central Bengal 
and 12 per cent. in Northern Bengal, tho deficiency in 
Eastern Bengal was only 7"2 per ce11t. Land was also 
moro widely cultivated in Eastern Heng~l and the proportion 



of fallows very much less than elRowhere, as may be 
seen from the fi~ures quoted below :-

Percentage by 
which the outtorn 

.~ verag• ddcleaey of principal food 
Natural divlsious. I u total crop cropo fell short outturo during 

Western Bengal 
Central " Northern " Eastern " 

of tbe normal 
during decade. 11101-11106. 

11101-11. 

---

Per cent. Per cent. 

... 21·8 19·4 ... 21·0 20•4 

... 12·0 8·9 

... 7·2 6·9 

AGRlCUL TURAL CONDITION 
. OF" BENGAL 

r=J CULTIVABLE WAftS 

- CUI.TIVaTED 

IBIIIllllrAI.LOW 

ProJIOftloa 
of curno& fAllow 

all4 culllnb"' 
w•stet~ 

cropred 

--------
Per cent. 

59·( 
52·6 
31·4 
11·6 

13. The factors which mainly determine the outturn 
of 0rops, t.hus governing the agricultural prosperity of 
different areas in Bengal are : (1) tho relative fert.ility of 
the soil, (2) adequate and seasonal rainfall and (3) liability 
to enriching inundations with silt-bearing river water. 
•rwo of these factorA, rainfall and inundations-also 
exert an important influence upon malaria, heavy rainfall 
and widespread inundation of the land surface tending to 
check the breeding of anopheles mosquitoes~ whereas short 
rainfall and scanty inundations favour. their increase. 
Hence the relative prevalence of malaria is largely influ
enced by the same condi~iop.t! which determine either lJ. 
goO<! or a bi1od h~rvest, 
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&-Fallow Land In Bengal. 

14. 'l'he soil in Eastern Bengal is so much more 
fertile than that in the other natural divisions that land 
rarely needs to lie fallow. The Director of Agriculture 
stated in 1908 :-

"Of fallow land in the European sense, there is practically 
none in Eastern Bengal, for cultivated fields are never intentionally 
givt:n a rest. When a field is not cropped, it is simply because, 
owing to flood, drought or per.:;onal reasons, tht raiyat is unable to 
cultivate it. The percentage of 'cultivateu' land which in any 
year bears no crop at all is always very small. In a 
'normal' year it may, I think, be safely said that the area of 
current fallow in Eastern Bengal does not exceed one per cent. 
of the cultivated area." 

15. A comparison of the proportions of current fallow 
t\nd ct~tivable waste in four typical districts of Eastern 
Bengal ill. L911 with the corresponding figures for certain 
districts in Central and Western Bengal serves to give 
some idea of the relative fertility of these. different areas. 
The figureR quoted below show how much more favour
ably placed in respect of fertility the dis t rict.s of Eastern 
Bengal are than those belonging to tho other natural 
divisions :-

Dli5tril'td in Eastern 
Benga!. 

!?arid pur ... 
Dacca ... 
1\lymcnsinl-!;h ... 
Bakarganj ... 

Percentage Percentage 
of current of 

fall'>w to cn1turable Districts in Wt•stcrn autl 
net waste to net Cculrttl Beu¥al. 

cropped cropped 
area. area. 

4"0 g·5 
-1 ""'""'''""'" 3•g 2"7 ~adia 

2"5 tt·5 

1

13urdwan 
1"6 n·r. Hooghly 

CULTIVABLE WASTE & F"ALLOW 

COMPARED TO 

CULTIVATED AREA 

. .. 

. .. 

. .. 

. .. 

Pcrceutage \ Pcrc~fta~c 
0: 1~1;ure~~ 1 culturu blc 

ow w e~ste to nc 
net cropped I cropped 

area. an·n. 

64•fi 46·0 
5-t·(j -10"4 
45 0 24"5 
:l4•g 17•5 

I 
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6-The FertilitY o~ Eastern Bengal. 

16. The causes both of the perennial fruitfulness of 
Eastern Bengal and the relative infertility of the western 
portion of the delta are well known. We read in tho 
Statistical Account of Bengal that, ''lands adjacent to 
rivers, or watered by thect~ do not require manure, but 
other lands do," "that low lands \vhich are annually flooded 
do not require to lie fallow in order to preserve their 
fertility", and that_in Eastern Bengal, •• rotation of crops is 
nowhere practised, nor can it he said to be required, as by 
far the greater part of the aral)le land is each year 
refreshed with a new deposit of river mud." lloth the 
Imperial Gazetteer of India and the various census reports 
point out that F.astern Bengal enjoys advantages for 
which it would be difficult to find a parallel in anv other 
part of India. • 

"The rainfall is abundant, is usually well distributed anti il! 
never known to fail. The laud uf the delta is enriched by yearly 
deposits of silt. The climate, the soil and the river system are all 
alike favourable to cultivation:" · . 

"In its course through Bengal, the Ganges rolls majt>stically down 
to the sea in a bountiful stream ••.••••.• Embankments are seldom 
required to restrain its inundations, for the al(ut'irtl dPposits, which 
it spill-' over its bank year by year, a.ffo7ds tlte fields a top-dressing 11J 
·inexhaustible fertility. The natural overflow of the periodic innnda
tiou is sufficient to supply a soil which r~ceives in addition a heavy 
rainfall, aud this natural overflow is allowed to finJ its own liues 
of drainage. Tlte plains of Eastern Bengal, watered by the Brahma
putra, yield abundant crops of rice, jute and mustard, year after 
year, without undergoing any visible e.xhaustio,.." 

" The gneissic, laterite, and old alluvial soils are alikE! mainly 
dependent upon artificial manures to maintain their fertility, 
whereas the recent alluvium is periodically fertilised by fresh 
deposits of silt from the overflowing rivers. The latter process i11 
most active in Eastern Bengal, in the deltas of the Ganges and the 
Brahma.,utra, whose waters possess the fertilising properties of the 
Nile." 

Note.-Tbe italica are mioe-C. A. B. 

7-The Impoverishment of Western and Central Bengal. 

17. 'Vhile the . astonishing fruitfulness of East-ern 
Bengal is thus· ascribed to the periodic flooding of tho 
country, the rel~tive impoverishment of Central Bengal is 
admittedly due :td the cessation of the similar fertilising 
inundations which that area used once to enjoy. 'l'ho 
report of the Census of India for 1911 states :-

"In Central Bengal, excluding the 24-Parganas, the conditions 
ar~ lessfa''Ollrallle; Thll G!Htges, ha~·i,lg -strayed further east, haa 
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cea,.ed to enrich tlte soil with its fertilising silt. The numerous 
diHtribntaries down which it once found its way to the sea have 
degenerated into stagnant lagoons, and the health of the people has 
thus been seriously affected." 

The Btmg-al Cen'IU'3 report of 1901 also refers to the 
condition of l.Jentral Bengal in the following words:-: 

"Central Bengal, which is bounded on the west by the Bhagi
rathi, on the north by the Padma, and on the east by the Madhumati, 
was formerly the GaugP.s delta, hut it has been gradually raised 
above flood level, and the great rivers which formerly flowed 
through it, depositing their fertilising silt, yidlding an ample supply 
of wholesome drinking WJtter and draining it, have shrunk to 
insignificance. Their mouths have been silted up and their beds are 
often higher than the surrounding country, which they are no 
longer able t.o draiu. 'l'he country has become less healthy, and is 
Jar less fertile then. it wa•Jorme1·ly." . 

\ Note.- The italics are mine-C. A. D. 

8-A!lrlcultural Conditions In the Individual Districts 
of Eastern Bengal • . 

18. Further enquiry in regard to the agricultural 
conditions of certain district8, typical respectively of 
Ea8tern Bengal on the one hand and Ce~tral Bengal on 
the other, throws still more light on tho facts that have 
just been st.ated. One hundred and thirty five years ago, 
the diwani of Dacca, which at that time included the 
present districts of Dacca, Myruensingh, Faridpur and 
Bakarganj, had more waste land and jungle than any part 
of the province. Sixteen years later, it was estimated that 
"one-fourth of the southern, one-eighth of the eastern, 
three-eighths of the western and five-eighths of the northern 
divisions of the district were still uncultivated and under 
jungle." At the time of the permanent settlement, only 
one quarter o[ Mymensingh district was under cultivation, 
and in 1839 Dr. Taylor estimated that one-third of Dacca 
district was still uncultivated. The cqange that has 
occurred since ·those days is very gre~t. 'fhe Dacca 
District Gazette~r remarks :- ' 

" There can be little c.louLt- that; at the time when the Hon'ble 
Company took over the diwani, there wer3 still considerable areas of 
waste land lying idle in every quartel" of the district, whereas at 
the present day there is hardly a square foot of land outside 
llhowal which has not been presse1l into the service of man .•••••• A 
subdivision like Munshiganj, that has a rural population approach
ing 2,000 to the square mil~, must be clt;arly cultivate I up to the 
hi~heHt limit, and there can be little doubt that for many years there 
lla1i beeu no cultivable waste laud in the c.listrict outside Bhowal.'' 

2 
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" The rt>ally essential factor which determines the value (of any 
given field is net so much the soil, of which it is composed, bot the 
depth of the water which stands on i\ in the rains. An I it is height 
a11d duration of the flood, even more than the local rainfall, which 
decides whether the harvest in Dacca will be good or bad. These 
.flo ds se,·ve a double purpo11e, for they not only supply the crop witll 
"''' moistw·e it l'ff]'tires bret th'!y l'eatore fertility to the soil by tlu 
1 ich deposits of silt which they bring down '' 

Nnte -The italic~ are mine-U. A. B. 

"Hemmed in on three sides l:y the Jamuna, Pa·lma and Meghna, 
Dacca is subject to all the vicissitudes of alluvion and diluvion, as 
well a" to the periodic inundation and silt fertili&ation characteri~tic 
of Eastern l:lengal. These great rivers, as well as numerous smaller 
;-;treams which intersect the district, annually flush and fertilise the 
land." 

Dacca Di11trict.-" Much of the land in the district, too, has its 
fertility renewed by rich deposits oi silt." (Dacca District Gazetteer.) 

"The great-er part of the district lies low and is floo,led every 
year, but after the rains the flood water is drained off, and leaves the 
land enriched with a thick deposit of silt." (Census Report, 1901.) 

" Dacca is at ouce the type an<l metropolis of Eastern Bengal ; 
...... it is subject to ...... periodic inundation and silt deposit which 
are chardcteristic of this fortunate part of the province." (East'3rn 
Bengal and Assam Gazetteer.) 

BENCAL 
ARtA OF' 

INUNDATION 

HI. Every one of the alluvial districts of Eastern 
Bengal enjoys these advantages to a g:eater ot· l~sser 
degree. And this fact has been brought mto ·prominent 
notice in the various census reports and gazetteers from 
which the following extracts are taken :-

Jlymensingh District.-" The north lies ?omparativel¥ big~ and 
is generally above flood level, bqt the south IS Iow"lr a11d lS subJeCt to 
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annual inundations and deposits of fertilising silt." (J<;at~teru Bengal 
and Ast~am Gazetteer.) 

1'an_qail )ubdioishm.-" Except in th·~ east which contains part 
of the Madhupur Jungle, the subdivision is an alluvial tract, subject 
to annttal intuHlations and deposits of fertilising silt.'' (Eastern 
Ucngal an<l Assam Gazetteer.) 

Kishorganj Subdivision.-" It i::~ an alluvial tract, intersected by' 
marshes, and is subject to annual inundations and deposits of fertilis:
iug si![,'' (Eastern Bmgal and Assam Gazetteer.) 

Faridpur District.--" The district is always inuuda•.ed when the 
rivers rise in the rainy season, but thtl Hoods seldom cause more than 
temporary damage ; and they are in fact beneficial, a'3 thP-y cover the 
country with a rich alluvial deposit." (Eastern Bengal and Assam. 
Gazetteer.) 

"The main crops are jute and a long-steiil.'l1led variety of winter· 
rice which grows as the flood increases and will thrive in any depth. 
of water provided that it does not rise too suddenly. · Suhject to this. 
condition, th\ higher the waterd rise the better; the silt deposited is 
proportionateT'y increased, the sewage and other impurities which 
collect in the cold weather are more completely rem'oved, an~l there is 
less difficulty in obtaining potable water during the winter months.'' 
(Census Report, 1901.) ,. 

" The annual in~mdations of the Padma and the Chandna supply 
sufficient deposits of fertilising silt, and little or no manure is neces
sary in the low-lying ground in w'tich the ama11 crop is cultivated." 
(~tatistical Account of Bengal.) · 

Bakar,qanj District.-" The district 'being, as already stated, one 
level, the water during the season spreads over the whole country 
and only the village sites, ".lach raisod on its own little mound, staud 
a hove the flood. These floods, however, leave behind them a thin 
layer of fertilising slime, which repays the peasant for the loss 
causell by the inunllation." 

"The district lies low, an I exc~pt in the east, most of the country 
is inunuateJ during th'} rains. The hil{4er ground in the east pro~ 
duces sugarcane, puls··s, the pan creeper and a little jute; the rest 
of the district i::1 fertiliseu hy rich deposits of sill and forms with 
Noakhali the most important rice-producing tract in Eastern ·~engal.,. 
(Eastern Bengal and Assam Gazetteer.) . . 

"The soil is extremely fertile, being annually enriched by th~ 
silt brought down by the rivers." (Census Report, 1911.). : 

Tippe1·a District.-" 'fippera is a le~el alluvial plain broken only 
by t.he isolated Lalmai hills .... To the east, the country undulates and 
runs into the Heries of low forest-clad hills which form the most 
wosterly of the hill Tippera ranges. The west is inundated during 
the rains." (E1stern Bengal and Assam Gazetteer.) 

"Tippera enjoys exc~ptional advantages in regard to both. climate 
an•l soil. The M:e1~hna, which sweepi past the. weiturn: .border, 
enriches a large tract l)f land, on which fine jute is produce,],· whilo 
a number of smaller streams hringing down silt from the' hills spread 
it over the greater portion of the district." (Ceusus Report, 1911.) . 

Noakhali Di.~trict.-" The soil is fertile throughout the district, 
the lands subject to the· direct· fluvial action of the Meghua being 
t'~tncif\lly rich," (Census Report, 1911.) ' 

. •' 
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"Little manuring is practised as the fertile soil, rt'no,·akll 
annually by deposits of silt from the overflowing rivt'rs, ltt.'ars rich 
crops year after year without exhaustion." 

vllitla<JOII!I District.-" The hills streams are also ht•avily charged 
wilhorganic matter from the decaying vegetation in the hills, anJ 
the silt which their waters deposit acts like manure and enablt'S a 
rich succes;~ion of crops to be harvested." (Eastern Bcng"l and 
Assam Gazetteer.) · 

9-AgpJcultuPal Conditions In NerthePn Bengal. 

20. A portion of Northern Bengal enjoys adnmtages 
similar to those which have brought prosperity to Eastern 
Bengal, as will be seen from the extracts quoted below. 
But in the centre and the west of the division, the land is 
too high for inundations and in Rajshahi and part of Pabna 
they have also practically ceased. 

Malda District.-" The low-lying recent alluvium in the west 
and south is enriched by annual dEposits of silt, and Hs fertile soil 
is well adapted for the cultivation of rice, mulberry, indigo and 
mangoes." 

It may be remarked, however, that of late years com
plaints have been made regarding the silting up of the rivers 
in Maida, and the author when touring in the district was told 
by a number of cultivators that fertilisin~ inundations with 
river water were now less common than formerly. 

Rangptlr District.-" The Brahmaputra practically forms the 
eastern boundary for a distance of eighty miles .••• Its mighty stream 
exercises a great influence over the district hy thA fertilising effect of 
its innndation .••• The soil is remarkably fertile, being generally a 
sandy loam deposited by the rivers when in flood .••• The light alluvial 
soils are admirably suited to jute cultivation, and Rangpur yields au 
eighth of the whole output of Bengal, being second only to Mymeo
&ingh." 

Bogra District.-" The east of the district, especially the dt·nsely 
populated Dhunot thana is low, and receives annual deposits of silt 
from the floods which cover it ; the soil is friable and grows excel
lent crops of jute. Very similar conditions prevail in Sibganj anti 
Shariakandi." 

Palma Dist,·ict.-·'Tbe Sirajganj Subdivision is low-lying, 
but, except in the Raiganj thana to the north, the drainage 
is not impeded by the high banks of dead rivers. It thus receives 
the benefit of an annual deposit of silt from the Jamuna. 
Unlike the rest of the district it is healthy, and the population is 
rapidly increasing.'' 

21. From the passages quote-d above, it· may be seen 
that Eastern Bengal and certain parts of Northern Bengal 
owe their agricultural preeminence to the fact that tht>y 
·are each year inundate-1 by the spill waters of the grent 
rive~s, which, besides affording an ample supply of moisturo 
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Cor the purposes of cultivation, bring with them a rich 
supply of silt whicb is deposited upon the surface of the 
country, thereby rene win~ its fertility. And as we shall see 
later, it is the same agency which keeps these same areas 
almost free of malaria. 

1o-Agrloultural Conditions In the Dlstriota of Central 
Bengal. 

22. .Agricultural c:)nditions in tho western portions of 
tho Gangetic delta make a very poor showing, compared 
with those in the east. 'fake the cases of Nadia, Murshida
Lad and Jessore: as far back as 1881, tho report of the 
Nadia .1!\wer Commission remarks:-

"Diminished fertility of the soil in Nadia.-There is a consensus 
of opinion among Europeans and Natives that, except in the lower 
lands used for\the rice crop reaped in the cold wealher, thbre is a 
distinct dec rea~ in fertility of the soil of Nadia. Considering that 
no land except that used for sugarcane and tobacco is ever manured, 
and that the Gangea tlootls, which are so fel'tilising, are shut out 
by the embankments of the rivers, it i:J not to be wondered at that 
gradually the soil should become pat·tially exhausted." 

Even earlier than this timE), the effect of diminished 
inundations had oecome apparent, as may be seen from the 
passages quoted below, which occur in two of a series of 
letters from indigo-planters, published in the Supplement to 
the Calcutta llazette of 1864 in quite another connection. 

~h. J. P. Wise writes as follows :-
"In the low rich laud affected by the inundation the raiyats go 

on year after year sowing their crops without experiencing any 
gt·eat d~teriot·ation. On the high lands depending on the elevation 
of the soil, and where not enriched by annual deposits, the raiyat 
merely extracts what he can without returning anything to it in the 
way of manure, and consequently this soil becomts exhausted, forc
ing them to let the land remain fallow for one or more years." 

And Mr. W. B. Baldwin remarks :-
"In the Soobunkally Concern, I held lands that have been 

annually sown with indigo for 30 years, the last ten of which they 
laa<l got beyond the influence of the yt>arly inundation, and there
fore, the return was unprofitable. Upon which I gave np the lands 
to the zamindar ..... " 

:!3. 'fhese two let.t.ers <:orroborate a statement iu the 
Nadia Distdct Gazetteer, regarding indigo cultivation in 
fonuN' days, to the effect that :-

" As the country was then lower than during later years, and 
more liable to fertilising inunuations, the plant grew more luxuriantly 
and the crop was less liable to failure from drought.'' 
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N urnerous other references have been made at various 
times to tbe growing infertility of Nadia. Certain passages 
from the Nadia Uazetteer read as follows ~-

"The cultivators till tha land for two or three years and then 
allow it to lie fallow for a year or two, the fertility of the soil not 
being sufficient to allow of uninterrupted cultivation'' ..... 
" There s0ems little doubt that the main reason why th•~ percentage 
of the population engaged upon agriculture is so comparatively low 
in Nadia is that the land iR on account of its inferlility. incapable 
of affording a livelihood to a large percentage." 

"The Nadia dil:ltrict is a part of the old delta, but its rivers have 
gradually driad up and 'it no longer receives the an1mat deposits of 
~ilt which formerly renewed its fertility." (Bengal Census Report, 
1901.) 

"The Ranaghat subdj. vision and a great pan of the Sadar sub
division, on the other hand, barely support half this population. 
The lo\v density is here due partly to the silting up of tfie rivers 
which has dep1·1:ved the country of the silt it used to receive .••••• " 
(Bengal Census Report, 1901.) 

"In earlier days before the rivers had completed their work of 
land making, the di'!trict was.,.far more liable th \Jl now to con
siderable inundations, which although they might destroy the crop 
which was actually standing at the time of their visitations brought 
\vith them a coating of silt, which ensured an excellent outturn for 
the following crop. This en1'ichment of the soil, h•,wever, nrJ longer 
tnkes place as frequently as it used to, and as the very light manur
ing which is applied is insufficient to cCJmp3nsate for the loss 
occasioned to the soil by cropping, there can be little doubt that 
the hutd is getting less and less vapable of giving tt good 1·et·ur n 
This is particularly noticeable in the steady diminution which has 
been taking place of late in the net area croppe,1 in the district, 
which means that it is becoming increasingly necessary to allow 
the land to lie fallow for longer periods. During the last five yeaJ'I:l 
for which s~atistics are availablt>, the average area of cultivable 
waste othP-r than fallow was about 348,000 act·es; of current fallow;; 
!J,bout 400,000 acres and of net cropped laud lbout 520,000; in other 
words, the net cropped area was only 41 per ce.nt. of the total 
:mltura ble area." 

Xote.-'J'he italic~ are mine-U A. B. 

24. Infertilz'ty of Nadia..-'I'he Director of Agriculture 
reports 111 1910-11 and 1912-13 :-

"In Nadia, 1M soil is deteriorating on account of the. gradu.t 1 
silting up of Ire river channels." "Iu the Kushtia subdivision 
'of the Nadia district, the land is said to be losing its fertility 
by water-logging due to high embankments and insufficiency of 
culverts ... " 

Finalfy; tbe Census Report of 191 L contains the follow
ing quotation from a repol'i. of tho Collector of Nadia on the 
same subject :-

"There is no doubt that the soil is getting less and less fertile. 
'rhe average yield of crops is low as wtll be seen from the fact that the 
average yield of winter rice is 805 lbs. per acre and of autumn rice 



1:135 IIJs., while in Jessore it is 1,145 and 87tJ, and in 2-i.-Pa.rga.nas it is 
8-!3 and 1,014, r~spectively. Another noticeable feature is that· it is 
becoming nec~ssary to allow the land to lie fallow for longer periods 
between cropping:~. During the five years from l9lll-O!P to 190S-09, 
only about 40 per cent. of the total culti:va~le area was actually 
cropped." · 

25. Agriclfltu~al deterzora.t{on it~ ~urshidabad.-::Agri
cultural detenoratwn has als~.)occurred 1n the Murshtdabad 
district and has been associated with &. coincident· decline 
in the public health. In 1809, Lord Valentia remarked of 
tho Murshidabad district that :-

"The annual overflow of the river leaves a deposit of mud, which. 
like that of the Nile, give:~ richness to this otherwise barren cu.t~try,•• 

At the beginning of the last c~ntury,.Cossinibaiar Is~and, 
as the portion of Murshidabad Jying between the Ganges, 
the Bhagira~hi and the Jalanghi rivers was then ~alled, 
was both ex:\eedingly well-culttvated . and very populouS, 
Lieutenant ,John Pester stated in 1805 that Cossimbazar 
Island was then in a stat"' of fet"tility. equal to any qa~:rlen. 
The Imperial Gazetteer mcOL·ds that :- . . . . 

"The decay of Cossimbazar datas from the beginning· of the 
nineteenth century when its climate, which .had previously· been 
celebrated for its salubrity, underwent an unexplained change for 
tho wor:~~, so that the margin of cultivation receded and wild beasts 
increased.'' · · 

In 1838, Montgom ~ry Martin mentions that the climate 
.of the M urshidabad district ha l deteriorated 1 'l or 18 ye:u;s 
previously. " 'fhe miexplainod change for t.he worse," 
detrimental alike to agriculture and.population, appears :.to 

. have been directly associated with the cessation· of the 
'periodical inundations, which used formerly to enrich the 
Koil i and the decline of. agricultural ·prosperity _whic}l 
followed was also accompanied by an increase· of· malaria. 
·'rhe cessation of inun lations was directly due to . tlie 
emb:mking 1of the i·ivers. Hamilton writing of th~ area 
speaks of " stupendous dikes not altogether preventing 
inundation but checking its sudden excesses.": And recent. 
census reports and gazetteet;S refer to the embankments 
and their effect up':>n agriculture as followR :- · ·. " • · .. ~, 

"The district of Murshidabad is bisected from north to so\ith by 
the Bhagirathi ......... East of thi.~ river, the soil is low-lying .and 
alluvial and forms a part of the old delta. It is fertile but liable to 
be flooded by the spill of the Bhagirathi and other rivers to· prennt 
which numt·rotis embankments hav~ at various times b~en erected. 
fhe most important is the line of embankments along the left bank 
(If the Bhagirathi. The propriety of maintaining all these embank
ments has often been called in question, The land which would 
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otherwise be flooded is thereby deprived of its s11pply of fertilising 
silt and the river being confine•l to its b<JJ deposits its silt thert} an•l 
thus gro&Jually raises itself above the lev<ll of the surrounding 
country." (Bengal Census Report, 1901.) 

Nule.-The italic~ are mine-C. A. D. 

2ri. Agricultural detel"ioration in Jessore.-One o{ the 
earliest references to agdcultuml condit.ions in Jessore is 
to be found in the report of the committee· appointell to 
enquire into the establishment of Fever Hospitals in 
Calclttta in 1842, which mentions t.hat J essore was a 
district subject . to inundatioa, and explains that it was 
tl~erofore far more fertile than the 24-Parganas. In 1870, 
Westland, when describing a considerable portion of 
Jessore, says that :-

"For i'Ome months in the year,the whole region may be said to 
be under water. The tract is not only liable to inundation, but thP 
inundation i<J ca.lcnlated upon, and the crop:~ do not pr.>sper without 
it • • • • The surface seems to be a sJries of basins, into which thP 
watera flow through the khals, which, leaoling from the river, 
penetrate the high marginal land." · 

Since 1870, matters have gone from bad to wo1·se in 
Jessore, as ~ay be seen from the passages quoted. below :-

"We find, therefore, that, with the exception of the Kumar, the 
interior Jessore rivPrs, namely the Nabaganga, Chitra, Kahadak, 
-Bhairab, Harihar and the Bhadra, have within the last century 
ceased to be true deltaic river::l. Ttey no longer convey the waters 
of the great Ganges to the sea, and have degenerated into linPs of 
drainages which carry the local surface water to the Bay of Bengal. 
Hence it arises that the land lying north and we::lt of the imaginary 
line from Kessabpur to Muhammadpur is ceasing to be delta )and; 
and as a matter of historical fact, the north~rn and western parts of 
the district were far more liable to inundations eighty years ago 
'han. they 'are now. The country between the Kumar and the 
Nabaganga' at that time regularly lay under water for several months 

'every year;·whereas it is now only reached by unusual inundation." 
.·(Statistical Account of Bengal.) 

. "In. the.south a ad so nth-east of the district, the lands are low, 
,the rivers tidal, and there are many bils or morass~s. In the north 
.and north-west, the land i:t hiether, having been raised by the tlepo:1it 
·of silt from the rivers which traverse it.· This process has now 
stopped owing-to the rivers having silted up at their head, the result 
-of which .is that periodical inundations which used to occur when 
they· were in flood, have ceased. In the Jhenida subdivision, there 

·have-. been· no floods for the last 15 years, and the country is lite 
· pooref'_for it;. while in the l\Iagura subdivision, the floods are now 

-.comparatively slight and the land is nrJt fertilised to tile same extent 
"" forme1'l!J.~' (Jt>.ssore District Gazatteer.) 

Nott!.-Tlui italics are miue-C. A. D. 
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Jhem:da Subdivision.-" Inundations from the ]{umat still occnr 
but at rare intervals. 'fhe surface has b3en raised by the inunda· 
lions of distributaries of the Ganges till it is uow b~yond the reach 
of ordinary floods, and consequently it IW longer recewes the deposits 
of silt wlticlt formerly enriched it." (Jessore District Gazetteer.) 

"The average density of population is greatest in th? east,. where 
the soil is most fertile and still receives occasional deposits of slit, and 
least in the Bangaon subdivision in the west. The low density in 
the latter tract is due partly to the silting up of the rivers which has 
deprived the country of the silt it os3tl to receive and partly to long 
coutin ued unhealthiness." ( Jessore District Gazetteer.) 

.. Yarail Subdivision.--" 'The Sub•livision borders on the Faridpur 
district. The process of land formation has noL yetceased, aud it 
receivt•s occasional deposits of silt. It is less unhealthy than other 
parts of Jessore and the soil is very fertile . • • It is the most thickly 
populated part of the distri~t." (Jessore District Gazetteer.) · · 

The Gaz~eer of the Jessore district states :-

"It is reported that cultivation has suffered from the deterioration 
of the rivers, which year by year use,f to deposit a layPr of silt on their 
hanks and in the Mls during flood time .••••• This natural foro: of 
fertilisation ha'! ceased • • • The area under ama" rice is contracting 
owing to deficient floods." 

The following remarks from the annual season and 
crop reports isRued by the Dir~ctor of Agriculture afford 
further eviLlence of agricult;ural aecadence in Jessore :-

1908. "Agricultu1·al deterwration.-Large tracts in Magura, 
Narail and in the sadar subdivision of Jessore are showing signs of 
permanent deterioration owing to want of facilities for the ingress 
ancl egress of rain antl flood-water." 

:L7. The causes oj agricultw·al deterior7.tz.Ot& ln Central 
and nrestern Bengal.-The last quoted extraCt above is 
extremely significant, summing up as it does in a few 
words the main causes of agricultural decline in the 

. districts of Central Bengal. And the same remarks apply 
to many parts of Western Bengal and other portions of the 
province also. Briefly, it is the want of facilities for the 
ingress and egress of rain and flood water which is res
ponsible Loth for a great decline of agriculture and the 
?eteri?ra~ion. of. the public he~lt h that has accompanied it. 
fhe md1scrnnmate embankmg of vast tracts in lower 
Be~gal primarily for _Hood prevention and secondarily 
owmg to the constructiOn of the network of railways and 
roads that now covers the country has caused serious 
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damage alike to agriculture and to the health of the people. 
In 191~, according to the Director of Ar,riculturo-.,., ' 

"the. di:~t.rict officers of N.&Jia, Burdwan, MiJnapur, Uowrah, 
Krishnagar and Mnr.;hidabad report agricultural dett•l·ioratiou ...... 
In Kri3hangar, the gradual silting np of tha river channels arul 
the ins:1ffi.ciency of r.&ilway culverts are put forward as causes of 
.~eterioration." 

· 28. There iM a considerable amount of evidence to 
support t'J.o view that rail way construct ion has Leen Ia rgely 
•·esponsible for the disastrous chango tltat haR come 0\"er 
many. parts of the delta in the last seventy years. Before 
the advent of raihvays, there were few roads an.( although 
t•i ver embankments exi~ted in C•~rtain districts they were 
mrely eaicient in prevent.iug inundation, because breaches 
were common and more often than not the embankmonts 
were delilremtely cut· to let river water into the bils and on 
to the fields. As there were few ro~td::~ to impeJe the free 
pa~sage o£ the floods act·oss the Hnrface of ttw country, 
the water flowed ft··>m field to field, choosing thr~ nat.ural 
linel1 oE ~rainahe, and eventually made its escape through 
the network of khals and channels that existed in every 
p.nt of tho delta. But this natural process of flood and 
tlu~h was destroyed by the adn~ut oE railways, which 
• eqt,it:ed embankments for . their !.racks and a system of 
feeder roads to convey pac;sengers and produce to their 
stations. For the periodic inundation of the country 
naturally tended on occasions to destroy the continuity of 
.road and milway communications and it Lecamn necessary 
therefo:·e t.o make the river embankments secure again!:lt 
bre,tching ; and in consequence flood water was Rhut out 
from the country, the natut·al syst.em of deltaic irrigation 
was iuterrupted,.draiuaga was·impeJeJ and the network of 
channels which used formerly to be fed by the spill water 
[!·om the great" rivers be'Came silted up and in many cases 
entirely destwyed, rendering boat traffic difficult and in 
many· cases impossible. 'l.'he emLanking ol the country 
and the shutting out of river water {rom the !iurface of 
th.e delta was further marked by t.he 8imultaneous 
oc'currence of appalling epidemics of malaria, a ~:~eriouH 
declinl3 oE agricultnt·o anJ the progressive depopulation o£ 
the affected areas. 
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CHAPTER II. 

The Effect of Embankments in causing Malaria 
-and Agricultural Decline. 

t1-Deltas naturallY free of Malaria. 

29. Contrary to what is often aasumbd and even de.fi-· 
nitelv stated in t.he oider medical text-books, deltai<~ 
s war~pH and the so-c:.~.lled '· boLt om lands'' adjacent t.o 
large rivers are as a rule cou1paratively healthy and natur-
ally [reo from a ~:~erious amount o[ malaria. · : : 

The freedom from malaria enjoyed by the delta o[ the 
Nile was mentioucd by StraLo over two thousand years 
ago. And fi.Pe same author remarked of . · Haveuua, . a 
city in the ~Ita of. the Po-Reno, that like· Atexandria, 
though sutTrountP-d by swamps it wa;:; ft·ee of marsh fever. 
Ravenna remained healthy for a long period. Thus Vetru
vio cited it as an example of a . well-situated and healthy 
city ; and Chigr quotes l\Iarzia as 'praising its saluliriou~:~ air 
while complaining of the incessant croaking pf the . frogs. 
Ultimately, howC\'er; partly a~ the· 1·esult of natural causes 
and partly owing to artificial changes, Ravenna became 
vetT malarious and has remained so fm· many centuries. 
The Li~ deltas of China are known to be comparatively 
non-malarious. The troops from India encamped .on the 
mud1ly fiats of the Peiho and Peithang rivers in 1860, 
enjoyed an extraordinary immunity from malaria, and 
evon those rPgiments which had suffered severely in India 
were exempt. ·' Even the depressed oriental · race. o[ 
China" says Wilson, " seems never to have had a difficult.y 
in mastering the great problems which the necessity for 
the subjugation of rivers forces on civilized man; the 
Chinese waters have been tur~eJ to the most· profitable 
account ; their deltas:seem healthy and abound with life • ·;. 
Agrieulture is said to be perfect." The singular immunity 
of certain deltas from serious malaria has been reported 
from many othor parts of Asia. 'l'hus, in 1909 .Mazzolani 
recorded in the· transactions of the )t.alian Society· for the 
study of malaria that, in the delta of the Sankoi. in Tong king 
malaria is relatively mild in spite of extensive rice swamps 
and numerous anopheles. The same obsen·er states that 
rice-swamps in the delta of the Mekong in Cochin Cuina 
show the prei>ence of anopheles mosquitoes witll little or 
no 111alaria among the population. , 
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30. 'fhe Great Dismal Swamp in Florida has Ion~ becrt 
considt•red remarkable owing to the fact that Jn:tlaria is 
rarely or never contracted thero. And although some parts 
of the :Mississipi delta are malarious, other portion3 of the 
swampy littoral are reported to be healthy. The deltas of 
the big rivers in South America have long been known to 
be relatively non-malarious. Humboldt, lhtes and Galt 
all record the comparative freedom from malaria observable 
in the delta of the Amazon in contra-distinction to the river 
valleys some of which are appallingly unhealthy. At a 
much earlier ·period Sir Walter Raleigh descriued hi~ 
experience of the delta swamps of the Ot·inocco in his 
account of the "Discovery of the largf', rich and beautiful 
Empire ol' Guayana" in the following words :-

.. Moreover, the country is so healthful, as of one hundred persons 
and more (which lay without shift, most sluggishly, anJ every day 
almost melted witb heat in rowing and marching, and suddenly W('t 
again. with great showers, anJ diJ eat of all sorts nf corrupt fruits, 
an.J made meals of fresh fish without seasoning, of tortugas, of 
lagartos, and of all sor~, good and bad, without either order or 
me.asure, and besides lodged in the open air evPry night), we lost 
not any o11e, nor had one ill-disposed to my knowledge, nor found 
any callenture, or other of those pestilent diseast-s which dwell in 
all hot regions, and so near the equinoctial line. " 

31. Malaria is absent from the Pampa::~ of the River 
Plate and the delta of the Parana river. l\lantagazz:1 
(1858-62), confh·ming the previous reports of \Vilson and 
Brunei (1842). slates o[ t;he banks of the Hio-de-la-Plata 
that. "paludal fevors are nowhere known " and Dupont 
(~868) remarked of the area around the mouth of the 
nver :-

"Intermittent fevers are entirely unknown along the littoral (of 
the La Plata); it is difficult to say to what cause thoir absence is to 
be attributed, but all physicians are agreed that they are absent . 

. The country presents at any rate all the geological conditions suitable 
for the development. of malarial fevers, umlulations of the surface 
hardly perceptible, periodical inundations over vaMt tracts of land, 
marshes and lagoons of great extent along the banks of the rivers, 
great elevation of the temperature in summer." 

Bouffier {1857), speaking of the adjoining delta!i of the 
Parana river and the numerous marshy islands at its mouth, 
remarks:-

"The numerous islands of the Parana are covered with innumer
able marshes, which fill and empty with the rising and falling of the 
rivet • • • As soon as the river falls, an immense extent of marshy 
ground becomes exposed. For all that, I have not observed a single 
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C<ll:le of intermittent fever, aml from the informalion that I have been 
able to gather, it appears that this affection is rare among the 
indigenous inhabitants." 

32. The deltas of some o[ tho large African rivers are 
as yet comparatively free of malaria. The following 
passage a~-;cribed to Stanley refers to the delta of the Congo . ' nver :-

"At Boma, on the ellge of the river, in the. midst of marshy· 
exhalations, Europeans enjoyed better health than at Vivi, built on a 
rock in a dry region and 340 feet above the river. Also at Kirishass, 
10 feet abon the river, Europeans enjoyed immunity from disease 
while al Leopoldville, 95 feet above the river, sickness prevailed. 
Equator Station, 5 feet above the river, on a muddy creek and alluvial 
soil, was more healthy than Magunga, 240 feet above the river and 
1,100 feet above the sea on a bill," 

Daniels rec?\_ds in his repor.t to th~ Ro.ral Society that 
he was unable to find anopheles mosquitoes m ·the swamps 
at the mouf;h of the Zambesi; and he mentions of a town at 
the mouth of the river that '' Chinde now has the reputa
tion of being a healthy place of residence." As regards the 
delta of the Niger, it may be mentioned that Annett, 
Dutton and Jl~lliott, the members of the Malaria Expedition 
to Nigeria~ spoke o£ Bras8, which is i~. the delta, as 
"a comparatively healthy district". 

33. In Sumatra, the low-lying areas along the flat 
banks of the Palembong river enjoy a comparative . 
immunity from malarial fever. And the recent investiga
t.ions of Terburgh show that there is little malaria. at 
Palembong, Sourabaya, Padang and Handa. In Borp.eo, at 
Sambas, few cases of fever are to be met with in the 
marshy vlains. Among 2,385 children examined in. this 
situation only 78 or 3"2 per cent. ~bowed splenic enlarge
ment, whereas in a neighbouring hill station 441 among 
534 OJ" 8:;?·5 per cent. had enlarged spleens. . 

The delta of the lrrawadi in Burma is reh\tively free 
from malaria. Sir H. Thirkell 'Vhite, when speaking of 
his early charge of a district in the delta in his book '"A 
Civil Servant in Burma," remarks:- · · 

"In those days, the local mosquito apparently was not of the 
kind which carrie!\ malaria. Or perhaps owing to the backward 
slate of sanitary education, he had not yet learned his trade. 
Cholera and small-pox excepted, the delta was comparatively free 
from serious diseases., Though swampy and water-logged;. it was 
uot Leset with malignant feverd." 

This view is supported also by tlae local dispensary 
returns which show that during 1911 the cases oi malaria 



together with "pyrexia o[ uncertain origin" trl'att·d at 
eight dispensarie~ in the delta represented only 3 per cent. 
of the total admissions, whereas in eight Ji~pensaries in 
Upper Burma the ratio was 15 per cent. 

A similar ·immunity· from ·malaria is reported from 
the Golavari and Kishna deltas in Madras. The dispensary 
returns from these two district.s show that during ·1~18 
among a total of 449,614 and 363,107 out-patient.s ~,dmitted 
for treatment in these two districts only 5"5 and 3"1 per 
cent., respectively, suffered fL"Om malaria. · In 1855, Baird 
Smith, in his rep~rt on ·Irrigation . iii Sou t bern India, 
remarked upon the freedom from malaria ~;>njoyed by the 
delta tracts of the Cauvari and Colaroon rivers, which 
have been irrigated for hund'reds of years by flow irriga
tion. This is borne out by the dispensary returns for 1918 
which. show only 11,237 cases of malaria among 589,726 
patients admitted for treatment, giving an astonishingly low 
{Aver index of only 1"9 per cent. The delta of t.he 
Mahanadi river i.n Oris~a, although not quite so free of 
malaria as the Madras deltiis just mentioned, also enjoys 
when compared with Bengal ·a. relative immunity from the 
disease. Lieutenant-Colonel Fry; in his first report on 
Malaria in Bengal, records the fact that: ;; In the.imme
diat.e neighbourhood of Cuttack, on the banks of the river 
Mahanadi, the sple~n . rate is less than 2 per cont.., on. the 
banks: of the Taldana Canal the villages ha,·e about the 
same. spleen rate". Tho dispensary reports for 19J9 show 
that malaria:·cases represented only 11 pAr cent. of the 
total admi~?sions for treatmenf, wl1ich compares favourably 
with· 25 rer cent., the 'figum for Bengal as a whole and 
so' per"cent., that of maily 'of the more unhealthy itreas. 

12-Deltas may become intensely Malarious. , 
. . 

·34. Deltaic areas ihuu.gh naturally healt.hy, so long as 
they' are n:ot. · interfered with, are ye~ almost always 
potentially malariou~:-~. Besides the case of Havenna, which 
ha.s already heen mentioned, numerous .instances may be 
quoted of dt>ltas that have become notoriouR on account of 
the prevalence of malaria. For example, speaking of the 

·Tuscan Maremma, a malarious tract watered b.v tho Cecina, 
Corma', Pecora. Bruna, Ombrone and Albegna rivers, Baird 
Smith remarks :-

' I • • ' • 

·~ li is to the disorga.nis;1tioq ·of Uies~ rivers that the ruin of a 
tract, which nature has endowed with the·.richest of suils and the 
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milJest of climates . with plains affording abundant pasture 
and fit for any kind of cultivation, is chiefly to be attributed." 

In a further paiisage of his report, the same observer 
refers to the early history of Lombardy in the following 
words:- . 

"The neglect of even those works which in happier tim'es' niay. 
have been constructe<i , • • thrflatened to leave the rich plains 
of I.oinbardy in a sbte scarcely superior to that of thP. 'l'uscan 
Maremma, or the Pontine marshes.- The same cause which 
has affected the ruin of these latter tucts was in active 
operation throughout Lumhardy during the dark aged; thP. numerous 
rivers were unregulated and uncontrolled; and some notices of 
the state of the country d uriog the tenth century prove that the 
inevitable results had followed, in the formation of vast marshes, and 
the abandonment of extensive districts." 

Many oE the rn Llarious tmcts of Italy have long since 
been restored from the state of ruin into which · thev haa 
once fallon. Baird Smith quotos Bruschetti as rem~rking 
that :-" t.racts now richly cultivated wet·e then stagnant 
marshes or arid wastes." 

35. India, too, can show examples of once pros
perous delta areas sinking into. a state of decay through 
agricultural decline and epidAmic malaria and then l1eing 
re~;tored once again t•J a Condition of health and prospel·ity 
by the reorganisation of their river systems. The Tanjore 
and the Rajalnnandry districts in Madras, which have both 
passed through these experiences within the last century 
are striking instances. Much of Lower Bengal, on_ tho 
oth(w hand, is suffering at the present moment from disas
trous changes similar to those which once threatened· the 
existence of t.he more favoured deltas just mentioned. . In 
this case the disorganisation of the rivers has beeri 

· largely brought ahout or at least. greatly hastened· by 
human interference. 

·• It is not only through the hand of God" says Lieu
tenant-Colonel F. C. Hirst "that the Nadia rivers and. the 
country surrounding them are in theit· present unsatisfac
tory condition. E'or many years, human agency, Ly design, 
or accident, has contributed to affect the life of these rivers 
as well as the general condition of contiguous areas." 
. . . . '' As the time went on,' the number of embank
ments increased." . . . "''fhe~e embankments are of 
th~·eo typt"~ : (a) zamindari or protective embankments, {b) 
radway emuanktnt:ots, (c) r.o~d c~b~nk'Qlents!" · 
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The two latter classes oE embankments are ~peciallv 
import~nt fi"Om the point o[ view of the pre~ent report 
because it. is mainly since the construction of railways ami 
ro.ads, wluch now cover the country in every direction 
\Vlth a network of embankments, that vast portions of 
Lower Bengal have become subject to recurring epidemics 
of malaria, serious depopulation and agricultural decline. 

13-Bengal a CountrY of Deltas. 

36. An examination of the map of Bengal and it~ river 
systems shows that a very large proportion of the province 
is deltaic. 'l'he total area of the province is now 84,092 
square miles, or, deducting the States of Coach Behar and 
Hill 'fippera, 78,699 square miles. Of this area, more than 
75 per cent. is delta. The joint deltas of the Ganges and 
Brahmaputra alone cover from 50,000 to 60,000 square miles, 
and there .are many smaller stl earns which posse~s deltas 
of not inconsiderable size. Western Bengal contains the 
deltas of the Salai, the Kasai, the Dhalkisor, the Uamudar, 
the Adjai and the Mor and part of the delta of the Ganges. 
Central Bengal iti ent.irely Gangetic delta. Eastern Bengal, 
with ·the exception of a few insignificant hill tracts, is 
almost entirely deltaic. It contains much of the living 
dell a of the Ganges, the greater part of the deltas of the 
Brahmaputra, Surma and Barak, as well as smaller deltas 
such as that of the Matimuhari. Northern Bengal contains 
portions of the Gangetic and the Erahmaputra ddtas, 
together with the delta of the Tist~, the lower portions of 
which have been usurped by the two former riven1, 

Owing to their extraordinary fertility, deltaic areas tend 
to become ·densely populated and are relatively healthy 
;tnd very prosperous as long as they remain subject to 
normal inundations with the spill water from their riverA. 
But changes tend to occur from time to time in deltaic 
rivers and such changes are apt to be followed by conse
quences serious alike to the health and prosperity of the 
areas affected. Changes in delta channels are often due 
to natural causes~ but there is reason to believe that. many 
of those that have occurred in the delta channels o£ Lower 
-Bengal.during the past sixty years are of human origin, and 
have followed the embankment of the country for the 
purpose of" improved communications". In this connexion, 
too, it is Aignificant that reports have come to hand 
quite recently of the serious eJLteusion of malaria in the 
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delta tracts of Cochin-China, owing, it is suggested,- to 
the more rapid spread of infection that ha& followed upon 
the improvement of communications. But the improve
ment of communicat.ions almost invariably means the 
eonstruction of rail ways and roads ; which in deltaic areas 
entails the multiplication or emhankments j and these 
embankments, unless specially designed to avoid 1 such 
results, eventually lead to r.he disorganisation of the. river . 
t;ystonu:s ; the dislocation of natural flus~ and dram~ge, 
and other disastrous comwquences, as agricultural dechne, 
depopulation and epidemic malaria, such as have occurred 
during the last sixty years in Lower Bengal. 

14-Former Laok of Roads In Bengal. 

37. Prior t~1850 there were no railways, and few 
road8 in Bengal. In 1802, there were only 20 miles of 
road iu Jossore. In 1810, there were only six carts in 
Jessore town and not one hundred in the whole di:strict 
and water transport was preferred to land carriage. 
Between 1845 and 1868, a number of roads were construct
ed in Jessoro district. It is noticeable that the earliest 
epidomics of ,malaria reported in Bengal wer~ ·in.:that 
district, the firr:;t being associated with the construct(on of 
a road in 1836. Shore's notes on Indian Affairs under' date 
May 1833 states :- ' . • · 

' 
"As to roads, excepting those withiii. the limits of civil stations, 

16 mile3 between Calcutta and Barrackpur is all that we have to 
boast of." 

In .1837, tlJ.ei·e was not a single road in Hooghly distri~t 
which a European 'vehicle could traverse and in 1845 when 
bullock carts were required they had to be obtained from 
Calcutta: In 1838, Montgomery Martin commented on tlie 
absence of. roads in Bengal and remarked that those laid 
down in RQnnell's maps existed only on paper. In 1839, 
t.hero wero only two short roads in Dacca district, one to 
N~Lrayanganj and tho other to 'fangi. Up to 1869, there 
were no roads in Palma and in 1871 there were no roads 
anc! not a single cart in Maida . 

... 

15-Exlstlng Roads and Railways. 

38. The East. Indian Railway was commenced in 1851 
and the Ells tern Bengal Rail way a few years later. , 'Vork 

3 



28 

on the embankments of the latter were still in progres 
in 1863. Between 1872 and 1881, 525 miles of railway 

Road11 aud railway11 iu Bengal in 1870. 

were constructed in Bengal and Bihar and from 1881-91 
a further 1,051 rnileH had been added to this total, still 
further increased by another 1,641 miles of open line by 
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the year 1901. At the present time, there are in Bengal 
over 3,000 miles of rail way, more than 1,900 miles of 
metalled roads and over 12,900 miles of unmetalled roads; 

Roads and 1 ail ways in Bengal in 1920. 

there are also over 14,000 miles of village roads, but these 
are mostly mere !oot·paths or cart tracks. The mileage 

3.A. 
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and distributiCln of railways and metalled road:i is sLown 
in the following statement:-

' . 

Roads and Rallwara In Bengal. 

, .... -.. ; 
· \Vestern I Central II Northern : Eustcru 1

1 B al D I Be I I ll I Tut:ol. 
. eug • enga . uga • I engu I 

I 

Area in square ~ilea ••• _ 13,907 

1

(a)ll,838 '(b)lt!,071 22,879 ·
1 

66,6:!5 
. ~------~---1----,---

Railways ••• .·••• · 1,100 i 650 1' - 800 500 i 3,050 
Roads (metallet1) 1,170 1 502 . ' 129 : 12iJ ! 1,1"21 
Roads (unmetalled) _2,031 ~~~[ __ 4~769 1___::139 l__:2,939 

Total ••• · 4,301· j 4,\52 I 5,698 I 3,7591 17.910 

Miles <>f railways and~---!---,----~--~ 
roat1s per 1,000 square I I 
JDilea of area ••• !108 I 319 

1
. 3H lli3 257 

. ' I . 
(II) Bxclu41og large areas of to"""' In tbe Soodarbans. 
(6) Excludes Darjeelllll! district. 

39. It will be seen that W efltern Bengal is far bt•t.t.M 
supplied with_ both t·ailways and metaJled roads than any 
other of the natural divisions. In proportion to its area, 
Central Bengal has ·a mileage of railway equalling 68 per 
cent. of that in Western Bengal: and Northern Bengal has 
55 per cent~;- whereas. Eas,ter_n_ Bengal has only 26 per 
cent. 'V estern Bengal is m·arly twice as well . supplied 
with meta.lled: 'roads a~. Central . Bengal, but N orthem 
Bengal has a mileage· in proportion only 8 per cent. of tlw 
former and Eastern Bengal has only 6 per cent. Central 
Bengal and Northern Bengal posse~s a greater mileage of 
unmeta:Ued road .t.han' either of the two other divisions, 
and nearly twice as mu.ch'in 1 roport.Ion as Ea!':tern Bengal. 
The figures given below show tho mileage of railwayH, 
metall~ ·roads and unmetalled 1·oads, res1 ect.ively, per 1,000 
square miles of each natural divisic;n, together with index 
numbers arranged for ease of comparison, Eastern Bengal 
being taken as the index :-

'' ~~~ !odell I HetallecJ IIndeli IUometalled llod•x I Total 1u4• x Natural 4hislcms. ways. No. roads. No. roads. No. No. 

-
rt,6so I I 

Western Dengol 79 .,.I 83 146 I 106 308 : lf(7 ... I Central 
" 

... 54 257 42 I 840 , 253 18.J 349 : 2it 
Northern .. ... u 209 7 140 ' 2G3 ! 191 314 : 1!1! 
Eastern ,. ... 21 100 5 100 j 137 I 100 163 : l(i!) 

i I 
.,_._.~ ...... a:_ ~m..,. c ·- ::::z --- - "' '"-- - --- ...... 



40. The figures given above show that, taking raii
ways and both claHses of roads together, EaRl ern Bengal 
pus1:.wsses little Il)(lre than half the mileage in proportion to 
aroa possessed by the other natural divisions. Souw con
ception of t.lw way in which roads and railways haYe cut 
up the country may be got lJy tlw following illutltrations: -
( 1) If the emlJaukments of all tho rail ways and road~ in 
the four natural divisions were arranged in parallel lineR 
across country so as to divide . the country ird,o narrow 
Htrips, the width of these HtripH would vary from a minimum 
of 2'88 miles in Central Bengal to a maximum of 6·08 
mileH in Eastern u~ngal; (:!) if the erniJankments were ::iO 

arranged ali to divido tho whole country into squares, the 
~ize of thet;e square8 would vary from a miuimum of 5'i6 
miles square, with an area of 33'17 square mile~.; in Central 
Bengal, to a maximtt..m u£ li'l6 miles square, possessing an 
aroa of H~ t;quare miles in Eastern Bengal. The detailed 
tig-uros are given bolow :-

Nn.turll.l divl:dOH»i. menta If 
arranged in 

parallel Jines. 

ludljJ: 
No. 

~t&e of :.qunres luto 
which embankn,cn:li 

would divido tht~ 
country. 

I 

I Aruo. ot 11quu.res 
luto wblob 

l'OUIItry IDiJlht 
bo .livldcd by 
embaukmeutc. 

Inrlwx 
No. 

. j' Dlotonco aport 
of embank· 

--------- --------~----------

! 
Wedtern Bengal ;1·211 !i:i 
Central ,. l·SR 47 
Northern 

" 
3'17 li2 

l<~a~ten, ... i 6•08 iliO 

ti·46 )( 6•46 41 73 l ~8 
5•76 X fi•7t) 33•17 I 22 
6 34 X ti·:H 40·1() I 27 

~~~·1ti __ L-._l478: __ 1_100 

l.)iagra imndicating pr.,portion of road~~o and railwo~oya in each natural Ji,·i~ion. 
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41. In low-lying d~ltaic country devoted to wet crops, 
such as rice and jute, the distt·iLution over the fields of the 
water necessary for cultivation and the final draining o[ the 
land, which is e~sential for the aeration of the soil, are bot.h 
greatly complicated by the existence of embankments 
which impede irrigation on the one hand and obstruct 
drainage on the other. And the evil!i that arise in conse
quence of the embankments tend to increase by geometri
~al pl"Ogression in proportion as the amount of embanking 
mcreases. 

t6-Rallways and Roads In roelatlon to Cultivation. 

42. On comparing the mileage of rail ways anct roads 
with the total cultivable area and the area actually cult.i
vated, certain interesting facts are brought to light, which 
suggest that in Bengal rail ways and roads do little or 
nothing to stimulate the bringing of land under cultivation. 
On the contrary, any direct influence which t.hey exert on 
agriculture tends rather to its decline than to its 
improvement. 

Rallways1 Roads and Cultivation-Table 1. 

~c~es col·' Percent- Mlleo of I MIIC9 ot 
t.na.ble ! ro.Uwny and rail sod 

Total cultivable Mileage of Jnnd per I age of ron~• per 1'01\d per 
N atnml dhlslo09. aua in acres. railways mile of j cnl~:!ble 100,000 ) IOO,OIJV 

and roads. acres acres net 
roa~ and ~ cultivated. eultlvable cropped 

rnllwt'f· I area. are~&. 

I 
I --· --·-· • I 

Western Den gal 7,044,293 4,301 1,642 61•5 61 99 

Central 6,486,455 
I 

4,152 1,562 58•5 6( 109 
It ... 

Northern 
" 

... 9,3-l9,0U 5,698 1,640 70"9 60 85 

Eastern .. ... 10,213,710 3,759 2,716 89"0 36 '] 
------·-·----

The figures cited show that the proportion of land now 
under cultivation is greater in Eastern Bengal than else
where, although the mileage of roads and railways is 
relatively low in that natural division. But Eastern Bengal 
possesses 12,000 miles of navigable channels open through-

. out the year and expauding to 24,000 miles in the flood 
season. Central Bengal, the division best supplied both 
with road and rail way communication, has only 58"5 per 
cent. of its cultivable area cultivated, compared to 89 per 

~ cent .. in Eastern Bengal. But in the former division, 



agriculture has admittedly heen undergoing serious deterlora .. 
tion for a numLflr of years past. 

17-Roads, Railways and Waste Land. 

43. An increase of rail ways and roads in deltaic ~racts 
does not tend to bring land under cultivation, althou'gh it 
may possibly have this effect itl more elevated areas. 'l'he 
following £gures show the vroportion of cultivable waste 
land in each natural division and its relation to road and 
•·ail way communication :-

Railways, Roads and Cultivation-Table 11. 

1\[i(~!:~.i~t 
Percentage Percentage of Cultivable 

Cultlvahle cultivai.Jie waste laud in 
Natuo·al divisions. waya a rt'&d'5 wo.oiA! land In of cultivable woate land to acres per mile per I, acres, arealyiua net cropped of railways square miles. waste. area. and roado. 

We~tern Bengal ... 308 l 1,783,0631 25'3 n·tl 4H 

Central 
" ·- 349 1,144,205 J7·G 30'1 275 

Northern 
" 

... 314 1,316,615 14'0 19•7 231 

Eastern .. ···I 163 751,263 7'3 8'2 199. 

It will he seen that, in spite of their better road and 
ra1l way communications, the waste land available for 
cultivation in Western, Central and Northern Bengal far 
exceeds that existing in Eastern Bengal. 

18-Roads, Railways and theiP Effeot upon FePtlllty. 

44. There are grounds for believing that the. multipli
cation of roads and rail ways has been a cause in some areas. 
of land actually going out of cultivation. Tho effect of 
embankments upon the fertility of cultivable land has to be 
considered in this connection, and a passage quoted below 
from the Bengal Census Report of 1911 has special bearing 
on this question :-

" There is no doubt that in areas liable to inundation the em
bankment does frequently alter the drainage of the country. On the 
one side, floods are deeper and lasl longer than before, and the soil 
becomes water-logged, on the other, the land does not receive the sama 
amount of moi~tttre or the same fertilising deposit of silt." 

Note.-The italics are mine-c. A. B. 



- 45.. In the deltaic pot·tions o[ Bengal, cultivable lanll, 
ot·dinarily subject to inundation with river water, never 
requires to lie fallow whereas other lands do. Fallows 
therefore may be taken as an index of soil impoverishment. 
Emhankments prevent inundation by river water and from 
this point of view the following figures are of great interest 
and importance :-

RallwaYS1 Roads and Fallow Lands. 

I FoJiow J,jlnd In Proportion of llU... of rail- I 
ways and roads A..e~e 

Natural divisions. Total acres acres per mile folio- per 111\l, 000 I peroonta~el tallow. 

I of railw.tJ oer 1,000 acrezJ acres not deftcieul"y o 
&Dd rood. cropped. ~ropped are&. crop out.turo. 

i I 

Western Bengal ... 928,030 215 I 214 991 21"8 

'entral 1,544,150 371 ! 40·:i 21'0 ,, ... 
I 1091 

Northern ,, ... 1,37:0,629 240 I 206 85 12"0 
.. 

East~ro 
" 

... 371,7U 98 40 41 7•:! 

46. In proportion to the cultivated area, fallow land is 
five· times as common in both Western and Northern Bengal· 
than in Eastern Hongal, and in Central Bengal the propor
tion of fallow land- is just ten times as great aH that in 
Eastei·n Bengal. · In view of the facts stated, the multipli
cation of rail ways and roads in tho deltaic portions of 
Bengal is to· be regarded with grave misgivings. Tho 
embankment.:~ exert a most deleterious effect upon the 
fertility of the soil, thus cau~ing a serious decline in the 
agricultural production of the areas they serve. Roads and 
rail ways afford, it is true, excellent facilities for the trans
port. of goods and especially for the rapid tranHit · o£ 
passenger~:~. But these advantages may be too dearly 
purchased, if the con::;r:ruction of the necessary embank
ments brings al•out. a8 it. may do,. in course of time a fifty 
per cont. reductinn in the agricultural outturn of whole 
districts, turning h•lalthy areas into hot-beds of malaria and 
eventually leading perhaps to· the destruct.ion of nearly half 
their total population. 

19-:-J!trect of Embankment on the Public Health. 

47. In the early sixties, when oulbreakR o[ epidemic 
favor first attracted serious attention in Bengal, the 
occurrence of the disease wm; ascribed to the construction 
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ut embankments. The chief exponent ·of this theory was· 
Raja DigamLar Mitter, the Indian Member of the first 
c•Jmmittce appointed by Government in 1863 to enquire 
into the causes of the epidemic. Among the instances 
quoted !Jy Raja Digambar Mitter in which fever had broken 
out shortly after the construction of extensive embankments, 
the case of the continuous line of villages from lchapur to 
Ohakdaba, numbering among them such thickly populated· 
places as Halishahar and Kanchrapara, was mentioned. 
Tho people in these villages su lfere-d from a severe type of 
fevct·, which broke out ex<wtly in the order of time in which 
the railway embankment progres~ed and passed along their 
eastern borders. Anothet· instance was the line of villageR 
from Pandua to Kalna, in which fever broke out aft.er the 
construction of tw~ roads in their vicinity. A further case 
was that of an out u't.;.eak of fever in the villages of Khalat
pur, Saota, 'l'anksabi, Gaura, Saibona, Langalpara, Raghu
nat.hpur, Kishannagar, Gopalnagar, Narainpur and Khana
kul, which occurred shortly after the construction of a 
kaclta road from Mayapur to Khanakul in the Hooghly 
district. From time to time, a great number of other 
outbreaks were attributed to similar causes. In a report on 
the epidemic fever submitted to Government by the Com
miRsioner of the Presidency Division in 187 4, the following 
passage occurs :-

"The other cause to which defective drainage mny fairly he 
attl"ibuted i~ embankments. Babu Digambar MittP._r l!ns laid uinch 
stress on this, but it is still a moot point. :Many professional engineers 
are of opinion that railways and roads have nothing, or next to 
nothing, to do with the fever. But I find something in this di\Tision 
to dUpport the other view. Dr. Elliot names M:uhammadpur as the 
first placd where the epidemic. broke out witlJ. virulencoJ. Inq airy 
shows that lhe great outbreak there was in 1836, and not 1824 or 
1~25, though there may possibly have been two outbreaks. However 
this may be, it is stated that it broke out while the Jessore and 
l<'ari(lpur high 1·oad was being carried through the village. It 
soems possible that the very severe fever that prevailed. in Belghurria, 
jnst north of Calcutta, nAarly every year, may have owed its origin to 
railway embankment. It usdd in old day:~ to be a very thriving 
placd, but sine~ then it has become desolate and uncare<l for ...•. 
. . • . The south suburban town sufi••rs every year from a devasta
ting fever in the months .of October, Novemb<·r, December ·and 
January, and the people attribute this to the escape of water being 
prevented by the Diamond Harbour Road." 

48. In l8iti, the Sanitary Gommissioner, commentin~ 
upon tho epidemic Juring the construction of the Jessore 
ancl Faridpur roads, recalled the fact t.hat a similar outbreak 
oecurrt•d when the Grand Trunk Road (which runs from 
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ltowrah to Lahore) was being m:1de. 'rhe Sanitary Report 
of 188-t alludes to an epidemic o[ malaria which broko out 
when the railway was being constructed between Dacca 
and Mymeosingh. And other outbreaks had previously 
bean reported during the construction of the Northern 
Bengal and North-Western Bengal Railways. Fever became 
intensely prevalent from 1896 onwards in "Kowgong during 
the construction of the Assam-Bengal Rail way from Gauhati 
to Lumding. The Sanitary Report of 1907 also contains the 
following reference to an outbreak of fever in 
Murshidabad :-
. "The Civil Surgeon is strongly of opinion that the newly cons
tructed Murshidabad branch of the Eastern Bengal Railway has 
affected the public health. He says that the railway engineering 
authorities have been guilty, as elsewhere, of taking absolutely no 
means of draining the pits and hollows by the side of the embank
ment, and that he is convinced that in such a malarious neighbour
hood, especially as that of Murshidabad town, this has led to increased 
unhealthiness and should be remedied." 

· 49. In 1910, Major McCombie Young, I.~r.s., called 
·attention to an outbreak of malaria in the Maida diRtrict, 
which had occurred during the construction of the rail way 
there. Lieutenant-Colonel Fry, I.M.s., in his ~econd report on 
malaria in Bengal, mentions that an outbreak of malaria 
had recently occurred in the north-western portion of 
Murshidabad district, which coincided in point of time . 

- with the construction of a new rail way line there. 
Similar untoward results have followed the . embanking of 
the rivers for purposes o£ floo.l protection. For example, 
an outbreak of fever followed the embanking of the 
Nabaganga in 1858, and a simil,lr outbreak was reported 
in Kristanagar thana of Hooghly districtin 1873, as a result 
of the embanking of a khal in the vicinity. In 1893 also, 
the Magistrate of Murshidabad stated that the prevalence 
of fever in that district was largc3ly attributable to the 
embankments protecting that part of the country " the 
unhealthiest areas being always those best protected by 
embankments." SubRequent investigation has shown that 
this view is founded upon fact, as may be seen from 
Stewart and Proctor's report on malaria in the Murshid
abad district, in which they record that :-
. " In the Bhagwangola and Lalgola thanas, 26 spleen rates were 
taken with an average of 32·7 ; of these, 13 villages were outsiue the 
retired line of the Bhagirathi embankment, unprotected from the 
annual flood ·of that river, anti gave an average spleen rate of 29·9 

. and 13 villages were inside the embankment and not flooded annually 
from the river, theile gave an average spleen rate of 35·6 per cenL" 
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1£ the villages examined by them on the east bank of 
the Bhagirathi are divide l into two classes, according to 
tbeir situation witfiin or without the embankment, the 
results am 8till more marked ; for the mean spleen index of 
26 villages outside the embankment is 27"0 per cent., where
as 29 villages inside give a mean spleen index of 60 per 
cent. , 1 

50. Recent observations have shown on numerous occa-· 
sions that, following the construction of embankments, there 
is a very great local extension of malaria on both sides of 
the embankment, accompanied by a rise in the local morta
lity, an increase in ~he pmportion of fever cases and fever 
deaths and a rise in the spleen index. Changes of this kind 
have been noted and specially reported on in detail in the 
caso of the railway from Katwa to Sahibganj, in Birbhum· 
and .Mun•hidabad, ~ the case of embankments. connected 
with the Sara Bridge and in the case of the Sara-Sirajganj 
Rail way. A considerable rise in the fever index has also 
Leen noted in the case of recent rail way construction in 
Mymensingh. . 

51. The occurrence of outbreaks of malaria in associa
tion with the construction of embankments has never been 
disputed, and the observation in regard to the sudden 
increase of the spleen index in the neighbourhood of these 
embankments iF~ concul~:~ive. But the manner in which 
embankments bring about this admitted increase of malaria 
requires to be made clear, in order that adequate steps may 
he taken to remedy tho condition and to prevent the 
further extension of the evil. 



CHAPTER Ill. 

Agricultural Decline In lhe Burdwan Fevor 
Tracts. 

:ZO-The BUPdwan FeY&P Epldentlc. 

52. Enough has been stated to show that the embank
ing of the delta tracts of Bengal, wh€1ther for roads, for 
r:1il ways or fm· flood prevention, is almo~t invariably 
followed ·by the· most disastrons conHequences alike to 
health and to agriculture~ 'fhis view is gr·oatly strength
ened by a consideration of the circumstances which led 
to the great BurJ wan fever epidemic oE sixty years ag-o. 
The special committee appointed in 1863 to investigate 
t.his epid~mic fever, reported in 1864 that the nrea first 
affecte.i by the Jiseaso had re.-ently ceased to be inundated 
and. enriched by flood water from the rivon;: 

•• The tract of conn try, within which the fevt-r has, during the last· 
few years, appeared in an unusually violent form, extends from the 
station of Krishnag &r on the north to Rajahath and the adjoining 
village3 on the sooth; and from Dwarbashini, six miles from 
Pandu~a, on the west, to Srinagar, about twelve milt'S from 
Chog,lah, 011 the east .. P.eyond this tract, the dillease has appeart•d 
with extreme virulence i~ only a few .isolnttld placeil, as Meherpur, 
Jayrampur anJ Gu.lkhali. The tract t!pecifie·J is traversed by thtt 
rivers Hooghly, . )[atabhanga and Jabona, and by num~>rous kbals, 
some of which communic1.te with the Hooghly untl others with tidal. 
rivers. In the greattlr number, probably all of these khals, through
out thtl whole or a 110rtion of their extent, the Bow of water is obs-. 
tructed by ob8taclei natural and artificial . • . The surface of the 
infected track is, therefor~>, inunJated for the most part by rain only, 
and but to a limited extent by the river water, an•l is cousoquently 
not enriched by an annually-deposited layer of fresh alluvial soil as 
the districts to the ea:~twarJ are." 

A little oarlier, Dt·. Elliot in a report on the " Epidemic 
Remittent and Intermittent Fever occurring in parts of 
Burdwan and Nadia Divisions". remarkerl that one of the 
principal causes of tho epidemic· was want of cultivation. 
·He had almost invariably observed that the epidemic 
appeared first and was most virulent in the oldest and 
most populous villageR, the lands in and aronnd which had 
gone out of cultivation. Thus~ while the Fever Committee 
showed that the fever was associated with relative inferti
lity of the soil owing to lack of inundations, Dr. Elliot 
commented on the af!sociated lack of cultivation. The one 
statement corroborates -the other, for, as is well known, lack 
of fertility leads to lack of cultivation. 
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21--Embankmenta-the Cause of the Trouble 'tn. 
Bu rdwan and Hocghly • 
• 

53. Raja Digamha.r ~litter first pointed out that embank
ments wore the cause of the epidemic · fever ; and a ·little 
later his views were corroborated by a host of other ohser
,·ers. Thus in 1869, Dr. Thompson, Civil Surgeon of 
Hooghly, reporting on the epidemic fever in that district, 
remarked :-

"What then are the causes which ......... have caused a once 
flourishing district to he half populdted, and which threaten to throw 
half the land out of cultivation? The portion of the Hooghly dis
trict which has suffered most from the ravages of this. fever is that 
comprised between the Damudar and the Hoogbly rivers; . Inte~sect
ing this land from west to east run many kllal& or rivulets •.. 
They were the means where the floods of the Damudar found egress 
into the Hooghly. ~bey were not only the. aafety valves to the 
Damudar, but they e~rcised a fertilisir-g and sanitary influence on 
the whole surface of the diRtrict. But it was found (as often 
happPnS) that this process was not wholly beneficial. It had the 
i11con veuience of inuutlating a large tract of country in seasons of 
gre:Lt flood and thus crops suffl'red and the revt>nue also. A remedy 
was propos·~d and carried out ; a bund was constructed on the left 
or eastern bank of the Oamudar, cutting off the head waters of the 

· khals ; an<'! these in consequence commenced silting up."· 

In the same year, Mr. Cockerell, the Magistrate of 
ITooghly, reported to t.he Commissioner that-

" As regards the possible effect which the stoppage of the 
Damnt.lar waters may have had on the health of the district, it 
certainly appears to me a coincidence worth I1E1aring in mind, that 
whilo one would naturdly seek for some special .cause to explain the 
sudden change in the health of the population of a whole district 
within a few years, the date from which these outbreaks of sickness 
iu Lhe present aggravated form commenced, is within a year or two 
of the final closing of the Damndar khals." 

In a letter to Government also written in 1869. -Mr. 
BucHand, the Commissioner of the Hurd wan Divi~ion. 
aft.cr pointing out that· only a small portion of Burdwan had 
hitherto been attacked by the fever, makes the significant 
remark: "The portion so attacked -is ~nianife·stly that 
which used to Le subject to inundation from the Damu
dar, before the embankment on t.he left tiide of the river 
was made proof against breaching." 

22-The Effect of Emb'lnkment on Agriculture In 
Burdwan and Hooghly, 

.54. .-\R to tho diRastrou~ effect of the shutting out of 
the D<ln~udar water Oll tQ.e agricqltqre of· Burd wan and 
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Hooghly, evidence recorded in the Burdwan Fever Report 
oE 1873 is specially instructive, as the following extracts 
will show:-

"The profits of the agricultural classes iu this district (Hooghly) 
are less now than in 1860 • . • The reduction of profits is now 
accounted for, firstly, by the decreasing fertility of the soil in those 
parts of the district which were within the sphere of influence 
of the Damudar inundations." 

"Wherever I went there was one answer from the raiyat that the 
productive powers of the soil have diminished of late • • • The 
greater part of the district has been seriously affected by the bonding 
·of the Kananadi and the embankment on the eastern bank of the 
Damudar ; the silt of the Damudar can no longer enrich the soil in 
these parts." 

"The fertility of the soil has within the last thirty years certainly 
diminished to some .extent. The annual floods of the- Damudar, 
which used to leave deposits of healthy silts on the lanlls all over 
the district and thereby enrich the soil, have ceased to come upon 
them since construction of the left bank embankment." 

"Though the people (of Burdwan) have enjoyed safety from 
inundations of the river yet their lauds have lost in fertility owing 
to the loss of alluvial deposits which the water used to leave 
before." 

In the same year, Dr. Ray, M.D.~ F.R.c.s., an inspecting 
medical officer who visited the affected area, reported on 
the cessation of .inun<lations as the result of the embank
ment as follows :-

"A powerful water-purifying agency has been cut off in a dis
trict, which must necessarily tell on the health of the population. 
Fish has grown scarce, whilst formerly six pice used to purchase 
one seer of fish ; the same quantity cannot be had for less than four 
annas. Nor are these all. The productive power of the ground has 
much deteriorated and the water which used to flush the land and 
wash away the impurities has ceased to act. There is no longer any 
proper drainage, and no wonder that all these causes in operation 
will add their quota to aggravate the mischief." 

23-FOPmeP ProapePitY or BuPdwan and Hooghly. 

55. Prior to the shutting out of the Damudar floods, 
the condition of the affected area was ono of almost un
exampled prosperity. In 1760, Burdwan, which then 
covered an area of 5,174 square miles and included the 
pt·esent districts of Hooghly and Howrah, was described by 
the officers of the East India Company as the most pro
ductive district within the whole province or subah of 
Bengal. It was also spoken of as " u garden in tho midst 
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of a wilderness." In i815, the same area was referred to 
by Hamilton in the following words :-

"That this district cout.inu"'s ill a progressive state of improve
ment is evident from the number of new villages erected, aud the 
increasing number of brick buildings both for religious and domestic 
purposes, uor is there any other portion of territory in Hindusthan 
that can compare with it for productive agricultural value in pro
portion to its size. lo this respect Burdwan may claim first rank, 
the second may be assigoe<l to the province of Tanjore in the · 
Southern Carnatic." 

In another passage, the same authority states that no 
lm;s than seven-eighths of the land in Burd wan was then 
un ler cultivation. Further corroboration of the former 
tlourishing condition of this area is to be found in a Memoir 
on the Husbandry and Internal Commerce of Bengal, 
published by Cole~\ooke at the beginning of the Jast 
century, wherein it is shown that the land revenue then . 
payable by Burdwan district (5,174 square miles) was at 
the rate of Rs. 842"2 per square mile, as compared with 
Hs. 476"4, the next highest rate in the province, paid by 
the 24-Parganas, Jessore and Murshidabad. 

24-Loss of Population or Affected Areas. 

56. Dr. Elliot estimat.ed in 1872 that prior to the 
outbreak of the fever in Burd wan, the densit.y of the· 
population was not less than 7 50 personR to the square mile 
whereas in 1911 it was 572. 'l'he Census Report of 1881 
states:-

"Having regard to the fertility and prosperous state of Burdwan 
and its well-known comparative salubrity prior to ~1861, I should 
not hesitate to assign to it a higher population per house than the 
average; but a:~suming only the averagEYrate of 5·7 person11 per 
house, the population of the area included in the present district of 
Burdwan could not in 1861 have been less than 2! millio-ns." 

Lt. Col. Ora wford also states of Hooghly that-
,, It would appear that, before the fever broke out, the Hooghly 

district must have had a population of something like 2,000,000 and 
that during the 20 years the fever lasted, the population fell by about 
50 per cent." 

The decline of population in Burd wan and Hooghly, 
referred to by Dr. Elliot and Col. Crawford, still conti
nues, not only in theso areas but also in many other parts 
p[ llengal that h:we b~en similarly affected, and th" Censu~ 
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of 1911 :revealed the fact that during the previous docadc 
depopulation had taken place in many th(&•la-~ in different 
districts. The aggregate of the decadent. thana areas 111 

each natural Jivi~:~ion wa~ as follows :-

Tolal I D6cadcot P~rccntnge of 

urea. area. total area 
decadent. 

-
Western Ueog"l ... 13,!)1)7 I !\,339 !i!!•3 

Central .. .... ll,t!31l
0 I 6,262 Uti 

Northern .. 19,235 3,175 16"5 

Eastern 
" 

22,879 l 1,358 5•9 

---·· 
• B:o:cludes a larp area of """ned for ... t Ia the Suudarbaua. 

. The decline of population tR mo~t extensive in Western 
and Central'B,mgal, where there ar"' most embankments 
and where agriculture has suffered the greatest dcteriora
'tion. In almost every case also tho decline of poj:mlation is 
associate· I with the extensive prevalence of malaria.· It iR 
signific,\nt that the decline is least pronounced in ~~ast.ern 
Bengal which is not so well provid·ed with embanked roads 
and rail way:i and where _the country has not been protected 
from inundation by marginal river embankments. ·Whero 
iri a few areas depopulation Is occurring in Eastern Bengal 
it is associated with the embanking of the country, a local 
decline in agriculture and a co~ncident increase of malaria. 

25-The Eoonomlo Question. 

57.. Economists tecognize that u if the pop•Ilation of a 
district is incrt'asing at a rate above the average, this is 
prima facie evidence that i t.s indus tries a ro prospering ; if 
the population i~:~ decreasing or not increaRing as fast ns the 
average, this strongly suggests that the industrieR are 
suffering from a temporary lacK of prospority or permanent 
decay." The rural population of Bongal is wholly depend cut 
upon agriculture, and the gradual depopulation of the areas 
referred to may therefore be taken as primafacie(widcnce of 
a serious decline of this important industry. Growth of 
population is effect;ed by births and immigration ; and 
dHcline 'of population by deaths and emigration. Rapid 

· growth of population is taking place through high birth
rateR in th~ districts of Northern an<l Eastern Bengal 
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where agriculture is flourishing. In Northern ~en~al al_so, 
the rapid growth of population is partly due to tmmtgratwn 
into areas whero cultivation is extending. For example, 
during the decade 1901 to 1911, the net gain by immigration 
into Dinajpur was 173,563, "tho immigrants" according to 
the Census Report being " mainly found in the Barind, 
where they are fast reclaiming the waste." In Jalpaiguri 
district also, there has been great immigration, the excess 
of immigrants over emigrants bet ween 1891 and 19 i 1 
having been 315,016. In the Alipur subdivision during 
one decade population increased by 53·4 per cent. in 
Falakata and no less than 81"4 per cent. in the Alipur 
thana. This extraordinary growth of population is entirely 
due to t.l1~ favourable agricultural conditions. '' In the 
Alipur subdivision," says the Census Report, ''cultivation 
is extending in eveiw direction and there is a constant 
stream of immigrants a'ttracted by the fertility of the land 
and the lowness of the rents."-

58. Decline of rural populations is governed by 
unfavourable agricultural conditions. Bunl wan district 
especially is an example of depopulation following upon 
agricultural decline. Between 1872 and 1881 th~ loss of 
populat.ion in 12 thanas of the Burd wan district amount.ed 
to 148,605 and a further loss of 40,499 occurred in 9. thanas 
between 1881 and 1891. After a slight recovery at the 
Census of 1901, the decline continued and tho 1911 Census 
revealed a further aggregate loss of 31,150 in 12 out of tho 
17 t hanas. 'l'he loss of population in Burdwan is mainly 
due to an excessive death-rate and the mortality is largely 
g-ovemetl by the local agricultural conditions, as may be · 
seen on comparin~ the estimated outturn of winter rice 
with the deaths occurring during the first six months after 
harvest. During the 20 years, from 1893 to 1912 inclusive, 
the outturn of the rice crop, which is the mainstay of the 
people, was 80 pet· cent. of the normal, the average deficiency 
being 20 per cent. In lO out of the 20 years, the outturn 
exceedeJ 80 per cent., sometimes very considerably, and 
in 10 years the crops were much below this average. The 
nggregate mortality of the six months following harvest 
during tho 10 years with good harveRts was 185,793, com
pared with 271,756 for the 10 yearH with poor harvests, 
giving an avera~e excess mortality of 8,596 for every poor 
harvest. Similar factors may also be seen at work causing 
depopulation in Birbhum. In Central Bengal, extensive 
migration as well as high mortality is causing a decline of 
population in many areas. During the decatio 1901 to 1911, 

4 
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Nadia showed an aggregate loss of 63,805 persons in 16 out 
of 2~.thana areas, MurshidaLad lost 26,2!5 in 9 out of 24 
thanas and Jessore 72,024 in U out of 19 thanas. Turning 
to the figures for migration, We find that the three JiRtricts 
named have long shown a great excess of emigrants over 
immigrants, and the figures relating to agricultural condi
tions q noted Lelow afford the explanation :-

Current Avern~-;e Jcfi-
. Excesll of emigrants l•vcr iuuuigraut11. fallow Lo net cicncy in 

croppe<l area. cnp uutturu. 
·- --

1901. 1911. Per cent. Per cent. 

Narlia ... . .. 64,727 62,126 54•6 3!'3 
l'tlurshitlabatl ... 7,600 31,712 6(-6 26"5 
Jessore ... . .. 24,098 13,533 13'3 24'4 

-----
59. In the light of the facts just stated and the mass 

of evidence previously quoted, pointing to the extraordinary 
agricultural value of river water and the disastrous effect 
on cultivation that always follow!i the shutting on~ of this 
water from the fields, the view of the economists who hold 
that populat.ions decline as a result. of industrial decay, is 
seen to hold good in the case of Bengal, Ro that thero is 
justification for the belief that tho growth of population in 
the rural areas is an index of the local agricultural condi-

- tions. It follows that the depopulation o£ deltaic areas 
that have been embanked is a direct result oE an agricul
tural decline that has followed t.his embanking. 

26-Probable Loss. arising from Embankments In- the 
Damudar delta. 

60. Some idea of the monetary loss that has resu1te(1 
from the shutting out of silt-bearing river water from 
ag•·icnltnrallands may be gained Ly a consideration o[ t.Le 
following fact.s. As regards Damudar water, all authoritie~ 
are a~reed as to its value for crops. In villages adjacent 
to the Damudar, cultivators say that their land when 
irrigated with river water yields 12 mnunds of paddy per 
btgh11 whereas when cultivated with rain water alone the 
crop is only 7 maunds. The Triennial Revenue Report on 
Irrigation of the Public 'Yorks Department states that the 
result of crop experi:rnents in connexion with irrigation Ly 
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tho Damudar water from the Eden Canal System in 1901-11· 
showed that the average outturn per acre of irrigated. !ands 
was 25 maunds 12 seers of paddy and 37 maunds 12 seers 
of straw against an average of 16 maunds 6 sem·s of paddy 
and 25 mau1uls 18 seers of straw from non-irrigated lands: 
This shows an increased outturn of over 50 per cent, due 
to tho use of river water. In a later report, the e:icess 
value of the crops from irrigated over non-irrigated land 
was given at about B.s. 31 per acre. The shutting out of 
tho Damudar spill "<¥ator ·from the eastern portion of its 
delta must· therefore have occasioned· enormous loss. 
There are about 2,108,173 act·es of cultivable land in the 
pret~ent districts of Burdwan, Hooghly and Howrah. Of 
this probably not less than half lie within the area that 
used at one time to be naturally irrigated with the flood 
water of the Damud:l'{ in the same fashion as much of 
the Dacca district to-dXy is irrigated by the flood waters 
of the Padma, Meghna and Brahmaputra. Assuming that 
when the land received Damudar water the outturn of 
paddy from a half to oue million acres of this area averaged 
25 maunds per acre and that since the shutting out of 
Damudar water the outturn has fallen to an average of 16 
maund.r;, the resulting loss in outturn ·would amount to any-: 
thing from 4! to 9 million maunds of paddy per annum. 
The loss must in reality have been very much gt·eater than 
this, because the figures quoted make no allowance for land 
now lying fallow or going completely out of cultivation. 

27-A Comparison with the Dacca District. 

61. A better idea of the probable agricultural loss in 
Burd wan, Hooghly and Howrah may be gained by a com
parison of the agricultural conditions of the area under 
discussion with those of the Dacca district. Assuming that 
the agricultural conditions obtaining in these three districts 
bcfot·o the shutting out of Damudar water resembled those 
in Dacca during 1918-19, we should find that, in place of the 
1,137,200 acres actually cropped in that year, there would 
have Leen no less than 2,042,104 acres under cultivation, 
with only 109,91_l8 acres of current fallo.v agains" 777,500. 
H the yield per acre of the 2,042,104 acres assumed to be 
culti vatod in these circumstances was equal to that of the 
1,137,200 acres that were actually cropped, the total out
turn of the area under discussion would have been nearly 
80 per cent. greater than it is. But this estimate makes no. 

"' 4A 



46 

allowance for the valuable fertilising effect of Damudar 
water, which increases the yield per aero by over 50 Jll'r 
cent. Assuming that half oniy of the area was cultivatl'd 
under the most favourable conditions and obtained the bene
fit of Damudar water, the total out turn from tbe 2,042,101 
acre8 assumed to be cultivated would then have bee11 
225 per cent. greater than that now yielded hy the 1,137,200 
acres actually cultivated. Su1 posing the crop was all i11 
rice, the outturn of 1.137,200 acres at 10 maunds an acre 
would be about 421,18a tons ; an increase of FO per 
cent. on t.his would make the yield about 7b8,13:~ to11s, 
and with a yield of 225 pet· cent. tile figure would 
be 947,666 tons. With rice at. R~:~. 5 per maund, this latter 
figure would represent a total financial return of over 121 
croree against a little over 5! or a difference of over 7 
crores. This latter figure represents quite a moderato 
estimate of the ~ross annual a~icttltural loss occasioned 
by the shutting out. of Damudar spill water from its dclt.a. 

2B..:_An Alternative Estimate. 

62. Anothet· method of gaining an idea of the probable 
loss in agricultural outturn occasioned by the shutting out 
of Damudar water from the land in this particular aroa, 
is to take the case of Hoogbly, estimating its probable 
outturn on the al.'!sumption that, prior t.o the embanking of 
the country, the district was as fertile and well cultivated 
in proportion to its size as the Dacca distrct is now. On a 
rough computation, the gross value of crops harvested in t.he 
Dacca district in 1918-19 -was about Rs. 12 t.o 15 ('ror~s. 
'fhis allows fo1· a yield below the normal, the average 
deficiency in Dacca over a long series of years being 5"7 
per cent. Hooghly district should give under similar 
conditions a gross return of thA value of Rs. 4! to 5 crorel'l. 
But instead of the 2"1 per cent. waste and 5·0 per cent. 
current fallow that Dacca showed in 1918-19, Hooghly in 
the same year had no less than 11"8 per cent. waste and 
28"3 per cent. current fallow. Moreover, t.he average crop 
deficiency in Hooghly is 20"6 per cent. against 5 ·o per cent. 
in Dacca. The present agricultural return of Hooghly in 
1918-19 can, therefore, at best, be little more than 50 per 
cent. of what it would be if its agriculture was as flourish
ing as f.hat of Dacca. The agricultural loss occasioned 
to. Hooghly district by the stoppage of natural irrigation 
wit.h Damudar water, is now probably over RR. 2 crores per 
annum. 



47 

~9-An Estimate of the Loss In Western and Central 

Bengal. 

63. \Ve can only make a very rough guess at tho tot.al 
agricultural loss occasioned to the Burd wan and the Presi
dency Divisions Ly t.he embanking of the country. In the 
case of Central Bengal (Presidency Division), which is 
wholly doltaic, the gross agricultural return, on the basis 
of the Dacca district estimate, ought to be in the neighbour
hood of 50 or 60 crores of rupees per annum; a very 
similar amount should be allowed for the Burdwan 
Division ; and a total of between 100 to 130 crores of rupees 
per annum for both divisions. But ·in all probability the 
actual outturn is considerably less than half t.his amount ; 
owing to the impoveri~lnnent of the soil, the lack of mois
turo and the local '~ter-logg-iug that has followed the 
f.lmbanking of the country and the shutting out of the silt
bearing river water.. Taking \Vestern and Central Bengal 
(the Burdwan and the Presidency Divisionsj together, the 
pres<·.nt gross ngricultural outturn is probably some
where between Hs. 50 or 60 crores, or less than one
half of what it would be if irrigation with river water was 
made available. Formerly, very large areas in both of the 
divisions mentioned used to benefit by a natural process 
of deltaic basin irrigation with flood water in. the same 
manner that Eastern Bengal does at the present time. But 
since this flushing of the country has been prevented, 
agriculture, health and prosperity have suffered, millions 
o[ lives have been sacrificed, thousands of m·ore!'l of rupees 
have been lost, the people are sunk in poverty and a vast 
proportion of tl1em suffer each year from· recurring attacks 
of malaria. 
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CHAPTER IV. 

The Effect or Embankments on Malaria. 

30-How Embankments lncPeasa MalaPia. 

6-l. 'fhe increaso of malaria that almost invariably 
follows the embanking of deltaic areas in Bengal is due to 
Lhe interaction of a number of factors, most of which have 
a definite bearing ·upon the breeding of anopheles 
mosquitoes. 'fhe construction of embankments them3el ves 
leads, in the firRt place, to a great amount of excavation 
and the resulting borrow-pits afford additional breeding 
places for anophele::~. But, except in rare instances, exca-

. .-ations of this kind are of relatively small importance, 
because enormous numbers of dobas and ditches and 
excavations of all kinds already exist in the immediate 
neighbourhood of all villagas situated in deltaic areas. 
'This is owing to the fact that every house has to be 
provided With a high earthen plinth raised well above the 
level of the inundation. In areas also where the houses are 
built of mud, as is the case in many parts of Central Bengal, 
building operations alway:'~ result in extensive excavations. 
He nne villages in ·the delta tracts are all potentially 
malarious. But ordinarily, however numerous and extensive 
the excavations an•l borrow-pits on a village Mite may be, 
they do not give rise to malaria so long as the greatet· part 
of the surface of th" country is submerged by floods of river 
water during each wet season, for in these circumstances 
each.hollow and depression is temporarily obliterated, so 
that anopheles mosquitoes cannot use them as breeding 
places. But should inundation cease or be prevented, 
every hollow, which can hold rain water, becomes a 
dangerous breeding place, and anopheles mosquitoes can 
thus multiply unchecked. Observations show that during 
the rainy season anophelAs mosquitoes of various specieR, 
known to carry malaria, often occur in enormous numbers 
in the villages situated in embanked deltaic areas, whereas 
these insects are usually present in very scanty numbers at 
the same time of the year in areas that are actuaJly inun
dated with river water. 'fhe inundation of the country 
during the monsoon is unfavourable to the multiplication 
of anopheles mosquitoes, in the first place, because flooding 
reduces the dangerous " water-edge" which affords safe 
cover for mosquito larvre ; in the second place, because 
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owing to the largo surface exposed to the rays of the sun 
the temperature of tho water tends to rise so as to be 
exceedingly unfavourable to the life of anopheles larvre ; 
and in the third place, because the physical and possibly 
the chemical character of river water is inimical 
to anopheles larvre. Observations show that anopheles 
larvre are rarely or never found far from the grass grown 
or weedy edge of collectioml of watet· ; that they cannot 
~;tand a temperature much above that of the wet bulb 
thermometer and are rapidly killed by a temperature of 
104 degrees Fahrenheit ; and that they do not flourish in 
water containing fine silt in suspension. River water in 
the flood season also contains a very large amount of 
dissolved carbon dioxide (C02 ) so much so that. its reaction 
tends to become acid, and this possibly affords a further 
explanation of the fact~hat anopheles larvre do not flom·ish 
in river water during th~ flood season. . 

31-Racent Investigations on the Breeding' of Anopheles 
Larvm. 

65. Investigations by Hodgson and King serve to 
throw a new light upon the rationale of phenomena of 
tho kind referred to enabling us to understand how 
irrigation may, in certain circumstances, reduce malaria, 
and why on the contrary a reduction of the surface water 
in dL'ltaic areas may bring about an increase of the disease. 
The following passage is extracted from Hodgson's note 
in the proceedings of the Lucknow Sanitary Conference, 
1914 :-

"Taking the mosquito in its larval existence, we found that the 
optimum temperature for anopheles lay between 68°-78° F. 
Tl~mperature above 80 F. became more and more unsuitable, 
whill:l temperatures of 95° to 104° F." were rapidly fatal. In nature 
during the monsoon at Delhi in August; and in Madras in Novem
ber, we found the surface of pools to vary from 73° to 104° F., tl1e 
dilference being due to the following important facts~-

(1) The coolest pools were very small pools lying amongst 
grass. 

(2) The edge of a pool in the day time is cooler than lh~ 
centre. 

(3) The.lilurface layer is often 3° or 4; 0 hotter than the water 
4 or 5 inches down at midday. 

(t) The water lying at the,shallow e.lge, round grass stems, 
is the coolest part. of a pool. 

(5) When the average temperature of pools ·hal risen to 90° 
or even 100°, falling rain both. at Delhi·and Madras waa 
found to be 73° to 77 J F. during the monsoou. 
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(6) The river at Delhi even after long drought nevt>r rose 
above 87° 1<,. at miJday. 

(7) Well-water varied from 80> F. to 82> F. 
(8) The sea at MaJras in the monsoon was HO> F. 
(9) Small hoof marks iu gras.-1 might contain water 90 F. 

cooler than a l~&rge pool 6 inches away, particnluly 
during hot dry weather. 

"An anopheles mo;qnito lays her t>ggs in that type of pool which 
is coolest at the time. The struggle for existence raphlly incrt>ases 
above 80 F. and temper~tures such as 10-l F. are fatal to every 
single larva in less than M hours, though this is a temperature at 
which some pools have been found in nature. In the Terai in 
October, water varied from 65 F. to 78 F. on the two days we 
examined it, ~nJ anopheles were br~eding in millions. The great 
destroyer of mosquito larvae is nature, and her prin<'ipal means is 

. raising tl1e t-emperature of the water." 

It will be 8een from these observations that small collec
tions of waier and those possessing a large ral.io ·of weedy 
edge are far more dangerous than large water surfaces, 
because they invariably possess a lower temperature much 
more suitable for mosquito larvae than the high temperature 
to which large collection~ of water speedily become raised. 
This fact }lelps to explain the beneficial effect of flooding 
upon the prev~lence of malaria. When water is admitted 
in large amount. to the surface of a low-lying country, all 
the small pools are converted into large ones ; on the one 
hand the raiio of dangerous edge is greatly reduced and on 
the other hand the temperature of the water is speedily 
raised with the result that the output of anopheles mos
quitoes is restricted. 

32-lndlrect Effect of Embankments on Malaria. 

66. Embankments that prevent flooding may thus be 
a direct cause of malaria, but they also tend to increase 
the malaria of delta tracts in an indirect manner. The 
cessation of· inundation, as we have seen, causes a decline 
of agriculture, leading to economic streRs among the 
population. It causes also a coincident increase of anopheles 
mosquitoes leading to the spread of malaria infection. 
'fhe final result is an extraordinary exaltation of malarial 
disease, signalised by the occurrence of a serious epidemic. 
This epidemic malaria in turn causes depopulation, 
partly· by increased mortality and reduced fecundity and 
partly by stimulating migration. And depopulation 
introduces a further vicious cycle causing a still further 
increase of malaria and still greater depopulation, until in 
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badly affected localities the population is eventually eith.er 
entirely obliterated or reduced perhaps to a tenth of Its 
former number, the sites of once densely populated 
towns and villages quickly lapsing into almost impenetrable 
jungle. 

33-WhY the Dangep or Embankments was not fopmePIY 
understood. 

67. \Vhcn the embanking of the delta -tracts was 
begun, first as a measure of flootl prevention, as in the case 
of Burdwan, Murshidauad and Nadia, then for roads, as in 
case of J essore, and finally owing to the cor11struction of 
rail ways, few persons realised that the process was fraught 
with danger. Even after attention had been called to the 
outbr·eaks of fever ~ha~ followed . th~, c~struction of 
embankments, the term ·· water-loggmg winch was fre
quently employed without having been clearly defined 
appears to have led to a misunderstanding of the situation. 
In those days the cause of malaria was unknown, but 
medical authorities were wont to ascribe it generally to 
"water-logging," meaning thereby a super-saturation of 
the soil with water. Rajah Digambar Mitter, when seeking 
to explain the epidemics of malaria that occurred in associa 
tion with the construction .of embankments, suggested that 
they were due to " watet·-logging" produced by these 
embankments. By" water-logging," however, he appears 
to have meant," obstructed flow" rather than super
saturation of the ~:-~oil. It may be remarked that the 
term is frequently used by Bengalis in the former sense at 
the present time. Obviously, obstructed flow may occur 
either in association with excestS or as . the result of 
deficiency of water ; but in Bengal, it is deficiency rather 
t.han an excess of water tltat is especially dangerous, and 
that is concerned in particular with the obstmcted flow ~o 
often observed in the case of the silted-up channels of 
malarious areas. When, however, the medical men and 
engineers, who were asked to investigate the epidemic 
fever, sought for evidence of water-logging, they naturally 
looked for evidence of the saturation of the soil, which 
that phrase ordinarily implies, and, failing to discover much 
e\•idence of this, they declined to admit that water-logging 
was the explanation of the epidemic fever; whereas, had 
they enquired into the question of obstructed How and a 
reduction of the surface water in the affected tracts, t.hey 
would have found, as iu fact mauy of them did find, 
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evidence o[ this on all sides. Even in comparatively recent 
times, a similar misunderstanding has often prevented an 
appreciation of the real facts. Recently a Rerious increaRe 
of malaria in a vil1age near the Sara Bridge followed the 
shutting out of Hood water Ly the conRt.ruction of an 
embankment. In reply to an appeal from the District 
:Magistrate, the engineers who were responsiLl'=' insisted 
that the village mtist in reality have become more healthy, 
rather than less so because: owing to the embankment, it 
was much drier than before. In this case it was t.ruo t.hat 
the village was drier than formerly, but it was also true 
that the breeding of anopheles had been greatly increased 
in consequence of the numerous small isolated collections 
of rain watet· that had taken tho place of the former general 
flooding oE the village site, with the result that malaria had 
greatly .increased • 

. 34-The Effect cf Superabundance or Water on 
Malaria. 

68. As a matter of fact, few people are a ware that for 
centuries it. has been known that the partial drying up of 
large swamps o[ten renders them intensely malarious, and 
that in low,-lying deltaic tracts a heavy rainfall and the 
occurrence of. inundations prevents malaria and serves to 
keep them healthy. · "In some marshy countries,'' says 
Davidson,· '• a· heavy rainfall diminishes the prevalence of 
fever by covering the marshy ground with a protective 
sheet of water. Thus, in the Netherlands, it has often 
been remarked that rainy years are healthy years, while 

d d f . h " " v h . ., hot an ry seasons are evens . ery eavy ram; 
Pays Scheube, speaking of conditions affecting malaria 
prevalence, "ha::; a deterrent influence on naturally damp 
soil .• · •. At the height of the rainy season ... in Deli 
in. Sumatra {Martin), and New Guinea (Schellong), the 
minimum number of cases of illness is notified." He 
explains this hy observing that " a thorough soaking of the 
soil is. deleterious to the development of the mosquito." 
"In many regions," says Craig, "where abundant rains 
occur, malaria is rare, even though the anophelines are· 
present; This is explaine.d Ly the fact that in such regions 
the rains are so heavy and continued that the breeding 
places of mosquitoes are washed out and .ova and larvre 
do not. have· a chance to develop, or that no infected 

. individuals· are. resident in .the locality. In the former 
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· instance an unusually heavy rainfall may· act as a pro
tection against malaria." :Manson, too, bas observed the 
same thing and explains it. in the following passage :~ 

" In some places, particularly in those that are low-lying, flat and 
swampy, fevers of first invasion disappear almost entirely when thQ · 
country becomes flooded. • • • • • In some places, much rain will 
scour out the mosquite pools, in other places it will just fill them .•• 
. • . 'l'he key to tile explanation of the varying •·elation of malaria 
to rainfall is to be- found in the influence or the latter on the local 
mosquito pool:5." 

69. The passages quoted above show that it has l~flg 
been reco()'nized that in low-lying countries a super
abundance "'of surface watei·, far from being harmful, may 
exert. a beneficial influence upon malaria. ·And authorities 
like the late Professor Angelo Celli and Professor Julius 
Mannaberg have al wats regarded flooding or H covet·ing by 
water" as useful mea~'tres for the control of the disease. 
The former author in h1s classical monograph on " Malaria 
according to the New Researches" refers to this method of 
combating malaria in the following words :-

"Covering ·can, so to speak, also )le made with water. If a 
stratum of water be made to cover a malarious site, s> long as 'the 

• water remains at a constant level, there will be brought about a 
relative improvement. • • This submersion in certain cases is only 
relati'~ely beneficial, and its real value will have to be tested in the 
light of the new theory regarding the origin and propagation of 
malaria by means of moS•}Uitoes. Thus perhaps will be explained 
what seems to be a paradox:, namely, that the suppression 

1
of an 

epidemic of aquatic origin is brought ab011t by the presence of 
water." 

35-Embankments a ftrst step In reclaiming a delta. 

70. The first effect of constructing embankments in 
low-lying aroas subject to inundation from rivers is to 
roduee. very largely the total voluine of water present ·ori 
the surface. of the land during the act.ual Hood season, 
whieh ·in hot countries is the malarious season. This 
reduct.ion of the surface water causes a great increase 
oE malaria. 'l'he second result is that the amount of 
ra,in water,. that is held .up after the flood is over and 
the water-level of . the. rivers has fallen, may be con
siderably increased because the embankments tend to 
check the" run off" from the land surface. 'fbis does not. 
mmally affect malaria very much, . because the season of 
new infections is nearly over, Lut it damages agriculture. 
Embankments, therefore, causa an extraordinary change in 
the entire regime of a d.,Ita. 1\lany deltas, it is true have 
bonn reclaimed' and put under pasture or dry 'cultiv~tion; 
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and this- reclamation has necessitated the construction of 
embankments. But it has beon necP-ssary in all such cas£'s 
to provide special systems of drainage, ugually by means of 
pumps. Examples of this are to be seen in the case of tho 

· Po~ the Rhine and the Scheidt, and in the .Fen district of 
England. The construction of embankments is often there
fore a first step in the reclamation of a delta. But deltas 
that Lave been embanked without any corresponding 
reorganisation of their drainage, are only partially 
reclaimed. The situation of tLe population of a delta that 
has bee.Ii left in this condition is deplorable in the 
extreme. Agriculture is seriously interfered with. Tho 
cultivators cannot grow the same amount of wet crop~ 
as fm-merly, owing to t.he lack of fertili~ing river silt and the 
fact that in some portions of the country there is too little 
water while in others there is actual water-logging : and 
they cannot grow dry crops bscause drainage by gravity is 
not suffi.cienr. for this purpose. Ahove all tho people are 
exposed to recurring attacks of epidemic malaria as a result 
of the partial 1·eclamation of the country by tho emhank-
inents. · 

36-PaPtial Reclamation of Low Landa always conduces 
to MalaPia. 

. 71. Throughout all ages history is unanimous on 
this point that t.he partial reclamation of swamps mvan
ahly leads to an appalling increase of malaria. 

"No one in Hollan· I,'" says Wilson, spealdng of t.he il)finence of mala
ria in causing tliseas~ ... has any tl••ub& as to t.he origin of this power, 
but ascribes it uniformly to the drainage of some lake. • It. was t-ven 
foretoltl hy several writ~rs that f~vers would result from draining 

-the Lake of Haarlem, as t.ook place in the years 1608, 1641 and 177~ 
from draining several poltlers. At Haarlem the summer of 1779 was 
extremely hot and a fever epiJeuaic appeared which continued for 
thr~e years. It was a:~cribed to thP- draining of several polders:• 
"So Jong" he adds" as the Lake of Haarlem was a lake, or mere, so 
long were its bank!J h('althy. But drain it partially and yon must be 
prepared for the result. There is no mitldle course. It must be 
arrested by the hands which drained or attempted to drain it. and 
converted into healthy pasture land or a wheal; field. • The effects 
of part.ial or incomplete drainage have ever been the same.'' 

72. 'fha influence of partially reclaiming swamps or 
lakes on the health . of the inhabitant~ was frequently 
discussed during lhe last century, especially in connex10u 
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with the draining of tho low-lands of Biensten and 
Je Wonner, etc. The reclaim!ng of the La Chartreuse 
swamp near Bordeaux is alHo a claRsical examp1P-. After 
t.hc work was commenced in the summer of 1805, an 
appallin~ epidemic broke out which caused. 1.~,-ooo cases of 
pernicious malaria a no 3,000 deaths. A similar occurrence 
alRo took plac~ in the neighbourhood of Pet.erboroughl about 
1860, following the reclamation of the Whittle sea mere. ·In. 
his report to the Privy Council on this outbreak, Dr. Paley 
remarked "The first effect of the improved drainage of the 
largo Fen tliRt.rict.s has been ratl•er . to increase the pre
valence of a ~ue." In Bengal, the construction of embank
ments in tho delt;' tracts has been fo1lowed by similar 
results. But in this case ·the evil_ has lJeen infinitely 
greater. In all thn other -instances mentioned, re-
cla.maLil)n was ~nallY\ complet,ed, so that t_he reclaimed 
areas became nch fiN-m lands, from winch the· local 
population eventually derived great benefit. But in 
Bengal there · has been no· attempt to turn the rice 
swamps into wheat land and pasture. On the contrary, 
natural irrigation with river water has been stopped and 
drainage obstructed. And the inevitable result· has· been 
agricultural deterioration and- epidemic malaria. · It must 
not be suppo..:ed that those responsible for the embanking 
of tho conn 1 ry had any idea that such results would· 
follow. 'l'h•·y aimed at increasing the welfare of the 
community hy preventing floods and improving communica
t.ions. But the disastrous results of this policy ·has 
at last become apparent, and every endeavour must now 
l1e made to prevent a continuance of the error. and- to 
remedy, as far as poRsiLle, the evils that have 'occuned 
t.hrough past mistakP.s. · 
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CHAPTER V. 

Agriculturat Decline and Malaria in Eastern 
Bengal. 

37-The possible Exte'lslon of Malaria and coincident 
Agricultural Decline In Eastern Bengal. 

73. The evils o£ endemic and epi,Jemic m:1laria, agri .. 
cultural decline and depopulation from which such a largo 
proportion o£ the deltaic areas of Lower Bengal have long 
been suffering, and which have been shown in tho pwseut 
report, to be the direct outcome of the disastrous policy 
embarked on some seventy years ago, of embanking the 
country in every direction mainly fort he purpose of rail way 
and road construction, are serious enough to merit the mosi. 
careful att.ention with the view of discov13ring an effective 
remedy. Bp.t before passing on to consider what that 
remedy shoulJ be, a note of warning must be sounded in 
respect to those puts of the countt·y which have up to the 
present remained lar~ely immune f,·om the evils we have 
heen discussing. The existence of malaria, agricultural 
deterioration an·1 depo;Julation, especially in t.he Hurd wan 
and the Presidency Divisions, has long been admitted, 
but unfortunately the explanation o£ these troubles has not 
as yet received official recogmtion, although, as has been 
shown by the extracts quoted, numbers of observer~ have 
from time to time pointed to the exi~:~tence of embankments 
in the delta tracts as the cause of one or other of these 
evils. At the ·present time, headless of danger, embank
ing of the CO!mtry is being continued and rail way and road 
construction is being rapidly extended. Moreover, the ex
tension of communications of this kind is now being pushed 
forward with feverish activity in the most fertile ami pros
perous portions of Eastern and Northern Bengal, which have 
up to the present maintained an enviable prAmninence for 
agricultural prodnction owing to the favourable influence of 
the fertilising inundations which they still enjoy. If the 
facts that have be:3n quote·l in this noto are correct, and t.he 
conclusions that have been drawn from them are sound, the 
further extension o£ embankments in the deltaic areas of 
Northern and Eastern Bengal without simuHaneously 
providing for irrigation will be fraught with the gravest 
consequences not onl~ to these areas themselves but to 
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the trade and commerce of Calcutta, the civil administration 
and prosperity of the country as a whole. 

38-The Effect upon <:alcutta and the olute lndust~y of 
the Embanking of Eastern Bengal. 

7 4. .\.. consideration of tho following facts wilt show 
that, quite apart from the question of malaria, this warning 
is needed. The manufacture of jute, as is well known, 
is now the most important industry in the province, and the 
export of raw and manufactured jute is its most valuable 
commercial asset.. There are ovet· 70 jute mills in the neigh
bourhood of Calcutta employing several hundred thousand 
workers ; and the extent:~ion oE this industry has been the 
most efficient factor in reclaiming many of the riparian 
municipalities from th~ra vages of malaria from which ·many 
of them were suffering ftp to a few years ago. The prospe
rity both of the city and its environs and of the port of 
Calcutta is largely bound up with the continued prosperity 
ofthe jute trade; moreover, the civil administration is also 
vitally interested in view of the fact that the export duty. 
on jute contributes annually no less than Rs. 3,00,00,000 to 
the State Exchequer. The jute trade is dependent upon ari 
abundant and cheap supJly of raw material. At present 
over 60 per cent. of tho jute grown in Bengal comes from 
t.he non-malarious eastern diRtricts ; Northern Ben€f<ll con
tributes over 25 per cent. of tho supply and the Burdwa·n 
<lll<i the Presidency Division barely 10 per cent. Hence the 
jute trade largely relies upon the productiveness of Eastern 
Bengal ; and to maintain the production of jute it is essen .. 
tial that the present extraordinary fertility of this parti
cular area should continue. The fertility of ·Eastern 
Bengal, as we have seen, is almost wholly due to the 
inundations with silt-bearing river watAr which theee delta 
tracts now enjoy. · 

"The plains of Eastern Bengal watered by the Brahmaputra" says 
Hunter ''yield unfailing hanests of rice, mustard oil seeds, and the 
exhausting jute crop year after year without any deterioration." 
"Jute· has long been one of the principal sources of profit to the cul
tivators of Eastern Bengal." 

As far- back as 1877, the Collector. of Dacca reported 
that: · 

"The jute grown in Dacca alone and sold at Narayanganj put a 
sum of money into the hands of the c11ltivators sufficient to pay the 
rental of the whole district an<! leave a profit of from eight to 
thirteen lakhs of rupees," 
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In 1906 it was stated that, on a conservative esr.imatl~, 
jute brou;.{bt not. less than Rs . .J! crores into tho Dacca 
district and, it is possible, that the value of the crop may 
even lmve reached a figure as. high as RR. 5"4 croreR. 
In 1913-14 the gross value of the jute crop of tbe whole 
province approximated to Rs. 70 crores. 

39-.Juta Pequlpes Rival' Slit. 

75. "Very little manure is given to jute," sayt:~ Watt; 
" especially where siU deposit takes place. In fact the 
~:~uperi01·ity u[ certain districts uvet· others is largely a 
consequence of the hea.vy annual lleposit of silt." The 
Imperial Gazetteer and the Eastem Bengcll and Assam 
Gt.rzetleer express similar views, the formor stating that 
"jute is chiefly grown on land which is liable to Le sub
merged when the plants have made some progress, for it 
is an exhausting crop on soils not Lenefit.ed Ly inundation 
silt"; and the latter remarking" tho crop is au exhausting 
one and the low lands which are annually Hoo led and 
fertili~ed by silt deposits from the rivers are tbcrefore best. 
suited for it." 

4Q-.Jute an Exhausting OI'Op. 

76. "Jute is an exhausting crop" says tllfl Statistical 
Account uE the Pabna district, so t.hat _, pnlHes cannot Le 
sown in f he cold season on jute land," and jute cannot (,e 
profitably grown for two years in succession on tho same 
land.;' 

"In the first year of its growth," says the Statistical. Accou11t 
of the "Nadia district, "a bumper crop is obtained ; in the second 
year the yield is somewhat less; and in the third year the quality 
as well as the quantity of the plant deteriorates considerably, the 
soil having become impoverished in consequence of thP, exhausting 
nature of the crop." 

Views similar to those quoted above were also expressed 
in the report of the Jute Commission a number o[ years 
back. " I have no hesitation," states the Commi~sioner, 
" in saying that jute exhausts and impoverishes the soil 
to a much greater extent than the other crops. As to the 
degree to which soil is exhausted by the cultivation of jute, 
I am disposed to think that ordinary virgin land which 
has been broken up for a first crop of jute, will, in the 
second year, lose about 25 per cent. of its produCtion power; 
and that, even though afterwards manured, the yield in tho 
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dnrd year will be about one half ~f the first year's crop. It 
is from this conviction of the exhausting power of jute on the 
soil that this crop is so frequently shifted from field to field, 
and 1 can testify from my own observations and enquiries 
that, except in the case of chars flooded annually, and very 
low lands which derive similar benefits by drainage, it is 
in very few instances only that jute is grvwn on the l same 
land for more than three years consecutively." "Jute . 
grown on poor land is generally admitted to be of bad 
quality and the output is very low." The Nadia Gazetteer 
remarks that : 

"The quality of the jute grown in Nadia district i:! inferior to that 
grown in the districts north of the Ganges. A further- explanation 
as regards Nadia itself lies in the inherent infertility of the soil." 

77. The foregoing quotations show that there ·are 
grounds for believing t~t in the absence of irrigation an 
abundant supply of. good quality jute so necessary for the 
maintenance of the prosperity of the great J ut.e .Mill Industry 
can be ensured only by a continuance of the inundation 
and silt deposit characteristic of the jute-growing areas· of 
Eastern Bengal, and that the shutting out of these inunda
tions from the country by the constructing of embankments. 
will have the eflect of seriously dimiuishing the output 
of jute that is so necessary to the well-being of the most 
important of the manufacturing industries of the province. 

41-Threatened Reduction of the .Jute Crop. 

78. Should the existing supply of raw jute be 
seriously reduced, the effect will be ruinous in the 
extreme, not only upon the jute and allied industries, the 
commet·ce of Calcutta, the trade of its port but also upon 
the revenues of the -Govern~ent_ aA.9Jhe general prosperity 
of the whole country. If embanking of the fertile delta 
tracts of Eastern Bengal is allowed to go on unchecked, 
such a reduction m.ay occur within a measurablA period of 
time. The normal area under jute in Eastern Bengal is 
1.373,300 acres compar~d with 694,500 acres in Northern 
Ben~al and a total of 353,000 acres in the Burdwan 
and Presidency Divisions. The former £gure represents 
14·7 and 9'6 per cent. of the net cropped area, the 
lat.ter only 3'5 per cent. (viz., 1·3 per cent. in Western 
Btmg_:tl and !>'6 in Ce.ntral .Bengal). The outturn of jute per 
:acre 1s adm1_ttedly h1gher 1!1 Eastern Bengal, and the quality 
of the fibre ts usually comndered to be_better also. These 
-differences are proba.hly-l:!et.h---due- te-thtrter-tile character of 

5 
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a soil annually enriched with river silt and an abundant 
supply of "at~r in which to ~teep the fibr~. The poverty 
of the soil in Western and Central Bengal necessitates & 

larger proportion of the cultivated area in theRe two divi
sions being devoted to food crops, a fact which probably 
accounts for the relatively small area apportioned to jute. 
The embanking of the land in Eastern Bengal will un
doubtedly be followed by the rapid impoverishment of the 
soil in that area also whicb, in turn, will certainly compel 
the cultiYators to put more of their land under food crops 
and less under jute. 

42-Present and Future Production of "uta. 

i9. The present estimated yield of jute per acre in the 
four eli visions under discussion is :-

3:2 bales per acre for Western Bengal. 
3:5 ditto Central Bengal. 
3:7 ditto X orthern and Eastern Bengal. 

The total yield tor the four diYisions on these estimates 
,yould reach, in an ordinary year. the total given bdow~ 
based upon the figures fvr 1918-1!1:-

Western Bengal 
Ceutral 
Northern 
Eastern 

" 
" 

Total 

Proportion of totAl 
yield of 4 divisions •. 

Bales. Per cent. 

I t\2,240 
635,250 

2,156,7:-lO 
.'),194,4ao 

8,148,650 

RODUCTION 
BENCAL ~ 

"' u 

1·9 
7•7 

2ti·4 
63·9 

- - a: 
~ 
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If it should happen that! owing to the lesst:ned fertility 
of the soil and a corresponding lack of water, the outturn of 
jute from Eastern and Northern Bengal is diminished until 
it falls to the same proportion as that supplied by the other 
two divisions, the jute harvest of the former areas will be 
red need by five or six million bales per annum. Even if 
Eastern Bengal is reduced to the condition of the Presi-
dency Division, which as far as jute is concerned, is not 
yet quite so bad as that of the Burdwan Division, its jute 
harvest would be lessened by over four million bales. In 
view of the fact that nearly 64 per cent. of the total jute 
grown in the province comes from Eastern Bengal the
disastrous effect upon the whole jut~ industry of an 80 per 
cent. reduction in the jute crop of this area will be apparent. 

43-Threatened Agrloul\ral Deollne In Eaatern Benl&al. 

80. A comparison of the following figures which relate 
to agricultural conditions in the three· divisions under. 
discussion will show that a cataRtrophe of this kind is by 
no means outside the rang,-., of probability:-

I Total . I C . I I - I I · 
tl cultivable ulttvable Fllllowe. I Net erop- Twine crop-' Oroea crep• 

••·ee. waste. P"d• 1 ped area. pod area, 

--------------~----~----~----
7,044,293 1,783,068 t28,oso I •. aa1.2oo an,8oo I t,roa,ooo w .. tero Bonral 

... e.ts&,4>5 J,IH,20& J,5u.uo I a,798,Ioo 727,100 I t,iu,.ao 

------·--·'----- ____ I __ 
... 13,53~,748 1,927,268 l,f7f,1@0 I 8,136,300 1,101,100 t,tiS,400 

Centro! 

Total 

------·------------------
!!utero Beogal ... 10,213,7~0 75lo63 171,7471 1,090,70'1 1,218,700 ll,IOt,tOI 

--------------~-----~----~----

'rhe relative conditions of the three divisions may be 
judged from the following table :-

Western Bengal 
Centrnl , 
Easteru ,. 

Proportloo of \ 
waste to culti· 
· Y&ble area. 

Per cent. 
25"3 
17'6 

7•3 

Proportioo of I Net cropped I Proportioa of 
fallow to culti· area to total twice cropped '-

V.t.ble area. cultivable area. net eropped area. 

Per cent. 
13'1 
23•8 
3'6 

Per cent. 
6t·5 
58•5 
89'0 

Per cent. 
8'6 

19'0 
24'4 

Taking Western and Central Bengal together, 21'6 per 
cent. of the total cultivable area was lying waste in 1918-
1919, 18'2 per cent. was current fallow, only 60·1 per cent. 
was actually cultivated and 13'5 per cent. of the cultivated 
area was cropped twice. 

5.A 
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- H culti \'at ion in Eastern Bengal is reduced to the same 
deplorable state in which it now is in the two other 
di_visions, the a~ount of waste lan_d and fallow, respectiYely, 
WJll be greatly mcreaseJ, the cuit.tvated area will be greatly 
1·educed and double-cropping of the land will become far 
less frequent than at present. The figures cited below 
show the pr~sent agricu~t!ual statistics of Eastern Bengal, 
compared wtth the condttwns that may be produced in the 
futu~e if the suicidal policy of embanking the country is 
contmued :-

I !'resect eond I· Possible future Ia crease i P~r«n t•~r• , f tiou of Basteru eouditiou of or lll('reRse or . Bengal. Eastern Bengal. decrease. Jt!Jtease • 

I 

I I 
Acres, Acres. Acres. Per CE'nt. 

Cultivable waste ···I 751,263 2,106,161 + 1,354,898 + 180•3 
Current fallow ... 371,747 1,858,895 + 1,487,148 +4000 
Net cropped ... 9,090,700 6,138,439 -2,952,261 - 32"4 
T" ice cropped ... 2,218,700 1,227,2-14 -991,456 I -44"6 
Gr(\SS cropped ... 11,309,400 7,365,683 -3,943,7171 -34"9 

44-The Effect of Agricultural Decline In Eastern Bengal. 

- 81. Should Eastern Bengal suffer an agricultural 
decline Himilar to that which has occurred in the Hurd wan 
~l}d_Presidency Divisions, since these areas were deprived 
of enriching inundations, the re~;mlting diminution of culti
"!ation will be nearly 35 pet· cent. of the present gl'Oss 
cultivated area. But this figure by rio means represents 
the whole reduction that would occur in the gross agricul
tural outturn. It takes no account, for instance, of the 
admitted fact that river water increases the yield of 
cultivated land by as much as 50 per cent., and that 
decreased fertility must follow the shutting out of this 
water. from . the fields. At present, according to the 
Imperial Gazetteer, the out.turn of rice in . the. fertile 
swamps of Eastern Bengal is half as much again as in other 
parts of the province. Careful experiments' in the area 
1rrigated from the Eden Canal system also have shown that 
fields receiving river water yield 25 maunds of paddy per 
acte; whereas they give only 16 maunds per acre when 
cultivated with rain water. It may safely be aRsumed. 
therefore, that depriving the fields of Eastern Bengal of 
silt-laden river water will diminish their yield by 33"3 per 
cent. Hence we have to consider not merely the effect of 
a possible reduction in the gross cultivated area, amounting 
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to nearly 35 per cent., but the additional loHs occasioned by 
a diminished yield from the 7,365,683 acres that would 
still remain under cultivation. In the circumstances stated, 
the total production of this latter area might conceivably 
be reduced to an amount equal to that now derived from 
only 4,910,456 acres, the loss being equal in amount to the· 
total crops grown on 2,455,22 7 acres, or the. third part of 
7,365,683 acres. Adding 2,455,227 acres to 3,943,717 
shown in column 4 of the above table, gives a total of 
6,398,94·1 acres, which represents the possible loss of 
productiveness which might conceivably follow if agri
culture in Eastern Bengal is reduced to a condition similar 
to that prevailing in the Burdwan and the Presidency 
Divisions. By assigning a hypothetical cash value to the 
produce of an acre, this possible loss can be expressed in 
terms of money. If, fol\exarnple, the value of the present 
gt·oss yield is estimated a-t Rs. 50 per acre, the monetary 
loss might be in the neighbourhood of 32 crores of rupees, 
but if the average value of t.he crops is put at Rs.· 100 
per acre, which is a more likely estimate at present prices, 
the total loss would be double this, or nearly 64 crores of 
rupees per annum. 

82. The above estimate assumes a 33"3 per cent. 
reduction in outturn, resulting from the cessation of 
natural irrigation by river water m addition to a 35 per 
cent. decrease of acreage. But in place of this we may 
take another estimate. In Eastern Bengal, the average 
harvest deficiency over a long series of years is about 7 per 
cent. of the normal. But the mean avArage crop deficiency 
in 'Vestern and Central Bengal, when taken together, is 
about 22'2 per cent. Assuming that the shutting out of river 
water from Eastern Bengal would increase the average 
harvest deficiency from 7 per cent. to 22"2 per cent., the 
loss of crops occasioned on 7,365,683 acres would then 
represent :t reduccion in agricultural production ·equivalent 
to the yield of 1,119,203 acres, or nearly 10 per cent. of the 
present gross cropped area. Allowing 35 per cent., there
fore, fot· land going out of cultivation, plus a further 10 per 
cent., for the loss of outturn owing to lessened fertility, it 
equals 45 per cent., a fi.gure which repre~:~ents the possible 
annual reduction in the agricultural outturn of Eastern 
Bengal. This would dimini~h the harvest to 55·0 per cent. 
of what it is at present. In other words, supposing the 
a~ricu]t.ural production of Eastern Bengal is now worth 
Rs. 113 crores per annum, the loss occasioned by reducing 
this area to the condition of the Burd wan and Presidency 
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Divisions would be more than ·Rs. 50 crores per annum. 
'fhis figure, it may be observed, js about the mean of the 
minimum and maximum estimates of the loss previously 
given in paragraph 81. 

'fhe reduction of Eastern Bengal to a condition resembl
ing that of the Burdwan and Presidency Divisions would 
probably entail the ruin of the jute industry, the commercial 
decay of Calcutta and the financial embarrassment of 
Government. But these are not the only consequencea to 
be considered, for it is certain that, coincident with the 
agricultural decline of Eastern Bengal, a fearful extension 
of malaria would take place in the delta tracts of that 
division, at present largely exempt from the disease. 
A similar fate would also threaten the riparian muni
cipalities adjacent to Calcutta, which owe their present 
comparative immunity from malaria to the mill indus
tries established within the last 50 years. For, with the 
decline of the jut.e industry, these towns would suffer from 
economic lo:;s and depopulation, epidemic malaria would 
. become active again, and they would once more relapse into 
the condition of jungle, from which they have only recently 
emerged. 

45-Tha Etrect on Central and Western Bengal. 

83. Under the conditions that have been pictured in 
the last three paragraphs, what hope would remain for the 
millions of unfortunate people in the malarious areas of 
'V estern and Central Bengal ? Immediate relief ·Can only 
be ~iven to the affected tracts by lavish expenditure on 
quiuine, the provision of an adequate health staff and the 
establishment of co-operative anti-malarial societies, pending 
the carrying out of the huge schemes of irrigation, which 
alone offer au effectual remedy for the associated evils of 
agricultural decline, epidemic malaria and depopulation. 
But how will the money required for these objects be found, 
should the agricultural prosperity of that portion of the 
province, which is the main source of the country's present 
wealth, be destroyed, or even seriously injured, as is cert.ain 
to be the case if the former policy of embanking the delta 
tracts is to be continued? It is of course unnecessary to 

. press this point ; the mere asking of the question is enough 
to show how much the future welfare of the country 
depends upon the continued health and prosperity of the 
only part of the province as yet largely exempt from the 
attacks of malaria. 
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CHAPTER VI. 

How to prevent the extension of Malaria in 
Bengal. 

46-The Remedy for Malaria In the Delta Tracts of Bengal. 
I 

84. The facts discussed in the earlier portions of this. 
report show that the great increase of malarial disease that 
has tak(~n place in many deltaic areas in Bengal is inextri
cably bound up with a coincident decline of agricultural pro
duction owing to diminished natural irrigation and impove
riRhmenl of the soiL The common origin of these associated 
evils i8 to be sought in the decay of the river systems of 
the delta tracts, accelerated by the embanking of certain 
main channels, the tnisch~f being further greatly intensified 
by the construction of thOusands of miles of raised roade~ 
and rail ways. At present the natural divisions of 'Vestern 
and Central Bengal are chiefly affected ; but certain deltaic 
tracts in Northern Bengal have long been suffering in a 
"Similar manner; and vast areas in Eastern Bengal that have 
so far remained comparatively immune both from malaria 
and from the agricultural decline that invariably accompa
nies an increase of the disease in rural areas, are now 
'Seriously endangered owing to the rapid extension. of 
embanked communications of all kinds .. At the present 
moment, therefore, Bengal is faced with two problems : 
(1) how to avert the threatened extension of malaria, ·espe
cially in Eastern Bengal ; ar.d. (2) how best to remedy the 
malaria already exiRting both in that and in the other 
natut·al divisions of the province. The present chapter will 
deal with the first of these problems. 

47-How to avert. the Extension of Malaria I~ Healthy 
Deltaic Areas. 

85. Deltaic areas that are as yet free o£ malaria are 
charact.erised by possessing· rivers that are still active, 
spilling over their banks in the flood season and distributing 
t.heir water through the numerous channels which inter::;ect 
the country. As a result of the free supply of flood water, 
these areas are subject to inundation, but as they have few 
embankments, the water passes freely over the surhce of 
the country doing no harm and bringing wondrous fertility 
to the soil. At the end of the wet season, the river levels 
Iall and the flood water flows away from the surface of the 
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land leaving the soil well-drained and healthy, alike for 
crops and for human beings. It must always be remem
bered that these fa,•oured localities, although they now 
enjoy a wonderful immunity from ·malaria, do so only 
. because of the superabundance of surface water that 
covers the country during the wet season. l\Ioreover, 
they are in a state nf unstable equilibrium. For if 
conditions in respect to the flow of surface water over tht~ 
country are interfered with so as to diminish the normal 
amount of flush and permit instead of the formation of 
small pools of relatively stagnant rain water so favourable 
to the breeding of anopheles mosquitoes, these healthy 
prosperous districts are capable of becoming intensely 
malarious. To prevent deltaic areas of this kind becoming 
malarious, the integrity of the rivers and smaller water 
channels must be maintained, their respective spill areas 
preserved, and normal inundation encouraged. A.bove allr 
the erection of embankments of any kind, whether fo1· 
railway or road communications or other purposes, must Le 
absolutely prohibited until such time as it is possible to 
devise a method of construction that will not interfere 
with the natural irrigation or the drainage of the country 7 

and will neither damage agriculture uor the· health of the 
community. The consequences of embanking deltaic areas 
are so exceedingly serious, both to cultivation and the publie 
health, that once the danger has been recognised, the 
obvious course to follow, if these consequences are to he 
averted, is to stop the further construction of embank
ments. But action in this direction must be combined 
·with a number of other me~sures if it is to do more than 
postpone for a short period the threatened evils of malaria 
and agricultural decadenee. It will be neces~ary, for 
example, to examine the rivers and other water channels 
with a view of adapting them, if possible, both for irriga
tion and for purposes of communication. In the latter 
connexion it must be remembered· that it is often the 
urgent demand for improved communications that has led 
in the past to the heedless embanking of the country, a 
process fraught, as we have seen, with results disastrous 
alike to health and agriculture. · 

The systematic examination of the rivers and water
courses in every district must be further supplemented by 
a survey of their local spill area and the lines of interior 
drainage.· All embankments that already exist must also 
be carefully scrutinised with a view to determining what 
effect they have upon the natural irrigation and drainage 
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of the locality and whether the water-wayF provided ar6 
sufficient for this double purpose. Lastly, the movements 
of the ground water must be watched in order to determine 
the level of the local water table and its seasonal varia
tions, and to discover what influence these fluctuations have 
upon the growth of crops and the condition of the public 
health. · 

48-Summary of Measures required In RelativelY HealthY 

Deltaic Areas. 

So. Briefly summarised the measure:'; that must be 
adopted to avert ·the · spt·ead of mahria in all districts 
possessed of healthy deltaic or sub-deltaic areas are as 
follows:-

(1) Prohibition of furtner embankments. 
(2) Survey of existing embankments and their water

ways. 
(3) Survey of river channels and other water-courses. 
( 4) 'The mapping out of local spill areas and lines of 

drainage. 
(5) Improvement of existing water channels. 
(6) Examination of the local water-table. 

In addition to the measures enumerated above,. an 
attempt must also be made to determine, as accurately as 
possible, the existing conditions in respect both to malaria 
and agriculture. Much of the work thus briefly outlined 
can be undertaken immediately by the existing staffd of 
engineers, overseers and sub-overseers and the health 
officers employed by district boards. Such further assis
tance as may be necessary should be provided by Govern
ment under the direction of the respective departments of 
Irrigation, Agriculture and Public Health. 

49-Prohibitlon or Embankments. 

87. The evidence incriminating embankments as the 
cause both of agricultural decline and increased malaria. is 
so overwhelming as to warrant immediate artion to prohibit 
the construction of any new embankments. But whether 
this can be done under existing legislation is doubtful. 
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Section 76 of the Bengal Embankment Act, 1882, reads as 
follows:-

(a) Every person, who in any of the territories to 
which this Act extends, without the prev-ious 
permission of the Collector, shall erect any new 
embankment, or shall add to any existing 
embankment or shall obstruct or divert or cause 
or wilfully permit to be obstructed or diverted, 
any water-course, if such act is likely to inter
fere with, counteract or impede any public em-
bankment or any public water-course ; · 

(b) every person who within the limits of the tract 
included in any prohibitory notification under 
section 6, without the previous permission of 
the Collector, shall erect, or cause or wilfully 
pet~mit to be erected, any new embankment, or 
shall add to an~· exist.ing embankment, shall 
obstruct ot· divert or cause or wilfully permit to 
be obstructed or diverted, any water-course ; 
and 

(c) every person who shall abet any such act as is 
mentioned in clauses (a) and (b), 

shall be liable, on conviction, to a fine not exceeding five 
hundred rupees or in default of payment to imprisonment of 
either description for a period not exceeding bix months. 

But although clause (a) of section 76 appears to cover the 
creation of new embankments, section 6 of the Act which 
defines the powers of a Collector makes no reference to the 
prohibition of embankments. If it is feasible, however, to 
prohibit the construction of new embankments under the 
Act, orders on this point should be issued forth with. The 
temporary prohibition of new embankments, whether for 
road or railway construction and, except perhaps in very 
special circumstances, for flood prevention also, is not 
likely to cause serious damage or much inconvenience; 
while on the other hand it may avert much future evil 
Immediate action can do no harm whereas delay is danger
ous. If action is postponed pending a full discussion of the 
question, great harm may.be done before a final d~ision is 
arrived at. 

50-Emergency Legislation. 

88. Supposing immediate action to prohibit embank
ments· cannot be taken under existing Acts, emergency 
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legislation will be necessary. This le~slation should be 
designed to prev~nt the further embankm~ of th? co!lntry, 
pending the carrymg oa.t of such further mveshgatwn as 
Government may consider necessary. Unless precautions 
of this kind are taken, there is a ri:;k of embankment 
construction being pushei forward rapidly in anticipation 
of future action by Government. 

51-Roads, Railways and Embankments a Necessity. 

89. In order to avoid misunderstanding, it is just as 
well to point out that the prohibition of embankments is 
suggeRted as a temporary measure only. It is aimed at 
preventing that unnecessary damage to the country which is 
bound to occur when emb~kments are constructed, as they 
have been in the past, withoilt due.regard to the fundamental 
needs of agriculture anJ the public health. Railwayt:J and 
roads have played an important part in the social and 
commercial organisation .of the country, and will continue 
to do so and they will be needed in increasing numbers as 
development proceeds. Even Romesh Dutt, who was no 
lover of rail ways, after discussing inland navigation, admits 
that ''the present railway system ministers to the wants of 
commerce much more effectually." 

Railways, when properly designed with due regard to 
the physical peculiarities of deltaic areas, so as not to 
interfere with the irrigation ami drainage so vital to their 
agricultural prosperity, are of inestimable benefit. Lower 
Egypt, the delta of the Nile, is a striking example of this. 
This tract of deltaic country is baraly half the size of the 
Pt·esidency Division, and contains 3,100,000 acres of 
cultivation. But it possessed in 1911 no less. than 
2,400 miles of rail way and 1,250 miles of raised roads. 
This net-work of communications has its proper place in 
the scheme of thingH. Agriculture and irrigation are 
recognized as being of vital import.ance to the well-being of 
Egypt and in consequence take precedence over everything 
else, the interests of railways being entirely subordinated 
to them; and any one who dared to suggest that com
munications should be given primary consideration over 
irrigation would be looked upon as fit inmate for a lunatic 
asylum. 

But schemes of irrigation should always include im
proved communications. Irrigation projects also require 
the embanking of the rivers in ordar that they may be 
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adequately controlled and their waters properly utilized. 
Railways, roads and river embankments are necessary 
therefore and must be pro\·ided for'if future progress iA to 
le assured, always remembering that they must take their 
proper place in the whole scheme of organisation. 

When Sir Arthur Cotton was laying out systems of 
irrigation for the deltas of Tanjore and GoJavari, raised 
roads and bridges were included in the estimate~ of the 
work. Thus, in 'fanjore, with its one million acres of 
irrigated land, no less than one thousand miles of raised 
roads and many hundreds of bridges were provided. In 
the original project for the Godavari delta also, it was 
stated that both river embankments and a system of raised 
roads were among the essential requirements, the latter 
being especially necessary '• to allow of the conveyance of 
produce to the markets and to the coast through a country 
which is otherwise, from its nature, impassable in the 
rains" ; and the estimates allowed for an expenditure of 
17! per cent. of the total cost on the construction of roads 
and bridges. Similar considerations must apply ~n the case 
of deltaic tracts in Bengal. ·when once the more pressing 
needs of cultivation have been looked to and agriculture 
preserved and restorl')d, the question of increasing the 
number both of roaJs and rail ways must receive attention. 

52-SurveY of Existing Embankments. 

90. It is probable that some information in regard to 
embankments is alt-eady available in every district ; but it 
is doubtful if there is anywb.ere a complete record with 
full particulars of the various types of embankments that 
exist. Obviously such a record is necessary, and it must 
include detailed information regarding the numbet·! charac
ter and size of the water-ways, and the are.as within the 
sphere of influence of any particular length of embankment. 
In order t() obtain this information, a preliminary survey 
must therefore be carried out in each district of all existing 
major embankments, including those for flood protection 
and for communications, such as railways and roads. A 
more detailed survey should afterwards be undertaken to 
supplement the information previously obtained. This 
latter survey might be carried out simult.aneously with the 
suggested examination of water-courses and spill areas and 
the preparation of drainage maps. · 

The preliminary survey of embankments need not take 
long and might even be completed in one dry season. 
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It will afford valuable information on such points as the 
relative height. of embankments, the number and size of· 
the water-ways, the signs of scour at bridges and culverts, 
the presence of breaches and th_e. evid~nce of previ~us 
impounding of water, and depos1t10n of sand and s1lt. 
Data in regard to all these matters should be collected 
and reconled for future use. This initial survey dining 
the dry weather must be supplemented by a subsequent_ 
examination during the flood season. The latter will be 
necessary in any case in order to obtain the requisite 
information in regard to'" run off" and drainage; water
courses and their spill areas ; and the effect of embank-

. b . " ff " d . . '. "ll , ments m o st.ructmg run-o an restnctmg · sp1 . 

53-Water•waYB'{_n Embankments. 

91. Certain special questions that arise in co.nnection 
with embankments require to be carefully investigated. It is 
often supposed that the embankments ofroads and railwayt; 
do little or no harm if what is termed "a sufficient number" 
of water-ways is provided. · But althou'gh bridges are 
always necessary where an embankment crosses a definite 
water-way, for the preservation of the embankment itself, 
the more or less haphazard provision of an extra number of 
culverts beyond those required for this purpose is an expe
dient of very doubtful value. Culverts may, of course, 
pt·event the impounding of water and the drowning of crops 
but, on the other hand, they may increase the capacity of 
previously insignificant water-courses or lead to the form
ation of new ones. The effect of this is to cause the rapid 
removal of water from the fields; both those situated above 
and alE>o those below the embankment being affected. As 
a result water which would otherwise often be retained on 
the fields to the greatest benefit of the crops is rapidly 
t·emoved fyom the surface of the country. A multiplication • 
of culverts, while encouraging the removal of surface water 
from one area, may therefore seriously interfere with the 
natural irrigation of another. In this connexion, it must be 
remembered that drainage of the soil, so valuable from an 
agricultural point of Yiew, consists in the removal of 
excess of sub-soil water. Surface drainage may sometimes 
be required to prevent the drowning of crops ; but unless· 
it is carefully regulated, it may do immense harm by soil 
clenudat.ion and the washing away of valuable materials 
required for plant growth. · 
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54-Effect of Embankments In causing Freshets In 
Rivers and Streams. 

92. The possible effect of embankments in causing 
abnormal freshets in rivers and streams and so producing 
such various evils as " wash outs" at bridges and cul
verts, or the deposit of sand on lands in the neighbour
hood of streams and rivers, also requires investigation. 
Embankments at right angles to the general slope of the 
country almost certainly tend to increase the discharge of 
water in existing channels. 'Vater that. in ordinary cir
cumstances would pass from field to field over the whole 
sui.·face of t.he country is diverted either to the right or 
left in a line parallel with the embankment until it finds 
an open water course through which it can escape, greatly 
increasing its storm-water flow. The whole system of 
natural flow across country is thus interfered with and the 
consequences are often disastrous both to health and agri
culture for the reasons explained elsewhere in this note. 
rrhe whole of this question requires careful investigation. 

55-Effect of Embankments on the Water-table. 

93. Little or nothing is known as to the influence exerted 
by embankments on the level of the water-table. It is 
recognized that variations in the height of the su b-!;oil 
water level have an extraordinary influence upon growing 
cmpR, and a corresponding correlation has often been 
ohserved. bet ween a :high sub-soil water level and malaria 
pre\·alence.. Embankments that impede '"run-off" and 
stop . drainage may cause a rise in t.he level of the sub-soil 
watet, while those that shut out flood water undoubtedly 
restrict natural irrigation! and may be found t.o lead in 
certain areas to an P.xcessive reduction in the height of the 
water table. Information in respect to both these points 
is urgently required, and data in regard to them should 
l.herefore be collected in the course of the proposed surYey 
of the water"'table. 

56-SuPvey .of RlveP Channels and othel' smalleP Watel'• 
COUI'S8So 

94. A survey of all existing water-courses in every 
· distriot is essentiaL In valleys and up-lands water-courses 

serve as drainage channels but in deltaic areas they are 
irrigation channels at one season and drains at another. 
H of sufficient size and depth water-courses may also pro
vide useful means of communication and Ro facilitate cheap 
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transport. 'Vater-courses require to be examined there
fore from these three paints of view : (1) drainage, (2) 
irrigation and (3) c_ommunicati?n~. As r~gards 4rainage, 
little needs to be said, because It If\ not this funchon thaL 
is likely to be overlooked. But it is necessary to emphasize 
t.he importance of water-courses from the point of view of 
irrigation and transportation, because unlike what~ has 
happened in the deltas o[ other countrie~ these two impor
tant functio:1s have been grievously neglected iri the deltaic 
tracts of Bengal. In the great deltas of China, irrigation 
ha~ a very extended and general distribution and it is said 
the mcst scrupulous care is taken to save and utilis~ every 
source of water in cultivation ; and to such good effect that 
in Southern and Central China it is estimated that an acre 
of land is made to support from three t.o five persons. 

"In the province of Ningpo, l:o~Kien and Shanghai" says King 
''the water is generally taken f-rom small ditches led out from 
streams or larger canals. It is said that in many parts almost every 
farm is supplied from canals or shallow laterals which are 2 or 3 
miles long and from 10 to 30 feet wide, leading CJut at right angles 
from the main canals often from 200 to 400 feet apart. In th~ 
province of Fo-Kien where the rainfall is both quite large and well 
distributed, irrigation is still practised but as a means of increasing 
larger yields rather than a necessity." Conditions are very similar 
in the deltas of Siam. Consul-General Jacob T. Child states that, 
•• about one-half of that country is under cultivation and of this four
fifths are irrigated, much of it for rice. The fields are supplied with 
water from canals, which branch out from the rivers in all directions, 
and the main lines are constructed by the general Government but 
those supplying the individual fields directly, are made by the 
individual land owners.'' The countries mentioned closely rel'emble 
many parts of Bengal both in their physical configuration and in their 
agriculture ; and they appear to offer an example of successful 
irrigation that might well be imitated with advantage, especially 
in the deltaic portions of the province. To this end, a survey of 
the existing water-courses in every •iistrict of Bengal is an impera
tive uecessity both in the interests of irrigation aod the improve
ment of agriculture and for the promotion of the general welfare 
of the whole population, by preventing the. further extension of. 
malaria. For this latter purpose, lt is essential that information 
shoulJ be obtained in regard to the character of the water carried by 
the various channels in the flood season. Observations have shown 
that malaria is least prevalent in areas where the streams contain 
silt-bearing water derived from lhe great rivers. It is this silt-laden 
water also that is most va~uable for crops. Streams and khals con
taining muddy water of this kind are obviously in vital connexion 
with activE' rivers, wheareas those which carry only clear water are 
probably mere drainage channels. Th~ proposed survey must take 
careful account of these facts. When it is completed, it should provide 
materials for a map of every district and the entire province in which. 
living delta areas are clearly marked out from those parts in which 
the active circulation of flood river water has already ceased. 
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57-WateP Transportation. 

95. Only second in importance to irrigation is the 
qtie8tion of transportation. Deltas are naturally well 
.situated as regards water communications and in the deltas 
of almost every civilized country special attention has been 
paid to developing facilities for water transportaticn. 
Holland, Belgium and Italy afford Rtriking examples. In 
Egypt ~ve read that "boat building is the principal industry 
-in the country hod navigation employs more hands than 
anything except agriculture. The country, moreover, is flat 
and the current generally in one direction and t ':le wind 
in the other, so that navigation is easy. All tolls were 
removed in 1904: from bridges and locks and navigation 
made free everywhere by Lord Cromer." Even the deltas 
of China are well-provided with a net work of navigable 
~anals. ., China" says King " dates its early enterprises 
of irrigation and transportation by water far back in anti
quity, for she has numerous canals, some of them the most 

. stupendous work of the kind ever undertaken. The Great 
Imperial Canal has a length of 650 miles and connects the 
Hoang-Ho with the Yang-tse-Kiang. It has a depth seldom 
exceeding 5 to 6 feet and in it the water moves at the rate 
of 2! miles per hour. In its path there are several large 
lakes and across these the canal is carried on the crest of 
enormous dykes." 

From the point of view of tran~portation, therefore, a 
survey oi all the channels of the delta tracts is urgently 
required, and should be undertaken in the interest of inland 
navigation, whether for small boats or for larger vessels. 
It must not be sup;osed that this ha& no connexion with 
malaria. In every part of Bengal, the condition of the 
water-ways has an immense bearin~ on the question of 
malaria, and one of the best ways of keeping delta tracts 
healthy is to preserve the channels and use them both for 
irrigation and navigation. The malarious northern portion 
of Faridpur district, where there are roads and rail ways, 
.exhibits a striking contrast with the he!ilt.hy south-western 
area where the rivers and streams are verv nu:nerous and 
senye every village throughout the ~ ea; and where all 
trade is carried by water. The late )lajor J. C. Jack, I.C.8., 
in his study of the economic life of a Bengal district, says 
"if a traveller walks through the northern part of tlto 
.district in January and February and on to the south
-west, he cannot fail to be !)truck by the contrast bet. ween 
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perity and appears to be completely stagnant, the other is 
full of movement, the markets are crowded and ply a 
thriving trade, the r~vers and streams are full of boats 
at all hours of the day and the people generally show every 
sign of alertness and prosperity." 

The question of improving facilities for the inland navi
gation of Bengal has been discussed time and again, but up 
to the present little has actually been done for the delta 
water-ways. "As early as 1828" says Romesh Datta "H. 
F. Prinsep, then Recretary, submitted an interesting note on 
the subject. There was no river in the world,. he said, 
except those of China, on which there was so large a navi
gation as the Ganges. Thirty thousand boatmen found their 
livelihood on that river as far back as 1780 and the number 
had since increased. Ever}"\{ody has been struck ·by the 
constant succession of boats- m'bving up and down, the river 
never appearing for a moment altogether clear ; and as this 
is the same at all season2 and in all places it leaves an im
pression of the extent to which this magnificent stream 
ministers to the· wants of commerce and of the traveller 
Ruch as defies an at.tempt at computation." 

"There is no province" say5 the Imperial Gazetteer" in 
which facilities for navigation are so likely to be appreciated 
as in Eastern Bengal, with its dense population, its thriving 
industries and its innumerable river channels. There is 
great scope for further extension of inland navigation in 
this tract ; and if the works will not prove directly remu
nel'ative they are not likely to imp0se a heavy ·permanent 
charge on the State, while they will be of great value in 
increasing the wealth of the community.'' 'fhe time has 
now come for something more than talk. From the point 
of view of malaria and agriculture as well as navigation, it 
is essential that the improvement of the water-ways should 
be undertaken without delay. Obviously, before the neces
sary improvement can be effected a survey of existing water
courses must be made. Sneh a survey in respect to the 
smaller channels may be initiated at once by district and 
local boards pending the examination of the larger rivers 
which can be carried·out most efficiently by a Government 
department. 

58-Local Spill Areas and Linea of Drainage. 

96. The question of spill areas and lines of drainage is 
bound up with the regime of delta channels; and an 

6 
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adequate survey of the latter necef:sitates the careful exa
mination of the former. \\"'bile it is possible to get a certain 
amount .:>f useful dat.a regarding the larger water-courses, 
at any time of the year, accurate information in ref:pect to 
spill areas and lines of drainage can only be obtainell during 
the flood season. Over a hundred years ago Renncll pre
pared a small map showing the portions of Bengal subject 
to annual inundation. In recent years an attempt has been 
made in connection with a malaria survey of the province 
to form an idea of existing conditions. Hut the available in
formation is very scanty and the record i~ by no means com
plete. The time has now come to secure a more accurate idea 
of this important subject for there is ample evidence proving 
that inundation with spill water from the rivers has a most 
important bearing upon the allied question of a~ricultural 
prosperity, the integrity of water channels, the prevalence 
of malaria and the maintenance of the public health gene
rally. The information that is needed can only be obtained 
by systematic surveys of the spill areas of every district in 
which deltaic conditions obtain. A survey of these spill 
areas and their lines of natural drainage should therefore 
be undertaken with as little delay as possible. As in the 
cas3 of the survey of embankments and minor water 
channels, this work can best be taken up by the local engi
neering staff t•mployed under district boards, assisted where 
necessary by officers from the Irrigation Department of 
Gvvernment. 

59-The Preparation of Drainage Maps. 

97. The preparation of drainage maps on the lines 
suggested by the late Sir Ed ward Buck. K.c.s.I.! should be 
undertaken in every district as part of a general programme 
for the prevention of malaria and agricultural decline. 
Sir Ed ward Buck's method was as follows :-

"It was the duty of ev~ry patwari (village record-keeper) to 
mark on each field in the map by symbols or figures the nature flf 
the soil, the rate of rent, character of irrigation and so on. He was 
required to add an arrow,. showing the main drainage lines which 
carried the drainage water out of the village. When the village 
map:~ were placed alongside each other, the drainge lines of any 
given tract could be easily drawn.'' 

•• It would seem to be difficult'', says Howard, "to imp roTe C'D 

Sir Edward Buck's method of constructing drainage maps and it i~ 
fortunate that this economical system is available. Wherever the 
country bas been surveyed, the 'run-off' could be marked on the 
map anJ the drainage lines determinad. The utility of such maps in 
lu.dia at the present time does not end with drainage scheme;.. 
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They would prove of service in many other asp<!cts of the economic 
development of the country. They could b~ made use of in laying 
out new roads and new railways. Similarly, thes~ drainage maps 
would be useful in irrigation works and indeed in the United 
Provinces they have Leen employed successfully for many years. 
Other uses suggest themselves, such as town-planning schemes, 
malarial studies and projects connected with rural sanitation. In 
the "'eneral administration of the country, good drainage maps, on 
a s~itaule scale, would be most valuable. All kinds of questions 
arisa from tim~ to time which have to be s~ttled by District Officers . 
and which in,olve the rights of others and the well-being of the 
country. Drainage maps in many c.1ses would b3 of great. help in 
deciding many problems relating to land, to water, to communi
cations and to town planning." 

Drainage maps of the kind referred to will be 
invaluaLle in connexion with the proposed survey of 
emlJankments, water-courses and spill areas. Efforts 
should therefore Le made '\Qy district and local boards to 
prepare maps on the lines ind'icated aLove of as many areas 
as possible during the approaching ..vet season. 

60-The Improvement of existing Water-channels. 

98. In a few districts sums of money are alread.Y' 
allotted every year for the improvement of khals and· water 
channels. This is a move in the right direction, it can 
rarely do harm and may be of great service and should 
therefore be encouraged by Government. But no really 
adequate scheme of improvement of the main channels can 
be undertaken in the absence of comprehensive surveys of 
the larger rivers and the smaller water courses such as has 
been proposed in a previous paragraph. It is probable that 
in many districts schemes for the improvement of khals 
an•l othet· channels have been from time to time prepared 
and sulHnitted to district boards for consideration. 
Pending the completion of the surveys referred to, district 
IH>ards might, however, be asked to re-examine any projects 
of this kind with a view of carrying out the necessary 
works if on investigation the schemes appear to be 
feasible. 

61-Survey of the Water-table. 

99. Apart from a few scattered ·observations on the: 
suL-!'oil water-level, that have been recorded from tinie to: 
time in various scientific journals and reports, little is 
known of the water·-table ·in various parts of Bengal. ·At: 
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the present mom3nt certain investigations in this connexion 
are being made in the Burd wan district. The metho I 
employed is the direct obsen·ation of the water level in a 
·number of wells situated in different. localities. Sir Leonard 
Rogers, I.M.s., drew attention some years ago to the 
correlation to be observed between the height of the ground 
wator and the prevalence of fever and splenic enlargement · 
and "the present enquiry in Burd wan is being can-ied out 
primarily at his suggestion. 

It is probable that throughout the deltaic tracts great 
fluctuations t.ak:e place in the height of the water-table at 
different seasons of the year. Major (now Lieutenant
Colonel) F. C. Hirst has t·ecorded differences of level in the 
same year at the same plaP-e as great as 27"5 feet. The 
level of the water-table may also vary from year to year. 
Differenees of nearly 20 feet have been observed at one 
place in the same month in different years. The yearly 
rise of the rivers and the rainfall are undoubtedly the 
factors exerting the greatest influence upon the height of 
the water-table ; and annual and seasonal variations are 
mainly governed by these two factors. But it is probable 
that local conditions have a'so a very marked effect upon 
the level of the water-table. It is conceivable, for example. 
that the presence of embankments may in certain circum
stances increase and in others reduce the mean height of 
the water-table very considerably, and modify the normal 
seasonal fluctu~tions in the one direction by the shutting 
out of flood-water and in the other. by the checking of 
"run-off". 

Besides· the influence, which a high sub-soil water
level is supposed ·to exert on t.he prevalence of malaria, 
an influence which is· now-a-days generally explained by 
its relation to the occurrence of surface pools vf water 
favourable to the breeding of anophele~ mosquitoes! it 
has long been recognised that it exert.s a very marked 
effo3ct upon the.fertility of the soil. Agricultural experts 
have paid considerable attention to thiR question, and 
numerous observations have been put on record to 
show that, while water-logging may reduce the outturn of 
crops very greatly, a reduction in the height of the sub-soil 
water may sometimes increase the yield in a remarkable 
manner. As regards the effect of water-logging, Howard 
·has shown, for example, that at Pusa even partial water
logging reduced the wheat crop by over 50 per cent. 

In Egypt, experiments have been made to determine 
the relation bet ween the height of the water-table and 
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the yield of cotton, and the conclusions arrived at were 
that, ordinarily as the thickness of the layer of soil above 
the water-table increases there was a steady increase in 
the yield of cotton up to a certain point, after which the 
yield remained constant. Down to a level of about 6 feet 
or so below the ground, a 39 inch decrease in the height of 
the water-table was followed by an increase of nearly 
600 lbs. of seed cotton per acre. The yield of those plots . 
where the water-table was on the average below 6 feet 
6 inches from the ground surface was 1"75 times as great 
as the yield from plots where the water was less than 
39 inches from the surface. It was further discovered that 
the general production of the individual cotton plants in 
regard to the number of flowers, the percentage of flowers 
which became ripe bolls, and the lint weight per boll, the 
height, the weight of a single seed and the number of 
seeds per boll, was increased 'as the lev~l of the water-table 
was reduced. 

The possible effect of the sub-soil water level on malaria 
and its undoubted influence upon soil fertility and crop 
outturns, point to the necessity of carefully investigating 
the water-table in every district. The simplest method of 
making observations is to record the height oft he water in 
wells, and the corresponding level of the water in rivers 
and streams. In Egypii, where extensive studies of the 
water-table of different areas have been made for many 
years past, pipes have been sunk to a moderate depth in 
many areas, for the express purpose of studying the move
ment& of the sub-soil water. In addition to taking water 
levels, investigation into the character of the ground-water 
has also been undertaken, frequent chemical analyses 
having been made with a view of comparing the saline 
content of the water- in one area with that of another, and 
correlating it with corresponding analyses of the soil. In 
the present case all that is required at the moment is 
accurate information regarding the maximum, the minimum 
and the mean height of the watert-ables in a number of 
districts. 

When this information is obtained, it will be possible 
to compare it with data regarding inundation, rainfall, 
malaria and agriculture, so as to discover what correlation 
there may be ; and whether any difference in the level is 
to be observed in the case of healthy and prosperous areas, 
as compared with those in which malaria has become 
prevalent and agriculture has declined. 
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62-Malarla Survey or Relative Non-Malarious Districts. 

100. In order to map out roughly the relatively healthy 
deltaic area8 in any district and differentiate them from 
tho!'le that are already seriously affected with malaria, a 
complete malaria survey is not absolutely essential. Valu
able information can be obtained without great difficulty 
by a study of the census reports, the vital statistics and 
the returns of cases of sickness admitted for t.reatment at 
the various dispensaries ; and this can be supplemented 
with estimations of the splenic index in various localities. 
The census returns show the relative increase of population 
in thana areas. For our present purpose, areas in which 
the increase of population hag approximated to 10 per cent. 
in the last decade may be consiL!ered "healthy" without 
further investigation. If the increase has been less than 
this the birth-rate, death-rate, and fever death-rate for the 
past 10 years must be examined. If there is only a small 
e-~cess of births over deaths m:~d the fever death-rate has 
shown a tendency to rise, the fever index of the area must 
be examined, provided there is a local dispensary or dis
pensaries from which data for this purpose can be obtained. 
'l'he " fever index " as defined by Sir Ronald Ross is the 
ratio of fever cases to the total admissions for all kinds of 
sickness. · The number of new admissions only, both of 
fever and of total admissions, is taken into consideration 
for the purpose of preparing the "fever index." 
_ Every district possesses a number of dispensaries. By 
calculating the fever indices of each of these dispensaries, 
a rapid estimate can be made of the relative amount of 
malaria in the various localities they serve. When the 
figures from each dispensary have been obtained, they may 
be noted on a map. Maps must be prepared of each 

·district showing (1) the increase of population in the thana 
areas, (2) the excess of births over deaths, (3) the relative 
fever death-rates, and ( 4) the fever indices obtained from 
the dispensary figures. The information obtained in this way 
must be further supplemented by obtaining the spleen 
indices of groups o£ villages at different points through
out the district. The spleen index is obtained by 
examining a number of children between the ages of two 
and ten years, recording the numbers examined and 
those showing definite enlargement of the spleen on palpa
tion of the abdomen. The ratio of the latter to the total 
number of children examined is the "spleen index." 
Besides noting actual cases of splenic enlargement it is 
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u::,ual to record the approximate amount of the enlargement 
present by measuring it roughly in fingers' breadths- below 
the costal margin. Children might. be examined with 
ad vantage in villages at various points all along the 
various lines of communication in a district and also along 
the banks of the larger streams and the ·results indicated 
on a map. 'Vhen the information detailed above ha~ been 
<>btained and the five sets of maps have been drawn 'up, it 
will be possible to correlate the data regarding malaria · 
with that obtained by the survey of embankments, water
courses, spill areas and drainage. An indication will thus 
be obtained of the areas in which preventive . work is 
most necessary. 

63-Agrlcultural Survey. 

101. The relationship that has been traced in the 
whole of this report bet~en malaria and agriculture 
makes it essential that a survey of agricultural conditions 
both in malarious and non-malarious districts should be 
undertaken along with the investigations that have been 
~uggested regarding embankments, inundation, drainage, 
sub-soil water level and malaria prevalence. The necessity 
for such a survey will, I think, be readily admitted. The 
lines such a survey should follow, must of course be left to 
the decision of the Agricultural Department. All that can 
be said here is that the correlations which have already 
Laen observed between agricultural conditions and malaria 
prevalence appear to show that generally speaking culti
vable waste lands and current fallows are in excess where 
malaria is prevalent; that twice cropped ·areas are most 
frequent in non-malarious tracts ; that as regards rice the 
cultivation of Aus paddy appears to be extending in certain 
of the more malarious areas ; and that where jute is ex
tensively cultivated malaria is less prevalent than where 
little of the fibre is produced. Certain other points also 
requira elucidation. For example, the relative fertility of 
the soil in malarious as compared with non-malarious 
.areas; the effect of embankments on crop production ; and 
the influence of the height of the water-table on the yield 
of various crops. But as regards all these questions the 
D:rector of Agriculture is obviously the only person who 
can give adequate advice. 

64-Publicity necessary. 

102. The programme of work outlined in this chapter 
is designed for immediate application in those parts of the 
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provmce especially that as yet remain relatively free of 
malaria. If the progressive extension of malaria in these 
areas is to be checked it is essential that this programme 
should be carried out. It is certain that in the course of 
the various surveys that have been suggeated as necessary 
facts will be brought to light showing the need for imme
diate action in clearing out silted-up channels and improv
ing· water communications generally. It is important that 
.the objects and reasons for the respective surveys of em
. bankments, water channels and spill areas should be 
widely published throughout every district where the work 
is being undertaken. And cultivators and other vil1agen4 
should be encouraged to come forward and give information 
in respect to the various matters under investigation. 

'rrhe experienc9 of intelligent cultivators is often very 
valuable, and their personal knowledge of what conditions 
in respect to inundation and drainage are harmful and 
what are beneficial will. often be a valuable guide in 
carrying out the work. -When the villagers once rPalise 
that the intention of Government is as far as possible to 
improve agriculture by conserving water-courses and im
proving drainage, there is little question that they w1ll 
come forward with enthusiasm and loyally co-operate with 
district boards in forwarding the work. 
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CHAPTER VII. 

The Amelioration of Malaria in the Deltaic 
Tracts of Bengal. 

"Jfalaria cannot be successfully combated merely by the distribu
tion of quinine and the supply of mosquito nets. The Government. 
of a country devastated by the disease must conduct its campaign 
against the enemy under the generalship of the engineer and the . 
agriculturist, rather than of the Panitary commissioner and the 
medical scientist. To the latter all credit is due and has in Italy 
been accorded for the discovery first made in that CO!lntry of the 
true cause of malarial fevers•. But the expulsiou of the pestiferous 
insect from the land requires the whole machinery of the State and 
the co-operation of the entire population to be brought into action.'"' 
-Sir Edward Buck, K.C.S.l., L.L.D. 

65-The Nature of the Problem. 

103. The earlier chapter~£ this report have shown 
that t.he prevalence o[ malaria. in vast tracts of Western 
and Central Bengal and smaller areas in both Northern and 
Eastern Bengal is inextricably bound up with agricultural 
decline, impoverishment and depopulation. Malaria is a 
specific infectious disease that, under favourable conditions,. 
can be eradicated by suitable measures aimed at destroying 
the parasite or t.he anopheles mosquitoes which transmit 
it. Physicians know ·that an acute malarial infection 
occurring in a person, who is favourably situated as regards. 
food, clothing and housing and who can afford to adopt the 
proper measures, will usually yield to specific treatment 
very quickly. It is otherwise with the sufferer from chroni~ 
malaria, exposed for a long period to semi-starvation and 
adverse circumstances of all kinds. In his case specific 
treatment will fail to achieve its purpose, unless it can b~ 
combined with generous diet and other measures for 
improving his general health and relieving his miserable 
condition. What holds good with individuals holds: 
good also in the case of communities. The amelioration 
of malaria in the progressive portions of Bengal, where 
agriculture is flourishing and prosperity increasing, is a. 
relatively simple problem. In theHe favoured areas much 
may be hoped from specific anti-malarial.sariitation, whether 
aimed at destroying the parasite with quinina or the 
anopheles mosquito; and the results of ~uch measures may 
be expected to be directly proportionate to the expenditure 
incurred. But neither quinine nor anti-mosquito measures. 

•T~e discovery of the malaria parasite was made by Laveran in Algeria, and that of th• 
moequno cycle of the para•ite by Ro•s in India. 
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will restore declining agriculture, prevent the impoverish
ment of the people, or c!1eck depopulation, conditions that 
at·e characteristic of the decadent, m·llaria-stricken deltaic 
tracts in many parts of Bengal. In their case a much 
more fundamental remedy is required. And unless this 
remedy can be applied, there is little hope of reclaiming them 
from their present miserable condition. 

104. Fortunately: a remedy is available; a remeoy which 
promises to relieve the co•1ntry from economic stress and 
the Government fwm financial embarrassment ; a remedy 
that in the past has been adopted with complete success in 
many deltaic areas once threatened with absolute ruin by 
:agricultural decline, impoverishment and depopulation. 
And this remedy can be applied in the case of Bengal also 
with the cerUinty of equal, if not greater, success. This 
remedy, moreover, will also eventually provide the resources 
rPquired for applying the more specific measures of anti
malarial sanitation on a scale adequate for the control and 
-£nal eradication of malaria. The great remedy referred to 
is Bonification. And the particular method of bonification ' 
peculiarly adapted for application to decadent delta tracts 
is Irrigation. The whole question of bonification is so 
important that an entire chapter will be devoted to its 
-discussion; meanwhile, the specific measures of anti-malarial 
;:sanitation must be considered in detail. Financial con
-siderations at the moment stand in the way, so that these 
measures cannot be applied at present on a scale commen
~urate with the evil they are designed to remedy; never-the
less they must be given their place in the plan of campaign; 
and, when · economic conditions have been restored by 
irrigation1 it is to these measures that we mu&t eventually 
look for the final triumph over malaria. Specific anti
malarial sanitation is in the nature of a direct offensive. 
A direct offensive against a strongly entrenched enemy is ex
tremely costly and may fail, unless pushed home with the 
greatest . vigour regardless of expense. A skilful general 
whose immediate resources are limited, instead therefore of 
courting failure and lm~s by attempting a frontal attack that 
must end in failure, strives to keep the enemy at bay while 
-seeking to make their position untenable by a threat to their 
flank or rear or a bold stroke at their communications. But 
let the enemy once relax his hold and our good general will 
drive home his attack all along the line. The same course 
must be followed in the campaign against malaria. Malaria, 
the arch enemy of Bengal, is at present so strongly entren
-ched in inany parts of the country as to defy direct attack 
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on any scale no'v possible with the meagre resource~ at our 
dispo~al. But malaria can be forced tr. evacuate its strong 
po~ition by a flank attack directed upon its main allies, agri
cultu:·al decline, economic stress and depopulation. This 
flank attack must take tht~ form of irrigation; and as the 
methods of irrigation specially adapted for a]:plication m the 
delta t.racts o[ Bengal will also reduce the numb~r of 
dangerous anopheles mosquitoes very greatly, irrigation will 
thus F>trike a simultaneous blow at the transport or line of 
communications of the malaria pa1asite. 'Vhen, as the 
result of irrigation, agricultural prosperity is restored, the 
food supply of the people increased~ depopulation checked 
and Anophelines simultaneously reduced in number, malaria 
,vill suffer its first defeat and gradually begin to retire. 
E,·ery possible measure of direct attack must then be 
concentrated upon it with the objeC't of hastening its final 
discomfiture and driving it com~etely out of the country. 

66-Direct Attacks upon Malaria. 

105. Direct attacks can be made against malaria by 
the following measures :-

(1) medical treatment aimed at destroying the malarial 
parasite by the use of quinine ; 

(2) anti-mosquito measures specially directed against 
anopheles mosquitoes and including-

(a) meaemres for destroying the adult insect ; 
(b) measures fo1· destroying the larvre (i) by the 

treatment of collections of water with larvi
cides, (ii) by the i:1troduction of small fish 
and other natural enemies ; . 

(c) measures for the more eff~ctive permanent obli
teration of breeding places either (i) by 
draining them, (ii) by filling them· up; 

(d) measures for the temporary obliteration of the 
more dangerous small collections of -water by 
"covering" them with an excess. of water 
during the wet Reason (which is the dangerous 
period of the year,) and thus preventing a 
large increase of anopheles and spread of 
malaria that would otherwise occur. 

( 3) Measures of protection aimed at preventino
anopheles from biting human beings by th~ 
use of mosquito nets, protective clothing and 
medicaments which tend to repel adult mos
auitoes, and the application to the windows and 
doors of dwellings of wire-gauze flcreens. 
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67--Combatlng Malaria by Quinine : the Italian System. 

106. Experience has shown that malaria can be greatly 
diminished by the wideBpread U8e of quinine. In many 
countries therefore attemrts have been made to encourage 
the use of quinine by making it easily available to the 
population at a relatively low price. This method ha~ 
been already used to some extent in India ; but it has been 
much better organised in Italy and Greece. Similar 
measures have been adopted in Portugal, Austria, Russia, 
Algeria, Corsica. Bulgaria and Argentina. In most ofthese 
countries, the measures adopted by the Government for the 
popularisation of quinine have been greatly assisted by 
voluntary philanthropic associations, such as the Anti
Malarial League of Greece and the Italian Red Cross 
Society. Following the earlier example of Bengal, the 
Italian Government at first aimed at providing a supply of 
quinine throughout the country and making it available to 
all classes of the community at a fixed price. They did 
not, however, make it a State monopoly or interfere in any 
way with its supply by private wholesale and retail 
agencies. The price, while fixed sufficiently low to hring 
it within the reach of most of the population, was not so 
low as to prevent chemists and druggists deriving a small 
profit from the sale of the drug. In order to avoid the 
charge that they were taxing the. infirmities o£ the people 
to increase revenue, the Italian Government established 
the principle that all profits accruing from the sale of State 
quinine should be devoted to anti-malarial work. The 
statement below gives the amounts of State quinine sold m 
Italy during a number of years :-

Statement showing the Sales of State Quinine In Italy. 

Year. State quinine Profit.• •old, 

]LB. Rs. 

1902-03 4,932 21,2.50 
. 1903-04 15,914: 1,14,400 

1904-05 30,956 1,14,600 
1905-06 41,166 1,85,000 
1906-07- 45,590 2,~8,000 

1907-08 53,572 4,37,539 
1908-09 51,997 4,81,130 
1909-10 47,64:~ 4,50,000 
1910-11' 50,149 5,27,070 

• The fi~rnreg quoted show the :~pproxim:ne profit to the Italian Government which ia 
ear-marked for expenditure on grants for anti-malarial work. • 



107. In orgamzmg the sale of State quuune, the 
Italian Government have proceeded on strictly business lines. 
They fixed a retail price, which allowed for a reasonable 
profit. although much lower than that previously cha·rged 
by the druggists ; and so while safeguarding the interests 
of the public, they did not enter into unfair competition 
with honest traderE. At the same time, as alre:1dy .hen
tioned, all profits derived from the sale of this State 
quinine were expressly ear-marked for the purpose of 
making grants to local bodies for anti-malarial work. An 
educational campaign and widespread ad vert ising formed a 
prominent feature of the Italian system, under which there 
has been a wonderful expansion in the sale of all prepara
tions o[ quinine, whether supplied by the State· or from 
private sources, and a corresponding reduction in the 
prevalence of malaria. In 1887, 15 years before tha 
introduction of State quinine, the deaths from malaria in 
Italy were 21,000. Since the consumption of quinine 
became general they have fallen below 3,000. 'fhe annual 
consumption of quinine. prior to the introduction of State 
quinine in 1902, was aLout· 30,000 to 33,0JO lbs.; since 
1905 it has been more than double this and has steadily 
increased. 

108. In addition to the preparations of State quinine, 
which are on sale throughout Italy by licensed \·endors, drug
gists in that country annually dispo5e of nearly 30,000 lbs. 
of the drug derived irom other sources. The population 
of Italy in 1909 was ju::~t under 34:,000,000, and the annual 
consumption of qumme tn 1910 amounted to very nearly 
16 grains ptr head of the populati•1n. Compare this with 
the total commmption of quinine in India, which in 1910 
amounted to.160,000 lb:;. only, about double that of Italy, 
whereas the indian pupalation is nine times as great and 
many parts of the c~untry far more malarious. 'fhe Italian 
Govern..ncnt have to purchase their supplies of quinine in 
the open market, hut the preparations of '·State quinine" 
(which include two kinds of sugar-coated tablets, special 
phials of solution for .sub-cutaneous injection and bon-bons 
of ti\nnate of quinine for children) are manufactured at a 
t>pecial State factory. The tablets which contain 3lrd 
grains of quinine are issued in tubes of 10. 'fhe retail 
price of a tube of 10 tablets of quinine hi-sulphate i:; equal 
to about 3f annn.o;, which i~ practically the equi'"alent of 
the price of aunas 8 formerly char!!ed in Bengal for 20 
four-grain tablets of Government quinine. 



88 

68-Qulnlne Legislation In ltal~. 

109. Tha Italians have not been content with providing 
merely for the supply of pure State quinine at a moderate 
price but have passed numerous laws to regulate its di~tri
bution. The first of thesa laws wa::s passed in December 
1900 and empowered the Governmf'nt to manufacture and 
provide State quinine on sale to the public at a minimum 
price. A second Act was passed on the 2nd November 
1901 which iaid down the right of workers of every kind 
to have grat-uitously the State quinine for the treatment of 
fever from the doctors employed by the local authorities 
(communes} at the expense of the respective employers. 
A third· Act was passed on the 22nd of June 190:?, 
empowering Government to supply State quinine at a 
conc€.ssion rate to local authorities and charitable institu
tions and to persons who desired or were obliged to 
distribute it gratuitously to the workers. A fourth Act 
was passed on the 25th of February 1903, establishing the 
right of the poor to have quinine and other necessary drugs 
given them gratuitously by the local authorities or chari
table institutions. Finally, a fifth Act was pass9d on May 
19th, 1904, establishing the furiher right of workers of 
every kind to have quinine, not only for the treatment of 
acute malaria, but also for purposes of prophylaxis. The 
Italian anti-malarial legislation has not only been imitated 
by Austria and by France for Corsica and Algiers, but has 
also been wholly adopted by Portugal, Bulgaria, Argentina 
and Greece . 

. 69-Tha 591& of Quinine In Greece. 

llO. The quinine policy of IJ;aly has been imitated Ly 
the Greek Government. On the 15th of December 1907. the 
Greek Chamber passf!d a law similar to the original lt~lian 
Quinine Act, under which the Government acquired the 
right to purchase and to Eell any of thE; salts of quinine 
recommended by the Royal Sanitary Council. State 
quinine is now on sale in Greece by all public treasuries, 
post and telegraph offices, educational functionaries and by 
such other authorities as may be chosen under the Royal 
Decree. li is also sold retail to the public by chemi8ts, 
grocers and other merchants, who derive a small profit 
therefrom. The importation and sale of quinine, other 
than the State quinine, is made liable to examination and 
is not permitted to be sold unless its quality is equal or 



89 

superior to that of the State quinine. Heav:y _Penalties are 
prescribed for perseus sellmg State qumme or the 
commercial articles at prices above that fixed by law, or 
selling adulterated quinine, smuggling quinine into the 
country or selling it underweight. The law· also oblige~ 
the local authorities of all areas severely scourged by 
malaria to enter in their budget each year the amount 
destined for the purchase of State quinine to be distributed 
gratis to the poor. Greece is very· severely scourged by 
malaria. It is estimated that, out of a total population. 
before the war of 2,631,952, an average of 770,000 or 29 per 
cent. are every year attacked by malaria, and in some years 
the proportion of cases is heavier. Thus, in 1905, it was 
supposed that more tha'l half the population were attacked 
and over 6,000 died of the disease. In 135 communes, out. 
of a total of 445, over 40 per cent. of persons were attacked ; 
in 59 communes the percenta~was 41 to 50 ; in. 33 it. was 
51 to 60; in 23 it was 61 to 70, and in another 20 communes. 
it ranged from 70 to 90 per cent. Only 29 communes were 
entirely free of malaria. Prior to the rassing of the Greek. 
Quinine Act, the average amount of quinin~ consumed in 
the country was about 13,200 I bs. per annum. But the first. 
year the Act was in force, the State quinine sold to the 
public alone amounted to nearly 24,000 lbs., or an average of 
fi4 grains per head of the population. A further amount 
of the drug derived from other sources was also disposed of 
by private vendors. The total consumption of quinine i~ 
thus very considerable r.nd in proportion greatly exceeds 
that consumed in Italy. Unfortun:ttely, figures are not 
available to show what effect the increased comsumption of 
quinine has had upon malaria. · 

70-The Sale of Quinine In Bengal. 

Ill. In Bengal the sale of Government quinine to the 
general public through the agency of post·offices was
.::ommenced in 1892, a packet of 5 grains in powder being
retailed at a pice. But when it was pointed out in 1904-
that a 5-grain dose of quinine was inadequate for the treat
ment of malaria the amount of quinine in each pice~ 
packet was increased to seven grains. In 1909 a further 
change was made, 10 grains of powdered quinine or 
three 3§-rd grain tablets being supplied for a pz"ce. In 
1913, the sale of tubes of quinine tablets,· first begun in 
Eastern Bengal in 1909, was introduced throughout Bengal~ 
the retail price of each tuLe of t~venty-four-grain tabletS. 
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being fixed at three anmu a tube. The price was su bse
quently raised to four annas per tube, at which it remained 
until recently. In May 1918, the retail price was doubled 
in order to check the large amount of profiteering that was 
goin~ on owing to the abnormally high price of quinine 
in the open market. 

ll2. The statement below gives details of the issues of 
quinine to C1vil Surgeons from 1911 until :May 1918 for 
supply to the public through post-offices and other retail 
vendors. In December 1918 a Central Depot was ebtablish
ed to supply post_-offices direct. Orders were issued in May 
of that year also to the effect that a single tube only was 
to be sold at one time to each individuai purchaser~ This 
was done to prev-ent the fraudulent purchase of large 
amounts by persons who merely wished to retail it again at. 
an enhanced profit. 

Sale of Quinine through Bengal Post-offices. 

Years. AmonniO. DEScription. &marks. 

los. 

t9ll 3,313 Pice packets. 

1912 3,177 tlitto 1,604 lbs. and 3!rd grain 
tablet.s 1,573 lbs. 

1913 7,636 ditto 849 lbs. 3Jrd grain tablets 
1,363 lbs. and "treat-
mentq" 5,424lbs. 

1914 12,225 Tubes of tablets cr The sale:~ shown in 1914 and 
"treatments" only. onwards till about 1917 

1915 13,152 ditto. were swollen by purchases 
1916. 11,031! ditto. by Di8trict Boards of tubes 
1917 11.389 ditto. of "treatments" for use at 
1918 7,096 ditto. dispensaries, as the result of 
1919 7,438 ditt ... an order by the Ue<lical 
1921.) 8,902 ditto. · Department. Later on 

many tablets were purchnsed 
in bulk and consequently 
were not include•i in the 
figures relati~g to post-
office sales. 

113. At the present time, quinine is on sale through 
3,2t5 post-offices distributed more or less ~v~nly throughout 
the province. The number of pounds of qumme sold through 
the post-offices in each of the natural divisions during 
1919-20 is given below, together with the average amount 
it represents per head oE the respect.ive populationM. The 
amount of quinine which should be sold in ea~h division on 
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tlw basis of Italian and Greek consumption, respectively, is 
added for purposes of comparison :-

Sales of Quinine In each Natural Division. 

Grains per Grains per Quinine Quinine 
Quinine bead of Quinine bead of requift'd on required on 

1>14, 1918. !>Opulation. oold, 1920. population. Italian ~if reek 
scale • . lk'alr. 

lbs. I lul'. lb~. Ibl. 

Wester.o Bengal ... 1,31181 1"12 1,227 1'11 20.000 80,000 
Central ,. ... 1,417 1'16 1,741 I "42 20.000 80,000 
Kurt:o~:ru ,. ... 9241 0"63 f 1,0•111 0"69 23,000 92,000 
Ea,;teru ... 3,729 1"51 I 4.924 1"99 40,000 160,000 , 

I 

114. ·It. will be seen from the figures cited above that the 
amount of quinine Rold is ridicul-Qllsly small when compared 
with what it would be on t.he basis of a reasonable rate of 
consumption. It may be noted also that the sales are 
greatest in t.he less malari<;ms division of Eastern Bengal. 
As a matter of fact the highest diRt.rict sales in each of the 

. past two years, viz., 90~ and 955 lbs., respectively, have 
o:!curred in Tippera. This is prob'ably the least malarious 
of all the Eastern Bengal districtf.l, and yet it purchases 
through the p"st-offices as much. quinine as the whole of 
Northern Beugal. · 

71-Lack of Business Principles. 

115; Business principles have never guided the sale 
of Government quinine to the public in Bengal. The 
idea has been that quinine should, if necessary, be sold at 
a loss with a view to bringing it within Teach of the poor. 
Yet no serious attempt has ever been made to educate the 
people in regard to the value of the drug as a remedy for 
malaria.· It has been assumed that if quinine is cheap, 
ignorant villagers will somehow or other learn its value and 
make use of it. But enquiry shows that the very poor rarely 
or never purchase Government quinine. In 1911, as the 
result of 600 personal enquiries among villagers in a 
malarious part of the Dacca district, only five persons were 
discovered who had themselveH purchased quinine or knew 
of others who had done so. On the other hand, it was 
found that the principal purchasers were Government 
officers and othet· Aducated persons 'vho already knew the 
Yalue of quinine and could afford to purchase it at the 
ordinary market rates. 

7 
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116. ~·ormerly a Yery large proportion of th~ Go\"ern
ment quinine also used to find its way into the hands of 
persons who purchased it with the vi~w of re-.:~elling it 
again in some other form at a profit. In every town and 
large village throughout Bengal, there are persons who 
make a living by preparing and selling remedies for enlarged 
spleen and malarial fe,·er. ~Jany of these nostrums contain 
quinine, disguised Ly colouring and flavouring matters·· 
and the labels on the bottles frequently recommend th~ 
medicine as a remedy for •• Quinine Atkan J, r" (a 
fever supposed to result from the taking of quinine). 
The makers of these quack medicines know that Govern
ment. quinine is pure, and, when it could be purchased 
below the market. rate, they naturally preferred it to any 
othet· brand. In thi:~ connection, the hi~tory of the sale 
of quinine in Bakarganj is most significant. Up to 1909, 
the quinine sold in Bakarganj exceeded that sold in all 
the other districts in tho province put together. Persons 
would often visit the Civil Surgeon's office, pay Rs. 200 at 
oue time for pice-rackets. Bakarganj is not malarious, but 
it was assumed that the villagers were learning to appre
ciate the value of quinine. In 1909, how~ever, pice-powders 
were suddenly replaced by tablets and immediately the sales 
of quinine in Bakarganj district decreased, falling almost 
to the lowest in the province. This is· to be accounted 
{or by the fact that most of the Fales of quinine that 
used formerly to take place in Bakarganj were not to 
legitimate 1 urchasers~ but to persons who wished to make 
use of its chearness for their own ends. These people 
found the tablet form un~uitable for their purpose and so 
ceased to bliy and hence the reduced sales. The facts 
stated above are sufficient to condemn the system of selling 
quinine below actual co~t. But there are other serious . 
objections to such a practice,.the chief one being the utter 
impossibility of preventing_ profiteering under such a 
system. As an example oE what took place quite recently 
in Bengal, before the price of "treatments" w~s doubled, it 
may be mentioned that, an tLnthorised vendor who sold 17 
packets in 1917 dis)::osed of nearly 700 in 1918; on 
enquiry it was found that he was the proprietor of a 
malaria specific. There are very grave dangers attach
ing to the system of selling quinine below the market 
price. It is impossible under such a system to provide 
safeguards against abuse, and those who chiefly benefit 
are not the poor and ignorant but the educated and 
well-to-do. 
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72-Some Financial Aspects of the Quinine Question. 

117. It is instructive to glance at the figures quoted 
in the statement below, which show the price per pound 
paid bv the public for Government quinine, the commission 
per po~nd of quinine sold drawn by retail agents and. the 
net amount actually received by Government per poq.nd of 
quinine sold and the approximate cost of bottles and 
packing, etc. :-

Yean. 

1892·1903 

1904·1909 

1909-1912 

1913 

1914·1918 

1918-1919 

Cost of Government 
quinine to the public 

per pound. 

Rs. A. P. 

21 14 0 

15 10 0 

10 15 0 

16 6 6 

21 14 0 

43 12 0 

Commis•ion obtained Net price receiVtd Cost of tubes, pack• 
by retairageoto by Go~ernment ing. <'tc., to Govern-

ptr pouud. . per pound. ment per pound. 

Rs. A. P. 

3 8 0 

2 8 0 

1 1""'2---0 

3 6 3 

3 6 3 

5 7 6 

Rs. .A. P. 

18 6 0 

13 2 0 

9 3 0 

6 5 6 

11 12 6 

19 2 6 

Rs. .A. P. 

10 1 6 

10 1 6 

. 19 2 6° 

• The J all Department makes a proat of about a lakb of rup· es per annum oo this cost. 

118. The amount received by Government per pound of 
quinine in recent years rriay next be compared with the 
wholesale market price of the drug per pound in Calcutta . 

Net price received .Appru:imate 1008 to Go~erit• 
Years. Market price of quiulne. for Government plent C·ll market value of 

quiuioe. quin~ne sold. 

Rs. .A. P. Rs. A. P. Rs. .A. P • 

1912 9 0 0 a lb. 9 3 0 Not available. 
1913. 12 8 0 

" II 6 5 6 47,015 4 6 
1914 14 0 0 

" " 11 12 6 27,122 15 6 
1915 15 8 0 

" " 11 1~ 6 48,90"9 0 0 
1!l16 34 0 0 , 

" 
11 12 6 2,45,250 7 0 

1917 32 0 .o 
" " 

11 12 6 2,27,271 5 6 
1918 50 0 0 

" " 
19 2 6 2,18,867 4 0 

1919 33 0 0 
" " 

19 2 6 1,24,676 13 0 

119. Among the figures cited in the above table, atten
tion should be specially directed to those which relate to the 
loss occasioned to Government by the sale of quinine at 
prices below the market rates. It must be explained that 
the sums quoted are estimates of the loss that could ha7e 

• 7 A 
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occurred if Go>ernment had been obliged to purchase in 
the open market quinine tL~y ~old to the public. But as a 
matter of fact Government have purchased Yen· little 
quinine in the market and have depended almost ;ntirely 
upon the supplies of quinine manufactured at their own 
factpry. But t.his has only been possible because of the 
relatively Rcanty consumption of the drug. The maximum 
capacity of the factory is about 50,000 lbs. of quinine per 
annum, and in order to produce this amount about 1.,000,000 
lbs. of locally grown bark would be required. The 
_Government cinc.1ona plantation possesses cinchona trees 
capable of eventually :yielding a total of about l5fl,(,OO lbs. of 
quinine, . .and there is little ot· no land suitable fot· exten~ion. 
'fhe bark on the trees together with a small manufactured 
reserve of quinine is now practica1ly the only existing 
barrier against a monopoly of Java quinine. The world's 
com;umption of quinine in 1910 was about 1.065,000 lbs. 
derived ahnol'lt wholly from Java, and of thi!'. India took 
nearly one-sixth. Cinchona trees require at least nine 
years' growth befot·e they can afford a supply of bark 
suitable fot· the manufacture of quinine, so that there can be 
no alternativt~ source of quinine supply for the next ten 
years. 

120. Clearly, these facts have to be taken into account 
when discussing the futut·e policy in re1=0pect of quinine dis
tribution. Unless an adequatl3 supply of quinine at a reason
able cost can be assured, whatever syfitem is adopted may at 
any time be threatened wit.h a break down. Consideration 
of the facts mentioned will show that tha question both of 
the immediate and ultimate source of supply must be 
decided before it is possible to embark on a serious 
campaign for extending the sale of · quinine, otherwise 
Government might suddenly find itself faced, on the one 
hand, with a depletion of its available stocks ana, on the 
other, with a world monopoly which, in the face of the 
inct·ea&ed . demand, w~uld probably result in a great 
enhancement of the price. The price might easily rise to 
double or treble the present figure, which is now five or six 
times what it was 10 or 12 years ago. 

73-The Supply of Quinine. 

121. 1\rith the exception of l\Iadras, Een,Q;al is the only 
province where there has been any serious attempt to 
maintain a .stock of quinine sufficient to meet the local 
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demands. Not only has Bengal manufactured her own 
quinine, but she has bought larger amounts than any other 
province. It is probable that, provided s.&e can procure 
cinchona bark for manufacturing purposes, she could allow 
for a great local expansion in t.he use of the drug. Last 
year the sale of quinine through post-masters nearly reached 
9,000 lbs., and it is possible the total consumption of 
Government quinine in the province including that given 
gratuitodsly and that purchased direct by dispensaries, 
etc., may have been about 17,000 lbs. If the Bengal 
Government had to consider only their own wants they 
could, with the present manufacturing facilities, meet a 
demand three times as great as the present one, provided 
only that cinchona bark can be made available. 'fhe bark 
on the trees at the cinchona plantations is limited, equal
ling about 150,000 lbs. of quinine. But by purchasing 
bark, Bengal can always mar:mfacture quinine · at a cost 
much below that of the current wholesale price of the drug, 
viz., under Rs. 10 per lb. as against Rs. 40 to Rs. 50. It 
would cost, for example, at present rates Rs. 20 to Rs. 25 
lakhs to purchase 50,000 lhs. o£ quinine· which could be 
manufactured if bark is available at a reasonable price for 
less than· Rs. 5 lakh8. · 

74-Gratultous Distribution of Quinine. 

122. Turning to the question of gratuitous distribution 
of quinine, it must be pointed out that the charitable 
dispensaries throughout the province provide an agency. 
through. which a considerable amount of quinine is every 
year distributed to the necessitous poor. Reference to the 
annual reports on the working of hospitals and dispensaries 
shows that a very large number of patients receive treat
ment for malaria at these institutions, ·The total number 
of admissions for malaria reported each year since 1914 is 
as follows:- · 

Years. Admissious for Years. Admissions for 
malaria. malaria. 

1914 1,408,127 1919 2,005,453 

1915 1,720,665 1920 2,314,584 . 

1916 1,451,535 1921 2,387,543 

1917 1,657,912 1922 2,030,919 
1918 1,910,200 1923 2,135,934 
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123. Unfortunately, it is not possible to di~cover the 
actual amount of quinine distributed among these patients 
each year, but ·by comparing the number of malaria cases 
admitted to State, public, local fund and private aided 
dispensaries with the expenditure on European medicines 
at these institutions we can get ~orne idea as to whether 
the amount of quinine provided each year is adequate or 
not:-

Total admi,..lons f~r • 
malaria st ~tate, Total expenditure 

Ye&I'B• public, local fund on European 
and private aided medicioea. 

dispensaries. 

Rs. 
1914 1,053,413 3,17,306 

1915 1,333,000 3,54,638 

1916 1,146,092 4,04,25& 

1917 1,277,627 4,18,533 
1918 1,515,451 4,81,788 

1919 1,622,806 4,63,161 
1920 ... 1,901,386 5,6H,55! 

1921 1,931,( 8.) 6,02,19! 

1922 1,691,171 5,68,178 

1923 1,751,363 5,07,404 

. 124. The nmount of quinin~ obtainable for the whole 
expenditute disbursed under the head of · European 
medicines would have been as follows :-

·Years. At current Qoyernment. 
mKrket rates. quiniue. 

lbs. lbs. 

1914 22,664 14,423 

1915 22,879 16,119 

1916 11,889 18,375 

1917 13,079 19,024 

1918 9,635 21,899 

1919 14,035 ·19,298 

1920 11,371 17,229 

1921 10,036 12,545 

1922 12,626 15,182 

1923 16,913 18,792 
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125. The total amount of quinine required for the treat
ment of the cases of malaria admitted to the abovementioned 
institutions, at the moderate estimate of only 80 grains a 
case, woul<i have been as follows :-

I A.mouutor Coot of this Pe;eeot&ge Oost or this l'el'Cl!utage 
quinine amount of of total amount or oftotd 

Yeua. expenditure quiuioe at expenditure 

1 

require4 at 80 Government OD Europea.D current market oa European graius a bead. qnioiue. medic:ineg. - rates medlcines. 

lt.s. Rs. Per cent. lb. Per cent. 

19U ... t2,.J32 2,154,704 83 1,68,448 53 

1915 ... 15,232 3,35,104 91 2,36,096 66 

1916 ... 13,096 2,88,112 71 I 4,45,264 110 

1917 ... 14,600 3,21,200 76 I 7,30,00:> lU 

1918 
I 

3,81,040 --.....:i9 5,71,560 118 17,320 I ... 

I· 1919 ... , 18,5!11 4,-l5.101 96 6,12,018 132 

192tJ ... I :l-1,731 7,17,123 126 . 10,86,550 191 

Hl21 ... 2:.!,755 11J,92,240 181 13,65,300. 226 

192.! I ~.327 i 6,95,772 122 8,69,715 153 ... 

I 1923 ... :.!l',Ot5 5,40,405 106 I 6,00,450 118 

126. The figures given in the above table show that the 
quinine treatment administered to suffei·ers from malaria 
attending the dispensaries referred to cannot possibly be 
adequate. There is unfortunately no accurate record of 
the actual amount of quinine consumed in the dispensarie~. 
but certain incomplete returns received from municipalities 
and district boards relating to the amounts of quinine 
purchased by them during 1915 to 1924 suggest that 
it is ordinarily little more than 25 per cent .. of that required 
to provide 80 grains of the drug for each new case 
of malaria admitted for treatment. In other words, it is 
probable that the amounL of quinine available is only 
enough to allow each case on the average about 20 grains,. 
or just sufficient for one day's treatment. Information 
formerly received shows that quinine was actually adminis
tered in certain areas in doses of only about one grain. 

127. The table below gives fever cases admitted as 
out-patients during 1923 in each of the natural divisions 
together with an approximate estimate, largely based on 
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actual returns from mo:-t district~, of the total amounts 
spent by district bo:uJs ou quinine, exclusive of Go\·ern
ment grants for this purpose:-

' Expendi· .A'I"erage l\lalaria llean fel'er I Divisions. 

I 
cases, index, tore on of 3 years' 

quinine in expendi· 

Western Bengal 
ntral Ce 

N •orthern 
Eastern 

" 
" .. 

19i3. 

I 
... . .. 375,t2ti ... ... 372,96-l ... ... U8,361 ... . .. 373,031 

1923. 
I 

1923. ture. 
I -

Per cent. Rs. Rs. 

n·6 22,551 22,991 
3ti"7 22,43ti 2!,-162' 
55•7 25,195 28.293 
17"0 2-1,52:!. 23,555 

75-FPea GPants of Quinine by GovePnment. 

128. During the last few years, instead of distributing 
quinine as was done formerly by means of a special itinerant 
staff, Government have adopted the policy of making 
free grants of the drug to Dis.trict Boards, l\lunicipalities 
and certain other agencies, e.g., mission dispensariee. The 
amounts so granted during the past three years have 
been as follows :-

Years. Rs. Years. Rs. 

1918-19 50,000 1922-23 42,000 
1919-20 46,000 1923-2-.l 6-.1,000 
1920-21 72,680 192-l-25 1,20,COO 
1921-22 70t000 1!125-26 l,lZO,OOO 

- 129. The amounts spent by local authorities, including 
both District Boards and .Municipalities, on purchasing 
quinine and cinchona febrifuge, in addition to that received 
from Government, has been approximately as follows, in 
each of the last six years :- . 

. Natural divisions. 11918-19.,1919-20 lt920-21.Jt921-22. 1922-23. 1923-24. 

Western Bengal 
Central 11 
Northern , 
Eastern ,. 

Total 

••• 32.963 
28;553 

••• 28,612 
13,982 

••• 1,04,010 

I 
Rs. i Re. 

25,828 38,790 I 42,182 32.607 38,4 95 
22.01-l 38,211 I 4.!,561 38,259 38,30-l 
20,287 28,07! 45,475 U,007 «1,227 
16,606 _20,808 33,248 i 33) 07 36,566 

Rs. Rs. Rs. 

I ' I 
84,745 ,1,25,883 ,1,63,466 ?·45,980 11,5-1,5~2 

............................. ~ .......... ~ .......... ~ 
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It would appear from these figures that the sum5 
actually allotted for quinine and cinchona derivatives, 
includin(J' that given by Government are, always less than 
Rs. 2 l~khs per annum and ordinarily amount to about 
1! lakhs. Obviously, the treatment of malaria cases must 
be, in these circumstances, hopPlessly inadequate. 

76-ltlnerant Qulni~a Distribution a 'Failure In Rural Areas. 

130. Some years ago, 2-! Sub-Assistant Surgeons were 
employed during the malarious season in diRtributing 
quinine gratuitously to sufferers from malaria in the Presi
dency Division and other localitirs. Similar work was 
also undertaken in certain of the Ea.stern Bengal districts, 
1-! Sub-Assistant Surgeons and tht·ee Assistant Surgeons 
Leing employed. for this purpose in the Keraniganj thana 
of the Dacca district in 1'Hl~nd .five. Sub-:-A~sistant 
Sutgeons under anAssistant Surgeon working on similar lines 
in the Jalpaiguri, Rajshahi and Maida districts during suc
ceeding years. But the method of distributing quinine by an 
itinerant agency of this kind proved a failure. A c.:mparisoi1 
of the amount of quinine actually-distributed with that of 
the cost of the distributing agency showed that every four 
annas worth of quinine, distributed in this way, cost 
Government on the average a sum of Re. 1 to Re. 1--! on 
the staff employed. 

t 
77-Qulnlne Distribution a Success In DlnaJpur Town • . 

13 L. At Dinajpur town, the distribution of quinine · 
to. children and others suffering from chronic malaria and 
enlarged spleen was carried out for a period .of between 
three and fout· years. The amount of quinine used each 
year was about 150 or 160 lbs., which is equal to about 70 
grains per head of the total population of the town. 
The preparations of quinine used cost about Rs. 18 per 
lb. The average cost of distribution, which included small 
monthly salaries to a number of lay distributors, as well as 
the pay both of an Assistant Surgeon and a Sub-As::.istant 
Surgeon, was about exactly equal to the value of the 
quinine used. The measure had a considerable effect in 
reducing the preYalence of sickness. Dinajpur town is 
moderately malarious when compared with many parts of 
Bengal. The spleen index was nearly 30 per cent., and 
the local fever index was also about 30 per cent. at the 
beginmng of the experiment. During the following three 
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years both the spleen index and the prevalence of fever 
was reduced and Jocal medical men complained of being 
"somewhat idle." To administer quinine throughout the 
province at the rate allowed in Dinajpur would entail an 
annual consumption of about 450,000 lbs. of the drug, or 
ve1:y nearly half the world's present supply of quinine; 
ana. the cost at present market prices would be about I! 
crores of rupees. If the price of quinine ad ,·anced, as it 
undoubtedly would if used on this f;Cale, the cost would be 
increased proportionately. 

78-Fever Cas.,s attending Dispensaries In 1920, 

13.2. During 1920, the admissions for malaria at ?61, 
out of a total of about 700. dispensaries in the provmce 
numbered 1,811,739, distributed aR follows :-

-
Number I Number 

Population of of Fe,·er Natural division;;. 
dispen- i malaria iudex. of division, 

Bal'les. cases. 1911. 

I 

'Western· Bengal ... 108 501,811 I 55 per ceut. 8,467,314 

Central .. ... 98._ 5'39,491 45 
" 

9,445,321 

Northern " 149 435,870 30 10,138,302 ''· .. 
I 

Eastern ., ... :Wti I. 334,567 12 
" 

17,432,140 

Compared with figures obtained in a somewhat similar 
manner in 1912 and 1917, there appears to have been a 
great increase of malaria in the last four years. In Eastern 
Bengal, the fever index is now much higher than in 1V12. 
As the people in Eastern Bengal are generally speaking 
much better off than those in Western and Central Bengal, 
they can afford to purchase quinine, hence the larger sales 
in the former division. The lat·gest number of malaria 
cases attending individual dispensaries is met with in Cen
tral Bengal with an average of 5,505 new admissions per 
annum; Western Beng-al contes second with 4,646; Nor
thern: Bengal third with 2,925: and Eastern Bengal last 
with 1,648. 
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H3. The two table:1 below are specially 'instructive as 
inlicating bo~h the distribution of malaria in the province 
an~ .the con·esponding variation in the needed supply of 
qumme :-

Fevero indices at dispensaries In each natural division. l w ...... ""'' I 0.•••• ""~' 
I 

Northern Bengal Eastern Benll'ftl 

•ever indeK nr percentage oumbet of number of anmber of number of 

of fe7er cases to total d ispens.uies dispensaries dispensaries disp :osaries 

adm!iSlOIIS. 
returuin~ fever retu"ning f.-ver returuing fever returning fever 

indicea 1\& ia indices as iu indices as i a indices u in 
first col •tmn. fir~t co!umn. llrst column. llrst column. 

F 
Un·ler 10 per cetn. 4 0 3 66 

rom 10 to 20 
" 

5 3 20 71 

" 20 to 30 
" 

7 14 \9 S7 
., 30 to 40 

" 
15. 18 55 16 

" 
40 to 50 •• 10 ~2 36 14 

,. 50 to 60 , 1G 21 13 3 .. 60 to 70 
" 2' rn-- 3 0 

,, 70 to 80 
" 

19 7 0 0 

" 
80 to 90 ,, 7 0 0 0 

ver 90 
" 

1 0 0 0 0 

Percentage of dispensaries under each class of 
fever Index. 

F .... ver lode][ or percentage of fever Western Central l Northern Ea-ter11 
cases to total admissious. BengaJ. Bengal. Beugal. BengaL 

I I Under I 0 per rent. ... 3•7 o·o I 2"0 32 0 
From 10 to 20 

" 
... 4'6 3'0 13'4 34"4 

" 20 to 30 , ... 6•4 H·2 I 12 7 17!1 .. 30 to 40 •• .. . 13"8 1 8•3 36"9 72 .. 40 to 50 .. .. . 10'1 I 22'4 24:1 

I 
6•7. .. 50 to 60 , ... 14'8 21'4 . 8"7 1'4 

" 60 to 70 
" 

... 23'1 13'2 2"0 o·o 
" 70 to 80 

" 
... 18•5 7'1 o·o I o·o 

" tsO to 90 , ... 6•4 o·o 00 I o·o 
0\·er 90 .. ... Q·9 o·o o·o I 

o·o 
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79-The Inadequate Consun1ptlon of Quinine. 

134:. The facts that have been stated show that pend
ing the adovtion of other measures there is no hope of 
eradicating malaria from Bengal solely by quinine. The 
cost would be too great even if the necessary amount of the 
drug was available, and if we could use the whole world's 
supply it is doubtful if it would be sufficient for the 
purpose. We have seen that in Greece the consumption 
of quinine has already reached an average of O\·er 60 grains 
per head of the population and that in le!':s malarious Italy 
the average consumption has long been 16 grains per head. 
Bengal would require at the latter rate 103:000 lbs. of 
quinine per annum and at the former no less than the tremen
dous total of 412,000 lbs. per annum or 40 per cent. of the 
world's supply. The price of quinine is about Rs. 28 
per lb., and it is doubtful if any considerable quantity could 
be purchased at less than Rs. 30 per lb. At this rate 
quinine on the Italian scale would cost Rs. 30,00,000 per 
annum ail.d on the Greek scale Rs. 1,23,60,000 per annum. 
The"Bengal Cinchona Plantation possesses at the highest 
estimatE" only 150,000 lbs. of available quinine,. in the bark 
on the trees, as yet unmanufactured; the quinine factory 
when working at its maximum output can turn out 50,000 lb1::1. 
of quinine per annum. Mean while, nearly 2,000,000 malaria 
cases attend at dispensaries and receive totally inadequate 
treatment, and something under 10,000 lbR. 0f quinine or 
little more than 1 grain per head of the population is sold 
to the public through post-offices. Of course considerable 
quantities of quinine are supplied by private vendors, and 
large amounts are distributed by employers to tea 
garden coolies in the Darjeeling and Jalpaiguri districts. 

·But taking everything into consideration, the quinine actually 
consumed. is wholly insignificant when compared with the 
vast quantity really needed to effect a diminution of malaria 
in the prov.intJe as a whole. 

SO-The Infected Population. 

135. The population infected with malaria is enormous. 
At the 1911 census~ the total population of the rrovince 

. was 45,483,077, distributed. as follows :-. 
Western Bengal 
Central , 
Northern , 
Eastern. , 

8,467,31! 
9,4!5,321 

10,138,:~02 
17,432,140 
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At a rough estimate some thirty millions of these people 
are infected with malaria and more than ten millions EUffer 
from the disease in an aggravated form. The distribution 
of mild and se,·ere malaria is prouably somewhat as 
fJllo~vs :-· 

Malarial Severe 
infections. malaria. 

Western Bengal 8,000,000 5,250,000 
Central 

" 
8,500,000 3,550,000 

Northern 
" 

8,500,000 1,050,000 
:East ~r:1 .. fi,OOO,OO() 500,000 

----- ----
Total ... 30,000,000 10,:~50,000 

----- ~--

1:16. There has Leen a great extenE<ion of malaria m 
several of the districts of Eastern Bengal in recent ytlars 
sitwe the construction of several hundred miles of rail way. 
and the ~reat districts of Dacca ancl-Mymensingh especially 
show signs of being far more seriously affacted than formerly. 
'l'angail, Manikganj and the north of Faridpur district are 
the arears of Eastern Bengal most seriously affected with 
malaria, but the main increase appears to be occurring in 
tracts that up to a few years ago were but little affected 
with the disease. The estimate of total malaria infections 
is Ly no means a high one. There are relatively few areas 
ar present in which the majority of the population does not 
suffer from an attaek of .malaria at least once in the year. 
But in the unhealthy districts a vast proportion of the 
population is composed of chronic sufferers from the disease 
who are a prey to recurring attacks of fever for many 
months every season. 

81--Avallable Treatment of Malaria. 

137. Only a very small proportion of the thirty million 
cases of malarial infectirm in the province receive treat
ment sufficient to afford them relief. A few thousands only 
get really adequate treatment in the larger hospitals and 
dispensaries; under two million receive treatment which is 
wholly inadequate as far as the supply of quinine is con
cerned at some hundreds of smaller dispensaries through
out the province ; possibly 100,000 or so are attended by 
qualified medical pmct.itioners ; but the vast majority of 
the sufferers from malaria receive either no medical atten
tion whatsoever or are entirely dependent on such 8ervices 
as can be obtained from untrained village practitioners. A 
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very large number of sufferers from malaria who could 
afford better treatment rely instea:l upon one or other of 
the many quack remedies in the form of fe\"er specifics 
which are widely advertised in nearly every newspaper as 
sure cureb for malaria. 'fhes~ people usually enjoy the 
doubtful ad vantage of purchasmg more or less ordinary 
quinine mixtures under fancy names at a price often ten 
times their actual value. In recent years the manufacture 
of spurious quinine tablets bearing a superficial resem
blance to those prepared and ~wld by Government has come 
into pr0minence. Bakarganj district has sprung into 
notoriety in this connexion because of the number of manu
factories of these bogus quinine tablets which have been 
discovered there and which have beeu sending out supplies 
of the spurious tablets to agents for sale in many other 
parts of the p10vince. 

82-Value or Quinine and Need of Improving the Supply. 

138. ]from what has been stated, it will be apparent 
that the eradication of malaria from Bengal by the use of 
quinine is at present a proposition that is absolutely im
practicable. But ·it must on no account be forgotten that 
quinine and the other cinchona derivatives are the most 
valuable medicinal remedies for malaria that the world has 
yet seen. A cheap and abundant supply of quinine and 
other cinchona alkaloids is therefore a necessity. · More
over, the· Government o[ any malarious country that can 
secure such a supply and ensure that each ·individual in t:le 
population learns both the value of the drug and how best 
to employ it in case of necessity, confers an inestimable 
blessing upon its people. 

139. Bengal must, therefore, face t4e problem of 
quinine supply. :Much could be said in favour of increasing 
the manufacture of quinine and cinchona febrifuge. In view 
of the market price, it would pay to do this even if cinchona 
bark cannot be imported, for there are possibilities of 
further extending the plantations because cinchona succi
rub,·a, which yields the red bark, can be grown at relatively 
low elevations, some authorities giving 1,500 feet as the 
lowest limit. The red bark, although not so rich in quinine, 
vields a large supply of the other cinchona alkaloids which 
~re equally at~ good as quinine, if not more efficacious in the 
treatment of malaria. Cinchona sucdrubra besides growing 
at a much lower elevation than cinchona oflicinalis and 
cinchona ledgeriana is also said to mature much more 
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rapidly, viz., in fi,·e years as against nine years. It is su)::
posed that nry little land is available for plant!ng cinchona 
at the bigLer elevations required by C. officinalis and 
ledgeriaua. It is possible, however, that a considerable 
area might be found capable of being planted out with 
C. sucdrubra. Enquiry might 8how also that the latter 
would grow in the Chittagong Hill Tracts. Both these 
possibilities are worth investigating. I 

83-lmprovlng the Distribution of Quinine. 

140. Mean,,·hile, the present manufacture and distri
bution of quinine and cinchona preparations require to be 
put on a proper busineSl:l footing. The existing system of 
manufacturing the tablets is open to grave objections. 
Both the manufacture of tablets,- etc., and their sale to the 
public should be controlled by one responsible officer pos
sessed of business experience. rrhe--retail price should be 
fixed to allow a fair margin of profit aftet· meeting all 
charges including that of advertising, and the controller of 
Government quinine should be given.a motive for extend
ing the sales by the grant of a suitable commission 
after the practice in commercial circles. - The surplus 
profits on the Quinine Department should be used in the 
first place for extending the area under cinchona and so 
securing the future supply. \Vhen this has been done, they 
should ba specially ear-marked, as in Italy, for furthering 
anti-malarial work of all kinds. 

141. When· the future supply has been secured, steps 
should be taken t,) organize a proper sale and advertising 
department, and further efforts should at the same time be 
made to extend the use o£ quinine in schools and dispen
saries, and to organize a strenuous educative campaign 
in its favour by every possible means. There are more 
ways of educating the public in regard to quinine than 
by distributing it in schools and advocating it on posters, 
pamphlets and by lectures. The largest public can be 
reached by judicious advertisement, and I would strongly 
urge that t.his method be employed in addition to the 
other measures referred to. It is not the illiterate classes 
alone who require educating. In Bengal, a very large 
prop:Jrtion of the literate population has an intense pre
judice against quinine, and this prejudice is deliberately 
fostered by hundreds of vendors of quaP-k medicines, who 
spread it through lying statements of all kinds, inserted in 
advertisements of their own remedies. 
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14:2. In Italy, not only has the Government adopted a 
policy of advertising the St.ate quinine, Lut special laws 
have been pas~ed, making it imperati,·e for employers of 
labour in malarious localities to· provide a free supply 
of State quinine for their employes. Employers in the 
tea districts already recognize their responsibilities in this 
direction, but it is otherwise in many areas, and Italian 
precedents should not be overlookedi when the question 
of quinine legislation is being considered. Some legislation 
in connexion with quinine is urgently needed, especially 
with a view to check the fraudulent sale of spurious quinine 
and similar preparations. · 

84-Combatlng Malaria lty Anti-Mosquito Measures. 
The area to be dealt with. 

143. We have now to consider the possibility of redu
cing malaria by s;.1ecific measures of mosquito control. 
Some idea of the stupendm1s nature of the t.ask may be 
gathered from an estimate of the area that would have to 
be covered by these measures in order to bring about the 
desired results. The total number of villages in Bengal, 
as shown by the census of 1911, was 119,33!, distributed 
as follows:-

I I 

V illaf;E!S. Houses. Population.! A\'erage I A\'e•·al?e 
houses. pop_ulat.on. 

I 

Bengal ••• 
I 

Western 24,104 1,858,879 8,467.3141 78 350 

Ceutral 
" 

... 13,341 1,703,921 9,445.3:!1 125 633 

Northern 
" 

... 39,081 1,869,633 10,138,302 47 259 

Eastern 
" 

... 43,106 3,199,069 17,432,140 74 40-1 

These figures are only approximate. In the ·case of the 
Presidency Division, 1,000.000 has to be deducted from the 
total population to exclude~ greater Calcutta and allow for 
obtaining the average village population. 

. 14t . . An approximate estimate of the probable number 
of villages in which anti-malarial measures would be 
required may· be obtained by using the fever indices of dis
pensaries in the different divisions. Each dispensary serves 
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a number of villages in its vicinity, and the fever index 
gives therefore some indication of the amount of malaria. 
in these villages. ExcluJing areas in which the fever 
index of 1920 was under 20 per cent., we may say that the 
pro;Jortio~l of villages in each division in which anti
mosquito measures would be needed are as follows:-

I 
I 

We~t .. rn Beugnl 9t p~r cer;t, or appr•rximately 22,800 villages. 
Centrt~l 

" Ncrtheru , 

E.1stllru ,, 

97 
84 
33 

" 
" 
" 

" 
13,iJOO , 

, 33,000 , 

" 
14,3CO , 

Total 83,100 , 

1-!5. From this estimate, we may safely conclude that 
measur~s would be required in at least 80,000 villages. 
Moreover, conditions are very bad in~d in a large propor
tion of these villages where the fever index is probably 
over 50 per cent., as the following statement will show :-

Relative Intensity of Malaria in the 83,100 malarious 
viUago.s of Bengal. 

E.1tim tled nr1-m '1er nf v~llr.tge 1 with fev~r ·indices 
exce~;din,q 50 per cent. 

W ll.<tern llllngal about 15,0[)0 or approximatt>ly 1 8"0 per cent. 

Central 
" 

, 5,600 " , 6'7 , 
Northern 

" " 
4,000 , , 4•i! , 

Eastern , 
" 

400 , , 0•4 , 

We have to .Jonsider therefore, the possible treatment 
of practically 70 per cent. of the total villages in the 
p~ovince, over 30 per cent. of which are very severely 
aflectdd with malaria. · · · 

The various types o[ anti-mosquito work must now 
be discui!sed in detail. 

85-Destructlon of Adult Mosquitoes. 

146. Mosquitoes may be destroyed by fumigation, or 
they may be caught in trap~ )r in a hand net and 
afterwards killed. Fumigation has long been employed in 
Italy ani the United States. The burning of resin is. 
often resorted to Indian houses in order to drive a way 

8 



108 

mosquitoes. Unfortunately, it does not kill them. 
Although the dt>struct.ion of ndult stegomyia mosquitoes 
was of some service in campaigns against Yell ow Fever, 
Gorgas himself admits that too much reliance was at 
first placed upon this measure at Panama, and more 
effective measures aimed at the larne did not receive 
enough attention until experience showed that fumigar.ion 
by itself was ineffecti,·e in checking the disease. The 
destruction of adult mosquitoes is even less u~eful in 
preventing the. spread of malaria. "Hence," says Ross, 
"the expensive and troublesome process of fumigation 
is not mu~h employed in malaria prophylaxis." At 
Panama, mosquito traps and the capture of mosquitoes 
by hand were used as subsidiary measures in the campaign 
against malaria. Traps are really of little value 
except for the capture of mosquitoes for the purposes of a 
1mrvey or for laboratory work. The capture or destruc
tion of mosquitoes by hand is al~o of minor importance and 
in the absence of other mE-asure~ cannot make an appreci
able difference to the spread of malaria. 

14 7. Ross suggests that the offer d rewards of a penny 
(an anna) ior 50 anopheles may quite possibly lead to a 
large slaughter by village chiltlren. It may also have a 
-cont.rary effect. On one occasion, a plant.er offered a small 
monetary reward for the capture of anopheles only to dis
cover after some time that one of the cleverer hoys had 
learned how to breed large numbers in order to make 
money easily. Bats, birds, lizards, toads, dragon flies and 
certain other flies are known to catch mosquitoes. Bats 
have even been encouraged for this purpose in certain 
parts of California. But although these animals may 
reduce mosquitoes to some extent, no one can seriously 
suppose ihat they could be used.as the main instrument for 
the control of malaria in Bengal. 

86-"oteasures for DestroYing Anopheles Larvm: Larvicides. 

148. Sir Ronald Ross was the first to propose the 
control of malaria by the destruction of anopheles larvre ~ 
and the methods suggested hy him have been used with 
marked success at Ismailia, Panama•, Havana and many 
other places. 'l'he treatment of collections of water with 
kerosene or crude petroleum is the simplest mE-thod and is 
now familiar to all. Other preparations may be used also, 
including emuh:ions of crude creosote, coal-tar disinfect
ants and solutions of certain chemicals ; but the!Se are-
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generally more expensive than the oil. The cheapest cam
paign against mosquitoes by oiling was carried out some 
years since at Port Said, a place where there is little rain
fall. The work cost about 5 pence (5 annag) per head of the 
population, which is a very low figure, impossible now 
that prices are so high. Even 5 anrias per head of the 
population would amount to a very large sum in Bengal.; In 
Calcutta 3lone. it would mean over 3 la.khs per annum, and 
in Bengal it would amount to nearly 1~ crores of rupees per 
annum. But this latt.er sum would not be anything like 
sufficient for the control of the dangerous anopheles mos
quitoes in the province. 

87-The Anti-malarial Campaign at Panama. 

149. Turning to the very suc<'essful · anti-malarial 
campaign at Panama, W9 learn from'l<e.ports by the late Sir 
William Gorgas, who was in charge of the work, that the 
amount spent in the canal zone on anti-mof;quito work 
alone was 2 dollars per head of the p'Jpulation per annum~ 
Allowing Rs. 3 to the dollar gives Rs. 6 per head. The 
population living in ·the malarious villages of Bengal is 
30.000,000 and Rs. 6 per head on this population would 
at~ount to 18 crores of rupees per annum. On the basis . 
of the whole population of Bengal, another 50 per cent. vr a 
total of 27 et·ores per annum would be required. This 
sum is three t.imes the total revenue of the province. No 
exp0nse was spared at Panama. To quote Gorgas's own 
words-" Vvhen the canal shall have heen finished, it can. 
be shown that sanitation cost about S365,000 (£73,000) 
per year. For a population of 150,000, this means an 
expenditure of about 1 cent. (one half penny) per capita 
per day, and this sum is well within the m~ans of any 
tropical country." But an expenditure of one half 
penny per head per day in Bengal is Hs. 11"4 per head per 
annum and this on a population of nearly 46! millions is 
over 50 crores of rupees, or more than five times the total 
revenue of the province. ClearJy such enormous sums as 
thi!': are altogether outside the scope of practical politics. 
And though Gorgas's splendid achievement merits the 
highest praise, it does not. afford an example that can be 
followed in Bengal in present circumstances. In recent 
years, the suc(:essful reduction of malaria by anti-larval 
measures has been reported from several areas in America a·t 
a cost per head of the population considerably lower than that 
expended at Panama. But even in these cases, the sums 

8 .A. 
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found necessary ranged from about Re. 1-8 toll:'. 2-4 per 
hea•l of the population. In B··nga.l, expenditure at this rate 
in the malarious areas only would require anything bet ween 
4l to 61 crores per annum. 

BS-Estlmat3 for Anti-malarial WoPk In Mauritius. 

150. In 1909, Sir Ronald Ross visite l ~lauritius and 
drew up an estimate fo•· an anti-malarial campaign in that 
island. His recommendatiom1 included partial prevention 
by quinine, but he relied mainly upon what he termed 
"minor measures " of anti-mosquito control. Mauritius has 
an area of i05 square miles, a population of 373,3~6 persons 
with a mean density of 53-l persons to the ~:~quare mile and a 
revenue in 1909 of Rs. 99,15,~63, equal to Rs. 26"5 per bt~ad 
of the population. This revenue is in proporr i )n 13 
tiines as great as that of Bengal. With a similar rate of 
revenue, the Bengal Government would enjoy an income of 
no less than 120! erores of rupees instead of nine crores as 
at present. "I estimated," says Ross, " that a general moq
quito reduction in inhabited areas, especially towns~ would 
cost, for minor wor~s alone, the tnm of £5,600 ( Rs. 83,910) 
per annum. I advised that thA workmen be formed 
into gangs of about three or four men each. One of the men 
should b~ appointed headman of each gang with ext.ra pay 
and should be responsible for the work of the gang. 
It is impossible to stata how niany gangs will be required 
f •r a given area. In Mauritius, I thought that one gang 
could manage about four square mi~s at a verr rough 
average, and the cost of each gang was about Rs. 50 (£3"3) 
a month. The gangs are to be t!Uperintended by moRti
quiers or by 8pecial headmen if necessary." 

151. Under the head of" Cost," he gave the following 
estimate of the work :-

Items. 

(l) Salary of the malaria a•tthority 
(2) Salaries of 5 quinine dis pens •rs 
(3) Salaries of 15 mosfiquiers 
(!) Salaries of l09 gangs (327) 
(5) Cost of quinine 
(6) Preparation and de:~patch of quinine (say) 
(7) Office of walaria authority 
(S) Implements, etc., for gangs (Rs. 50 a gang) 
(9) Travelling expense for staff 

(10) Margin for possible calls 

Total 

Per annum. 

Rs. 
6,000 
6,0.10 
4,5ti0 

65,41)0 
:30,00:> 

3,600 
1,fi00 
5,4;)0 
2,000 
10,~90 

Rs. 1,35,000 
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This expenditure for an area of only 705 squne miles,, 
rather less than an average subdivis..ion of a Bengal district,. 
worked out t.o 0"36 rupees per head of the population .. 
Applying these figures to the case of Bengal. it would require· 
almost exactly 1"6 crores of rupees pe[ annum. As Ross'A 
estimate was drawn up 12 years ago, long before the great; 
rise that has since taken place in the cost both of laboul'" 
and materia!, it is certain that it would have to be greatly" 
increased at the present time. Probably, it would now have 
to be doubled. This would mean an expenditure over 
3 crores per annum lor Bengal. But even this sum would 
not suffice. Ross's estimate for anti-mosquito work was an 
exceedingly low one. 

89 -The Cost of Antl-mosquit~ork In &lnaJpur. 

~52. In Dinajpur town, where anti-mosquito work was 
carried on for St~veml years by the Bengal Government, the 
actual expend!tum was very much greater, yet the results 
were not. appt·eciable. The report on the Dinajpur opera
tions state:;; :-

"In 1~106, the Civil Surgeon, employing convict labour, had kept 
40 men continuously at work for abo11t 5 months of the rainy t~eason. 
In 1908, Captain Reaney, I.M.S., ha·l estimated for the employment 
of 10 men and a foreman throughout the year, 15 extra men and 3 
extra foremen for 5 month->, and an additional 4.0 m~n for one 
mtmtb. In 1909, an average of more than 28 meu, rising to a. 
maximum of 31) men, were employ·Jd throu.~hout the year, aa:l h 
addition from 2 to 5 moustiq:tiers were enga~Pd. In 1910, an averagd 
of 2~ m«'n, rising to a waximum of 28 men, were emp!oyed. As tht> 
area dealt with was not more thau 4 square miles this staff, which 
was much greater than that allowed for in Mauritius, should have 
been far more than were really nt>cessary to give a fair trial to 
' minor measures • of mosquito reduction." But on the· evidence 
of the Civil Surgeons, whCJ superintended the measures in Dinajpur. 
the number of men were not sufficient to do the work properly, 
Assuming that the Mauritius estimates were reasonaLle, it would 
appear that conditions in Dinajpur were much more Jifficult than 
any met with on that island. If this is so, it follows that the same 
conclusion must apply to nearly every municipality in Bengal, for 
with hardly an exception towns in that province offer difficulties as 
grt>at as those to be met with in Dinajpnr and many of them present 
even more serious obstacle to the successful carrying out of " minor 
measul'es '' of mosquito reduction • • . "The resulti obtained 
at Dinajpur support the conclusion arrived at with regard to the 
somewhat similar measures carried out at Ranaghat during 190o-
1909. At the latter place, the minor measures of mosquito reduction 
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were finally discontinued, because it was found that they were not 
successful. In Dinajpur, although the expenditurt~ on these minor 
measures, including the cost of supervision, amounted to an average 
of Rs. 1,6~0 per annum for each square mile of thE.' area treated, the 
results were so doubtful that the work was discontinued. In view 
of this fact success must not be looked for from :;imilar measures at 
a less expenditure unl"ess conditions are specially favourable." 

The axpenditure on "minor measures " of mosquito 
control in Dinajpur, although on a scale ten time8 as heavy 
.as Ross' estimate for similar work in Mauritius, did not 
:prove strikingly successful. It is obvious therefore that a 
much larger amount than Hs; 3 e~·ores would be required for 
:Bengal as a whole, and that we could not now be certain of 
success with an expenditure of 16 to 30 crores of rupees on 
similar measures. 

SO-Destruction of Anopheles Larva bY Small Flsh 1 etc. 

153. .From time to time the suggestion is made that 
malaria can be controlled by introducing small fish, ducks or 
other natural enemies of mosquito larvre into the collection8 
of water in which these larvre breed. "No cheaper and better 
anti-malaria measure," says Ross, "than the extermination 
of anophelines_ by natural enemies could be conceived or 
devised-were such a thing possible." "Unfortunately," 
he adds, '' experience proves that animals and plants survive, 
even in large numbers, the introduction of their most deadly 
enemies ; they succeed in finding some refuge or other, and 
a state of commensalism is finally arrived at." He cites 
Panama as an example where anophelines abounded in 
spite of the presence of hosts of fish which preyed upon 
them, and he also t;tates that be "saw a ditch in Calcutta 
full of small fish and absolutely thick with mosquito larvre ; 
and have ob~erved. fish and larvre living together in rice 
fields.'' 

154. A considerable amount of study has been given to 
the mosquito-destroying fish of Bengal by Dr. Chauclhuri and 
others. Observations also have shown that these fishes are 
widely distributed both in the m:o:>t malarious and l~ss mala
rious ~reas. There are grounds for believing that the supply 
of fish generally has greatly diminished in many areas in 
Bengal. The 1·eports of Sir Krishna Gupta and ~Ir. K. 0. 
De., c.I.E., I.c.s., are both unanimous upon this point ; one 
of the causes being the gradual clrying up of the streams and 
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'tlwamps and a general reduction of ::;udace water. and if 
this is so the mere introduction of fish without. a corre
sponding increaoe of water in \':"hich they. c~uld live, would 
not be likely trl prove effecttve. As 1t 1s, almost every 
collection of water containing anopheles larvre also contains 
one or other species of fish that preys upon them. It is 
only those ignorant of this fact who usually mak~ the 
suggestion th:lt malaria ean be diminished by the intr<;>duc
tion of fish. 

155. Irrigation, it may be obsen'ed, would undoubtedly 
fa,·our the increase of fif;h, and t.J.us help to reduce the 
nur11ber of anopheles. Jn this conne:xion, the following quota
tion from a paper read uy General Schangti-tong at the Paris 
International 0ongress of 1889 is not without interest :-

"I may add that without these gigantic irrigation works: the 
Chines~ could never have carried to such a pitch of perfection one of 
their most important industries. I speak ~isci culture. Thanks to 
the abundancd of water, th~ whole of my countrymen, insteacl of 
contenting themselves with coYel'ing with their fishing boats the seas, 
rivers, and lakes of our country, have devoted themselves to the 
breeding of fish. The spawn is every where ca1·efully collt>cteJ ; far 
from leaving it to take its chance, the peasant gives this source of 
wealth "safe shelter in. some spot where a perennial supply of water 
cau b ~ a~sured. Th~C~ irrigation reservoirs teem with fish. During 
winter, the rice fields are fallow; the water is led into them, and they 
are instantly full of carp. This in<l.nstry allows us to make fish a 
consitlerahl~ factor in the food of o•u peop'e. The fish are either 
eatt>n fresh, or salte•l, and dried ; they are dt>spatched to all parts of 
the Empire and sold at a price which is remunerativt.. though it is 
exreetlingly cheap.'' 

Obviously under the conditions depicted in the above 
passage, ano,1hele::; larvre can have but little chance to 
multiply; anJ it is po~sible that intensive pisciculture is 
one of the causes uf the remarkal>le immunity from malaria 
enjoyed by the deltaic tracts of Uhina. 

91-Control of Anopheles Breeding Places by Draining or 

Filling. 

156. Where feasible the control of anopheles breeding 
places by drainage or their permanent obliteration by filling 
them up with earth is always advisable. But a considera
t.ion of the facts shows that. we cannot look to either of 
these measures for th.e control of malaria on a.. large scale 



11-l 

in the deltaic areas of Bengal. The vast majority of the 
infected villages are e.ituateJ in the ddtaic portions of <'acb 
division, 'vhere. in the flood season. the level of the rin'rs is 
so high that drainage by gra,·ity i_s out of the question. 
Drainvg9 by pumping is utterly impossible not only L(cause 
of thA cost bat owing to the fa.!t that drying the land ~urface 
to a degree sufficient to prevent malaria would al8o 
prevent the cult.ivat.ion of rice on which the population 
depends for its food supply. The village sites in the 
deltaic areas in which malaria is E1pt>cially intense are 
riddled with ditches and borrow-plrs of all kinds,· and the 
filling up of the excavations in 80,000 villages is an 
absolutely impossible task. It is stated that some years 
ago a rough estimate was made of the cost of filling up 
borrow-pits, in the municipal areas only, of another 
province. It is repnrted that this e~timate amounted to 
two years' total revenue o[ the province in question. 

157. In recent years certain experiments have been 
· carried out to determine the feasibility of reducing malaria 

in the more undulating country that exists in the extreme 
west and the north of the province. In the one case, at 
Sin~aran-Toposi, the scheme of work included the periodic 
tlushing of tbe local river by means of a sluice, the filling up 
of numerous hollows and depressions and the drainage of 
many small swamps and other collections of water. By 
these means, a considerable reduction has been effected in 
the number of anopheles. And on general report there has 
been a corres; on ling diminution in the amount of malaria. 
But the disease has not been nearly eradicated as yet and, 
although t.he country dealt with covers considerably over 
one square mile, it now seems probable that this area is too 
small to allow the measures a chance of complete success. 
Similar conclusions have been arri\'ed at in the case of 
l\Iinglas, where under-draining has been chiefly resorted 
to and where, within an area covering 500 acrc.s, anopheles 
breeding places have_ been almost entirely abolished by this 
method of draining. Here also the measure of success 
achieved at present is not sufficient to warrant the assump
tion that in places; such as this, where the infect. ion rate is 
very high the total oblite.·ation of anopheles breedin~ 
places over an area less than two square miles will serve to 
eradicate malaria. As the cost of measures of this kind 
is heavy and increases in proportion with the size of the 
area to be dealt with, it is clear that at present we cannot 
count upon eradicating malaria from Bengal by means or 
drainage and the filling up of hollows. 
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92-Tha Temporary Obliteration of Anopheles Breeding 
Places bY Flooding or "Covering "'with Water.' 

158. Attention has already been called to the good 
result.s obtainable by "coyering" with water low-lying 
areas containing many. small breeding places of anopheles. 
This measure has been in use for thousands of years. It. 
was adopted in Europe long before anything was known 
about the causes of malaria. It was first employed with.. 
success by the ancient Greeks in a few localities and was 
afterwards used on several occasions both by the Italians 
and the Dutch. In recent years {as already mentioned in 
section 69) Celli, while speaking of its value, refers to the 
suppression of an epidemic of aquatic origin ·by the 
presence of watet· as a paradox requiring explanation
The explanation sought by Celli has now been given and 
is discuRsed at some length in p~g.·aph<:~ 65 and 66 of 
this report. "Covering with water' is Nature's method for 
controlling malaria in low-lying deltaic swamps. Every 
year this measure can be seen in action with the happiest 
results in vast areas in Eastern Bengal. Again and 
again in past years also the good effect on malaria of high 
floods in the rivers and copious inundations have bPen put 
on record by a hoRt of medical men and other observers_ 
Recently an attempt has been maJe to apply t.his method 
in the case of certain small a1cas in Bengal that have 
long been malarious. To this end a small scheme has been 
carried out at Jangipur and another of a rather 
different character in a portion of the Hurd wan district. 
The effect of the work at Jangipur is spoken of favourably 
by the local residents. In 1918, the Head master of the 
high school stated that "the health of the town of Jangi
pur was good when all the surrounding villages as well 
as all places in this division were subjecr. to the wide
spread ravages of influenza and malaria. But since the 
introduction of the anti-malarial scheme, the health of the 
town has considerab]y improved." In the same year, the 
Superintending Engineer in charge of the Banka Valley 
Se;heme reported that :- · 

"The rdgulator was used for regulating the depth of water on 
the land "ith the result that tae crops, which otherwise 
would have been destroyed by heavy rain and floods in 
the Banka, have been saved." 

159. The following extr·acts contain a brief summary 
of the resulh reporte~.i from Jangipur and the Banka Valley 
for 1919 :-
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Jangi'pur flood aJad jlu.sla .•cheme.-Thicl scheme for 
flushing out ditches, drains and tanks with silt-laden river 
water continues to gi,·e good results. One of the attached 
histogt·ams indicates the death-rate of the town since 
191~ and shows tha•. excluding 1918 and 1919, the year 
of mfluenza prevalence, there has been a subMantial 
improvement since the scheme was first inaugurated. 

This improvement in t.he general health has followed 
upon a diminution of malaria, as may be seen from the 
second histogram which shows the relative reduction 
that has occurred -in the spleen index of the town as a 
whole and particularly in the case of wards I and IV. 
In the t wu wards specially referred to, the spleen .index 
has been reduct>d by over 50 per cent. during the last few 
yeart5. 
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Bauka v1lle.IJ scheme.--The Bank:t valley scheme also 
appears to be giving good results. One. of the a~tached 
hist.ogramR indicates t.he recorded mort.altty of thA whole 

area since the work was first begun, and the other shows 
the steady and continued fall in the spleen index that has 
occurred at. Singur, a village which is 8ituated not far from 
the centr~ of the area. Both in the Banka valley and at 
Jangipur, instead of merely removing water by drainage in 
the ordinary way, provision has been made for the 
a·lmission, during the flood season, of i\n increased amount 
oi silt-laden river water into the area sen·ed 'l'he same 
principln has also lwen recentl); adop1 ed with remarkable 
success at Kumarkhali. The flushing of an unhealthy 
area was first tried in t.he case of the Kana. Nadi as long 
ago a!t 187-1-75 itnd pt·oved completely successful. Good 
rEsult.R were also obtained neariy 50 years ago by similar 
measuras in the ease of ~ertain villages in the Rajshahi 
district. which had been attacked by an epidemic of 
malaria. Thus, it is recorded by Dr. Bensley, tlw Civil 
Surgeon, that t.he channels leading to a number of the tanks 
in the affected villages were re-excavated and fresh water 
brought in, and that after this the epidemic ceased. In 
view of thes4': faets and the good results that have been 
obtained recently at Jangipur and Kumarkhali, and in 
connexion also with the Banka vallev and the Saraswati 
river, there is every ground for beli<>~ing that measures 
for improving the channel::; of water-courses and increa
sing .the flow of watt~r during tht:l wet season, may be 
confident.ly expected to prove eifect.ive in the amelioration 
of malaria in Ben.::·al. 
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'~am.~u·rti scheme.-Heference ha~ been made to the 
work acc~mplished in connexion wit!1 the Saraswati river. 
A portion of t.he bed nf this decaying ri,·er has been re
excavated in recent ye.ars and the Bow in the channel has 

EIIJWI\_, IIYIR 
8PUEII 01" VILLAGES 
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greatly improved. The effect of thiR improvement upon 
the health of the acljac~ut villages has been excellent ; and 
as may be seen from the inset block, the aggregate spleen 
index of villages situated uear the re-excavated portion of 
the river has uuder€Jone a mate1·ial reduction pointing to 
the diminution that has occur• eel in the prevalence of 
malaria. On the othe1· hand, in villag~:-s situated on the 
baliks of the same river, but at points tar removed from 
there-excavated portion, there has been a lllarked increase 
in the spleen index during the s:ame period. These 
succe~sful experiments at Jangipnr, Kumarkhali anJ 
Sarawati, respectively, prove conclusively that the· firm 
belief of the counuy people in many parts 0f Bengal that 
the improvement of rivers and khals and the restorat.ion of 
flow in their channels will reduce malaria, is founded upon 
a solid basis of fact. Wherever, therefore. measures of 
this kind can be put into operation every possible en-
couragement should be given to carrying them out. . 

" Covering by water " is a measure that offers poc;sJ
bilities in connection with schemes of bonification in deltaic 
tracts where wet cultivation is the staple form of agri
culture, and as we shall see later, the carrying out of 
irrigation projects will afford an opportunity for applying 
this ml}thod for the joint amelioration of malaria and im
provement of agriculture. 
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93-?reventlon or Malaria bY Protection f,.om the Bites of 
Mosquitoes. 

160. Protection from mo:>quito bites c:ta be secured 
Ly tht> use of _mosquiLo netl<, screening, fans and repellent 
<>ils and medicaments. The ·educated and well-to-do 
da~ses m:ty prot.\~et t h }llld }l ves from m llaria in this way 
to a great extent, but the poor will generally refuse the 
-expense incurred. The cost of a gooJ IDlsquito net is 
beyond the reach of t!1e vast majority of the people, and 
the cheap nets now used by some of them soon wear out. 

·The cost of screening a house is very heavy. IJaukhas and 
fans are n:>t practicable for the mass of the population and 
medicinal culicifuges are of little real value. The dwellings 
<>f the pooret· classes are everywhere permeable to 
mosquitoes, and to protect such houses would cost as much 
as rebuilding the whole house. .Wh~therefore ·protect:on 
should be uri!ed upon every one as strongly as possible, this 
measure cannot be considered as likely to prove immediately 
-effective in reducing the malari:t of the community as a 
whole to any great extent. . 

161 In Bengal, although the number of houses is stated 
t.o be about one for every five of the population, each hou~e 
in the rural arPas cor.sists of a r.umber of isolated huts. 
The cost of screening t.hese huts or even providing a 
mosquito net for each of the inmates would mount up to a 
very large sum. To provide the cheapest form of net for 
the 30,000,000 people· in the 83,000 malarious villages 
would cost at least 10 crores of rupees, and at the end. of 
a year most of the nets would be useless. Obviously, 
therefore, protectioa from mosquitoes cannot be looked upon 
as a practicable maasure of general malaria control for 
Bengal at the present time. 

94-Co-~pepatlva Anti-malarial Societies. 

162. Althou_:5h financial considerations at present 
prt~clude the extended use of the majority of the specific 
anti-malarial measures referred to, it by no means follows 
that these measures are to be abandoned as useless. On 
the contrary, they must be adopted wherever po'-;siLle as 
far as means will allow. \Vhen a general finds that his 
a\·ailable Rupply of ammunition or his heavy artillery is 
not sufficient to enable him to defeat the enemy by a 
frontal attack, he neither discards these weapons as useleRs 
nor waste;; them in fruitless assaults. On the contrary, 
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he employs ·them wLien a suitable opportunil.y ofl'er~ or 
husbands them carefully until such time as his resources 
ca_n be incr~ase~ sufficiently_to enable !Jim to employ them 
w1th a certamty of success. Every one of the anti-malarial 
mea~ures that we have been discussing has its place in the 
campaiga against malaria, arid must be app:ied whenever i& 
can be use,l to the best advantage. In this connexion, 
att.ention must be directed to an interesting mo\·ement for 
the formation of co-operatiV'e anti-malarial societi'O's that 
has recently been initiated by Rai Bahadur Dr. Gopal 
Chandra Chattarji. The aim of this movement is to 
establish societies for mutual self-help against malaria; 
and f0r achieving this purpose many of the various measures 
referred to are being made use of as far as means will 
allow. Tnis movement is full of promise. For, quite apart 
frorri the immediate results attained against malaria, it offers 
a valuable means of educ'lting the public and gradually 
enlisting their help against the common enemy. The 
movement is at present in its infancy, but it merits every 
encouragement for it appears destined ·. to become an 
important agancy for the final eradication of malaria from 
th~ countrv. The fact that societies of this kind are in 
existence ·and are making an attempt to improve the locali
ties in which they have been established is a mosr. h'lpeful 
sign. And if the originator of the movement lives to see 
societies of this kind establishel in every village union 
throu!:thout the province, he will hav~ achieved his purpose 
and provided a most potent weapon by which the final 
control of malaria may be accomplished. Every endeav<"~Ur 
should, therefore, be made to further the establishment of 

. co-operative anti-malarial societies throughout the province. 

95-Recapltulatlon and Conclusions. 

163 To recapitulate : we have seen that pro!Jably 
over 80,000 villages are malarious and 30,000,000 people 
infected wit.h the disease; to deal with f1is malaria by 
quinine would cost at. least I! to 2 c"rores of rupees per 
annum for quinine alone, half of this amount being required 
in "\Vestern and Central Ben~al ; and the annual cost of 
the necessary staff would be at least half as much again 
and might even equal the cost of the quinine ; this method 
of dealing with malaria would therefore entail an expendi
ture amounting to anything bet ween 2t to 4 crores of 
rupees per annum; but a camp·1ign of this sort is impracti
cable because quite apart from the question of cost, the 
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amount of quwwe required could not be male available 
for many years to come; clealiug with malaria on the lines · 
suggested by Ross for :Mauritius would cost at _his original 
estimate 1~ crores per annum and at present prices double 
this sum or 3l crore!-1, and it could not prove effective for 
the reasons already given; anti-mosquit.o measures in the 
malarious villages on the latest American lines would cost 
between 4! to 6! crores per annum; work on the 'lines 
of that carried out at Panama would co5t 18 crores of 
rupee8 if confined to the m:tlarious viJlages only ; t.he 
general prevention of malaria by protection from mosquito 
bites is impracticable and even more costly than other 
methods ; no reliance can be placed on the use of natural 
enemies of mosquitoeR ; the abolition of anopheles breeding 
places by tilling-up is impr.1cticable on account of the cost ; 
and their treatment by drainage i~ ~ally impo.3sible both 
on the grounds of cost and the pfiysical difficulties to 
be overcome. 

164. At first sight. the position in regard to the 
amelioration of malaria in Heng,ll would appear far from 
hopeful. The total GovP.rnment revenue is abo11t 9 crores 
of rupees per annum. The total gross income of thepopula
tion~ calculated on the late Major J. C. Jack's estimate 
for the Faridpur district, would be nbout 240 ct·ores per 
annum. Assigning an arbitrary value of Rs. 100 to the 
yield of each acre cultivated, would place the gross 
agricult.ural income of t.he country at ab\1ut 290 crores 
per annum. 

165. But allowing 50 per cent. extra in Eastern Bengal 
and 25 per cent. in Northern Bengal foi· the more valuable 
crops grown and the grea t.er yield obtained owing to the 
fertilizing inundations would raise the estimate by another 
100 crores to a total gross agricultural income of about 390 
crores. Even on this lattE:~r figure, it. will be at once 
apparent. that. the present resources of t!J.e co.nutry are 
totally inadequate for ameliorating malaria by the employ
ment of costly direct attacks either upon the parasite or 
the anopheles mosquit.oets that transmit it. All such 
measures. as we have se~n. necessitate a very heavy 
outlay ; and whatever their event.ual effect may be on the 
earning capacity of the population, they cannot yield any 
direct return to Government in the way of increased 
revenue. This being so, recourse must be had to the only 
known method of anti-malarial sanitation, that is directly 
productive, namely bonification. Bonification offers the 
only alternative to a hopeless sr.ru~gle against impossible 
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odds, or a policy of final resignaticn and despair. More
over, it offers the one. possible solution of tho problem 
o£ Bengal malaria. And further, it promises an absolute 
certaint.y of succesH ; because, while it . is not only an 
.effective measure in itself, it will also pro.vide the resources 
needed for applying every ot;her known method of malarial 
prevention for the final eradicat.ion of the disease. 
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CHAPTER VIII. 

Bonification. 

•• Water is India's greatest treasure" 

(SIR ARTHUR COTTON, R.E~) 

" It is not the fault of the water if its natural circulation is 
interlereu with ; if certain portions of the land are drowned while 
<>thers are left completely dry." 

(WINWOOD READE.) 

" Thera is not a single acre in India that w JUld not be better · 
for rich river water at some period of the crop, even when rain is 
most abnmlant, and that not only for rice, but for dry grains also." 

~ 
(SIR ARTHUR COTTON, R.E.) 

"If the careful regulation of the water is att~nde1 to, H answers 
admirably every requirement Qf the country, bringing prosperity to 
the population and revenue to thE' Government. Its nec~ssary out
lay in the coRt of works is amply repaid over and over again, not 
<>nly by the wealth but also the health of the territory where the 
money is spent.'' 

(f:!IR ARTHUR COTTON, R.E.) 

96-What Bonlflcatl3n Is. 

166. The idea of combining in a .;;ingle scheme 
measurer:; for the improvement both of agriculture and the 
public health originated with Leonardo da Vinci, who ex
plained in the 53rd Chapter of his gr.eat treatise on the 
movement and measurement of waters : " How with the 
running water we ought to carry the eart.h of the mountains 
into the valleys, so as to render them fertile :and t.o purify 
the air." The clearest. .. st.atement · of the principles of 
Bonification is to be found in Profesgor Mannaberg's classic 
~onograph on malaria, which cont.ains the following strik
Ing passage :-

•• It was the cultural activity of the race that. converted sevf,rely 
infected, death-dealing malarial foci into salubrious, thickly inhabited 
t~rritories. The general prophylaxis of malaria would, up to the 
discovery of the mosquito malarial cycle, be stated- in one word 
' cultivation', and this in a Bflnse .is still tru~. All these old and 
well-tried methods had this common aim, the regulation of the ground 
tuoisture so as to promote fertility. These regulations were to be 
accompanied by cultivation without which the Pnd was rarely 

9 
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attained. The grounol could not be left as pasture but had to be 
systemati(:ally planted with grain, sugarcane, ~ucalyptus, t>tc. 
The special properties of the soil and the clim<Atic conditions of the 
locality decided the choice of the plant. These hygienic regulations 
occasionally produced extraordinary results. The cultivation of the 
ground from this, the old stand point, might be designated as a 
second important factor in prophylaxis. It was well known that 
when cultivation is neglected even healthy regions pay the penalty 
of infection. 'fhe extensive clearing of forests especially has drawn 
in its wake serious results for the neighbourhood. In swamps where 
drainage was impossible, a regular level was aimed at, especially 
during the summer months, by the regulatiun of the incoming aucl 
oatgoing water, and by the building of dams, since it was not the 
surface covered with water, but that which was alternarely un.ier 
watt>r and exposed to evaporation which was (supposed to be) 
dangerous. Excilptionally during severe epidemics, radical measures 
wera undertaken, as for instance, the copious flooding of malarial 
foci. This was first put into practice by Empedocles, later by 
Lansisi." 

167. · In a report on the "utilization of river silt for the 
fertilisation of land and th~ mitigation of malaria " the late 
Sir Ed ward Buck defines " Bonificazione " as " the improve
ment by drainage and by silt deposit not only of the 
agricultural value of the land treated, but, also as a rule. of 
the climate of the area dealt with." Mr. C. H. Hutton, 
C.I.E., of the United Provinces Irrigation Department, who 
has reported on the utilization of silt in Italy, states "By 
the term_ Bonificazione is meant, in a general way, the 
improvement of land, either from an agricultural or hygienic 
point. of view, or from both together." There is no 
mystery in " Bonificazione." · It is merely certain old and 
well-tried principles under a new name. 'fhose principles 
!lre the regulation of surface waterlil and the promotion nf 
·cultivation referred. to by Mannaberg. Bonificazione is not 
the monopoly of Italy nor the invention of Italian engineers, 
although the world owes much in this connexion both to 
that country and the genius of her people. 

' 1 Nothing can be more evident," said. Sir Arthur Cotton o,·er 
sixty years ago," than that upon the regulation of water all pro:!uce 
depends • . . Jt~very acre of land in the world requires irrigation 
and drainage. Not a year passes that there are not both excess and 
deficiency of water at different times. Upon the regulation of the 
waters of every country depends uncomparably more than upon 
anything else the well-being of it, and this is especially the cc.se in 
all tropical and other countries which have well-defined periodical 
rains." · 

In these few words, the great. irrigation expert, whose 
magnificient achievementts saved both Tanjore and the 
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Godavari delta from agricultural decay and depopulation, 
layR down this fundamental principle of water-regulation 
and agricultural improvement implied in the '' Honifica-
zione " of the Italian engineers. · 

168. Bonification does. not necessarily require the em
ployment of special or peculiar systems of engineerjng, or 
th~ cult.ivation of any particular kind of crop. " Exp~rience 
teaches that the soil is the more insalubrious the less it. is 
cultivated " says :Mannaberg. But under the head cultivlt
tion be includes much more than is ordinarily implied by that 
term, viz., the regulation of the ground moisture, the promo
tion of soil fertility, the raising of crops and even the number 
and condition of the population concerned in the work. 
Further, the regulation of water is to be ~ccomplished by 
canalization and drainage, aud in the case of swamps both 
the incoming as well as the outgoin~ater must be regulat
ed either by dams and other means, an~ if necessary flooding 
must be resorted to. For the purpose of bonification, the 
growth of crops is better than pasturage and, though certain 
crops are mentioned as specially suitable, . the guiding 
principles that must determine the choice of the crops t.o be 
cultivated are climate and the conditions of the soil. · 

169. Bonification. therefore, col!sists in (1) the regula
tion of all surface water~, (2) the improvement of the fertility 
of the soil, (3) the cultivation of those classes of crops best. 
suited to the local conditions, (4) and the promotion both of 
the increase and the prosperity of the• resident agricultural 
population. Hence any measure, whatever its character, 
provided it will stimulate agriculture and encourage cul
tivation. making the soil yield the highei!t possible return 
to the local agricultural population and thus promotin~ their 
health and their prosperity, is •' bonification" in the truest 
Rense. It is these general principles of water regulation 
and of agricultural improvement that must be applied in 
the case of Bengal for the amelioration of the· associated 
evils of malaria, agricultural decline and depopulation. 

97-Bonlftoatlon a Productive Measure. 

170. It will be gathered from what has been stated 
that bonificat.ion is a productive measure. It. is, moreover, 
the only anti-malarial measure that is productive. Hence 
it is gpecially adapted for the reduction of malaria in rural 
areas, where non-productive measures of sanitation are 
often impossible on a scale adequate for the occasion 
becauRe of the heavy cost and tl1e large area to be dealt 

9 A. 
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with. Producti\·e measures naturally fall into two catego
ries: those that afford a direct monetary return on the 
capital outlay involved, and those that while not neces
sarily being directly remunerative, yet add enormously to 
the general proHperity of the community and yield indirect 
returns perhaps far in excess of their initial cost. Bonifi
cation is productive in the latter sense and may conceivaltly 
fallun:ler the first category also, provided considt~rations 
of administJ·ation aJlow. In connexion with this question 
of the relative productiveness of large mea!'lures aimed at 
promoting the public welfare. the following passage relat
ing to irrigation in Egypt is of special interest. 

"'fhe Government", s:1ys Sir William Willcocks, '"does . 
not consider only the direct gains from taxation \e.g., the 
land tax), it considers the increased transport on its rail
ways, the incrf'ased import of necessaries, the increased use 
of duty-paying luxuries like tobacco, the diminished losses 
of revenue in years of scarcity and the improved well-being 
of its population. India, as a rule, does exactly the 
opposite. 'Vith rare exceptions, it calculates the expendi
ture and revenue of its projects on commercial lines just 
as thougb it had only direct taxes to deal with; and on 
this account rejects ~roject after project in the tract~ 
where they are most needed and carries them out where 
they pay best whether they are needed or not." In a later 
passage, the same· author suggests what might l_,e done in 
India -in the way of pro,·iding really productive works of 
irrigation. "If Government", he says,'' could take advan
tage of the fact that the first heavy falls of monsoon rain 
on a dry and friable· soil fills the rivers in their early 
stages with water, which is in _great part manure, by 
building suitable works on the rivers and their tributaries 
it might lead these waters over the poor worn-out soils and 
give them a new lease of life. .All these projects would 
not pay as irrigation enterprises, but they would pay a 
hundred-fold indirectly. Famine expenditure would be 
reduced beyond recognition, and the successful completion 
of our projects would show the way for developments 
unthought of to-day. These would be no visionary pro
jects. They would be sound investments." 

98-Examples of Bonification ; the Val di Chlana, 

171. The best known Examples of bonificazione are 
naturally to be found in Italy, the Val di Chiana being the 
oldest and the most successful. The Val di Chiana has 
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been entirely reclaimed by the regulation of the surface 
water and the deposit of silt. Sir Edward Buck quotes 
the official report to the effect that "all the transformations 
have been due to the natural deposit of silt .spread over 
the land by lateral streams directed m•1re or less by 
man." Torricelli, a pupil of Galileo, was the first to study 
the question of silt deposit, but it was not until the close 
of the eighteenth century that malaria was expelled. from 
the Val di Chiana by this means, and even then much in 
the way of levelling and draining and irrigation still 
remained to be done. 'rhe lattP.r work IVas designed by 
Fossombroni and was carried out by 1\lanetti and othet· 
able Tm,can Engineers in comparatively recent times. 
Baird Smith did not visit the valley during his ltalian tour, 
giving his reason for not doing so t.he fact that .. 1\Ianetti 
informed me that I would see only results, as the whcle of 
the works there had been finished fbF..some time, and with 
the most remarkable success, the entit·e valley having been 
restored to culture, occupied by an industrious and now 
healthy population, with r be low marshy localities all filled 
up and the waters under perfect control.'' The Val di 
Chiana is now one of the most fertile, densely populated 
and prosperous agricultural districts in Italy. It covers 
about 800 square miles, the greater part of which is cul
tivated, a portion being· irrigated and devoted to rice crops. 
The population, which is composed of small cultivators, 
exceeds 61)0 to the square mile. It is an area of special 
interest to malaria experl s, not only because it is a striking 
demonstration of the beneficial result of bonificazione, but 
owing to the fact that it affords an example of ~· Anophelism 
sine malaria," anopheles mosquitoes being pt·eseut in con
siderable numbers whilst malarial disease is almost 
unknown. Probably the Val di Chiana is still potentially 
malarious, but the perfect contrul of the surface waters, 
the fertility of the land and the resulting density and 
prosperity of the resident agricultural population serve to 
keep down the srread of infection so that the area remains 
free of the disease. 

9iJ-Ful'thar Examples of Bonlftoazlone : the English Fens • 

. 172. In many other countries besides Italy, the prin
ciples of bonification have been applied with the grea.test 
suceess. The Fen districts of England, the polders of 
Holland, the whole of lower Egyp~ and the deltas of the 
Cauvari and Godavari in Madras each afford striking 
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examples of this fact, although in all these cases the work 
was undertaken primarily for agricultural r~urposes and 
largely for the sake of monetary profit. In England, for 
example, the reclamation of the Fens was begun at the 
time when the price of wheat was high and the tihipment 
of corn to the Continent was being encouraged by the 
offer of Government bounties. But though originally a 
financial speculation, the work accomplished has nonP-the
less been entirely successful in ridding the country of the 
" ague " which formerly prevailed there. 
·. ' 173. The fens of Eastern England comprise over 

680,000 acres of land, which was formerly inundated by the 
joint action of the rivers and the sea. They are now pro
ductive lands dotted over with towns and villages. Their 
reclamation extended over a period of two centuries. 
Before attempts were made to reclaim them, the rental value 
of the fen lands was estimated at four annas to t wei ve 
annas per acre. After reclamation, their value rose rapidly, 
first Rs. 9 to Rs. 12 per acre and in 1849, the average rental 
was stated to be Rs. 30 per acre. 

17 4. The first stage of reclamation was the construction 
of embankments, drainage being effected by gravity through 
drains provided with sluices. Eventually owing to the 
natural shrinking of the soil, that takes place in low lands . 
that have been drained and cultivated, gravity drains 
ceased to perform their function and it became necess
ary to install pumps to lift the water from the low 
lands into the maitl ditches. It has been found, as 
a matter of experience, that the level of the sub-soil 
water or the water-table in fen lands should be 
kept within 24 or 30 inches below the surface. The 
Black Sluice District is a typical fen district. It is a strip 
of level marsh, originally a lake or bil about 4 miles 
wide and twenty-one miles long. The total area which. 
now discharges its waters through the main sluice into the 
'Vitham River is 134,351 acres, but the area liable to tax
ation in respAct of reclamation is 64,854 acres. The district 
is drained by a main drain, called the ,; South Forty Foot," 
which has a length of 21 miles, with a grade of 3 inches per 
mile. This drain discharges into tide-water near Bostou 
through the Black Sluice, which has three gates each 20 
feet wide. The interior drainage of the district is accom
plished through the organisation of small sub-district~ 
bearing local name::, as "Morton Fen,' "Dowsby Fen," 
etc., which all use the main drain as an outlet and pay a 
tax for its construction and maintenance. The amount of 
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tax [or the construction of the main drain was assessed on 
the theory that the land most distant from the outlet should 
pay the greater tax. Numerous pumping stations are 
operated to accomplish the drainage of the "fens " or 
drainage sub-districts. · 

175. Seepage water from the surrounding higher lands 
is intercepted by a ditcb, which is called the "Car Dyke." 
This ditch extends along the base of the slope and dis
charget'! its water into the river through an independent 
sluice ; upland water is thus prevented from passing into 
the low lands and flooding them. Many streams, which 
carry what is termed'" live water" in contradistinction to 
semi-stagnant swamp water, intersect the area and in many 
cases are carried across the fens on a higher level. Such 
streams are called "lodes". During dry seasons, water is 
taken out of these "lodes" through...._small sluices for 
irrigation purposes. 

100-BoniHcatlon In Holland. 

176. In the case of Holland, similar measures to those 
useJ in the English fen districts, applied from similar 
motives and on an even larger scale, hav·e been producti,re 
of similar beneficial rmmlts to agriculture and health. As 
in England, the methods of bonification employed in 
Holland consist largely of improved systems of drainage 
whereby low country, which would otherwise remain water
logged and unproductive, has been turned into rich farm
land. To achieve thiR purpose, rivers and estuaries . have 
been embanked, the low country has been covered with a 
net work of high Ie,rel drains and canals connected with 
the ri,·ers, and the excess water from the field is pumped 
up into the drains. Formerly windmills 'vere employAd 
for the purpose of pumping, but in later years steam has 
largely replaced wind as a motive power. The drainage 
of Haarlem lake is a striking example of bonification by 
embankment and drainage, the latter process being accom
plished by pumping. The lake was formerly a body of fresh 
water, 14! miles long by 8 miles at its greatest width, with 
a. maximum dept.h of 1:-\ feet. It covered an area of 43,700 
acres. It was reclaimed in the following manner : Firet, 
an embankment was constructed around the lake for a 
d.i~tance of 37 miles. Outside this a navigable canal was 
€xcavated into which the water of the lake was to be 
pumped, sluices being proYided to allow for the eE=cape of 
surplus water from the circular canal :nto the North Sea 
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Canal and the Rhine, respectively. A road encircled the 
lake midway between the canal and the embankment. 
The cost of the embankment and canal was approximately 
Rs. 24,22,500. In order to empty the lake and provide 
for subsequent drainage, three pumping stations were 
established, one at the north, one at the south and 
one on the west side, each wit.h a 350 horse power plant. 
The lake was pumped dry after 39 months, the engines 
having been actually in operation for 19! months. ~lain 
drains were afterwards provided in the bed of the lake 
running north and south and east and west, and numerous 
smaller d1tches were connected up to them. Roads were 
also constructed. The land was divided into fields of 50 
acres. The extent of the works 111ay be stated as follows:-

:Mile•. 

Total length of encircling c1nal and embankmeut :H 
, , , large canal:J leading to the pumps 18·& 
, , , main canals 93·1 
, , , all canals an.d drains 750 
, , , roads 122 

Number cf bridges 65-
, , pumping plants 3 

177. After the reclamation was completed, the lake 
bottom was sold by the Government at public auction at 
prices ranging from Rs. 200 to Rs. 400 per acre, the average 
price being Rs. 250 per acre. The amount expended in 
actual construction was about Rs. 120 lakhs, and interest. 
charges, .commi8sions, amortizatio.:1 of C?.pital cost, etc.~ 
rather more th:m anothet· Hs. 55 lakhs. 'fhe total cost of 
reclamation was thus about R::1. 175 lakhs. The amount 
derived from sales of Ian i, rent, etc., was nearly Rs. 120 
lakhs, and the net cost to the Government was about 
Rs. 130 per acre. 

· "About 16,000 people," says Elliott, " now occupy this unique 
domain lying 12 faet below the level of the Sila. Two towns in 
addition to the numdrous farmstead:~ located along the main roads 
give an appearance of thrift and comfort to the entire area." . . 

178 .. Although Holland is now free from malaria, that. 
country like almost all delta tracts is potentially malarious. 
A remarkable example which· illustrates rhis occurred in· 
Rolland in 1748. Thus Deadrick records that:- · 

" The Dutch allowed the land, for defensive purposes, to become 
overflowed. Peace being concluded during the miJ,]le of the summer 
the inundation was caused to subside, whereupon a serious outbreak 
of malaria occurred. The epidemic was not combated until the Ian!~ 
was again submerged and kept so until the advent of wintE-r." 
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101-warping, a Special Method sometimes used In
Bonification. 

1 'i9. Besides drain age 1->y pumping, certain other engi-· 
neering exredients are sometimes employed for improving
low-lying country, including what is known as "warping". 
Warping is the equivalent of the "Colmatage" of the
French and the "Colmata" of Italian Engineers. Owing· 
to the frequency with which this methoJ has been employed.· 
in Italy for the purrose of improving the agricultural land 
of malarious areas: it has often been referr'!d to by English 
writers as "Lonificazione" (v-ide IJages 99-105 of Lt. ~1. 
F. C. Hirst's Heport on the Nadia Hivers). "'Varping" or
" Colmata" is, however, only one of many dJferent engineer
mg expedients for carryi.:g out the general principles of. 
bo~1ificati01~ i.n certain ~pecial circu~s~a?J-CEB. Below is .a. 
bne£ descnptwn extracted from the Bht.Jsh Enc:ydopa-d1aa 
of tbe method of warping as carried out in England :-

"The best notion of the process of warping may be gained· by
sailing· up the Trent from the Humber to Gainsborough. Here th& 
banks of the· river were constructed centuries ago to protect the
lanu within them from the encroac!lments of the tide. A great 
tract of country was thus laid comparatively dry .. But while the 
wisdom of one age thus succeeded in restricting within bounds the 
tidal water of the river, it was left to the greater wisdom of a 
succeeding age to improve upon this arrangement by admitting 
these mtiudy waters to lay a fresh coat of silt on the exhausted soils. 
The process began more than a century ago, but has become a system 
in recent times. Large sluic~s of stone with _strong Joors, to b&. 
shut when it is wished to exclude the tide, may be seen on both 
banks of the river, and from these great conduits are carried mile3 
inward through the rlat country to the points previously prepared 
by embankment over which the muddy waters are allowed to 
spread. These main conduits, being very costly, are constructed. 
for the warping of large adjoining districts, and openings are made 
at such po"nts as are then undergoing the operation, The mud 
is deposired, and the waters return with thi falling tide to th& 
bed of the river. Spring tides are pr~ferred, and so. great is thtl 
quantity of mud in these rivers that from 10 to 15 acres have been. 
known to be covered with silt from 1 to 3 feet in thickness during 
one spring of 10 or J 2 tides. Peat-moss of the most e;terile character 
has been by this process covered with 3oils of the grPatest fertility, 
and swamps which used to be resorted to for leeches are now, by the 
eff~cts of warping, converted into farms and fertile fields. • . Th&
immeuiate effect, which is highly beneficial, is the deposition of silt 
from the tide. To ensure this deposition, it is necessary to surround 
the fiell to be warped with a strong embankment in order. to retain 
the water as the tide recedes. The sluices are placed on as low a. 
levd as possible to p~rmit the most turbid water at the bottom. of the 
tide to pass through a channel in the base of the embankment. Th&
silt deposited after warping is exceedingly rich and capable of: 



132 

-carrying any species of crop. It may be admitted in so small a 
quantity as only to act as a manure to arable soil, or in such a larg~ 
quantity as to form a new soil. This latter acquisition i~ the prin
cipal object of warping, and it excites astonishment to witness how 
soon ;, new soil may be formed. }'rom June to September a soil 3 
feet in depth may be formed under the favourable circumstances of a 
-very dry season and long drought . . Warp soil is of unsurpassing 
fertility .. After the new land has been left for a year or two in 
.seeds and clover, it produces great crops of wheat an•l potato~s." 

102-Boniflcatlon In Egypt. 

180. In Egypt, "bonification" has taken the form of 
irrigation. A peculiar system of flood irrigation known a~ 
" basin irrigation " has been practised there from time im
memorial with the triple advantages of providing manure 
for the fields, moisture for the crops and immunity from 
malaria. · \Vim\ood Reade writes as follows o£ the Nile in 
.ancient Egypt :-

"In the Winter and Spring, it rolls a languid stream through a 
-dry and dusty plain; But ·in the Summer an extraordinary thing 
"happens. The ri vt>r grows trouhle•l and swift, it turns as red as 
JJll}od and then green ; it rises, it swells, till at length overflowing its 
banks it covers the adjoining lands to the base of the hills on either 
;side. The whole valley becomPs a lake from which villages rise like 
island~, for they ara built on artificial mounds. This catastrophe 
was welcomed by the Egyptians with religious gratitude and noisy 
mirth·; when the fields had entirely disappeared, they thanked the 
gods and kept their harvest-home. The tax gatherers measured the 
water as if it were grain and anuounc.•d what the crops and the 
budget of the next year would be. It was then also that white robed 
"Priests bearing the image of a god, and singing hymns, marched with 
:solemn proc~ssion to the water siue and cast in a sacrifice of gold. 
For the water which bad thus risen was their life. The bread of the 
people ••• dependeJ on the amount of the inundation. They devised 
a system of dykes, reservoirs and lock canals by means of which ~he 
-excessive waters of a violent Nile were turned from the fields; thus 
:also the precious fluid was conveyed to tracts of land lying above 
the level of the river and was distributed over the whole valley with 
-such precision. that each lot or farm received a just and equal share . 
.Agriculture became a mathematical art; it was ascertained that so 
many feet of water would yield so many quarters of corn; and thus 
b'efore a single seed was sown, they could connt up the harvest as 
-correctly as if it had been already gathered in." 

18L "Regularity of flow". says the Encyclo_;>redia Bri
tannica,'" is the first exceptional excellence of the ri,·er Nile. 

-"The second is hardlv less valuable, and conRists in the re
markable richness ~f the alluYium brought down the river 
_year after year during the flood. The object of the engineer 
is to so utilize the flood water that. as littlP- as po8sihle of the 
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alluvium may escape into the sea, and as much as possible 
may be deposited on the fields. It is the possession of these 
two properties that imparts to the Nile a value quite unique 
~mong rivers, and gives to the farmers of the Nile valley 
advantages over those of any rain-watered land in the 
world.'' 

10.1-LOI'd Milnei''S Aooount of Basin lrl'igation. 

182. Lord :Milner, writing of the Nile in his well-knowu 
Look on Egypt, says "The river is not only the irrigator, 
Lut the fertiliser of the :aoil. The reddish-brown ·mud 
which the Blue Nile washes down from thE'I_volcanic plateaus 
of Abyssinia, mixed with organic matter from the Rwamp 
regions of the White Nile, does more than any manure 
can do for the annual renovation <{ the land . . For 
thousands of years the agriculture of 'Egypt depended 
entirely upon the unaided action of the river. The valley 
was intersected by dykes, running at right angles to the 
Nile, and forming with the embankments of the latter~ and 
with the t·ising desert land which bounds the valley on 
either side, a series of basins so contrived as to regulate 
the course of the flood and to compel it to deposit the rich 
matter, with which it was charged. These basins were in 
a series of chains, each chain beiug fed by a separate canal 
from the river, and having a separate escape. by which the 
water, after doing its work, was let out into the river again 
In some, but not in all case<~, communicat;on was aho provided 
from the bottom basin of one cha:n to the top ba~in of the 
chain immediately below it. · By thef'e means, the water was 
retained upon t.he land, which was generally flooded for six 
or seven weeks, till it was covered with a thick coat of rifll1 
mud. On this mud, after the water had run off, the seed 
was cast, and the husbandman had nothing to do but to 
tend his crop and in the fulness of time to harvest it .. 
Cultivation cos~litUe in labour and nothing in manure. The 
flood annually re\•ived the soil and kept it perpetually in 
heart . . Colonel Ross had constantly to keep in view 
two distinct objects, not always easily combined. 'fhe first 
was to make flure that every basin-and he was dealing 
with a hundred and twenty of them varying in size from 
five hundred to thirty-five thousand acres-should, even 
in a year of low Nile, be adequately flooded. The order was 
to give to every part of eaoh basin, as far as possible, not 
merely water, but water of the • red' or fertilising quality. 
'Vhether the water he receives is a red " or white makes a 
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vital difference to the agriculturist o£ upper Egypt. The
'red ' water· (I think we should call it brown) is that 
which has not }"et deposited its precious mud, the annual 
regenerator of the soil. The' white' water is that which. 
has already parted with its mu.J. Land inundated by 
• red' water every year, for a sufficient time, never deterior
ates. Land inundat.ed only by 'white ' water rapidly 
becomes exhausted. In traversing the fields of upper 
Egypt,- any observant traveller must be struck by the 
remarkable contrast often exhibited in the quality of the 
crops 'on adjoining lands where all the natural conditions 
appear at first sight to be identical. On enquiry, it always. 
turns out,. tha!; where the crops are poor, it is due to some 
defect in the irrigation works. or perhaps to some insuper
able disadvantage of situation wbic!1 has prevented thet-e 
particular fields from being inundated with' red' water." 

104-Tha Advantages of Bonification bY Irrigation In egypt.. 

183. Egypt has rassed through many vicissitudes. On 
account of the extraordinary fertility of the country. ancient 
Egypt was known as the •• Granary of the W odd. " At the 
time of th~ Arab conquest in the 7th century A.U., the whole 
country was cultivated, but between 700 A. D. and 1800 
the population of 12,000,000 had dwindled to 2,000,000, and 
irrigation h1d been abandoned over the great part of the 
delta. Now-a-days, thanks to irrigation, Egypt is again 
prosperous and for her size is one of the richest agricultural 
countries in the world. '· Egyptian irrigation", states 
Sir Hanbury Brown, •' is a subject which all must study 
who.wish to u:tderstand the causes of Egypt's recovery 
from a state of bankruptcy to wealth." Aithough the 
,reckless finance of Ismail-Pash~t raiR~d the public indebted
ness to about £100,000,000 in ,.1863, of, which only about 
£!0,000,000. wag spent on reproductive works, this ex
travagance has not stopped progress. ·The Egyptian debt 
now stands at £9!,972,000, on which the annual charges 
are£ 3.490,325, and about £ 300,000 per annum is now 
devoted to its reduction. But in spite of debt: Egypt is 
very prosperous. The revenue oft he Egyptian Government 
from all sources was £15,965,700 in 1910 and the ex
penditure £14,414,500, leaving a surplus of £1,551,200. 
The population of Egypt in 1907 was 11,287,359 with a 
mean density of OVbr 940 to the square mile. The rate of 
increase between 1897 and 1907 was 16·2 per cent. Since 
1907 the population has increased by a further 14 per cent. 
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rte total value o[ imports in 1910 was, over £ 23,553,000 
and that of exports £ 28,941,000. 

18!. Excluding desert, Egypt is no larger than the Presi
dency Division, but the country now possesses nearly 3,000 
miles of railway and 1,800 miles of roads. In 1897, the rent 
on 4,550,181 acres was£ 16,356,000. The land tax amount
ed t.o 28"6-l per cer.t. of the rent, and equals about £ G"8$ or 
Rs. 12-8 per acre in Upper Egypt and£ "97 or Rs. 14-8 
in Lower Egypt, the average being £ "91 or about 
Rs. 13-8. The average rent of agricultural land is £ ~-10 
<Jr Rs 52-3 per acre, and t.he average selling value is 
about £ 50 or Rs. 750 an acre. The total culti,·able area 
of Egypt i::~ 6,663,000 acres of which 5,351,000 are 
cultivated. There are three llrops in the y:ar. In 
the wint.er about 3,600,000 acres are under wheat, beans, 
barley and clover; during the summer ~3,000 acres are 
under cotton, millets and maize, sugarcane, rice and 
miscellaneous crops, and in the flood season 1,700,000 acres 
are cultivated with rice, millets and maize .. Orchards· and 
gardens cover another 80,000 acres. The gross cropped area 
Is thus 7,662,000 acres. Cotton is the most valuable non
food crop, 30 per cent .. of the net cropped area and 20 per 
cent. of the gross cropped area being devoted to it. The 
annual value of the cotton crop ranges from twenty to 
t went.y-eight million pounds and averages a.bout £ 2 per 
head of the population. 

185. All this has beAn :-endet·Ad pos!inble by the irriga-: 
tion system which controls the Nile and reguhtes t.ho supply 
of silt-laden water to tl1e Janel. 'l'he value of the silt 
deposited on an acre of land by Nile flood-water, when 
considered as manure at. soluble commercial fertilizer 
rates, is, according- to agricultural authorities, worth as 
much as £ 1-10. ~Land suuafed in basins )V4ich receiv~. 
a full supply of red muddy llMd-water fetches nearly twiCe"
the rent paid for lan<l ,.,.hich gets no" red wateio.''. In 19·10; 
the recurring expenditure on irrigation amounted to just 
about Re. 1 per head of the population. In the same year 
the Government expenditure on Police antl. Prisons was 
equal to about annas 15 per head; expenditure on ,Justice 
about t.he same: expenditure on Education was about 
10{ annaH per head of the population; expenditure on 
Public Health about 6! annas per head; and expenditure on 
Communications other than railways, about 1 anna pflr head. 
The railways, most of which belong to the State, paid a 
surplus of £ 1,829,900. In 1920, expenditure on Public 
Health was estimated at£ :-:?0,425 or Rs. 1.08.06,375, whi~h 



136 

is about 8"5 annas per Lead of the population against the 
1'5 annas per head allowed in Bengal for both medical and 
sanitary purposes together. 

105-Malarla and Anophelea In Egypt. 

186 The delta of the Nile has enjoyed almost complete 
immunity from malaria for centuries. probably as a direct 
consequence of the irrigation system just described. 
Strabo mentions in h1s Geography (written in the first 
century B. C.) that Alexandria although surrounded with 
swamps was yet free of marsh fever. Forty years ago, 
Hirsch ascribed the immunity from malaria enjoyed by 
Egypt to the effects of the Nile inundations in the follow-
ing words :- • 

"When the water Is high and the. ground completely coyered by 
it, the endemic or epidemic disappears, fresh cases of the disea:!d 
appearing only after the watAr has run off and the surface of the 
ground has been laid bare. Classical examples of this are furnisb .. d 
by t.he malarious regions periodically innn<lated on the banks of the 
Nile, Indus, Euphrates, Ganges, Senegal, Niger, Mississippi and other 

·rivers, where the endemic always bPgins after the waters have begun 
to subside." · 

"The primary effect of the submergence of lanJ ",says Deadrick, 
in his recent text-book on Malaria, "is to diminish malaria. Th& 
effect upon malaria of inundations is almost yearly observed in the 
valleJS of the Nile., of the Mississippi and of other large streams." 

In the Annals of Tropical :Medicine and Hygiene for 
November 1909, Day and Ferguscn refer to the remarkable 
freedom from malaria of Lower Egypt in the following 
words:-

"The comparative rarity of malaria in Cairo may be ganged from 
the fact that not more than one or two casea are seen at hospital in 
the cours~ of a year." 

. ' 

187. But like other delta areas, Egypt is potentially 
malarious. Dr. H. C. Ross points out that in March 1907 
anti mosquito ~ork was started at HE:luan because malaria 
existed there. "Anophelines had been taken and examina-· 
tion of blood-films takerr 'at random from native children 
demonstrated benign parasites ; an examination which had 
been made previously by Dr. Dreyer of the Public Health 
Department . . In Sept~mber 1907, Dr. Dreyer again 
examined blood-films from some children in Heluan and 
found that very few parasites could now be demonstrated." 

·• Mal..uia exists," says Dr. Ross, "but it is onlJ of the mild tertian 
and quartan types. Following on some questions which were asked 
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in the House of Common>~ last year, a controversy arose in the Press in 
Egypt regarding the incidence of the disea-;~. One paper saiJ that it 
did not exist. But it does. Only last summer an outbreak occurred 
at Ghezireh, and a9corJing to the Statistical Report of the PubliC' 
Health Department for 1908, twenty-nine deaths occurred in Cair<> 
alone from the disease. The Seuior Medical Officer of the Egyptian 
Army reported an outbreak at Zeitoun and Abbassieh (suburbs of 
Cairo) on 3rd November 19G7. I have myself seen easel! of malaria,. 
and have taken anophelines frequently, especially at Ghezirel:i." 

188. These facts ~:>how that malarial infection and 
anopheline carriers of the parasite are actually present in 
Egypt. The amount of malaria is, however, insignificant~ 
showing that conditions are unfavourable to the spread of the
disease. This conclusion is supported by the late.st. medi
cal statistics. The following table which is extracted from 
the Annual Report of the Egyptian Department <:>f Public
Healt.h for the year 1919 shows the tohlnumber of malaria 
cases (not deaths) reported from variou8 parts of Egypt 
during that year:-

Malaria cases In Egypt during 1919. 

Canis 
Alexandria 
hmailia ... 
Port Said 
Damieta 
Suez 
Eastern Province 
Beheira ... 
Ghavbiya 
l\Iinufiya 
Galyabiya 

11 
4 

29 
27 
15 

149 
1 

12 
18 
17 
2 

Carried forward ... 285 

Brought forward 
Shargiya 
Dakahliya· 
Giza 
Beni Suef 
:E'aiyum 
Mirya ••• 
Asyut •.• 
Girja .•• 
Qena ••. 
As wan 

2S5 
24 
3 

2· 
28 
18 
11 
4 
5 

1,30! 

Total .... 1,684 

1H9. The figures cited relate to cases of disease only 
not deaths. The bulk of the cases recorded occurred far 
up the Nile valley, above the first cataract, · in a strip of 
country on both sides of the river extending for a distanca 
of about 65 miJes and inhabited Jargely by Arabs. The 
eomparative rarity of malaria, in the lower portion of the 
\·alley and the delta proper, may be gauged by the fact 
that among the patients admitted for treatment at dis
pensaries and hospitals in Egypt onJy one per cent. were 
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'CaSe~ of malaria. The fever indices of these dispensaries 
are giveu below:-

FevaP Indices at DispansaPies In Egypt. 

Alexan drill 
.s~ez ••• 
Port Said 

.Damieta 
l'anta 
Damahahir 
Mansura 
Zagazig 

· Shibin 
I. J. E. Co., Zagazig 
Berba 

Per 
cent. 

0·6 
6·1 
1·6 
4·7 
1·5-
0·8 
0·7 
0·6 
09 
1·6 
0·9 

Qalyabo 
,Abba3nyaha 
Beni Suef 
.FaiTum 
Miti:ya 
Asyut 
:::iaha~ 
Quena 
I sua 
A swan 

P~r 
c.•nt. 
~·4 
0·9 
0·4 
1•8 
1<3 
0·5 
O·l 
o·; 
o·:~ 
3·1 

190. In f-ipite of the smail prevalence of malaria in Egypt, 
it is most significant of the remarkable prosperity of that 
.country that, in 1919, the Egyptian Anti-malarial Com
·mission bad funds placed at their disposal amounting to no 
less than. £21.000 (Egyptian) equal to nearly Rs. 3,23,000. 
{)f this t;Um, £5,000 wa8 uevoted to Cairo and the neigh
·boUt·ing district ; £1,739 to the Suez CanRl Zone ; £10,161 to 
the other district headquarters; and £2,100 to the 0Rses. 
In addition to this,· £1,000 was allotted for a sun·ey of the 
mosquitoes of Egypt. 

106-Anophalas Mosquitoes In Egypt. 

191. Like many parts of Eastern Bengal Egypt remains 
free of serious malaria in spite of the presence of anopheles 
mosquitoes. In a paper upon the mosquitoes in the neigh
bourhood of Cairo, published in the "Annals of Tropi~al 
1\I edicine" (March 1910), Mr. Willcocks, Entomologist to 
the Khedival Agricultural Society, states that : 

"Although Oellia pharoe"'sis-a supp:>sed malaria carrier-was 
very abundant in the autumn of !90S in Ghazirah, yet, so far as the 
writer is aware, there were no ca~es uf malaria reported among the 
inhabitants, although the ·latter are d~rivtld from many part~ of 
Egypt and al~o include Europeans from India, the Southern Soudan, 
etc. One might reasonably expect, therefore, that some cases of 
malaria would occur among such a population and that, in the pres
-ence of abundance of supposad carriers (i.e., pharoensis), an out
;break of malaria would occur, but this was not so." 
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192. The Nile reaches i;;s lowest level in May and be
gtns its seasonal rise in July; and the flooi water begins 
to inundate the country in July and reaches its maximum 
in September. Thereafter the floods subside, falling below 
the inundation level in a normal year in November. 
Except as regards rainfall, conditions in Egypt are in 
many ways comparable to thosp. existing in much of Eastern 
Bengal ai present, where inundations prevent any consi- · 
derable breeding of anopheles until late in the season, thus 
keeping the country free of malaria. A further observa
tion of Mr. 'Villcocks' suprorts this view. He states ~-

"With r<lgard to the que~tion of the apparent rarity of malarili 
in the environs of Cairo, one fact must not be lost sight of, namely, 
that the mos:Juito invasion tlk~s plaC:l late in the year and lasts a 
short time only." 

In the inundated portions of Bengal. it i~ a matter of 
common remark that mosquitces are most frequent after 
the rains and in the dry season. During the dry season, 
cases of new infection are rarely met with though relapses 
are common. Apparently anopheles rarely carry infection 
during the dry season. 

107.-Bonlftcatlon In the Madras Deltas: TanJore. 

193. As in Egypt, so also in the 1\Iadras deltas, bonifica
tion has been effected by irrigation works. The deltas of 
the Cauvari (Tanjore) and the Godavari iti Madras have 
both passed through periods marked by agricultural decline, 
depopulation and epidemic malaria. They have both -been 
restored to health and prosperity by the carrying out of 
immense irrigation schemes designed in each case by the 
same officer, the late Sir Arthur. Cotton. R. E. In 1809. 
we learn that, the Cauvari delta ~as affected with 
epidemic malaria. In 1827, that "absolute ruin stared 
Tanjore and the adjoining districts in the face." In 1833, 
that the need for wide-reaching works was exceptionally 
great,_ when Captain Arthur Cotton, R. E., was first sent to 
inspect the delta, whose population was nearly in a state of 
rebellion from neglect. In 1836, that "there was n6 pros
perity, when Captain (;otton concei,,ed his plan. On the 
contrary, the district was in a state of decay, the people 
spiritless and suffering." Seventeen years later Colonel 

10 
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Bai~d ::imith, hi~self one of the greatest trngation 
engmeers that lnd1a has seen, remarked oi the same area: 

"The permanent prosperity of Tanjort' is without tloubt to be 
attributed in a large measure to that first bold step taken by Colonel 
Cotton in the construction of the uppsr Coleroon dam." 

_ 194. Altogether t.here are just over 1,000,000 acres of 
_land under irriga_tion in the delta which has long borne the 
reputatiOn for _bemg one of the most prosperous areas in the 
whole of India In 1873, it was stated : 

_ "The Tanjore works have been the principal means of raising 
the condition of two and a quarter million people to such a state of 
wealth and prosperity as we may safely believe no district of India 
.ever attained before." · 

In 1918 we learn that: among 589,726 out-patient~ 
a~m~tted, for treatment at dispem:aries in the 'fanjore 
du~trrct, only 11,237 or 1"9 per cent. were cases of malaria. 

108.--The Condition of the Godavari Delta In 1842. 

195. The case of the Godavari delta is even more 
striking than that of 'fanfore. In 1839, the distriS!t was in· 
such a ruinous state and there had been such a fall in land 
revenue that the East India Company deputed Sir Henry 
Montgomery, Bart., of the· Madras Civil Service; to make 
minute enquiries on the spot into the general condition of 
the people. That ~fficer found that much land had gone out 
of cultivation, largely owing to the neglect of irrigation in 
the delta. There were but 19,000 acres of the delta imper
fectly and irregularly watered from the river, and altogether 
69,000 acres wetted from all sources. The population had 
declined from 738,308 in 1821 to 561,041 in 1842. Under 
normal circumstances, there should have been an increase 
of one per cent. per ai:mum, therefore the decrease of popula
tion was really equivalent to a loss of over 300,000. The 
delta was then not only a very poor district but also " a 
very feverish one." On the recommendation of -Sir Henry 
Montgomery, Major (afterwards Sir) Arthur Cotton was sent 
to investigate the possibilities of irrigation in the delta. 
He found that the delta of the Godavari included about 
1,700 square miles of country: of which 816,(100 acres was 
cultivable, 272,000 acres being occupied by sandy tractR, 
channels, roads, village sites, etc. ; and he estimated that 
irrigation might be expectid to increase the gross produce 
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ot thiFI area by no less than £ 1,200,000 pet· annum, .land 
revenue being at the same time increased by £ 20,000. He 
proposed including the adjoining Kistna delta in the scheme 
also, whereby, a much larger area than that stated above 
would enjoy equal benefit. "If it be asked", he said, "how 
is this great sum of money to be obtained?" the answer is, 
"simply by converting the water of the Godavai-ii into 
money instead of letting it run into the sea." .. 

196. The requirements for an effective syste~ of irriga
tion for the Godavari delta were stated by Major Cotton to 
be:-

1st-The embankment of the rivers to secure the 
crops from destruction by th~ river floods. 

2nd-Dams, with channel$ of irrigation leading from 
the river to bring its water from the level of 
its bed to that of the surface of the land. 

3rd-Surplus channels, to lead off the floods caused by 
the local rains from the flat lands to the sea. 

4th-Raised roads and bridges, to allow of the convey
ance of produce to the markets and to the coast 
through a country which is other·wise, from· its 
nature, impassable in the rains 

He concluded his report with the following words :-
•• I have no doubt that a complete system of irrigation here would 

Increase the produce of lands now cultivated by one half, and that, 
with greatly diminished labour, so that food could be produced at .one 
half the cost that it now is." 

•109.-The Original Alms of the Godavari ProJect-True 
11 BoniHcatlon." 

197. The Directors 6£ the East India Company were 
greatly impressed with Major Cotton's suggestions, as would 
appear from their letter agreeing. to his proposals, which 
contains the following passage :-

''The investigations of Major Cotton, the Civil Engineer of the 
Division, as detailed iri his able and interesting report of the 17th 
April 1M5, have shown the practicability of turning the waters of · 
that river to the most profitable account by the construction of an 
anicut of such a height as to command the whole of the delta of the 
Godavari, and to supply to the rich alluvial soil of which that tract 
is composed, the means of constant irrigation." 

OIA. 
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At the samb time, ther summed up the benefits antici
pated from the project under the following heads :-

. ( 1) Laying the foundation for the complete irrigation, 
for a ril'e crop, of the whole delta of the Godavari and part 
of the Kistna, in all three thousand square miles, or nearly 
two millions of acres. . 

(2) Providing for leading, out on the land, of every drop 
of water of the Godavari. in the low ft·eshes, and thus 
making use of what is now totally lost. 

(3) Opening the way for the conversion of the delta from 
a mere grain district to a sugar plantation. 

· (4) Thus the produce of this tract, which at present 
probably does not exceed £300,000, would, when full 
advantage is taken of the water thus distribut.ed over it, be 
increased to at least £2,000.000. · 

(:>) .This tract, which .now pays with great difficulty 
about £220,000, "ould then, with great ease, pay £500,000 
or £600,000. 

(6) A complete system of internal navigation, intersecting 
"the whole delta, would be established throughout the year. 

· (7) Every village would be furnished with a stream of 
pure water for the people and cattle at all seasons. 

(8) The present estimate provides for the full irrigation 
_.of all the tracts at present partially irrigated by the prin

cipal channels of the Godavari. 
(9) It will give us at once the use of a large portion 

(about- one-third) of the water of the low freshes during 
·the whole summer, thus providing for sugar cultivati0n to 
the extent of about thirty thousand acre~. 

(10) It will give a constant supply of water to those 
tracts which, like Tanuku taluk, are situated near the 
present channels, but which receive no benefit from the•m 
at all. 

(11) It will put a famine in this or t.he neighbouring 
districts out of the range of probability. 

(12) It will pro•ride Immediately two or three most 
·important lines of water communications from Rajah
round ··y through the heart of the delta to the sea, avail
able at all seasons. 

(13) It will have the important effect of showing to the 
people what can be done for them. At present they have 
no idea of the water being thrown into the channels 
during the summer; and from the first moment 1 hat water 
is seen passing through any •illages in the low freshes, 
the whole people of the delta will be awakened to its 
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great capabilities, and will be prepartd to welcome the . 
opening of channels throu5hout the whole tract, and to 
extend the cultivation of sugar and other things which 
qre at present limited by the want of water. 

(H) It may be estimated to yield £ 10,000 .or twenty 
per cent. on the outlay in the first year, and at least 
£50,000 or cent. per cent. within ten years. · This is 
much l~ss than the new works in Tanjore yielded under 
circumstances which did not offer . anything like the 
ad vantages that the state and capabilities of this district 
hold out. 

(15) But it seems to us that the most important point 
of all, in the present state of this district, is its capaLili
ties as a a sugar plantation ; and the anicut will imme
diately provide for the most unlimited extension of that 
culture. When this work is executed, there ·will t1ot 
remain a single obstacle to this most valuable plant pecom
ing the main product oE this distric.t. Water would be 
provided for at least three thousand pooties,• producing, 
with the Indian cane, sugar oi the value of £ 130 per· 
pooty, and with Mauritius cane, if we are rightly informed, 
double that sum, while grain pro:luce is worth only £ 12 
per pooty. 

110.-The Effects of sonlflcatlon In the Godavari Delta. 

198. As regards the immensely beneficial results of 
the Godavari irrigation, there is no question. In 1902-03, 
the net return on the capital cost of the works was 16'4 
per cent. Population has vastly increased, the agricultural 
production is enormous and the whole area now enjoys 
extraordinary prosperity. In 1879, it was calculated 
that goods of the value of upwards of £3,500,000 passed 
over its canals, while the value of the exports and imports 
of the district which, in 184 7 before the construction of 
the anicut, amounted to £170,000, had risen in 1887 to 
upwards of £1,500,000. ''Taking all things into con
sideration", says the Hon'ble Alfred Deakin speaking· of 
Godavari in his book on Indian Irrigation, " it may be 
questioned if there is a more beneficial or more profitable 
public work in the world. . . There are three hundred and 
seventy miles of main canal, of which three hundred and 
thirty-nine ar~ navigable and eight hund1·ed and forty 

0 A pt•oty is 8 acres. 



1U 

miles of distributaries. The accumulated surplus is over 
one million pounds, and the gross returns sixteen per 
cent. on capital. The net reyenue for 1888-89 after 
deducting interest and all charges is £82,269 and the net 
profit 8"66 per cent. upon the investment." The percen-• 
tag., of net revenue to capital outlay 24 years later, in Hl02 
was no les~ than 18"4 per cent. The increase in land 
revenue alone i1l· 1898 amounted to a 250 per cent. 
increase over the t.otal revenue from all sources in 1843-
44. The figures for total revenue given in Walch's 
"Godavari" show that the increase in 1894-95 represent
ed a gain of no less than 400 per cent. 

. 199. The following extracts~ from various books and 
re orts, dealing with the Godavari delta, serve to throw 
further light upon the, change effected by thA irrigation 
project :~ ·: 

·· "At one time it was brought into a state ·of -extreme impoverish· 
. ment and <iistr~ss. Since the i11troduction, however, of the admir· 
able.system of irrigation, it has brightened and revivtld. The people 
are prosperous and contented. ~ It is the garden of the grtJat Northern 
Province: · The revenue, instead bf ·being reduced as it once was to 
the verge of bankruptcy, is more elastic· than it has ever been, its 
population has more than doubled, the material prosperity of its 
inhabitants is proved by- their being better. fed, better clothed and 
better educated than formerly, its commerce has flourished and its 
trade has developed in a marvellous degree. Roads have multiplie.J ; 

.the indigenous schools considerably improved and their number 
increased; sanitatiQn· -attended .to; tanks~ and wells dug even in 
remote places. The number of village schools has so considerably 
increased that there are now four Deputy Inspectors and one Assis· 
taut Inspector for the w:hole District inste~:.d of one Inspector some 
7 or 8 years ago. Thera is besides· an Inspecting School master 
for each taluk.'• 

1tt • .....;..The Effect or Godavari lrruiatlon on Malaria. 

. 200. Since the completion. of the great irrigation 
project in the delta of tlv~ Godavari, malaria has greatly 
declined and has now·become almost a thing of the past. 
And the same result has been achieved in· the neighbour
ing delta of the Kistna, whet;e a similar· irrigation project. 
has been carried to complet.ion with enormous benefit to 
the people." Europeans and Indians alike bear witness to 
the extraordinary immunity from malaria now enjoyed by 
those residing in these two deltas, in spite of the fact that 
they live surrounded by rice cultivation. which often 
extends almost up to the doors of the houses. This was 
not always a characteristic of the Godavari delta. On the 
contrary, that area once bore an unenviable reputation owing 
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to the prevalence and severity of malaria. 'Vhile the 
irri(J'ation works were still in progress malaria epidemics 
occ~rred from time to time and attracted considetable 
attention. This was especially the case between 1869 and 
1873. In 1871, a special medical officer was sent to 
investigate the outbreaks, which in some quarters had been 
ascribed to the influence of the irrigation works. A Govern
ment Resolution of 1873 seems even to have accepted. this 
view, at least in part, for it states that :-

"The Governor iu Council cannot but feel eonvinced that the 
deplorable prevalance of fever in this district is mainly due to the 
cause, as forcibly sketched by Mr. Foster and Mr. Stewart, the 
utterly inadequate means of drainage in a tract whose swampy 
nature has been aggravated by the great system of irrigation ~o rks." 

But this view was not supported by t4e , Jlledical 
evidence. The Sanitary Commissioner, for example, 
commenting in his report on the results of the enquiry 
carried out oby Assistant Surgeon Wright in 1871: remarks 
that, a the results of five years' registration demonstrates in· 
a very clear manner that the intensity of the fever in any 
taluk has no. relation to- the extent of irrigation of the 
land." For om· present purpose, these statements afford 
evidence that the Godavari delta was uqdoubtedly very 
malarious at a period not so very remote. · Further 
evidence on this point is also afforded by a statement that 
appeared in certain Cal0utta papers in 1873 to the etl'ect 
that "the Godavari district in Madras is afflicted with fever 
of the same type which is decimating the fever tracts of 
1\Iidnapur, Burd wan, Hooghly and other districts in 
Bengal." 

201. It was ·not long before the beneficial effects of 
the irrigation works in reducing malaria began· t.o be 
apparent. The evidence given before the Public 'Yorks 
Committee by Colonel Fischer, R.E., is very clear on this 
point and is worth quoting in full. · · 

Col. Fischer, R.E. Publie Works Committee, 1878-

Q -Are they (the Godavari works) without any draw 
back in respect of unhealthiness ot· exhaustion 
of the soil or anything of that sort? 

A.-There is no exhaustion of the soil ; the soil is 
fertilised from the river every year. That is 
not the thing complained of by the people at 
all. 
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Q.-· Have you observed any unhealthiness attendin<Y 
the irrigation system ? "' 

A.-We had a very unhealthy season indeed in 186~ 
from fever, but the doctors are of opinion that 
it was not due to the irrigation. The popula
tion ~as increased nry largely and the people 
have mcreased enormously in wealth and com
fort. 

Q.-On the whole you are of opinion that the health 
of the .district has not deteriorated? 

A.-I should think that the health of the district has 
considerably improved. 

Q.-'Vas the district an unhealthy one before? 
A.-It was a very feverish one and a very poor one. 
Q.-And you think there is lesg fever than there was 

previously ? 
A.-I believe so. 

202. - Sir Arthur Cctton held the same views as Colonel 
Fischer. Writ.in~ of the Godavari gelta in 1878, he said : 
''while the delta has very little fever, the moment you 
go into the upper tracts you encounter it continually." The 
improvement n the public health conditions, as regards 
malaria, has steadily continued. And now, as we have 
(;een, malaria is practically a thing of the past.. The 
Gazetteer of the Godavari district contains a statement 
in this connexion, which re-echoes the views of Sir Arthur 
Cotton. "The fact remains", it. says, "that the delta 
taluks (unlike irrigated areas in some places in this Presi
dency, ihe valley of the Tungabhadra, for example) are 
not greatly subject to malaria. and are~ in fact, the part 
of the district in which it is least prevalent." There is 
statistical evidence to prove that this is no fancy picture 
of the conditions relating to malaria. Reference to the 
Annual Report of the Dispensaries of the Madras Pre
sidency for 1918 shows t.hat among a total of 4-!9,615 
out-patients admitted for treatment at dispensaries in 
the Godavari delta, only 24,954 or 5"5 per cent.· were 
suffering from malaria. This is in striking contrast to t.he 
records of fifty years ago when, as we have seen, malaria 
was so prevalent in the delta as to be made the subject of 

·a special Resolution of Government. 
203. Reference has been made to the Kistna delta which 

adjoins that of the Godavari and like it enjoys the benefits 
of irrigation. .And as in the Godavari delta so also in that 
of the Kistna, among the blessings bestowed by irrigation, 
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immunity from seri')US malaria is not the least · At the.. 
Simla :Malaria Conference of 1909, the Hon'ble Mr. 'Veir,. 
I.c.s., drew attention to the fact that the Kistna delta was 
free of malaria in spite of extensive rice cultivation. 
Judging from the dispensary returns, the Kistna delta 
exhibits a higher degree of immunity from malaria _even 
than Go:iavari. In 1918, among 363,107 out-patients 
treated at dispensaries in the Kistna delta, only 11,257 or 
~·1 per cent. were admitted for malaria. 

112-Some ExlstlnJl Schemes of Bonification In Bengal. 

204. Bengal is not without examples of bonification~· 
Up to t.he present, however, most of the projects that have
been carried out belong to the drainage type and apply to 
relatively small areas. The first scheme of this nature te>
be undertaken was to provide drainage for the Dankuni 
Jolah! a large swamp in the Hooghly district, with a view 
of benefiting both health and agriculture. The scheme. was. 
completed in 1873, and it was then found, that, although 
originally designed entirely for the drain age of the s wampsr 
actually the irrigation of t.hese swamps waE& often necessary.· 
In practice, the sluices have been used almost as frequently
for irrigation as for drainage and in some years even more
for letting in water than for letting it out. 

" Experience has proved,'' sa~s Colonel Haig, R.E., writing of 
the Dankuni Jolah Project in 1878, "not merely that it is only in 
so far as irrigation can be combined with drainage that the full 
benefit of these schemes can be derived, but that for all practical 
purposes the improvement is limited to the area for which irrigation. 
is available." 

Colonel Haig's statement is borne out by the . figures 
quote~ regarding the number of days during the fiye years 
on whiCh the sluices were opened for draiaage and for 
irrigation respectively :- ' 

Numbero of Days on which Dankunl Sluices were opened. 

1873 
1874 
18i5 
1876 
1877 

For draioi\ge. For irrigation. Rainfall, 

8 
8 
4: 

15 
13 
15 
26 
22 

Juue to Occober. 

Inches. 
3! 
41 
3! 
46' 
38 
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205. 1
" The capacity of the sluices," says Colonel Haig, 

41 is in fact determined, not with reference to the requirements 
of drainage at ·all, but to those of irrigation; it must be such 
as experience shows to be necessary to raise the level of the 
water· in the low grounds with the gradual growth of the 
plants, and this probably is in excess of what is required for 
drainage." While there was no doubt at all about the success 
of the scheme from the point of view of agriculture, opinions 
have differed in regard to its effect upon health. " It is to be 
noted", said the Drainage Committees of 1906 of this 
scheme and very similar projects in the Howrah district, 
41 that these works were undertaken largely in the interest 
of land reclamation", and in the annual report o[ the 
Sanitary Commissioner for 1P79! it was observed as regards 
the Dunkani project that, 1

' with regard to the fever we 
are in doubt as to the directly beneficial effect the scheme 
bas had_on the health of the people, though of its success 
as a drainage scheme and of the swamps having been 
converted into a highly cultivated area, there can be no 
doubt. There ·has been an improvement in health every
where, and an examination of Mr. Adley's report shows 
that there was no extraordinary sickness in or around this 
jhil in 1867 to 1869." On comparing the· mortality 
.figures- of the Chanditala and Singur thanas, which are 
within the sphere of the scheme, with those of the re
mainder of the Hooghly district, the Drainage Committee 
remarked that" these certainly show some advantages in 
favour of the former." The figures quoted by them show 
that the mean of the average mortality rates for Chanditala 
and Singur thanas taken together for the periods 1890 to 
1899 and 1900 to 1906, respectively, were 29"9 and 29"7 
per 1,000 respectively, compa,red with 39"3 and 38"9 per 
1,000, the mean death-rates of the other thanas o£ the 
Hooghly · district during the same period. During the 
decad~ 1901 to 19ll the population of Chanditala and 
Singur th..anas increased by 14"6 and 12"4 per cent., respect
ively, the density of population reaching 1,058 per square 
mile in the former area and 1,553 in the latter. 

206. The increase of population in the Hooghly district 
as a whole during the same period was only 3"9 per 
cent. Lt.-Col. Fry, UI.s., in his second report on 
malaria, points out that Chanditala and Singur thanas 
are. now singularly free of malaria, the spleen rate there 
being exceedingly low.- The schemes in Howrah affect 61 
villages in Domjur thana. This thana showed a 10"7 per 
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cent. increase of po_pulation in the decade ending l!Hl, 
an•l the mean density was found to be 2,212 persons to the 
square mile. The Magistrate of Howrah, writing of the 
Howrah and Rajapur schemes in 1898, remarks :-

"All the drainage schemes have proved of immense benefit in 
reclaiming waste swamps and improving the other lands. They 
were originally intended for the drainage of the swamp~. but 
they are now advantageously utilized in irrigating the lands, in years 
of drought and scanty rainfall, with fresh water from the Hooghly 
river." More recent evidence also supports this view. "These schemes," 
says the Commissioner of the Burdwan Division in 1905, "have 
proved very successful in reclaiming the extensive swampy lands west 
of Howrah, and improving other lands. The surplus water is drained 
out of the channels and sluices in years of heavy rainfall, while in 
years of drought, water from the river is let in for cultivation and 
drinking purposes. The schemes have been of great benefit to the 
people of the neighbouring tracts, who can reap a good harvest in 
years or drought as well as in years of heavy rainfall." 

. 207. As regard~ the recent result<3 of the schemes in 
Hooghly and Howrah. examination of the mortality figures 
for the fixe years prior to 1918 shows the following:- · 

Chanditala tL.a na 
Singur thana· 
Hooghly district 
Domjur thana 
Howrah district 

A vcrage fever 
morta!ity 
per 1,000. 

1913-17. 
14·2 
20·2 
2I·t) 
10·2 
10·2 

A vera!!' a tot:r. I 
mortality 
per l,OOt:. 

1913-17. 
25·6 
23·0 
3:\·7 
24:9 
!?6·8 

The period 1913-1 i ha~ been taken in order to avoid 
the inclusion .of the infl.uenJ;a figures which have vitiated 
the returns in 1918 and 1919. It will be soen from the 
figures quoted that Chanditala thana continues to compare 
favourably aR regards health with the remainder of the 
Hooghly district. The results in Singur thana are not so 
good. As regards the effect of the works in Howrah it 
must l?e remembered that a portion only of the Domjur 
thana IS affected by the schemes · and Howrah district 
itself, wit~ the exception of Jagatballavpur thana, is not 
very malanous. 

208. An 
been carried 
tltana of the 

113-The Magrahat Scheme. 

eYen larger scheme of drainage has 
out. in recent years in the :Magrahat 

Diamond Harbour subdivision of the 
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24-Pargana:;. This scheme, which i~ known as the 
Magrahat drainage scheme, affects an area of over 30~ 
square miles. It was completed since 1909. Investigation 
has shown that tht3 low-lying area included in the scheme 
was not highly malarious at the rime of its inception,. 
although certain higher areas adjoining have long been 
intenAely unhealthy on account of malaria. Unfort.unately,. 
t.he carrying out of the Magrabat drainage scheme has been 
followecl by an immense increase of malaria a~ may· be 
seen by the attached block which shows that a great rise 
has taken place in the fever index in recent years. The 
Census of 1921 also disclosed t.he fact that since 1911 
the population of the area chiefly irffect.ed by the scheme 
has ceased to expand, although other parts of the Diamond 
Harbour subdivision have shown a simultaneous increase 

} INCREASE OF MALARIA KT MAGRAHAT. 
FDUOW/NB DRAINABE 711£ FEVER 
/NIJEX HAS /NCREAS£/J FRill 

7-1 PERCENT IN 19/f TO 

41-6 PERCENT IN Btl 

·11111l 
of population. Had the drainage scheme really produced 
the improvement it was designed to effect, it is inconceiv
able that malaria should have increased and population 
should have ceased to exhibit a healthy growth. As will 
be seen below, other schemes of drainage have proved to be 
equally unsuccessful and to have led to similar inet·eases 
of malaria. A number of other schemes of a similar 
character have been carried out from time to time in the 
same part of the 24-Parganas. Up to 1906, a total of 
205 square miles was drainAd in this way. Altogether 
considerably over 600 square miles have now been 
provide"d with gravity drainage, regulated by sluices, 
which can be used if necessary f<~r irrigation. The lateRt 
project of this nature is that of t.he :\Ianikhali khal area. 
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a basin of about 16 square miles. Cnfortunatelv tbese 
schemes have failed. It has been known for h~mdreds 
of years that the draining of swamps im·oh·es a graYe 
risk of increasing malaria unless the work is done so 
thoroughly that the land will either grow dry crops or 
at least be fit for pasture. On the other hand. eYer 
since Empedocles flooderl the lowlands surrounding Selinos 
and in this way made the city healthy, ir has been know·n 
that swampy tracts may be freed from malaria by flushing 
them with an aLundant supply of water. 

SPLEEN INDEX 
2•/Jl IN /9/8 

AND 

12., ,C IN f92Z 

KUMARKHALI 
1918 1922 

R£SULTOF 

FLOOD & 
FLUSH 

ORAINP.CE 
ON 

SPI.EEN lND£'1. 

We now have definite proof of these two facts in 
Bengal, as may Le seen by the inserted blocks, a Love, which 
show the increase of malaria rhat has followed drainage 
in t.wo separate localities and on rhe other hand, the grear 
diminution of malaria that has occurred at Kumarkhali 
siuce the carrying out of a small scheme for the purpose 
of flushing out the drains, ditches and hollov;s in and about 
the town. with an abundant suppl~· of water from the ri,·er. 

114-A Warping Project. 

209. Mention must be made of a scheme oi anotlH:r 
type, namely "w·arping" or Colmata ''hicL ha:o. L<:Tll 

attempted in the neighbourhood of BerhamPur in th.:: 
1\IurshidaLad district. This scheme appears to han· L•:•:n 
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designed with a view of silting up a large Jhil, called the 
Bistopur Jhil, which once formed part of the bed of the 
Bhagirathi. but was separated from it when that river 
short-circuited the loop which now forms the Jhil. The 
original proposals were excellent as far as the silting up of 
the ;hil was concerned, but they· were considerably modi
fied before being carried into execution in 1909, with the 
result that it is not likely that they will ever achieve the 
purpose intended. Besides this, it is doubtful if the end 
aimed at, viz., the silting up of a lake of deep clear water 
would result in any improvement in the health of the 
locality. On the contrary, it is much more likely to-render 
it unhealthy. Observations made a faw years back on 
the prevalence of malaria around the Jhil showed that 
infection was far le~s prevaleJ?-t where the water was deep 
than near ·the portiOn where 1t has been made shallow by 
the silting operations. As it will take very many years 
-before the :Character of the jhil can be changed from that 
of a fishery preserve to that of a rice field, and as during the 
intervening period the operations are much more likely to 
increase than . to diminish malaria, this scheme . does not 
deserve to be called a measure of bonification. 

US-Resuscitation of Dead Rivers. 

210. For. many years there has been· an insistE'nt 
demand for measures to improve the silted up channels and 
resuscitate the dying rivers and khals that are. to be met 
with throughout the decadent deltaic tracts. As far -back 
as 1868, thi:3 Sanitary Commissioner remarked in his· report 
that the history of Bengal in a sanitary point of view is 
the history of its rivers and water-courses. Everywhere 
the cry is, restore the rivers, re-exca\•ate the channels and 
open up their off-takes from the Ganges or other main 
stream, as the case may be. The dwellers in the delta 
tracts seem to know instinctively that their well-being 
depends upon the restoration of the river system. In 
answer to an appeal from the people asking that water 
which had been shut out by the construction of the Damn
dar embankment, might be restored to the old channels, 
the then Lieutenant-Governor, Sir George Campbell, 
acceded to their. request and ordered the carrying out 
of arrangement-s by which water from the Damudar could 
be admitt.ed into the Kana Nadi. Later on more permanent 
arrangements were made at the instance of Sir A!':hley 
Eden that led eventually to the construction of the Eden 
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Canal system, which now serves some 36 square n1iles in 
the Hooghly district. The letting in of flood water from 
the Damudar into the Kana Nadi and other decadent 
channels had a remarkable effect in improving the health 
of the areas which they served. " The admission of 
Damudar water, " says Dr. Coats, the Sanitary Commis
sioner. "into the Kana Nadi in .1873-74 and 1875: was 
follow~d by an immediate and marked amelioration 
in health." This view was corroborated by other ob
servers also. "The letting in of the Damud:u water,•• 
wrote Dr. Dutt of Serampur in 1879," was a most welcome 
relief and that, but for it, parts of the country would have 
been entirely depopulated It has been allowed to 
flow in 18i8 and 1879, and t.he people say that the epidemic 
has disappeared since the last two years. These facts leave 
no doubt that the letting in of the Damudar water into the 
Kana Nadi and through it into the khals, drains. tanks, etc.,. 
in t.he interior of the subdivision, has led to this improve
ment." In a further report on the effect of the measure Dr. 
Coats specially recorJP.d the great benefit derived from 
this flushing of the Kana Nadi. "At a recent visit," he says,. 
"I myself found only 2 per cent. of the]people -suffering 
from enlarged spleen and anaemia. The pathshalas were 
full of healthy boys, not one of whom had splenic enlarge
ment, cult.ivation was going on actively and people were 
eager to have increased water-supply and drainage." 

116-The Demand for Water. 

21 i. The demand for increased water-supply is com
mon to every one (,f the m~larious deltaic areas. " The 
prevalence of fever, "says the Depu_ty Magistrate of Chua
danga in 1884, "appeared to be due to deficient water
supply." And this remark only echoed the earlier report of 
t':le Nadia Fever Commission of 1881, which states:-

"In fact, as Dr. Sutherland observed in 1868, the district is be
coming more and more arid, tanks and other reservoirs-of water dry 
up even before the hot season, tanks full to overflowing in the rains 
rapidly dry up- facts which prove that there has been no increase 
or excess of moisture in the soil. The very jungle, contrary to the 
assertions of some nativP.s we met, as Dr. Lidderdale points out, is of 
a kind which prefers a dry to a damp habitat." 

2_12. :More recently, Babu Bhola Nath Banarji, Executive 
Engmeer, in charge of the Special Drainage Division, who 
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has been investigating conditions in Jessore, states m his 
.report of September 1912 :-

"If you draw a line from Pultia on the lchamatty to Jhiker;tacna 
~n the Ka~adak, the country lying to the north of this line may be 
g<lnerally taken as suffering from scarcity of good drinking water . 

• •. • This is due to the silting of this part of the conn try by 
action of deltaic rivers. • . • There are no big siz.ed tanks in 
.most of the villages, and people have to travel a long distance to the 
.nearest river or bit for their supply of t.lrinking water. It is report- . 
..ed that tanks in those parts do not hold water, but dry up with the 
.;Subsidence of the rivers, and are consequently too expensive to be 
excavated below the subsoil water level. It will not be out of place 
if we note the fact that the tracts, a way from the river and also places 
-which complain of scarcity of water and where bits and pits dry up 
.much · earlier, are not free from malaria, as it ought to be, if damp
ness alone was the cause of malaria. Most of the Jhenida subdivision 
.anJ parts of the Magura subdivision, where pE;Ople suffer from want 
~f .water and which are away from the big rivers and high lands, 
~onstitute the most malarious parts of the district." 

The formation of the Special Drainage Division for the 
:Presidency Division was the outcome of the recommenda
tions of the Drainage Committee of 1906. A large amount 
.of survey work has been carried out by this division. Lord 
Carmichael during his incumbency as Governor took 
:Special interest in the investigation oi malaria, but owing 
to the occurrence of the great war he was not able to see the 
maturing of any large scheme for the amelioration of the 
.disease. 

117-Recent ActivitY In connexlon with Antl•malarlal 
ProJects. 

213. When His Excellency Lord Honaldshay assumed 
:Charge as Governor of Bengal, he at or1ce turned his atten
tion to the problem of malaria. As a result, a distinguished 
officer of the Irrigation Department was pnt on special d~ty 
for the express purpose of dealing with this question in 
.collaboration with the Sanitary Department. Within a 
<Jomparatively short period many proposals were in
vestigated and a considerable number actually carried 
into operation. These various schemes comprised both 
drainage projects and schemes for the restoration of decad
ent rivers. Among the former were the Manikhali basin 
project, previously mentioned, the Arool Bil project, the 
.Ampta drainage project, t.he Baragachia project, the Chapra 
.Bil project; and among the latter were the re-excavation of 
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the ~(lraswati, _chann~l;. t~e i~J!_rvor_~pl~p~ _?f .. ~he, .~a~una 
ri,~er, the improvement ol the Nawa1 and Suntb.at nvers 
an1 the Bhairab river project: · Besides this, four special 
experimental anti-malarial schemes, already mentioned 
elsewhere, ha,·e be::!n carried to fruitimi during the p:1st four 
yeartt. Of these four ~;chemes, one may be claimed as an 
example on a small scale of the principles of bonification, 
~ince agricultural imprO\·ement h:1s been secured at the 
same time and by the same means that are heing employed. 
for the ameliomtion of malaria. This small scheme, •• the 

· Banka valley scheme", depends upon partial flooJ irrigation 
controlled Ly sluices and regulators from the Banka river, an 
off-shoot of the Damudar. From'four to ~ix square miles of 
country are affe~ted. As previously recorded, in paragraph 
158 of this report, the project when only partially complete 
was responsible for the saving of the crops in the area 
sen·ed, which would otherwise have been destroyed by 
floods. Particulars as to the effect upon health during 
1923 have just been received, and show that the spleen 
index has decreased in 7 out of 11 '·illages and the malaria 
death-rate has also shown a decline. 

214. In spite, however, of the greatly increased activity 
of the past four yeara, only the fringe of the malaria problem 
has as yet been touched. As this report will show, evi
dence has been accumulating which points to the necessity 
of approaching the whole question of the amelioration of 
malaria in the delta tracts from a much broader stand
point than has yet been adopted; and which suggests that 
we must look to large irrigation projects and the increased 
supply as well as the regulation of surf-ace water for the 
final solution of the problem of Bengal malaria. Meanwhile, 
the work so far accomplished has served a useful purpose, 
and has been of the greatest value because it has proved 
that ordinary drainage schemes are harmful and that what 
is requir~d is more abundant water ·and the restoration of 
flood, and rather t.han the drying up of the country. Quite 
apart also from what has actually been achieved, the data 
that has b0eu collecte1 will prove of immense service 
later on in the preparation of the irrigation ·projects 
that will have to he undertaken. All projects of this 
kind require the most careful preparation necessitating a 
detailed survey of the areas to be dealt with. The records 
in connection with the work already accomplished will, it 
is hoped, RUpplr much of the necessary information and 
thus shorten very materially the perioo required for the 
preparation of new projects. 

11 
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US-The contPast between the· MadPae and the aen&aa 

Delta .. 

215. In spite of what• has been already done in the 
way of bonification, the malaria-stricken deltas in Ben(l'al 
exhibit a sad contrast to the irrigated deltas of the 
Godavari, the Kistna and the Cauvari in l\Iadras. The 
fever index of Western Hen gal is 10 times a~ high as that 
of Godavari, 18 times that of Kistna and 29 times that of 
Tanjore ; the fever index of Central Bengal is 8 times 
that of Godavari, 14 times that of Kistna, and 23 times 
that of Tanjore; the fever index of Northern Bengal iR {) 
times that of Godavari, 10 times that of Kistna and 15 times 
that of Tanjore ; and even Eastern Bengal which is the 
healthiest part of Bengal has a fHer index mot·e than 2!
times higher than that of Goiavari, 4 times that of Kistna 
and 6 times that of 'l'anjore. " TheRe fevers are actually 
owing to want o£ irrigation works"~ said Sir Arthur Cotton 
over forty years ago, of the epidemic malaria then raging 
in Halishahar and other parts of Bengal. And in view of 
many of the facts that have now been brought forward, one 
is constrained to accept his view that "if the waters were 
regulated, the country properly drained, and streams of 
fresh river · watet· were Bowing through every village 
throughout the year, the fever would be almost entirely 
subdued as it is in Godavari and Tanjore." ·The possibili
ties of applying bonification hy irrigation fot· the purpose
of ameliorating t.he malaria of the deltaic areas iu Bengal 
will be considered in a later chapter. And before discussing 
this question, an attempt must be made to explain the 
·manner ·in which the principles of bonification can be 
utilized for the suppression of malaria. This is the more 
necessary because the· special form of bonification proposed 
for Bengal is irrigation ; and as is well-known, therfl is a 
widely current opinion that far from reducing' malaria, 
irrigation has often proved to be a very serious factot· in 
the spread of the disease. 

119-How Bonification Influences M alaPia. 

216. Bonification causes a reduction of malaria by the 
interaction of the following factors :-

(1) Reduction in the numbers of the local anophe
line carriers of malaria. 
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(2) Increase in the number of- the ·local· human 
population. 

(3) Increase in the prosperity of the local human 
population. 

At the moment it is unnecessary to discuss the rel:ltive 
importance of these three factors, and it is doubtful if the 
data a vail able is sufficient to enable us to come to a decision 
on this point. All that need be stated for our present 
purpose is that there are grounds for believing that each of 
the three factors named exerts a favourable influence upon 
malaria ; and that, when these favourable influences are 
all acting together, the cumulative effect upon malaria is 
so great as to cause a very marked reduction in the 
prevalence of the disease. 

120-Effect of Reduotlon of Anopheles on Malaria 
Prevalence. 

217. It is now universally admitted that a reduction in .. 
the uumber of anopheline carriers of malaria reduces tLe 
spread of malarial infection. Ross has pointed out that a 
complete reduction of anopheles jg not essential to the 
eradication of malaria. "Malaria", he says, "m~y be com
pletely reduced even by a partial reduction of the anophe
lines below the necessary limit (which I have r·oughly 
estimated to be about 40 different anophelines per head 
per month) and it may be rartially reduced even by a 
smaller reduction of the insects." 

218. Let us try and get a Clearer idea of what this 
proposition may actually mean in practicE>. Accepting 
certain of Ross's mathematical assum~.tions for this-purpose, 
let UR assume th'lt we have to deal with a square mile of 
malarious country inhabited by 1,000 people, both the human 
and the ano~h~line population being evenly distributed 
throughout the area. What would· be the effect of per
manently reducing the number, or in other words th{j relative 
density, of the anopheles mosquitoes ? The reduction 
might conceivably be effected either by obliterating the 
breeding places or by keeping a permanent staff at 
work destroying their larvre, as was done in Panama. 
Suppose the initial infection rate is very high, so that 
999 out of the 1,000 people are infected with malaria. In 
this case, even very thorough ant.i-mosquito measures will 

ll.A 
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fail to effect an appreciable reduction in, the numb~r of 
malarial infections, as the following figures will show :-

Reduction of m'.llarial injections in pop'..l.latio11 of 1.000 
following reductio11s i11 the prop?rtirms of anopheles 
mosquito~s. 

Originol number Num~rof Number of Numbo!r of Number of 
of malaria iufecUou after i ufeet.iou after infections after luf«tioo~ af~r 

lofec:Si•m• ia 1.000 aaopbele:l are saopb...., sn auopbeles are aoo:-t.~k-5 are 
p.ople in I oqoare reduced by reduced by reduced by redu~l by 

mile. ~~ perceuL. iOper...,L. n pereeot. IV perteut. 

I 
----

999 99~ 99/S 9~16 990 
.990 986 980, !160 900 

Now, while it is often an easy matter to reduce anophe
le3 hy 25 per cent;, and not \~ery difficult to diminish them 
by 5) par cant., a 7 5 par cant. relucti•m is not so easily 
effected,_ and to reduce them. by 90 per cent. 1nean OJ ,~ery 
careful and thorough work indeed. But the figures given 
show that even a 90 per cant. reduction of anopheles 
would not necessarily produce any appreciable effect upon 
the prevalence of m~laria in severely infected areas. The 
term "apt>reciable" is used advisably, because existing 
methods of measuring the malarial infection tztes of a 
community are at present inadequate for clearly demonstra
ting such small differences in actual infection rates as 
those between 99"9 and 99"0 per cent. or even hetween 
~9 per cent. and 90 per cent. But there is another rea:'on 
why even a 90 per cent. reduction of the anopheles LreeJ
ing within one squar~ mile cannot possibly produce much 
effect upon malaria, if the initial amount of infection is 
very great ; and this is the effect of migration of anopheles 
from outside the treated area. In regions of intense 
malaria,"it is not enough merely to abolish all bree.ling 
places within a square mile if we wish to protect the 
people dwelling within that area. 

219. Professors Karl Pearson and Dr. Blakeman have 
made soine exact estimate:; in this connexion on data 
supplied by Sir Ronald Ross ; and their conclusions respect
ing the density of the anopheline population in one square 
mile of country, surrounded by areas in which anopheles 
mosquitoes are breeding (but as far as the one square 
mile itself is concerned, absolutely sterile of breeding places)~ 

·are briefly as follows ;-
" In. a sterile square mile the density should be 50 per 

cent. at the boundary, 11 per cent. half way to the centre 
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anJ 2 per cent. at the centre." NO\v 2 per cent. of 40,000 
and 4,000, the numl;>ers of anopheles per head required t() 
produce infection rates of 99"9 and 99"0 per cent., respec
tively, is 800 and 80~ respectively; anJ 11 per cent. is 
4,400 and -HO, respectively. So that. even if we abolished 
all anopheles bre'::lding places within our one square ,mile, 
mi,;ratic1n from without would still supply enough anopheles 
to keep the rate of infection at over 99 per cent. ! mile 
from the boundary and 95 per cent. at the exact centre 
in the one case, and 91 per cent. at l mile from the 
boundary and 60 per cent. at the centre in the other. 
In the circumstances stated, therefore, although very 
thorough and expensive measures may be adopted, they 
may appear in practice to be absolute failures. And this 
explains why quite a number of schemes, in very malarious 
parts of India, have been looked upon as failures. Now let 
us now glance for a moment at the other side of the 
picture. Suppose that, instead. of having 999 ot· 990 
infected persons among the. 1 ,000 in our square mile, only 
500 are infected at the beginning, what will be the final 
result of anti-mosquito measures producing similar reduc
tions, viz., 25 per cent., 50 per cent., 75 per cent. and 
90 per cent. in the proportions of anopheline .mosquitoes 
present? 

Reduction of malarial ·lnfections z"n a population of 1,000 in

O'le square mile j"oll1wing u.pon a perrnanent reduction· i'YI 

the proportions of anopheles mosg_'.litoes present. 

Number of 
. . infectious after 

Ortg~ oal n.nmber ot anopheles are 
lnlect10os. reduced by 2:; per 

cent. 

500 333 

Number of 
infectious after 
anopheles are 

reduced by iiO per 
cent. 

0 

Numb:r of 
infections after 

anopheles are 
reduced by 71i per 

cent. 

0 

Nomberof 
infections after 
anopheles are 

reduced by 90 per 
cenr .• 

0 

220. In these circumstances, we see that, a very subs
tantial fall in the number of malarial infections would follow 
a relatively small reduct.ion of anopheles mosquitoes; viz., 
25 per cent., and :that the disease would tend to die out 
completely if the anopheles mosquitoes are reduced by only 
one-half. When thr1 initial rate of infection among our 1,000 
people is lower than 50 per cent., the results would be even 
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moro successful and dramatic, as n~llY be seen by the 
figures·given below :-
Reduction of mal'lrial infection rate i11 a population of 1,000 

.following upon reduction of anopheles. 
Original DUmber or lofectiouslo I Fioal Dllmber oflof .. tiooo remalolng after per .. aneot 

po;>ulatioo of 1,000. reduction olaoopheleo b7 n per ceut. 

200 1 o 

'rhis explains the success of the measures at Ismailia. 
221. TheRe conceptions are very interesting and also 

very important both when considering the application of 
anti-mosquito measures in practice and for understanding the 
manner in which bonification can bring about a reduction 
of malaria. In the first case, they enable us to grasp the 
fact that anti-mosquito measures have their limitation ; 
that in certain places they can he applied with the 
certainty of producing exc~llent results, whereas in other 
circumstances they may appear practically useless ; and in 
the second case, they help to explain how irrigation and 
other measures of bonification that, although primarily 
aimel at improving agriculture, may aho reduce the breed
ing of anopheles to a considerable extent, will be able to 
produce a great diminut-ion of malaria. The t.able below 
shows the possible resultA of mosquito recluction m areas 
with different initial rates of infecti,m :-

Reductz"on o.f malarial 'infecHon& z"n a populatz"on of 1,000 
following a 1"tduction z"n the number of anophele& 
mosquitoes. 

Original ratio of 
malarial infections 

per 1,000. 

999 
990 

-· 900 
800 
700 
600 
500 
400 
300 I 200 

Number of inlec· 
tioos finally re-
maiuiog after 
anoph•les are 

reduced by 
26 per cent. 

998 
986 
866 
733 
600 
466 
333 
200 

47 
0 

I 

Number of in lee-
tions flually re• 
maiofug after 

a oopbelee are 
reduced bJ 
60 per ceut. 

998 
980 
800 
600 
400 
200 

0 
I 0 

Number of lnlec· 
tiona ftoally re-
malninsr after 
anophele:J an 

reduced by 
71> per eoot. 

996 
960 
600 
200 

0 
0 
0 
0 
0 
0 

Number ol iofec
ttons fluAily re
maining after 

auopheles are 
reduced by 
90 per cent. 

990 
900 

o• 
0 
0 
0 
0 
0 
0 
0 

• Io this en..,, the migration factor will kaep the infection ratio at tbe boundary at 80 per cent. and 
neariJ 20 per eeot. i mile from tbe bouodarJ. 



121.-Effeot of Increase of Human Population on Malaria. 

222. Every one may not; at first sight be prepared to 
admit. that an increase of population can by itse1f have 
any effect upon malaria. But this question has al<;o been 
considered by Sir Ronald Rogs, who has expresse~ his 
T"iews in the following wo:<ls :- 1 

"Snppose that in a locality the mos1uito population remains 
the same, but that t~ human population varies; what will be the 
effect of this variation on the malaria ratio ? By the static formula 0 

M=l- 40 A; but A is the number of anophelines, not in unit of 
space, but per unit of human population. If, therefor€', the latter is 
doubled while the total mosquito population remains constant, A 
will bP- halv€'d; and so on. Thus the static malaria ratio tends to 
decrease with increase of the density of the human population. 
That is, other things being equal and the anophelini:'S being sup
posed to bre~d equally everywhere, the malaria ratio should be 
higher amongst a scattered rural population than in a dense urban 
one, because, evidently the number of anophelines pe,. person will 
be less in the latter. • " 

''It may happen that when the human population begins to 
increase the local breeding surface is already yielding its maximum 
output of mosquitoes. In this case the increase of the human 
populi.\tion should cause a decreas~ in the static malaria ratio."• 

223. Let us assume once more that we have. a square 
mile of malarious country in which there c:1.re 1,000 people and 
t.hat both the human and anopheles populations are evP.nly 
distributed, what would be the effect on the prevalence of 
malaria of introducing a number of othet· individuals and 
thu51 increasing the human population? 'Ve may assume 
for our purpose, using Ross's invaluable mathematical 
assumptions once more, .that the anopheles m.Jsquito 
population would be as follows, for each of the different 
ratios of malaria prevalence :-

I I I 

\Number of Final 
Origiual Total uumber Resulting Number of anopheles number of Result in II' 

11umber of of anopheles p!-rceotR.Ile malarial per bead malarial percentage 
anopheles to oue square of mal•rial infections after infectioua ofinf-
per ltead. mile. iofectioos. in J,j}OQ I doubling in 2.000 tiooa, population. bumao population. p:>pulation. 

t i • ' -,- I l I . 
l'er cent. I i 

Per cent. 

I .o.ooo.ooo I 40,000 ' 99·9 999 20,000 1,996 99•8 
•.ooo 1 4,000,000 99 o I 990 2,WJ 1,960 98•0 

400 i 40·),000 90•0 ' 900 200 1,600 800 

• .loy ruder, who wio~et to parsue lhi• subject, must refer to a .... · a Prevention of Kalaria. !110 (.lobo 
K11ray). 



162 

I 
Number of Numb"' of 1 Fino I 

Orilrinal Total nnmber R~:1ltinli!' anopbe:" llesn1tinlif 
number of of anop' ele& perc ntasie ma.lilrial rer hf'Rd Dnmhe~ of 

iofe~tions •f~r .m"l"~lit.l rer~nt..ge-
aoophf'lea in one sqn•re of ma.1ntaJ in 1,000 dJnhlinR tufecttons of inff'o-
per head. mile. inf-:caons. population. hnmnn lu 2•0?" tion~. I f'Opn~at.ion. population. 

• 7 

200 200 000 80·o 800 100 1,200 o·oo 
134 13-1,000 70"0 701> 67 800 41)•() 

100 100,000 6o·o 6(10 50 400 20•() 

80 t!O,OOO i 50•0 
I 

500 4() Nil Nil 
I 

67 67,000 ! 40"0 400 34 Xi! :~m 

57 57,000 1 so·o 300 28 Nil Nil 

50 50,1)00 ~ 20•0 200 25 Xil :~m 

40 40,000 I Malaria ju8t pre~ent 20 Nil Nil 
perhaps but not aule 

I to i ucrease. 

224. If anything happens to bring about an increase ot 
the human population in our square mile of malarious country, 
while the anopheles population remaim; unchanged, the 
proportion of anopheles per head of the human population 
w0uld obviously be reJuced. On the basis of Ross's 
assumption, this reduction in the number of anopheles 
available per head, would be followed by a reduction in the 
ratio of malarial infections. A careful distinction must be 
made between the ratz"o of infections and the total 11umber 
of infections. Doubling the population of a place. that is 
intensely malarious, may actually increase the total number 
of infections while reducing the ratio of infection~. Fot· 
example, if in our square mile 999 of 1,000 perrwns are 
infected the me1·e raising of the density of the human 
population to 2,000 would tend to increase the number of 
infections t.o a total of 1,996 while the ratz"o o£ infections 
would fall by 0·1 per cent. Similarly, when 990 out of the 
original 1,000 were infected, doubling the density of t.he 
human population would reduce the rat2"o of infections by 
1 per cent., while th~ actual number of infections would 
tend to rise from 9.90 in 1,000 to 1,960 in 2,000. But in less 
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malarious conditions, the results of an increase of popula
tion would be far more fa,·ouraLle. For example, if only 
600 of the 1,000 people in our one square mile were 
originally infecteJ, by increasing the density of the human 
population to 2,00J not only would t be ratio of infections 
eventually fall from 60 to 20 per cent., but the, total 
malarial infections would tend to fall· also to 40Q, 1 which 
would mean a decline of 200. If only 500 of our original 
1,000 people were infected even better results would follow 
the increase in density of the population. In this case 
doubling the human popular.ion might so reduce the chances 
of infection that malaria would tend to become progressively 
less and less and eventually die out completely. These 
conceptions help us to understand what barrens when a 
new and prosperoa~ industry is established in a malarious 
area. It is a matter b£ common observation that in these 
circumstances malaria often diminishes though no special 
measures are taken against the disease. The result is 
often so marked that people imagine that s..:>me beneficient 
change has occurred in the climate, and in t.he old days 
they ascribed this change to some quality in the air ot· the 
water of the locality. Changes of this kind have occurred 
in the case of many of the riparian municipalities near 
Calcutta since the jute rr.ills and other industries were 
established there. l\Iany of these towns became int.ensely 
malarious after the construction of the railway and the 
decay of their local industrie!'l. The efffct of this latr er cause 
in increasing malaria is important, and was first pointed out. 
by Rai Bahadur Dr. Gopal Chandra Chat.tarji. But just 
as the decay of one industry may increase malaria, so also 
the rise in importance of another industry may play ir.s 
part in reducing malaria. The case of Naihati and Kanch
rapara are goocl examples and afford striking c~ntrasts to 
Halishahar, which adjoins them. -Naihati and Kancbrapara 
are progressive on account of the local jute mills and the 
Rail way 'Vorlp;hops, respecthTely. and are now healthy and 
free from serious malaria ; while Halishahar is decadent and 
intensely malarious. Of course, the imprO\Tement that has 
occurred in Naihati and Kanchrapara is largely due to the 
money that has been spent on better housing and sanitat.ion 
generally. But here again the influence of the prosperitg 
j'acto1' may be perceived, for both the towns mentioned can 
afford to improve their condition Lecause thev are 
prosperous and progressive ; Halishahar, on the otbe; hand, 
has no money to do anything and unless her economic 
condition changes and something happens to attract and 
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keep population there, no reduction of malaria i:;J probable. 
Recently the case of Panihati aroused t;Ome interest owing 
to the fact that exception was taken to the establishment 
of certain industries there. Those who opposed this 
change did not of course realise that the es~ablishment of 
industries that would bring prosperity to Panihati would 
help very greatly t.o diminish malaria, and might reasonably 
be claimed as an anti-malarial measure. From this latter 
point of view, the industrial development of the province 
and the establishment of new and promising industries 
may be considered as admirable measures for the ameliora
tion of malaria. 

225. The converse· holds true also. The decline 
of once prosperous in lu::;tries may result in a. great 
incre:1se of malaria. In parts of Bengal where the silk 
indul!try is undergoing decline, this factor of industrial 
decay may be seen in operation. The author has visited 
village. communities in both Birbhum and ~Iurshidabad 
districts where the closing of silk filatures has undoubtedly 
led to outbreaks of epidemic malaria among the local 
population. Of course, malarial infe::tion was already 
pres9nt among the people but the economic stress resulting 
from the closing down of the industry on which many of them 
depended for their livelihood precipitated an epidemic of 
malaria among them which killed many people. Cultivators 
were affected as well as the actual mill employees 
because many of the . former class depended for a large 
part of their income on the supply of the mulberry leaves 
t·equired by the silk worms. The cases that l!ave been 
mentioned sug~est the possibility of using, as a dank 
attack on malaria, many measures as yet undreamed o[ by 
the ordinary sanitarian. For example, an import duty on 
silk .. which would have the effect of reF.toring the "ilk 
in lustry to its former once flourishing condition would lead 
to an increase in the prosperity and the numbers of the 
local population in the old silk producing areas and might 
thus with good reason be claimed as a valuable measure 
of relief for the malaria from which these areas have long 
been suffering. The establishment of important industries 
may have a very marked efl'ef'!t upon malaria wherever the 
initial infection 1·ate is below 50 or 60 per cent. In place:;J 

· that are more malarious than this, it must be remembered 
that any increase in population is likely at first to cause 
an actual increase in the number of malarial infections, and 
that unless the population can be tripled or quadrupl~d 
very rapidly tha economic loss through sickness may easily 
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cause the abandonment of the locality as the site of a new 
industry. The table below summarises the results that 
may be expected to follow when the original 1,000 people 
in our hypothetical square mile is increased to 2,0.'0, thus 
doubling the density of the po,,mlation. 

Effect of Increase of Population on Malaria in 
one aq11are mile. 

Ratio of i ofectioDI I Total infections in 1· 
Increase or 

Ioitlal infection Totellufectiooa tendintt to occur decrease 
rat• per 1,000. io 1,000. 

after population 
a.ooo finally. I of is iocreued infections. to a.ooo. ! I 

Per cent. Per cent. 

99·9 999 99·8 1,996 +995 
99·0 990 98'() 1,960 +950 
90·0 900 8o·o 1,600 +700 
80·0 800 60·0 1,200 +4.00 
70·0 700 tO·O 800 .,.too 
60·0 600 20·0 4.00 -200 
.')0·0 500 o·o 0 -500 
40·0 4.00 

.' 

O·O 0 -400 
30·0 300 o·o I 0 ! -:soo 
20·0 200 o·o 

I 
0 -200 

It will be seen that the critil'!al point is reached at an 
infection rate of ·60 per cent. Above that any increase of 
population increases the total number of infections while at 
this figure itself and below it, any increase of population 
diminishes malaria. 

122-Tha Effect on Malaria or Reduction or An_op~alaa 
and a Simultaneous Increase of Population. 

226. It has been shown that the reduction of anophe
lines will in certain circumstances greatJy lessen the 
prevalence of malaria and that the increase of population 
may have a similar effect. This being so, a very marked 
reduction of malaria may be expected when bor h these 
factors are in operation simultaneously. Here again we 
are greatly indebted to Ross fm· a most hopeful and pro
mising conception. According to him, ''if the mosquito 
population diminishes as the human population increases. 
the malaria ratio should fall greatly." 
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2.27. When 60 per cent. of the population of our hypot.ho
tical square mile_is infected wi~h malaria, diminishing the 
anopheles mosqmtoes by one half reduceR the ratio of 
infections to 20 per cent. If, however, t~1is diminution of 
anopheles is accompanied by an increase of 25 per cent. 
in the human population, the malaria ratio will tend to fall 
to zero, and malaria wilf gradually die out. 'fbis is the 

-sort of favourable result to be anticipated from Lonifica
tion projects. The final elimination of malaria will, bow
ever, take some years to accomplish, and it can be greatly 
hastened by the proper use of ~pecific anti-malarial 
measures. These measures will be specially called for to 
expel malaria finally from areas in which the disease may 
continue to linger· in spite of a marked diminution. For 
example, if the initial infection rate of an area was 80 per 
cent., the effect o( reducing the anopheles by 50 per cent. 
and simultaneously doubling the human population would 
cause the malaria ratio to fall to 20 per cent. We should 
still have 400 infections to deal with among our 2,000 
population in place of the original 800 cases of infection . 

. A furthet· permanent reduction of anopheles by 25 per cent. 
would in these circumstances cause malaria eventually to 
die out.. Measures of bonification can be designed to 
reduce anopheles and cause a simultaneous increa~e in 
agricultural production, thus stimulating the gro\vth of 
human population. Even if malaria is not entirely abo
li~hed by this measure, malaria will decline very greatly, 
and there will come a time when direct measures of anti
malarial Hanitation, eit.her by quinine treatment or anti
mosquito methods, can be applied with absolute certainty 
of success. l\falthus pointed out many years ago that. in 
favourable circumstances, a population will increase by as 
much as 25 per cent. in 10 years. "\Ve have examples 
also in Bengal, where· a popul~tion has actually increased 
by as much as 50 and even 80 ·per cent., within a decade, 
and in prosperous deltaic areas, such as Egypt, increases 
of 15 or 16 per cent. in 10 years are quite commou. After 
the irrigation system was introduced, the populations of 
Tanjore and Godavari doubled themselves within a short 
period. This heing so, the factor of population must be 
carefully considered when dealing -with the question of 
malari& in Bengal. If once we can check the decline of 
population in t.he present decadent areas and can establi8h 
in place of· it a healthy increase of 1·0 to 1"5 per cent. per 
annum, our great flank attack on malaria will have suc
ceeded ; and we can then rest assured that malaria is 
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l;eginning to retreat~ and will finally be driven from the 
country. 

123.-Effect of lncraased ProsperitY on Malaria::. 

2.:?8. .As regards the influence of th~ third factot·, no 
one will dispute the good effect that increased prosperity 
exerts in reducing Loth the prevalence and the evil results 
of malaria. Incr.:;ase the prosperity of a community and. 
at once you enable Loth the individual members and the 
community, as a whole, to take more efficient action against 
malaria. The resistan~e of the individual to disease is 
greatly strengthened Ly good and ample food, better 
clothing and improved shelter; remedie~ such 'as quinine 
can u0 used in adequ:1te amount by a prosperous population 
who can ah,o afford to employ skilled doctors. Special 
personal ]Jreventive measures, t!Uch as the uae of mosquito 
nets, also becom~ possible ; and profiting by the education 
which is now within their reach, the members of a 
prosperous community can adopt measures for improving 
the sanitary condition of their villages in a manner which 
poverty had previously placed absolutely beyond their 
reach. 

124.-Bonlftcatlon dlrwlnlsh!ts Ane»pheles and Increases 
Population and ProsperitY. 

229. The manner in which bonification diminishe·s 
anopheles and lead!'! to an increase both oE population and 
prosperit.y must now briefly be considered. In the OJ.!ening 
portion of this chapter (paragraph 166), it was shown that 
bonification consists in :-. 

(l) the regulation of all surface waters. 
(2) the improvement of the fertility· of the soil, 
(3) the cultivation of those classes of crops best suited 

to the local conditions, and 
( t) the promotion both of the increase and the pros

perity of the resident agricultural popdation. 

'Vhat is the action of these various factors likely to be 
on anopheles mo1quit.oes, on the density of tLe human 
population and the prosperity of that population respec
tively? The regulation of surface waters is likely to have 
a two-fold effect; it tends both to reduce the breeding of 
anopheles and to stimulate cultivation, and it may there
~ore influence malaria in two different directions, firstly, by 
1_t.s effect upon the insect carrier and secondly, by its 
mfluence on the human host. 
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230: · Soil fertility can be impro,·ed in many \vays :

((;~) by irrigation, 
(b) l,y silt deposit, 
(c) by sub-soil drainage, 
(d) by the use of man•ues, and 
(e) by improved methods of tillage, etc. 

Certain of thefe methods of increasing fertility haYe 
also a two-fold influence upon m:1laria. Irrigation may 
either diminish or increase the breeding of anopheles. 
Basin irrigation and the system of flush irrigation employed 
in the Madt~as Jeltas are both probably unfavourable to 
anopheles. But the system of perennial irrigation adopted 
iri many areas, where rabi crops are of importance, neces
sitates vast numbers of canals and distributary channels 
which hold up ·rain-water in the mons:>on and probably 
lead to an enormous multiplication of anopheles. 

231. The effect of silt-laden water is almost wholly 
beneficial. Silt-laden water appears to be unfavourable to 
the larvre of anopheles mosquitoes and it also tends to destroy 
aqu1tic vegetation which would otherwise afford them shelter. 
Jtq value as a manure is also. generally admitted. The 
fertilization o( soil by silt deposit .ordinarily necesHitates 
some form oE irrigation. Sub-soil drainagp, may influence 
malaria by drying up small surface pools and preventi::~g 
seepage, thus diminishing the breeding of anophele:< .; and 
on the other hand by allowing f01~ the proper aeration of 
the !:'oil it tEnds to improve the yield of certain crops very 
greatly and in this way stimulates cultivation and may 
thus increase the prosperity of the agricultural population, 
provided conditions of land, tenure, etr., allow of this. 
There is· no reason to suppose that the use of manure can 
influence malaria except. in an indirect manner, either by 
its effect on cultivation or on the prosperity of the popula
tion. Improved methods of tillage may, on the other hand, 
h:elp to reduce the breeding of anopheles, especially in the 
case of wet cultivation, and may thus influence malaria 
both directly through the inse(!t carrier and indirectly 
through the human host. 

125.-Etfect of Choice of· CPop on Malapla. 

232. 'fhe choice of the crop t.o be cultivated may have 
.a considerable influence on malaria, both by its effect upon 
anopheles and through its bearing upon the density of the 
:population. Recent investigations have shown for example 
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that, rice cultivation, far from causing an increase of 
malaria, .may in certain circumstances lead to a marked 
reduction. Dr. Butler, M.B., F.L.s., ··Imperial ... 'lfycologist 
to the Agricultural Department :with the Government of 
India, in a note on the cultivation of rice in Spain and the
International Rice Conference at Valencia, refers to an 
interesting paper on Rice Cultivation and ·Malaria, read 
before the Conference by Senor I. G. Colmenares, Regional· 
Health Inspector. In this note, it was stated that· the 
ultimate effeet of rice cultivation has been the amelioration 
of malaria over large areas, especially in so far .as the 
severer t.ype8 of the disea8e are concerned. " In these 
circumstances", says Dr. Butler, "the cultivation of rice 
becomes a valuable method of sanitary improvement, and 
should be encouraged by the State . . . . Properly 
carried on (in the words of a very competent expert), rice 
·cultivation might be indulged in without danger at the 
very door of the church." After discussion of the paper, 
tho conclusions regarding rice cultivation unanimously 
adopted by the Conference were-

" (1) That the cultivation of rice modifies land subject to malaria 
in the direction of making it more healthy." 

"(2) It is advisable to facilitate the makin~ more healthy of 
obviously marshy lands, even when they are foup.d at a less distance 
than that authorised by the law." 

NOTE.-Thc Spani~h law re~pecting rice cultivation prescribes among other 
restrictions that rice fields should Le at least 1,500 11 e'res from any inhabited 
spot, should command sufficient water for irrigation nud should be surrounde•l 
by a ditch or canal. 

126.-lncrease of Population and of Prosperity. 

233. 'rhe fourth condition to be fulfilled by any 
successful scheme of l'lonification relates to the increase 
of the population and the improvement of their economic 
condition. This factor influences malaria indire·ct.Iy chiefly 
through its effect upon the human host.~ and directly, as 
we have seen in para~raph 222, by reducing the chance 
spread of infection. The choice of crops bas an important. 
bearing on the density of population and its relative pros
perity, and may thus influence malaria indirectly through 
its reaction on the human host. Rice cultivation has long 
been known to be capable or support.ing a denser agricultural 
population than any other crop. In tl•e same way, valuable 
crops like jute and sugar cane add very greatly to the 
resources of a populat-ion. These crops require a copious 
supply of water and mu8t be irrigated in some way, 
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·and they are also specially suiied for delta tracts. The 
intensive cultivation oE rice, jute anJ eugar cane sboulcl 
therefor~ be encouraged with a view o{ increasing popuhti m 
and prosperity and so reducing malaria . 

. 127.""7""Possible Causes of Failure In Bonlflcatlon. 

23! ·Any scheme, designed as a measure of bonifica
tion, may fail to achieve its primary object, namelr. the 
reJuction of malaria, if it does not fulfil the three ~ondi
tions that ha,·e been expl~ined in the foregoing paragraphs . 
.J!'ot· example, a system of irrigation which is improperly 
designed or wrongly worked may le.:td to a great increase 
of anopheles mosquitoes and thus cause an extension of 
malaria. -Similarly, a faulty system of irrigation may cause 
water-logging of the soil and bring about a loss o£ fertility 
owing to the raising of the sub-soil water level. In some 
areas, saline effiorescence occurs as a secondary effect of 
water-logging and causes a decline of agriculture, resulting 
in land going out. of ·cultivation. In these circumstances, 
if malaria is· present, it is certain to increase, owing to the 
decline of popu.lation that follows and the accompanying 
economic stress that occurs among those who remain. 
Choice of unsuitable crops may lead in certain circums
tances to an innrease of anopheles and a corresponding 
increase of malaria. Rice cultivation, for example, when 
carried out on a sm:1ll scale, and with a scanty supply of 
watet· may be highly productiv-e of malaria. Instances of 
this kind may be met with frequently in undulating 
country and may be seen both in the Haniganj coal field, 
the Madhupur jungle tracts, and certain other areas. A 
careful distinction must always be made, therefore, bet ween 
the small patchy type of rice field, which is usually 
dangerous, and the wide expanse·of rice swamp, which is 
not. 

Schemes of agricultural improvement, which do not 
lead to an increase in th~ density of the population residing 
in the areas affected. and which do not increase the 
material prosperity of that population, will almost certainly 
fail to pt:o~uce a decline in the prevalence of malaria. 

128.-Failure of Certain Schemes In Italy. 

235. The recent history of " Bonificazione " in It.aly 
affords many examples of the apparent failure of this 
measure. It has long been recognized that many of the 
schemes carried out in later years have not Leen as 
successful in mitigating malaria as those of an earlier 
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period. Celli EOpeaks in 1910 of .. 86 companies for 
hydraulic reclamation and drainage, whose work in the 
Rorigo district has resulted in a greater increase in the 
value of private property_ than of amelioration of paludic 
and malarial conditions." Among these, he names the 
operations of the I sol ad A riano Hydraulic Company in 
Punta, where in 1908-09, subsequent to reclamation, a·recru
descence of. malaria took place on a scale unparalled in . 
pre-reclamation annals ; also, the scheme of improved 
•·eclamation of the hydraulic type of the district of Adria, 
where the unforeseen increase in malaria for four yeat·s in 
succession created considerable stir ; and he mentions the 
fact that in spite of similar reclamation schemes malaria is 
st.ill severe at the splendid Ricasoli farms near Grosseto 
and ou the Rizzolo property within the limits of the·
municipality of Francofonte. The questjon of the density 
of the population and the economic condition of the people 
in the areas affected by these reclamation schemes is a 
matter of great importance. A priori, it would aprear that, 
in the case of schemes financed by companies or priv-ate 
<>wners for sake of profit, the smallest possible number of 
employees will be engaged. As is well-known also, the 
economic condition of the agricultural population in certain 
parts of Italy, where reclamations have been made~ is 
deplorable. Celli frequently inveighs against the agrarian 
feudalism existing in many parts of Italy under which the 
land still remains in the hands · of the few. Referring 
specially to the Camragna, be remarks-" i.jdortunately 
such a state of feudalism could not be changed here, as it 
was in northern and central Italy at the time of the 
<:ommunes and afterwards during the French Revolution. 
The Italian revolution has certainly made it worse~ seculari
sing the ecclesiastical properties, and sub&tituting for 
religious commuuities ~apitalists or speculators who 
acquired the lands at a low price and make use of them for 
their own profit . . . . The law on agrarian sanitation of 
the Agro-Romano has not had tho courage to break up the 
small but omnipotent band of proprietors, privileged more 
than they deserve, nor to improve the agrarian contracts, 
nor to prevent the organized spoliation of the· tillers of the 
soil.'' · 

''In olden times", he says, "it was the custom in order 
to afford opportunities for improvements, for the rents to be 
paid at long intervals and for· the workers to contract 
directly with the agent or the proprietor of the land, while 
to-day all contracts with few exceptions are made _through 

12 
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the caporale whose power is as absolute as it is unjust. He 
puts whole families in his abs.:>lute power Ly advancing 
small sum!i of money to them . . . . It is grievous to see 
how, for their convenience, to save themselves the trouble 
of dealing directly, as all the employers of every civilized 
country do, with the workers, our rich leaseholders and 
landlords permit such a condition of things to continue~ 
which besides being contrary to all the usages of the most 
rudimentary ~ivilization, strongly predisposes to the spread 
of malaria." · 

236. The following passage taken from an article on 
Italy in the latest eJition o£ the Hritish Encyclopredia 
throws further light on Celli's viewR and hel~·S to explain 
the failure to mitigate malaria reported of a number of the 
more recent scheines of bonificazione :-

. "In Liguria, on ac~ount of the comparative rarity of large estates 
agricultural labourers are in a better condition. Men earn bP.tween 
ls. 3d. and 2s. ld. (annas 15 and Re. 1-9) a day, women from 5d. to 
Sd. In Emilia, the day labourers, known as disobligati earn, on the 

·contrary, low wages, out of which thPy have to provide for sht\lter 
and to lay by something against unemployment. Their condition is 
miserable. In Tuscany, however, the prevalence of Mezzadria, pro
perly .so called, has raised the labourer's position. Yet in some 
Tuscan pr.ovinces, as for instance that of Grosseto, where malaria. 
rages, labourars are organized in gangs under "corporals", who 
undertake harvest work. They are poverty stricken and easily fall 
victims to fever." · 

129-Summary anr:t Recapitulation. 

237. The results of the above discussion may be 
briefly summarized in tabular form :-

The Influence or the various Factors concerned In the 
Amelioration or Malaria by Bonification. 

Eft'ect on Anopheles. EJfect Od number of l 
• populatiou. Effect on l:'rosperity. 

-------~~~------------~--=---------~------------

)lay·.,....., a great reductiool Hay cause an incr....., if 
of anopheles. agriculture is improved 

.A.-Regulation of sor
f•cewa"'rs. 

B.-Improvement of 
110il fe~ility
(a) Irrigatica 

(&) Silt deposit 

May reduce anopheles if 
tbe basin or flood sy•"'m is 

. used, especially, for wet 
crops. ·1 be P"reooial 
system may lead to an 
increase of anopheles if 
village channels exist 
which can bold rain wate< 
in 1 be monsoon. 

Silt-bearing water is inimi· 
cal to anopheles larve and 
also destroys aquatic 
v~tatiou. Heooe it may 
greatly reduce a~opheles. 

and land tenure system 
allows. 

Improves yields of croptl 
Vt!rJ great.ly aud may 
cause increae of the local 
agricaltur~l popnhttioo, tf 
corupO!Ied of small land· 
holders or tenant cultivat-
ors. provided. the land 
tennre system is favour· 
able. 

Same effecl. as irr igatioo, 
in simi ar circumstances 
as regards land system 

May cause a great; 
increase of pro9perity il 
agricuJture is improv~ 
and the land teuure 
aya:em allows. 

Results in J<reatly •
proved prooperity both 
onder Rai,atwarl Set• 
tlemeot aud wbe-rr the
land tenure system 
enconr .. gee ama&la·laod 
holders. 

Xay lncn ue prooperlty; 
of population. 



173 

FACTORS. Elfect on A no phele" 
Elfect on number of 

population. ·1 Elfect o~ Prosperity, 

(r) !;ub-toll Hay canae drying n> of I Brings ,...ter.·o~<red soil 
drainage. &mr&!Jsurhce pools and 110 into cultivation. Im-

reduee number of aoo- proves yield of crops by 
pbeles. soU aeration, stim.nlatiog 

eulti vatioa ani leading to 
an iocrt'.ltlSe of population 
if land syetem allo"a. 

(d) lolaou'es ... No elfect ou anopheles Hay increase harvests and 
thus lead ro an increase 
of population if land 
system t~.Uows. 

(<) Impro v e d Hay red nee anopheles · ~ray :ead to an iocre.ase of 
me.Laodi <•f espeoi."JJY in cas! of wet · pOj)Uid.tiou. 
tiu.uce. cultivation. 1 

c.-The choi:.e o: I May serve to reduce ADO· : May ld&d to 8 g ·e4t increase 
most; suitable phebs in certain circum- • of population if lanfi 
crops for lo~all stances, ~-D·• ril-e culti- ! system allows. ~.g., rice 
c.Jnditiona. vatiou, etc. · "i 1 support a denser 

; populatioll than auy 
. koowu crop. Valuable 

I I cro~s, such aa jute. suga&r 
.

1 

cane, eottlOu, rua.y also 
stimulate lncreaee of 

n.- . ro.•ulation. 
\CI Iocrer.se of Probably has no elfect on Leads to ftuther Inc......., of 

popu~tion. auopbele1. population if conditiuna I ft .. ourab<e. 

(b) I11creue of Hay result in reduction of Hay lead to rapid expaDBion 
pros,Jerity. •nopb ~les by iwp: oYed of populatiou. l •a~itatioo. 

Jlay Increase prosperity 
of population greatly 
if land system allows. 

f 
!:.lay increase ~perity 

of population. 

Hay lead b greatly 
increased proopetity. 

Hay le•d to greatly 
increased prosperity 
Uland &y&tem allo,.s. 

Increue of population 
does not nncessarlly 
increase prcsperity 
but is an indez uf 

proeperity. 
Increase of prosperity 

stimulate& de..elop
ment aod thua may 
lead to further pros
perity. 

2~8. The facts that have been recorded regarding condi
tions in Italy serve to emphasize the tremendous importance 
of the human factors that have been discussed in relation 
to the epidemiology o£ malaria. In Italy the earlier. projects 
of "Lonifica.ziune " which have proved so successful in 
ameliorating malaria have been carried, out in areas such 
as the Val-di-Chiana, where the land system encouraged 
the multiplication o£ a class of small cultivators, who 
possess certain definite rights in the soil they tilled. 
Many of the later r,chemes, on the contrary, have been 
designed at the instance of non-resident capitalists, in areas 
possessed of a totally different system of land tenure. In 
these circumstances, fine engineering projects aided 
by scientific methods of agriculture, while proving highly 
remunerative to their owners, appear to have failed in a 
most signal manner to bring about the amelioration of 
malaria. The lesson td be drawn from this fact 
is that, while thinking of the water that requires regulation, 
we must not forget the needs of the soil, the crops or the 
people. It is the people especially whose social and econo
mic condition requires to be improved. And in Bengal, 
where most of the land is in the hands of small cultivators, 
this can be accomplished by increasing l.he productiveness 
of the soil by irrigation and the regulation of the surface 
and sub-soil water generally. Increasing both the supply 

12 A. 
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and regulating the distribution of water by irrigation 
projects, and fertilizing the soil by means o£ silt dep08its 
will improve the· crops and increase the food supply of the 
country, while at the !'arne time it will diminish the number 
of anopheles mosqt.ito~s and lessen malaria very greatly. 
The resulting incrPase of population and prosperity will 
also conduce to the same great end. 

130-Concluslons. 

. 239. The facts that have been discusse l in this chapter 
support the following conclusions :-

I. Bonification includes measures for the regulation of 
all of the following :-

{a) Water-supply. (d) Population. 
(b) Soil-fertility. (e) Agricultural prosperity. 
(c) Food supply. (J) Anopheles mosquitoes. 

' Bonification influences favourably the relations o[ these 
vai·ious factors one to the other. 

II. :Measures of bonification can be applied in Bengal 
so as to reduce malaria very greatly. · - -

III. Irrigation is the method of bonification pat-ti
cularly applicable to the decadent deltaic tracts 
of Bengal. 

IV~ Irrigation will increase soH fertility by silt 
deposit and improved drainage, thus encour
aging cultivation of the land, increasing the food 
supply of the people, and promoting the pros
perity of the country as a whole. 

V. Under the system of land tenure common to the 
greater portion uf Bengal, whereby most of the 
land i~ held by small tenant cultivators, irriga
tion will tend to check decline of population and 
will increase especially the prosperity of the 
agricultural classes, who form the bulk of the 
rural population. -

·VI. In the conditions pequliar to deltaic ar€as and 
which exist in the greater part of Bengal, 
irrigation and the improvement of wet cultiva
tion, including the cu1tivation of rice, promises 
to reduce the number of anopheles mosquitoes 
and thus les~en the prevalence of malaria. 

VII. That in the circumstances stated a great ameli
. oration of malaria may be expected. to result from 

measures of bonification applied in the form of 
suitable irrigation projects. 
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CHAPTER IX. 

Conclusion. 

240. The first main conlusion at which we: have 
arrived as a result of t.he study of malaria in relation to 
agriculture in Bengal is that apart from the application of 
specific measures directed either against the malaria para
site or the anophelene carrier there is a11 immense field for 
the carrying out of anti-malarial projects based upon the 
principles underlying Italian '"Bonificazione.'' AR we 
have seen "Bonificazine " embodies measures designed for 
a double purpose, viz., to improve agriculture and improve 
health simultaneously. The second main conclusion to 
which we have come als >relates to "Bonificazione.'~ But 
in this case it is in respect to the particular typ~ of bonifica
tion that is required. As we have already seen, in Bengal 
tlds happens to be irrigal.ion. ·This is something new. At 
one time everybody thought that drainage was what was 
needed. But experience has shown that agricultural 
drainage schemes may be very .dangerous expedients in 
Bengal, sometimes doing harm rather than good. All the 
recent evidence goes to show that what is most needed in 
Bengal is a large increase in the available supply of mois
tme. In other words ''Irrigation must be the watchword qf 
Bengal rather than Drainage." The· drying up of tha 
country has already done immense harm. What is needed 
is the restoration of a healthly flow of water. This cannot. 
be accomplished by the removal or reduction of the water· 
but only by increasing the water-supply as much as possible,. 
aiding its distribution and encouraging its flow. In other! 
words, by irrigation. . .. 

241. Necessary conditions for r:rrigation.-. It is aU. 
very well to talk of irrigation the engineers will say, but 
before you can have irrigation three conditions at least must 
be fulfilled : (1) t"tere must be a sufficient supply of water 
available; (2) the water must either be available at such a. 
level that will enable it to be passed to the places that 
require it by gravity, or it must be raised to such a height 
artificially; and (3) the supply must be available at the 
season of the year when it is actually needed. The sugges
tion that Bengal is badly in need of an irrigation policy is 
certain to be criticised. It will be said, for example, that 
the two existing irrigation systems in Bengal, viz., the 
Eden Canal pt·oj~ct and the Midnapore project, are so little 
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appreciated that they do not pay their way ; and it will be 
urged that neither of theae projects have caused an amelio
ration of malaria, but on the contrary that they have 
brought about an increase of disease. It is generally said 
that the month of October and the dry weather is the period 
when irrigation is most needed, and it. is certain to be 
pointed out that the available supply of water is usually 
very scanty at this time of the year, a fact that precludes 
any very large irrigation project. But. if we get down to 
basic principles, and consider firstly what is the supply of 
water that can be made available for irrigation purposes ; 
and secondly, how we propose to use this water for the double 
purpose of benefitting agriculture anrl diminishing malaria, 
mush useless discussion will be prevented. 

242. The sources of u;ater-supply in Ben!lal.-Bengal is 
the best watered province of India. The rainfall i8 heavy, 
varying from a minimum of 50 inches in the west tu a 
maximum of 150 to 200 inches in the north and the south
east of the province. But the rain that actually falls on 
the surface of the country is only· a very small part of the 
available supply of water. Bengal derives an immense 
amount of overflow water from contiguous and even distant 
provinces. The catchment areas of the Ganges and 
Brahmaputra together extend over a million square miles 
which gives some idea o[ the extent to which Bengal is 
indebted to other provinces for her available water-supply. 
But the visible water-supply which includes both the rain 
and the water in pools and lakes and river channels is not· 
the only available supply. For there is in addition an 
enormous invisi"!Jle supply of water held up in the interstices 
(lf the soil. A foot of sand will hold six inches of water, a 
foot of loam four inches, and even clay will take up a 
considerable amount of moisture. Hence tha soil acts as an 
enormous reservoir fed by the rain, and the overflow and 
percolation from rivers and water-course. Like the water 
on the land surface, moreover, which always flows from 
higher to lower levels on its way to the sea, the underground 
water is also in a state of flow below the surface of the 
ground ~lowly passing to the sea. 

243. Special importance of the ground W'lter.- Under
ground water can always be found by di£"ging a hole deep 
enough in the earth. As we pass down wards the soil 
becomes more and more moist until eventually we reach a 
zone that exudes water, so that a small pool forms at the 
bottom of excavation. This free watet· is the subsoil 
water, and we have reached the "spring level" or the 
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" water table" as if, IS sometimes called. In some 
countries we may have to dig down many feet before we 
reach the subsoil water. But in deltas like Bengal the 
water table is very near the surface. The ground water 
has a most important bearing on plant life in general and 
on agriculture in particular; hence it is of immense 
importance also to irrigation. 'fhe majority of plants depend 
more upon ground moisture than upon either rain or 
surface water. In fact, both rain and surface water are 
chiefly of service to plants because they keep up the 
supply of ground moist.ure. Plants vary in their require-· 

· mcnts in respect to moist.ure. Some need a lot of wal er, 
others only a moderate amount and some can exsit on very 
little. Crops are roughly classified as '" dry crops=' and 
"wet crops" ·rel'lpectively. But these terms hardly expreRs 
the great difference bet ween them. \Vet crops, for example, 
not only need much more water than dry ones, they also 
require to be grown much nearer the water table than dry 
ones do, because they are shallow rooted. \Vheat and 
cotton are both dry crops, and wheat and cotton plants 
possess long tap roots which can penetrate cleeply into the 
soil in search of moisture. Hence wheat and cotton are 
{ound growing in relatively dl"y areas, where the subsoil 
water is often many feet below the surface. Rice and jute, 
on the other hand, are wet crops with relatively shallow 
roots. Thus rice and jute grow luxul"iantly in delta areas 
where the supply of water is abundant· and the subsoil 
water is very near the surface. As 75 per cent. of the 
total crops grown in Bengal are " wet crops" it is obvious 
that both the supply of water and the relative height of the 
subsoil water are of immense importance to agriculture. 
We are now in a position to begin to understand the 
requirements of Bengal in respect to irrigation. As we have 
seen 7 5 per cent. of all the crops grown in Bengal· are wet 
crops, including rice, jute and sugar cane. But these three 
sorts of wet crops actually occupy nearly 95 per cent. of the· 
net cropped area and with the exception of a t:mall area under 
summer rice, they 0ecnpy the land during the height of the 
wet Eeason, when the supply of water is relatively abundant 
and the subsoil water is very near the surface. Bengal 
requires, in fact, flush, flood or inundation irrigat.ion 
during the khar(f season. In this respect, Bengal is very 
different to drier and more elevated areas, where the main 
harvest !s composed of dry crops, that mostly occupy the 
land durmg the dry season, when the RUpply of surface 
water is relatively scanty and when the subsoil water is· 
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often many feet below the surface. For in these latter 
an:as it is rabi irrigation that is mostly required in thA dry 
season of the year. 

244. Types of irrigata"on.-·w e have now gained a very 
general idea of the water-supply that is available in Bengal, 
and also learnt when most water is needed for agricultural 
purpose~, and where in the soil it nE:'eds to be supplied to 
meet the requirements of the principal crops. We can now 
take a brief ~lance at the various types of artificial irriga
tion that are in common use in countries where such 
irrigation is practised in order to arrive at some conclu
sions regarding the particular method or m'3thod.s of irriga
tion that are likely to be of most service in Ben(J'al. 
The simplest type of irrigation is inundation irrigation. 
'fhis is in use in almost all hot countries in which the 
rivers· rise in flood during a certain season of the year. 
This sort of irrigation has been ·practised in Egypt for 
7.,000 years, and is largely adopted in some parts of 
the· Punjab, where inundation canals are in use, and also 
in Sind. Inundation irrigation is also practised in Siam, 
Cochin China and China proper. In many parts of Eastern 
Bengal, natural ~nundation irrigation is largely employed. 
All that is required for this sort of irrigation is a system of 
branch channels taking off from the main ri v.ers and so 
a'rninged that when the water in these rivers rises above a. 
certain .. height water can flow through the branch channels 
into the fields. In the course of thousands of years in-unda
tion irrigation was carried to a high pit.ch of perfection in 
Eyypt by the construction of huge basins adjacent to the 
Nile that could be filled to a given depth with water, when· 
the Nile rose in flood, by means of inundation' canals ; and 
that could be emptied again into the Nile, when the river 
fell, through drainage or escape channels constructed for 
the purpose. 'fhe inundation canal systems of the Punjab 
and in Sind appear to be of a more primitive type than 
those· of Egypt. But they are based on very similar princi
ples, being designed to tako off water from the rivers when 
the water rises to a certain height in the flood season, and 
to .lead that wateF to the fields on which the crops are to 
be grown. As we have already seen in a previous chapter, 
the irriga_tion systems of China, Siam and Cochin China are 
worked on very similar principles. Inundation systems of 
irrigation are mostly used to assist in the cultivation of 
rice and similar wet crops. 

245. Flood or flush. irrigation.-A further development 
of inundation irrigation from rivers is to be seen in the 
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artificial arrangement~ adopted in the deltas o£ the Cauvery, 
the Krishna aud the Godavery in l\Jadras and the Mahanadi 
in Orissa, and in certailf other countries. In these places· 
it has been found possible to extend ¥ery greatly the area 
of cultivated land under command from the river by rais- · 
ing the level of the flood artificially. 'Veirs or anicuts or· 
barrag-es are employed for this purpose. The effe'c~ of 
these contrivance8 is to impound the water in the river 
channel so that it is compelled to rise to a certain height 
before it can escape over the weir or anicut or pass through 
the openings in the barrages. In this way, a certain 
''head" is obtained above the weir, which enables a larger 
supply of water at a high level to be drawn into the canals 
that take off above the weir, anicut or barrage. This 
arrangement posE~esses great advantages over the simplest 
form of inundation irrigation, because whether the Hood in 
the river is a high or a low one it is always possible to 
secure a S:Ipply to fill the canals, and thus irrigation is 
more constant and the crops are ~onsequently more secure. 

246. 'L'ank and bund · e·rr(qat£on.-Flush irrigation 
may also be practised from large t.anks ot· "bunds" <;:On
structed either_for the purpose of holding up rainfall or in 
order that they may be filled· frolil rivers or. streams by 
means of small canals designed for this purpose. Tank 
irrigation for rice cultivation is very C<•mmon iu Madras 
and " bund '' irrigation systems are used in Chota Nagpur 
and parts of Bihar and the Central Provinces. A similar 
system of irrigation used to he common in Bankura, 
Burdwan and Birbhum. Burd wan, for example, is supposed 
at one time to have possessed nearly 50,000 irrigation 
tanks. Even now it is reporied that over 400,000 acre!; 
in Hurd wan and 200,000 acres in Birbhum are irrigated 
from tanks. Tank irrigation is useful in several ways. 
When the tanks are at a sufficiently high level .water can 
he passed on to the surface of the land by ·gravity. If the 
water level falls, the . water can Le raised artificialJy and 
pas~ed on to the fields. Besides this tanks serve the 
purpose of assisting by percolation to keep the level of the 
subsoil water fairly high. . . 

24 7. Perennial irri[r1.t£on.-Perennial irrigation is the . 
term applied to systems of irrigation designed to supply 
water throughout the year but chiefly for use in the dry 
season. Systems of this sort. usually depend for their 
supply upon rivers in which the water can be impounded 
and raised to a giveu height by means of weirs or dams, sQ 
that it can be fed to the fields through a system ofhigh 
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level canals. Now-a-days it is customary, wherever po::;sible 
to construct huge reservoirs or artificial lakes somewhere 
on the course of a river by building immenRe dams across 
a narrow part of the river valley. The water so impounded 
is afterwards passed to the fields as required through a 
system of distributary cbann':lls. Perennial irrigation is 
specially valuable for assisting the growth of dry crops. 
Nearly all the modern canal systems in the Punjab and 
United Provinces are arranged for perennial irrigation, and 
the water is used for wheat and other dry crops. Peren
nial irrigation has many advantages and some disadvan
tages. It is a great ndvantage; for example, to have an 
abundant supply of wat.er during the dry season when 
many valuable money-making cropR can be grown, which 
otherwis':l could not bP. cultivated. On the other hand, 
perennial irrigation may lead to the rise of the subsoil 
water level to an ivcon venient height, with bad results in 
the shape of wate"r-logging of the soil, and the production 
of saline efflorescence or " reb " as it is called. '' Reb" 
is due to the evaporation of moisture during the dry season 
from the surface of water-logged or semi water-logged 
soils. ·This evaporation leads to a concentrat.ion of salts. 
near the surface. It frequently occurs in the Pnnjab and 
United Provinces along the course of badly aligned canals 
const.ructed at too low a level. Adequate subsoil drainage 
IS the only remedy for this sort of thing. "Reh" is 
practically unknown in areas where flood or flush irrigation 
is practised for the growth of wet crops. 

248. Lt'ft irrigLtion.-Lift irrigation depends up:>n the 
use of water from rivers or tanks or wells, raised by 
artificial" means. All sort.~; of contrivances are used for 
raising water~ but pumps are now usually employed where 
relatively large areas are to be irrigated by lift. Owing to 
the gt·eat expense of pumping or otherwise raising water 
artificially, this sort of- irrigation is usually adopted fur dry 
crops and is rarely employed for wet crops other than sugar
cane which brings in a heavy gro~s return. Lift it·rigation 
has been employeJ in Carolin'l for irrigating rice fields, 
however. Lift irrigation bas one great advantage: because 

·or the expense of raising t.he water there is little te~pta
tion to overwater the land so as to pro:luce water-loggmg; 

· moreover, the very raising of the water diminishes the 
risk of water-logging very gt·eatly. · · 

249. Tz'dal irrirJait"on.-It is sometimes possible to 
make use of the tides, which back up the fresh w~t.e.r i~ a 
tidal river, to obtain a supply of sweet·water for Irngatwn 
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purposes. The water is passed at high tide through tidal 
sluices into low-lying rice fields protected from inundation 
bv means of embankments. The excess can be removEd 
by opening the sluices at low tide. Irrigation of this sort 
is practised in Carolina and in· other countries, in areas 
situated near the mouths of tidal rivers. 

250. lrn'gation systems in Bengal.-Reference has 
been made to the Eden Canal and the l\Iidnapu r Canal 
projects in Bengal. These irrigation systems differ in 
detail but not in principle. The Midnapur system is fed 
by means of canals taking off above weirs or anicuts cons
tructed across the Kosai river; the Eden Canal ·s.rstem, 
on the other hand, is fed from the Damudar by means of 
sluices. There is no pArmanent weir across the Damudar 
but a temporary hun<l of sand is usually built across the _ 
river after the flood season with a view of raising the level 
of the water so that a larger amount can be fed into the 
canal. Both the Eden Canal and the 1\lidnapur project 
are used almost entirely for the growth of wet crops and 
chiefly for rice cultivation. But they do not appear to be 
wcn·ked on the plan adopted in the Madras deltas, which 
allows of a very large supply of water for flushing the 
fields during the flood season. On the contrary, irrigation 
fr::nn both the Eden and 1\lidnapur systems is restricted as 
far as possible to the early and late parts of the season. 
Water is supplied only to those who have taken water 
leases, and leases are issued on the basis of the average 
available October supply. It is considered that from the 
point of view of the rice crop October irrigation is of most 
value, because it gives most security. In practice, irriga-
1 ion from these two systems means October ·irrigation. 
This fact is mentioned because it is of immense importance 
fr~m the point of view of malaria; and it explains why 
netther the Midnapur not' the Eden Canal systems have 
been effective in reducing malaria. By the time October 
has been reaJhed, the majm·ity of the anopheles mosquitoe3 
that are likely to spread m~laria in the locality have 
already been pL·oduced, under conditions which permit 
t.hem to develope to the best advantage, i.e., in areas well 
provided with breeding places. not too abundantly supplied 
with water so as to be flushed effectively and thus rendered 
innocuous by a large excess of water. The lands com
manded by buth the Midnapur and the Eden Canals would 
probably be greatly benefited if the canals 'vera allowed to 
run tot haiL· fullast extent during thf-l flood season, for the 
purpose of flushing the largest possible are:t with silt laden 
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river water. Hut this procedure Is rendered difficult, 
owing to two facts : (1) the possibility of causing damage 
to certain portions of the area by the excessive flooding 
of the land which might occur in the absence of efficient 
drainage channels for removing the excess of irricration 
water ; {2) the water-lease system, which being ~based 
almost wholly on. the available October supply, gives an 
impression that people only contract for October water and 
have no claim to a supply at other times. It is felt also 
that by feeding the distributaries during the flood season, 
others than those paying leases would benefit. When these 
facts are borne in mind it is not difficult to understand 
why the Midnapur and Eden Canal systems cannot 
possibly effect a reduction of malaria~ It is because of 
the manner in wlta"ch they are worked. At this point, it is 
convenient to digress for a moment and explain the relation 
of perennial ·irrigata"on to malaria. Perennial irn"gation, as 
we have seen, ·is usually employed for wheat, cotton and 
othE.r dry crops that require water in the dry sea~wn. 
These long-roote4 dry crops do not flourish if the subsoil 
water level is too high. But there is a danger that if the 
land is ioo heavily watered, the subsoil water level may be 
raised· tuo high and the crops suffer from water-logging. 
In these areas, therefore, the canals and village distri
butary channels of the irrigation system are as far as 
possible kept empty of canal water during the wet season 
when irrigation is not required. But, durin~ the rains it 
is quite impossible to keep the channels free of small pools 
of rain water.· As a result, anopheles mosquitoes breed iu 
large numbers in the partially empty channels and malaria 
becomes rife among· the population living near at hand. 
This appears to be the explanation of· the increase of 
malaria that has taken place in the Punjab and else where 
in association with t~e introduction of perrennial irrigation 
for dry crops. Flushirrigation, as practised in the Madras 
deltas, does not cause an increase or malaria. On the 
contrary it makes the areas using it less liable to the 
disease. 
· 251. The sort of irrigation required in Bengal.-W e 
have seen that nearly 95 ptJr cent. of the net-cropped area 
in Bengal is occupied by wet crops consisting mainly of 
rice, with a smaller proportion of jute or sugarcane in 
certain areas. .w·., have seen also that the bulk of these 
crops occupy the land during the wet season when the 
rainfall is heavy, the rivAl'S are in flood, and the subsoil 
water level is nearest the surface. Moreover, we have 
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learnt that at this period (which may be roughly stated 
as including the months June to October) malarial infec
tion ordina'rilv tends to spread; but that in the parts of 
Bengal that ~re most amply supplied with water at this 
season of the year, enjoying a sort of natural flood (If ilush 
irrigation, malaria is reduced to a minimum by the 
abundance of water, while at the same time ths wet 
crops are greatly benefited by the same amplo water 
supply. \V e have learnt also that in the Madras deltas 
and elsewhere, where wet crops are grown with the 
assistance of abundant flush irrigation in the wet 
season from the rivers that are always in tlood at 
that period, malaria is reduced to a minimum and 
on the other band· the harvests are greatly benefited. 
When these facts have been clearly grasped, it will be 
apparent (1) that the sort of irrigation required in Bengal 
for the joint purposes of improving agriculture and 
reducing malaria, must be of a very similar kindto that 
of Madras, or Sind, or the Punjab inundation canals,· viz., 
flush, or flood or inundation irrigation ; (2) that it must 
aim at the utilization of the largest possible amounts of 
water than can be drawn off with safety from rivers during 
and not after the flood season ; and (3) that in these 
circumstances there is no need to worry about the subsoil 
water level being raised too high ; on the contrary, the 
aim must be to raise it and keep it as high as possible 
during the wet season so as to benefit crops and reduce 
malaria. " How," it may be asked, "can these conditions 
be fulfilled and flush irrigation of this sort be extended, 
where it is most needed, both for purposes of agriculture 
and for health ?" The answer is clear. In many parts of 
Bengal, especialJy in the Burdwan and the Presidency divi
sions, the rivers rise in flood above the level of the land 
during t.he wet SP-ason, and are only prevented from overflow
ing the country by means of emLankments. These embank
ments are in many cases already pierced with sluices for 
t_he passage of water. But with few exceptions these are 
rarely opened at present. There is no question whatever 
that in t.he areas mentioned it would be possible to design 
and carry out inundation irrigation pmjects that would be 
of immense benefit to the country. Burdwan and 
M.urshidabad districts may be specially mentioned as areas 
in which inundation .irrigation is easily possible as far as 
the supply of water is concerned owing to the fact that river 
water is at present excluded.from the country at the very 
time it is most wanted, by means of high embankments. 
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Uecently a Rcheme was drawn up for irrigation in the 
Burdw.an district, where irrigation is a most imperative 
necess1ty, d~e to the fact t.hat the country is being 
gradually dned up, the subso1l water-level falling in the 
dry weather to a grEat depth below the surface, and the 
net-cropped area having been reduced, owing to lack of 
water, by nearly 50 psr ce1lt. in thirty years. But this 
scheme was based on wrong principles and a complete 
misunderstanding of the real needs of the country. Con
t~equently, although it would have been much better than 
nothing at all, it would not have been so useful as it might 
easily be made. In the first place, it was designed chiefly 
to make use of the available Octobet· supply of water. It 
was nE~ither the flush irrigation of the 1\Iadras deltas, nor the 
inundation irrigation of Sind nor the perennial irrigation uf 
the Punjab, but merely the repetition on a large scale or 
the sort of irrigation that is already carried out by the 
Eden Canal and Midnapur Canal projects. This sort of 
irrigation is not specially effective from the point of vi.ew of 
agriculture, neither is it of any use for the reduction or 
malaria. It is a sort of compromise. Those respon~ible 
for designing the Hurd wan scheme would no doubt say 
that what they aimed at WflS to ensure a supply of water in 
Octobet·, a very critical period for the rice crop ; and that 
owing to heavy rainfall water is not really needed earlier 
than this, except sometimes to assist the planting of rice 
early in the season. But this point. of view ignores the fact: 
pointed out in an earlier paragraph, that the height of the 
water is all important, to wet crops especially, and that 
the filling up of the vast subsoil reservoir is one of the 
most important functio:Js of an irrigation system working 
under conditions extsting in Bengal. On the average. the 
dry weather level .of the subsoil water in the Burdwan 
district is about 25 feet from the surface. The soil is 
chiefly loam, which we have seen requires a brut four inches 
of water to the foot to saturate it. Therefore, on the 
average, Burdwan district requires 100 inches of water to 
raise the subsoil water to such a level that wet crops like 
rice can be cultivated. But the rainfall is only about 50 
inches, and flood water from the rivers is excluded from 
the ~ountry by means of embankments. In these circum
stances, it should be obvious that wet cultivation must 
necessarily be limited to those loc~lities, which can obtain 
a large. supply of the moisture thet require, either by 
percolation or by overflow from adjacent. areas. In any 
case, much less than 50 per· cent. of the total area of the 
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Burd wan Jistrict. can be cultivated with '''et crops because 
the whole available rainfall would only just permit of the 
subsoil water level being raised to the surface of that 
propo~tion of the total area, and would allow of no further 
supply for irrigation. Formerly, it rna~ b? remembered, 
75 per cent. of the whole Burdwan district was under 
cultivation, and it was the wealthiest district of Bengal. 
At that time 50,000 irrigation tanks were in operatio~, and 
besides this the Damudar river used to flood many parts 
of the country every year through breachefl in the embank
ments. 'l'he subsoil water in these f'ircumstances must 
have been at a very high leYel, with the result that every 
drop of October rainfall could be fully utilized for the 
growing crops. Circumstances are very different at 
present. For, after the rains cease the ~ubsoil water level 
falls very rapidly, and if the Aug_ust and September rains 
have been scanty the small rainfall ordinarily receivE}d in 
October i:nay be quite insufficient for maturing the crops, 
because the subsoil water is then too low to enable it to 
b6 fully utilized for the purpose. Flood or flush irrigation 
during the wet season is needed in Burdwan (and in other 
areas also) so that October rainfall or October irrigation 
can be made effective, by reason of the subsoil water level 
haYing been kept up at a suffieiently high level. 

252. lrri'gation jo1· restorz"ng flow z"n the rt"vers.-Flood 
or flush irrigatio.a from the rivers during the flood season 
is needed for another purpose,-filling up with water 
the Yast underground reservoir of the soil and so 
pro\Tiding a supply of water to feed the rivers by percola
tion during the dry weather months. This is an aspect of 
irrigation which has been altogether ignored in Bengal. 
But it has received a considerable amount of attention 
in other provinces. Recently, Mr. F. ,V. 'Yoods, late 
Chief Engineer, Irrigation Works, Punjab, has pointed 
out, as the result of a careful study of past records relating 
to the Indus, that the dry weather flow of that river has 
increased enormously 8ince 1854, when ·there ''ere no 
wintet· canals whatsoeyer in the Punjab. He estimates 
the absolute increased dry weather flow in 1908, L909 and 
1910 at 15,000 cusecs, notwithstanding the fact that the 
Punjab canals were withdrawing an additional 18,000 
cusecs at the same time. Figures for In6-17 supported 
the same contention, that the dry weather flow of 
the Indus has been actually increased rather than 
diminiRhed since irrigation works ha~e been extended. 
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Mr. 'Vood's explanation of this apparent anomaly is as 
follows:-

Alluvz"al storagP..-The explanation of these apparently 
paradoxical phenomena appears to be that the alluvial soil 
of the Punjab plain acts as a storage reservoir, regulating 
by absorption and subsequent exudation from season to 
season a considerable portion of the water of the rivers and 
canals that pass over it. · The mean elevation of the Punjab 
plains, at a dist,ance of abo:1t 360 miles upstream of Sukkur, 
is about 450 ft. higher than the low-water level of t.he 
Indus at Sukkur. About 60 per cent. of the water with
drawn from the rivers by the canals percolates from the 
canals and irrigated fields into the subsoil, thereby raising 
the level of the subsoil water-table locally ; and when the 
subsoil water has thus risen above the low-water levels of 
the rivers adjacent, it percolates back gradually into the 
river-channels, and incidentally prevents the rivers from 
losing by percolation outwards the 40 per cent. of their 
flow, which they were losing in Cunningham's days. 
There· is, in fact, good ground for the belief that the 
Punjab canals and sub-soil have been as beneficial in the 
storage and regeneration of water-supply for the Indus as 
ever was the Biblical widow's cruse in the matter of oil. 
Nevertheless, since the summer flow of the Indus is more 
than five times greater than its winter flow, it would 
appear to be· advisable to aim at utilising as little as 
possible of the relatively clear and scanty:water-supply of 
the winter and as much as possible of the far more abund
ant. summer flow of the rivers, which is also far more richly 
charged with fertilising silt. . · 

. 253. Alluvial storage for. Bengal.-Allu vial storage is 
of immense importance to Bengal for the maintenance of 
the rivers that are in good order ; for restoring the dry 
weather flow in water-courses that have already undergone a 
certain amount of decay; and for providing areas at present 
subject to distress from lack of water in the dry weather 
with that relief they most require. The method indicated 
by Mr. ·woods, viz., the utilization of river water in the flood 
season to the fullest extent possible, is the very method of 
irrigation that is required for reducing malaria and at the 
same time increasing both the area under cultivation and 
the yield of the wet crops that are the main-stay of Bengal. 
Experience shows that in Bengal there is no danger in 
filling up the alluvial storage reservoir to its utmost 
possible capacity, for, contrary to what happens in more 
elevated and drier areas, localities in Bengal possessed of 
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the hi<Yhest subsoil water level are as a rule the healthie8t. ,., 
It is not a difficult matter also to fill up the alluvial reser
\'oir if we remember that water tends to percolate very 
rapidly down wards owing to; the force of gravitation, 
whereas it percolates very slowly in a lateral direction. 
Bearing t.his in mind, the principles to be followed should 
be (1) to prevent the rapid escape of t:urface water into . 
rivers and water-courses, (2) to aim as far as. possible at 
storing up surface water in tanks that may be used for 
irrigation and potable purposes, and (3) to aim at bringing 
a~ much water as possible from the rivers and water
course~ during the ·floo.i season and passing it on to the 
Emrfa,!e of the country with a view to filling up the alluvial 
resen·o:r to its fullest possible capacity and keeping it 
tille':! as long as possible into the dry season, consistent 
with agricultural needs. If these principles are followed, 
the dry weather subsoil water level of the Burdwari and 
Presidency divisions, for example, will be gradually restor:ed 
to its former level, and may even be made to approximate 
to that of Eastern Bengal districts where even at the 
lowest it is rarely more than 9 or 10 feet from the surface.· 
If this can be done, an amount of water, equal at least to 
one year's toial rainfall, can be kept ~tored up in the soil 
reaching to a height of fwm 10 to 15 feet above the present 
dry weather subsoil water level of many areas. This will 
have very far reaching consequences : For, not only will it 
gradually restore the dry weather flow in the rivers, but it 
will also tend to raise the high flood level of many of the 
chamiels, especially during the early and later portions of 
the flood season. This is very important, because it will 
eYentually enable flush irrigation to be extended to areas 
to which existing river levels do not at present allow. 

254. Recommendat£ons.-Two recommendations only 
need to be made in respect to t.he principles of" bonification 
b.IJ irrigation", which I have attempted to outline and 
explain in this report. The first relates to the immediate 
application of these principles and the eecond to future 
action. As regards immediate action, the general lines to 
be followed have been indicated in the course of the report, 
and all that need now be said in further explanation is 
this : Every possible encouragement should be given to 
private persons, public bodies and voluntary institutions to 
push forward irrigation projects of every possible kind, 
including .the construction and restoration of irrig:ttion 
tanks, the P.xcavation and re-excavation of khals and water
courses of all kinds. and the care and conservancy of river 
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channels generally; the aim being to conserve and store 
up water on the one hand and to promote the healthy flow 
of water on the other ; always remembering that the too 
rapid and too complete removal of water either from the 
surface of the country or the subsoil is fraught with a 
considerable amount of danger to health, to agriculture, 
and to the regimen of the rivers themselves. As regards 
the future action that should be taken, what I would urge, 
with the strongest possible emphasis at my command, is 
the net->d for tbe appointment of an Irrigation Commission 
for Bengal, capable of · investigating the needs of the 
country in a statesmanlike and impartial spirit. Among 
otherB, such a Commission should be e.n;owered to obtain 
the views of irrigation experts familiar with the various 
types of irrigation that have been briefly described in this 
cha~.ter. This is all the more necessary because, I beli~ve, 
Bengal does not possess at the present. time a single officer 
who can claim practical aequaintance with the inundation 
irrigation systems of the Punjab and Sind, respect.ively; 
the flush irrigation syst.ems of the Madras deltas ; thP. 

.basin irrigation of Egypt and the other forms of flood 
irrigation practised in Siam, Cochin China and elsewhere. 
In final conclm•ion, -I would point out that, at the present. 
moment, there· is cultivable land in the Burdwan and 
Presidency divisions equal in area to 1 he whole of the 
cultivation in Egypt. but which is now lying waste o•· 
fallow for lack of the necessary irrigation water. At the 
saine time, the very flood water needed so badly for the 
irrigation of the country is actually passing each yea•· 
unm:;ed to the sea, b'.ling confined often by embankments 
to river channels like that of t.he Padma, the Ganges and 
the Damudar and many other t~maller streams. All that ,·.'4 
·wanted is the genius that can devi.'4e means for b1·z'nging the 
water that z"s at present being wasted to the lr:tnd that z's now 
lying waste. 'fhe future of Bengal is bound up with the 
solving of this great problem. For the health of the people. 
the success of agriculture, the welfare of the whole com
munity; the prosperity of the railways and the commercial 
supremacy of the city and port of Calcutta are all bound 
up with this great question. how best to bring back to the 
waste lands of_the delta, the life-giving flood waters of the 
rivers, of which they have been so long deprived'. 'fhe 
various appendices attached to this report. give further 
information regarding the principles to be follqwed in the 
attempt to reduce the malaria of Bengal by the utilization 
of river water for this purrose together with details regard
ing the areas in greatest need of ameliorative action. 



APPENDIX I. 

Some Economic Aspects of Bengal Malaria. 

1. One hundrad and thirty years ago ~Ialthus, an obscure 
country clergyman, stated in his no-v famous essay that "everything 
d~pends on the rdativ"' proportions between population ami food." 
Fifty years later Darwin was led to apply this doctrine to the whole 
animal ?.nd vegetable world, and the results of his work, published 
loug afterwards, laid the foundations of th.i modern science of 
biology and produc~d a re7olution in every department of thought. 
The laws of populatiotl enunciated by Malthui and extended by 
Darwin have thus exerted a profound influence upon -nearly 
every branch of knowledge; anJ tht'ir fundamental im .>ortaoce 
in connexion witn the study of epidemiology and th"' problem of 
disease prevention is at last being recognized. 

2. Ev~ry organic being naturally incro>ases at so higlt a rate 
that, if ·not d-.Jstroyed, the earth would soon be Mvered by the progeny 
of a single pair. There is no exception to the rule ; even slow
breeJing man hai doubled in twenty-five years. But a continual 
doubling of his numbers every quarter of a century cannot take 
place. In any long settled country mankind cannot inc• ease at 
anything like the maximum rate. Th~ fundamental r<lason of this 
is to be found in the tendency to diminishing returns from the soil. 
On any given area that tendency shows itself for all agricultural 
pro.luce. The tendency towards increase in population must then 
be counteracted; and it may be counteracted in two ways, to which 
:\lalthus gave the names • positive' and 'preventive' checks. By 
positive checks he meant those which cut down numbers already 
brought into the world~tarvation, disease, war, misery in all 
its forms. By preventive checks he meant those which prevent 
numbers from being brought into the world. 

3. The present paper concernR diRease, one of Malthus' positive 
ehecks, which operates through a high death-rate, or in other words 
through an excess of deaths. 

4. Bengal is a huge swamp, peopled, as the Raglaubansa puts it, 
with eaters of rice and fish and dwellers in boats. ·• A good rice 
swamp is a bog at all seasons, and at one season a bog covered with 
water," says Adam S!llith; and he points out, it is "unfit either 
for corn or pasture and the lands fit for those purposes are not fit 
for rice." But it has one great advantage: "A rice field produces 
a much greater quantity of food than the most fertile corn field.'' 
Rice itself is an aquatic grass which cannot thrive without ample 
water and which suffere> from deficiency far more than from excess. 
It can adapt itself to floods but it cannot stand drought. The long
stemmed varieties will grow 12 inches in 2! hours and withstand 
submerging for three days; and provided the crop is not drowned 
outri~ht t.he greater the depth of water on the fields the better the 
yield of grain. Besides producing rice, swamps abound in fish,· 
another valuable food of man. Hence rice-swamps supplied with 
sufficient water teud to become very densely populated. •• The 
nu'llhers t)f a population," says Darwin, "depend primarily on the 
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meana of subsistence and this depends partly on the physical nature 
of the country, but in a much higher dtlgree on the arts which 
are there practised." 

5. Agriculture is the art most widely practised in Bengal ; rice 
occupies 85 per cent. of the cultivable area, and jute, another swamp 
crop, a further 10 per cent., and as we shall see later, these facts 
have an important bearing ou the dtlnsity and growth of population 
which arP. by no means uniform throughout the country. 

6. Bengal is divided by'its main river systems into four natural 
divisions, viz., We:~tern, Uentral, Northern and Eastern Bengal, 
respectively. Since the first Census of 1~72, there have been 
remarkable variations in the rate of _growth of the population in 
these fou1· divisions as may be seen from the statements noted 
below:- • 

Western Bengal 

Increase of population. 

Population 
io 1871. 

Population 
lo 19:11. 

Central ' . 7,604 661 
8,l!O:l,7b0 
8,045,432 

8,039,704 
9,433,5a 

10,358,303 
18,650,139 

" Northern , 
Eastern 

" 

W esterr;1 Bengal 
.Central · , 
Northern , 
Eastern 

" 

10,980M4 

Density of population. 

Veo~ity per 
equnre mile 

---"""""--..., 
1872 
545 
424 
418 
479 

1921 
570 
539 
53f! 
815 

1sn-1~:u. 
Iooreage 

per een,. 

+ 5·i 
+ 27•1 
+ 28"8 
+ 6\1"8 

Incrt•ase. 

+ 25 
+ 115 
+ 120 
+ 336 

7. The extraordinary development of the population in Eastern 
Bengal is due entirely to natural growth by excess of births over 
deaths; thP.re are few towns and no important industries to attract 
immigrants; t-his natural division also, as a matter of fact, has lost 
rather than gained by migration. This area affords therefore an 
example of· normal expansion occurring in au agricultural popula
tion living under relatively favourable conditions. Conditions are 
<>bviously very different in the other divisions, all of which possess 
important industries which attract immigrants in large numbers. 
Western Bengal, for example, possesses coal, iron and mills, etc., 
Central Bengal has a number of towns with mal!y mills, and 
factories and Northern Bengal includes nearly 200,000 acres 
under tea. Estimate:~ of the gain by migration from these and other 
causes are difficult, but the excess of immigrants over emigrants in 
1901 and 1911, respectively, was found to be about 6•3 and 7·4 p<!r 
cent. of the population in Northern Bengal and 5·8 and 8·8 pt!r cent. 
in Central Bengal. Much of the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
<>n the .other hand, lost nearly as much by emigration from certain of 
its rural areas as it gaine1 by immigration into its towns and indus
irial tracts. 
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8. What would the present populations of Western, Central and 
~orthern Bengal be, respectively, if they had expandetlPince 1872 
by 69·~ per cent., the rate of growth which has actually occurrc.>d in 
Eastern Bengal? We!:!tern Bengal would have nearly five millions, 
Central Bengal nearly four millions and Northern &ngal over three 
millions more inhabitants ; and the province as a whole: would 
posseHs a population greater by more than twelve millions than it 
does at present ; that is 58,605,420 against 46,481,690. Why is it that 
this expansion has not occurred? A partial explanation is to be 
sought in the fact that for a very long period the population of large 
areas in the several divi11ions has ceased to expand at a healthy rate; 
bnt a factor of even greater imp)rtance is the actual decline of 
population that has taken place in tracts covering many thousands 
of square miles. The statement below gives particulars of the area 
in each na~ural division in which population h:~.s shown a decline at 
each of the last five census enumerations. 

Area in square miles in which pnpulatiun has declined. 

1872-81 1881-91 1891-01 1901-11 19ll~21 . 

We.t Bengal 7,149 5,027. 1,428 5,339 11 515 

Central ,, 1!,590 4,444 4,488 5,262 7,126 

Nortl• ., 6,534 5,-183 3,878 3,175 6,961. 

P.nstero 
" 

6,47li 1,109 2,180 1,388 465 

Total ~2.749 16,063 11,974 15,1£4 26,070 

9. With the exception of the period 1872-81, the decline of 
population has affected a relathely small area in Eastern Bengal at 
each sncceeding decade. The cause of the large area found decadent 
in ll-181 was the storm wave of 1876, which affected much of 
Bakarganj and Chittagong and parts also of Noakhali and Tippera 
and resulted in an appalling loss of life. 'fhe fi~ures for the last 
decade give the best idea of the relative conditions of the different 
parts of the province. They ehow that 83 per cent. of \"\"'estern Bengal 
i::~ decadent, t;o per cent. of the inhabited portion of Central Bengal is 
in a &imi\ar condition, and 36 per cent. of Northern Bengal is affected 
by decline of population, whereas in Eastern Bengal only 2 per cent. 
of the total area has shown a reduced number of inhabitants. 

10. It may be that when population has ceased to expand rapidly it 
is merely because local circumstances, as for example the food supply, 
are not specially fal"ourable to expansion. But an actual los~ of 
population means ~ery much more than a lessened rate of expansion. 
It points to some definite change in th" climat-, or in other conditions 
vitally affecting the Wt>lfare of the population which bas made a 
reduction of their numbers inevitable. The effect of such a change 
is likely to be very far-reaching, as Darwin has pointed out in his 
Origiu of Species. "We shall best understand the probable course 
of natural selt>etion," he says, "by taking the ease of a couutry 
undt>rgoing some ph}sical change, for instance, nf climate. The 
proportional numbers of its inhabitants would almOBt immediately 
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undergo a change, and some species might become extinct.'' "'\\'e 
may conclude," he adds." from what we bavP. seen of the intimate and 
complex manner in which the inhabitants of each country are bound 
together, that any change in the numerical proportions of som!'! of 
the inhabitants, independently of the chang!'! of climate itself, 
would seriously affect many of the others." What Darwin wishes 
to convey by this passage is that when a change occur~ sufficient to 
affect the numbers or rlistribution of any living organism, animal or 
vegetable, the other organisms, living in the same area, are bound 
to be affected also. When, therefore, a change of climate or of local 
conditions has resulte1 in a decline of the hum'\n population living 
in an area, it is bound to be reflected in the flora and the fauna of 
the locality also. 'l'he history of Kas:~imbazar afford~ a striking 
example of this and incidP.ntally serves as an illustration of the sort 
of change to which Ddrwin ref~:rs in the pas:~age jnst quoted. 

11. "The decay of Kassimbazar dates from the beginning of 
the nineteenth century," statt,s the Imper-ial Gazetteer, "when its 
climate, which ha•i previously b!'en celebrated for its salubriti, 
underwent an unexplained change for the worse, so that tho margin 
of cultivation receded and wild beasts increased." Here is an ins
tance in which both the plant and animal life of the locality are 
noted as having been influenced as the result of a change which 
affectAJ the human population. The receding cultiution and the 
increase of wild animals indicate a serious alter!ltion of former 
conditions. 

12. Knowing what we do of tb.e causes of tropical disease, we 
cau saftlly affirm also that a corresponding change took place in the 
number and distribution of such lower forms of life as anopheles 
mosquitoes and malarial parasites, and hence the "unexplained 
change for the worse" of the former salubrious climate. We shall 
have occasion to refer to .the cam1e o( the changtl of climate at 
Kassimbazar a little later Meanwhil", we mn~t. return to the 
discussion of the larger question regarding the more recent serious 
depopulation of so many portions of Bengal. 

13. Attention has already been called to the fact that a serious 
decline of population indicates that a definite change has come over 
th.• affected area ; and as we have seen, the effects of such a change 
are not limited to man but are certain to exert a very marked 
influence r&lso on both the flora and fauna of the locality, resulting 
in an inc1·ease of certain species and a decre·1se of others. This view 
is borne out by the evidenc~ which showR that both the plant and 
animd.llife of the areas undergoing depopulation exhibit an increase 
in ct::rtain 'directions and a decrease in othea·s, and many of these 
increasei'l ~nd decreases are of special importance to man from an 
economic standpoint, affecting as they do the question of available 
food supply very greatly. 

H. The most prominent an I b~st recognize·! change in relation 
to fauna iii to be t!een in the gr~at increase of mal~ria. If we 
compare a map of the areas suffering from a decline of pop11lation 
with another showing the relative prevalence ,)f roc1.laria we shall 
see that there i:~ a rough correspondence between them. Depopula
tion is, tltereford, gtmerally,.. as::~ociated with intense malaria. Evi
dence points to the fact that in the area:! in which •h•l h oman 
population is declining.- m:llaria has increased very greatly during 
the last sixty years. 
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The 1·elative prevalence of malct1'ia. · 
Fever indicesc .----_ ..... __ ___ 

18f8 1912 1920 
Per cent. Per cent. Per c;ent. 

Western Bt>ngal 21:9 40·9 ~1·7 

Central ,. 17•3 32·3 ·h·9 
Northern " 

22•3 23·7 33·5 
}<jastern 

" 
9·3 7·5 ·14·0 

15. Burdwan, Birbhum, Bankura, Midnapur and Hooghly in 
We:;tern Bengal were at one time relati.vely free of malaria and 
were regard<ld as sanitaria. Similarly Murshidabad and Nadia and 
a grzat portion of Jessore in Central Bengal were formerly healthy, 
and Pabna and :Maida in North Bengal were also relatively salu
brious. In Eastern Ben~al, Tangail in Mymensingh, Manikganj in 
Dacca and the northern portions of the Faridpur district, which are 
now malarious, were formerly relatively free of tbe diseasp; 

16. This admitted iucrease of malaria can only be explained on 
the aFsumption that there has been a corresponding increase in the 
number and distribution of anopheles mosquitoes and malaria 
parasites in the area:5 affected. Unfortunately, thertl are no actual 
<>bservations on this point. But it must be remembered that the 
malarial parasite was only discovered in 1880, and the part played 
by anophelt's mosquitoes in its transmission as late as 1891), long 
after this increase of malaria had taken place. Many healthy loca
liti.,s in which population is increasing usually show scauty signs of 
malaria. But anopheles mosquit.oes of species capablll of harbouring 
the malarbl parasite are to be found everywhere and often occur in 
lal'ge numbers in these healthy areas. 'r<:&hey do not, however 
appear to multiply greatly during the wet se son as they do in the 
unhealthy areas, so that tbe period of their greatest prevalence does 
not correspond with that most suitable for the proliferation of 
malarial parasites. l\Ieanwhile, it may be noted that there are 
grounds for believing that in the decadent areas anopheles mos
quitoes are now far more pr.walent rluring the period of July to 
October than they used to be, and that this c\1ange is associated with 
a greatly lessened supply of water. 

17. Other important variations in the fauna of the areas under
going depopulation are the notable del}reae in fish of all kinds and 
the great increase in tne prevalence of certain mammals, wild hog 
for example. The decrease of fish is generally recognise<) and has 
been reported on by Sir K. G. Gupta, I.C.S., and Mr. K. C. De, C.I.E., 
I.C.s. The increase of wild bog and other vermin is also generally 
admitted and is often ascribed to the increase of jungle. Both of 
these changes are important f1·om an economic stand point ; the 
rt>duction in fish, because it means a lessening of the food supply, 
and the increase of wilu hog, etc., becausP it results in greater damage 
tu crops. A further minor change in the fauna of certain of the 
areas now nndergoing depopulation is the reduction in the number of 
silkworms pt·oduced. This is also a matter of economic importance 
to man. 
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18. We have now to consider certain changes that have taken 
place in the flora of the areas undergoing depopulation. As will he 
seen, many of these changes are of supreme importance to man from 
an economic standpoint.. 

19 .. The inost noticeable change is the lapsing of cultivated or 
inhabited areas into jungle. This was previously noticed in the case 
of Kassimbazar, but it bas become so apparent in later ye·ars as fre
quently to be accepted as a primary cause both of the general 
in::rease of malaria and of depopulation. Certain facts require to be 
noted about this increase of jungle. In the first place, it is confined 
almost entirely to the more elevated and drier localities, the hi¥h 
banks of the rivers and on village sitt>s for instance, and it is 
especially noticeable in pldces where populati<?n has declined. In 
the second place, contrary to what is often stat-ed. this 'growth of 
jungle, as the Nadia Fever Commission pointed uut, "is of a kind 
that }lrefers a dr~· to a damp ·habitat." It is not swamp vPgetation 
that increases, but trees and shrubs whose roots require a soil in 
which aeration occurs .. This fact has a very important bearing upon 
the nature of the climatic change that has occurred in the areas 
und~.>rgoing uepopulation. . 

20. Turning to the broad question of cultivated and waste land 
res;>ectively, some idea of the relative distribution of the various 
classes of land way be got from the following tabular summary 
which gives the percentages for each natural dbdsion. 

Percentage Pe•centage - Perceutage 
cultivable area cultivnble c•nrent 

cultivated. wa~tP. fallow. 

Per cent Per cent. Per cent. 

Western Bengal 61 26 12 

Central , 58 18 2-t 

Northern 
" 

71 14 !;') 

Eastern ,, 90 1 3 

21. There is little statistical information regarding changes in 
the proportions of cultivated and uncultivated land respectively, but 
a few general statements are on record relating to particular areas . 
. Fot' example, it is reported that in Bnrd wan prior to the epidl'mic. 
fever seven-eighths of the.land was under cultivation, whereas th& 
latest returns show only 47 per cent. of the cultivable area as being 
cropped. This latter figure compares very unfavourably with Da<-'ca~ 
where during the same season 92 per cent. of the cultivable area was 
cultivated. A progressive contraction of the cultivated area in 
Nadia has been reported by the successive Collectors. And a loss of 
fertility and consequent agricultural deterioration hils beP.n noted in 
many other districts of Central and Western Bengal and elsewhere. 
Take for example the following remark from page . 50 of the
Settlement Report of Faridpur: "It was impossible for landlords to. 
enhanct' rent and to evict tenants when the fertility of the soil was. 
declining and land wr's gradually going out of cultivation." 

NOTB.-The italics are mine-C. A. B. 
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22. Taking into consideration the broad fact that only 58 9ntl 
60 per cent. of the cultivable area is under culti \"ation in Centra) 
and Western Bengal, respectively, compared with 90 per cent. in 
Eastern Bengal, it would appear, in view of the marked decay of 
population that has taken place in the former areas, that some 
climatic change has oc\lurred which has affected the flora of these 
areas to such an extent as to diminish very seriously the food supply 
of the people. 

2:t When we come to examine !n some detail the crops g1110wn, 
certain very significant facts are brought to light. 'l'ake the 
character of the rice grown in different parts of the country. There 
are three main varieties of rice, Arnan or Winter rice, Aus or 
Autumn rice and Bm·o or Summer rice. These different classes of 
rice flourish best in different situations and differ in the amount of 
water they require. Aus paddy grows on rPlatiYely high land and 
requires least water; rtma.n requires abundant water and Boro 
grows heat along the edges of river;, or permanent swamps. The 
proportions of these three kinds of rice grown in different localities 
vary very greatly and depend primarily on the water supply. Ban, 
paddy gives the most abundant yield, Aman paddy the finest g1·ain 
and Aus vaddy the smallest outturn and the coarsest ricP. In spite 
of this fact A"s paddy is gradually replacing Aman in certain areas. 

24. The liazettee-r of the Jt•ssore district, for example, state~· 
that the area under Aman rice is contracting owing to deficien: 
floods; and a comparison of the agricultur11l statistics of 1920-21 
with those of 1906 shows that in Jessorc the normal area under Atts 
llas been increased by 10 per cent. and in Nadia by 50 per cent. 
Wherever the supply of water is scanty A us pa.ddy tends to replace· 
.-l.man. The figures for individu1l thanas in the ~'aridpur district 
are very instruetive in this respect, showin~ as they do that the 
extraordinary variation in the growth of Aus paddy in different 
parts of the district bears a relation to the water supply. "In the 
north of the district," says the Settlement Report, •· water for
drinking and other purposes has become very !'carce." 'l'he north 
of the district is malarious and in the malarious northel'n thanas of 
Pangsa, ~hu,;hna, Baliakandi, Goalundo and ~'aridpur the proportiolll 
of A us paddy grown is from :U to 46 per c~nt. of the total, wherea:> 
in the non-malclrious more southern thanas it is very small, ranging 
from 6·3 per cent. in Kotwalpara to 7•5 and i·9 and 9·~ per cent., 
respectively, in Madaripur, Gopalganj and Muksudpnr. The outturn 
of A man rice val'ies greatly according to the supply of water. The 
yiel•l of Anum rice grown in the south of Faridpur is v"ry heavy. 
says the Settlement Report, " but in the north of the district it is: 
ordinarily much poorer and only becomes good when inundations: 
co:ne early and are widespread." 

25. Jute comes next in importance to rice. As in the case of 
rict> so for jute also ample water is ntlcessary, largely governing th~ 
distribution of the plant and the character of the c:-op. Ab<Indant 
water is also required for the re-tting of the fibre. "It is-necessary 
to have water convenieutly near," says the Settlement Report of the 
Faridpur district, "in which the jute can be steeped. This limits 
the amount of jute that can be grown in the north of the dist.rict 
considerably, bot in the- Madaripur subdivision the limit, owing to 
the abundance of small rivers and streams, has not been reached.'• 
The figures for jute cultivation in the province as a whole show that 
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~H pl'r cent. is grown in Eastern Bengal, 26 per cen:. in Xorthern 
Bengal. and only 8 and 2 per cent. in Ce:1tral and Western Bengal, 
rP.spechvely. And a comparison of data regarding the relativt! 
:abundance of water indicatu a close relation:>hip between 1 he 
'SUpply of water and the yield of jnte. Generally speaking also a 
npid increase of population occurs in areas where jute is larg .. ly 
grown, whereas a reduction in the cultivation of jute is often 
iollowed by decline uf population. 

2&.. Among other minor changes in the flora of areas that are 
losing population, the disappearance of indigo and thil reduction of 
mulberry may be mentioned. Indigo was formerly cultivated very 
wi-lely, especially in Western and Central Bengal and in parts of 
Faridpur and Dacca; but it is no longer grown in any quantity and 
tho indigo factories are all in ruins. Mulberry, too, has already 
undergone a very marked reduction in consequence of the decline 
iu sericulture. Another change is the practical disappearance of 
-cotton as a cultivated crop in the greater majority of the districts 
within the last century. But this latter change appears to have 
occurred long before the great increas~ of malaria and the rapid 
decline of population with which we are now concerned, and it is 
only thert'fore mentioned in passing. 

27. Putting aside for a moment the increase of malaria and the 
ioss of population, it will be seen that the other changes that have 
been noted as occurring among the fauna and the flora, respectively, 
of the decadent areas we have- been discussing, point to the con
-clusion that a reduction in the water supply is the origin of the 
trouble. First of all there is thP. rece ... ing margin of cultivation. 
This is invariably associated with a lack of water. It is always 
the drier and more elevated lands that go out of cultivation. 
Then there is the increase of jungle which is largely confined to the 
l'elatively high banks of rivers and old village sites, showing that the 
type of vegetation is one which prefers a dry situation rather than a 
-damp water-logged one. The tendency for Aus paddy to displacs 
the Aman variety is also an indication of diminished moisture. The 
decreasing supply of fish affords further evidence of a lessened 
:eupply of wat<lr ; and the increase of wild hog and oth1~r animals 
which has followed the increase of jungle points in the same 
.direction. The •,mly fact, the!'efore, whicb appears to militate 
against this viP.w of th~ situation is the very great incrc.ase c.f 
malaria which has taken place along with these other changes, and 
"'W'hich at first sight appears to preclude the possibility of a di miniE;hed 
"Supply of water being the cause of the trouble. 

28. But we have only to recall two well-known facti in regard 
to malaria in order to realise that this difficulty is only an apparent 
one. Ever since Empedocles flooded the marshes surrounding 
Selinos in Sicily by a canal constructed for the purpose, and in this 
way freed the city from malaria, it has been known that swampy 
low-!ying localities cease to be unhealthy when temporarily snb-

. merged; and in the old days flooding was often deliberately applied 
.both in Italy a&d Holland for ameliorating malaria, with most 
-excellent rE>snlts. But while the fl.ooLling of swamps has long been 
resorted to for checking malaria the partial removal of water from a 
marshy area has always been_ regarded as a most dangerous proceed
ina calculated to pro•!uce a serious intensification of the disease ; 
thi'~ belief being justified by the numerous occasions in which the 
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reclamation of swamps has led to s~vere outbr~akd of malaria. Three 
well-known in!ltances of this kind are the case of the Grand 
Chartreuse Swamp in France, the low lands of Biensten and de 
Wonner in HPlland and the Whittlesea Mere in England. Such 
outbreaks were formerly ascribed to miasma given off from the 
exposerl bottom of the marsh. But now-a-days the accepted e.x:phna.
tion is the great increa;;e of anophe:es that takes place when, by 
partial drying up, a large ex:panse of water is converted into many 
small shallow pools. 

29. We see therefore that all the important changes which can 
be shown to have occurred in association with the loss of population 
that has taken place in so many areas in Bengal are consistent with a 
a reJuction in the water supply of the affected localities. This 
naturally prompts the question: Is there any direct evidence of such 
a diminution having taken place? In reply it may be ~tated that 
for many years the complaint has been general throughout the areas 
afflicted with sevt:re malaria and undergoing depopulation, that 
water supplies have diminished. In 1867, the Revd. G. Schurr, 
of Kaspadanga in Nadia, reported in a letter to the Ma!!'istrate: 
"During the twenty years I have been in this 1iistrict I have observed 
a gradual diminution of water supply in old tanks and khals as well 
as in the rivers." 

30. The following year Dr. Sutherland observed of the same 
district : •· The district is becoming more and more arid, tanks and 
()ther reservoir" of water dry up even before the hot weather, tanks 
full to overflowing in the rains rapidly dry up-facts which prove 
that there has beP-n of late no increase or ex:ceRs of moisture in the 
soil.'' Similar ·Complaints have been put on record at various 
times in regard to every malarious district. As late as 1912, 
Mr. Bhola Nath Banarji, l<~x:ecutive Engineer in charge of the 
Special Drainage Division, while at work in Jessore repor1f.d: "If 
we draw a line from Pultia on the lchamati to Jhikergacha on the 
Ka badak, the country lying to the north of this line may be generally 
taken as suffering from a scarcity of good drinking water." "It 
is reported," he adds, "that tanks in those parts do not hold 
water but dry up with the subsidence of the rh·ers." And he 
concludes by pointing out that most of the Jhenida subdivision 
aud parts of Magura where people suffer from want of water 
are the most malarious partl! of the district. Quite apart from 
general statements of the kind quoted, there is a certain amount 
of direct evidence pointing to the abnormal dryness of many 
localitieil that have long been suffering from increased malaria 
and depopulation. The Nadia Fever Commission, state that: 
"Observations in December of the water level in wells 
showed it to be from 15 to 24 feet from the general soil surface 
level in the west and north-west of th~ district." A few years 
earli<h". similar observations were placeJ on r~cord for Birbhum 
district by Dr. Jackson, the Sanitary Commis5ioner. Recent 
observations in Burdwan, Nadia, Jessore, Pabna and Murshidabad 
have shown very similar results and have proved that, contrary 
to commonly accepted ideas, the areas in which the level of the 
subaoil water ii specially low are far more malarious and unhealthy 
than those iu which it approche:> within thrde to five feet of the 
~t·ound surface. Iu Burdwan, which is one of the worst districts 
for malaria and depopulation, the mean level of the subsoil water, 



taken in twenty-eight wells in different par~ of the distrtct, i~ 
26 fed in thP. dry weather and 9 feec in the rains ; wher .. as in 
healthy parts of Howrah, Dacca and :Yymensingh it varies from 
3 to !) feet in the llry weather and is level with the ground surface 
in the rains. Apart from the moisture that is stQred in th~ 
subsoil and which, as we have seen, is subject to very great Taria
tions in different parts of the province, the unhealthy, mal.nious 
and cleeadent tracts possess the lowest supply. ·The s·)urces from 
·which the country derives its supplies of water are the rainfall anJ 
the overflow from the rivers in the flood season. Although th~ 
rainfall fluctuates from year to year there is no reasou to suppose 
that the average amount precipitated hlls undergone any mark(:J 
diminution. On the other hand. there is plenty of evirlence to show 
that the embankments that have been constructed along the margin 
of the rivers and for the purpose of roads and railways have haJ 
the effect of shutting out from the surface of the country a large 
amount of water which found access to it in formE>r times. There 
are now many thousands of miles of embankments, which cover 
the country with a net-work extending in almost every dirtction. 
And there is no doubt that their effect has been to deprive the 
coun*ry of mnob of the moisture it formerly enjoyed. Time an•l 
again it has been suggested that these t>mbankments have obstructed 
drainage and led to water-logging which has resulted in an increase 
of malaria. But repeated investigation!' have only served to show 
tha'- except in a very few places, the country within the influence 
of the embankments, instead of being damper than formerly, is 
actualJy much drier than it used to be. And in the light of the 
facts brought forward in this paper the explanation is a simple 
one. n is in the main to the construction of these embankments 
that we must look for the cause of the increase of malaria and the 
depopulation that has accompanieoi that increase. The decay of 
Kassimbazar, which has already been referred to, followed the cons
truction of an embanked pakka road from BE>rhampur cantonment to 
Yurshidabad, city. That decay was. as we have seen, accompanied 
by a decline of agriculture and a chang~ in the climate. Anfl the 
same sequence of events can be traced in the history of almost enry 
decadent tract in Eeng~l at the preseut time. 



Xl 

APPENDIX II. 

Areas most In need of Anti-malarial Projects in Bengal. 

What are the are'ls in Bengal mos• urgently in need of measures 
for the amelioration of malaria ? This question can best be 
answer~d by reference to statistics relating to the prevalence of 
malaria in different districts and the census r•!ports showing the 
growth or decline of population. These are safer guides than death
rates. n~ath-rates are largely influenced by high birth-rates and 
are also affected by the acc:uacy of the reporting agency, and are in 
consequence sometimes misleading. For example, some of the 
most unhealthy districts of Central and Western Bengal, whose 
death-rates always exceed their birth-rates, show a lower fever 
d~ath-rate and total death-rate than healthier areas in Northern 
Bengal, which have birth-rates far above the average. Mortality 
rates do however, give valuable information which will be used in 
this note, but population figuret1 and fever in<lices will be first 
referred to. Before dealing with individual districts, attention 
must he directed to the general condition of the four natural 
divisions of the province in these two respects. 

2. Expansion of population.-The recent census has disclosed 
the following results regarding the expansion of population in the 
four natural divisions of Bengal, viz., Western, Central, Northern 
and Eastern Bengal, the first three of which correspond to the 
respective administrative divisions of Burd wan, Presidency and 
Rajshahi, while Eastern Bengal inclnd~s the two administrative 
divisions of Dacca and Chittagong :-

Natural dh·ision. Expansion of 
1872-1921. population. 

Per cent. Per cent. 

Western Beugal (Burdwan Division) - 5•J. + 5•7 
Central ., (Presidency 

" 
) - O·l + 27·1 

Northern ( Rajshahi .. ) + 2·2 + 28·8 
Eastern .. (Dacca anj Chitta-

gong Divisions) + s·o + 69·8 

The Chittngong Hill Tracts are excluded from tht> latter, as they 
<liffer in every w .. y from ordinary plains districts. 

The figures for total expansion since 1872 suggest good health 
conditioiJs in Eastern Bengal, unsatisfactory conditions in Central 
and Northern Bengal and very bad condition in Western Bengal. and 
those for the last decade especially point to a very Rerious state of 
affairs in Western and Central Bengal. 

3. The figures relating to the density of population per square 
mile in ll'i72 and 1921, respectively, are equally illuminating:-

Density of population. Increase. ,.... ----,. 
187?. 19~1. Total. 

Western Bengal .'}45 510 + 25 
Central ., 124 5:l9 + 115 
:!Sorthern .. 418 !jiJ8 + 120 
Ea.> tern 479 ~15 + aa6 

The extraordinary development of the population in Eastern 
Bengal is •lue entirely to natural growth by excess of births over 
Jeaths; there are few towns and no important industries to attract 
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immigrants; this natural divi3ion also, as a mattt'r of fact, has lost 
rather lhan gained by migration. This area affords ther£>fore an 
example of normal expansion occurring in an agricultural population 
living under relatively favourable con11itions. Conditions are 
obviously very different in the otber divisions, all of which posse;;s 
important industrios which attract immigrants in 'large numbers. 
Western Beng~tl, for example, possesses coal and iron mill;;, etc., 
Central Bengal has a number of towns with many mills and factories 
and Northern Bengal include<~ nearly 200,000 acres under tea. 
Estimates of the gain by migration from the~£> and other causes are 
difficult, but the excess of immigrants over emigrants in 1~01 and 
1911, respectively, was fountl to be about 6·:J antl 7•4 per cent. of 
the population in Northern .Bengal and 5·~ and 8·8 per cent. in 
Central Bengal. MucJ:t of the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
on the other hand, lost nearly as much by emigration from certain 
of. its rural areas as it gained by immigration into its towns and 
industrial tracts. The conclusion to be drawn fl'Om the facts men
tioned is that attention to the conditions affecting the growth of the 
rural population, especially in Western, Central and Northern 
Pengd, is urgently required. 

4. Decline in expansirm IJf popt,lation.-A mod•!rate e:~timate of 
the normal rate of expansion for healthy populations in Bengal is 
10 per 1,000 per annum or over 10 per cent. in a decade. We may 
assume, ther~fore, that the expansion of population since 1872 
should everywhere have been roughly speaking at least 50 per cent. 
Examining the population expansion figures for the four natural 
divisions on this basis, we find that, whereas the total expansion 
of population in the 22,879 square mil~s of Ea~~tern Bengal (exclud
ing the Chittagong Hill Tracts) for the whole period has exceeded 
this estimate of normal healthy growth by as much as 19·8 per 
cent., the populations of Central and North~rn Bengal, respectively, 
have shown on the other hand little more than half the estimated 
expansion ; while in tht> course of <!.9 years, the population of 
Western Bengal has expanded by only 5·7 per cent. The figure~ 
for the last decade are even more sign!ticant. The population of 
Eastern Bengal has shown an expansion of approximately 8 per 
cent., a figure rather below the normallO per cent. and very much 
less than its former rate of growth; the population of Northern 
Bengal has expanded by less than a quarter of what might have 
be .. n anticipated, and in both Central and Western Bengal there has 
been an actual decline. 

The figures given below show, for each of the natural divisions, 
the deviatioua from the estimated normal rate of expansion for 
the whole period, 1872-1921, and for the last ,lecade :-

Deviation J1·om estimated normal expansion of population. 
Period of fle<'ade, 
187~-1921. 1911-1921. 

Per cent. Per cent. 

Western Bengal -4!·3 -15·1 
Central , -22 9 -10·1 
Northern , -21•2 -7·8 
Eastern .. / +13·8 -2·0 
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5. \\1 hat would the prEsent population~:~ of Western, Central and 
Northern Bengal, respectively, be if since HH2 they had expanded 
at the estimated nornal rate of 10 per 1,000 per annum, or if they 
had grown by a total of 69·8 pet· cent. equal to the expan~:~ion which 
has actually occurred in Eastt>rn Bengal ? The table below gives the 
an.swers to these questions:-

I I I I I I 
' . ExpRnsiou Actu:d Ezpansion t 

Popula~oo at W per populatio;J, Difference. at 69 8 Diifereoce-
iul87 ••• cent. 1921. percent. 

tern Bengal ... . .. 7,604,661 11,40d,991 8,0~!»,704 - 3,36i,287 12,912,714 - 4,b73,0l()o 

Vent ral . , ... ... 8,202,780 12.304,170 9,433,544 -2,870.626 13,381,424 -3,947,'lE& 

Nor tberu .. . .. ... 8,0,5,432 12,068,148 10,35~.303 -1,709,845 13,~51,143 - 3,302.~60' 

ru .. ... . .. 10.~80,504 16,470,7ll61 18.650,139

1 

+2.17P~383 18,650,139 ...... 
I 

East. 

!!'rom the figures given above, it will be seen that if the popula
tion in We~>tern, Central and Northern Bengal had expanded at the
estimated normal rate no less than 7,~47,758 p~::rsons would in· 
the aggregate have been added to the total actually foun<l to be 
existing at the recent census; and that had the populations in 
these three divisions increased iu the same proportion as in Eastern 
Bengal, th~ inct•ease would havP- added 12,123,730 persons to the 
existing number, thus making ihe total population of the four 
divisions 58,605,420 in place of the actual figure of 46,481,690. 
Why has this expansion not occurred? 

6. The commonest explanation offered is the prevalence of 
malaria; and colour is given to this view by available data regard
ing the relative distribu tiou and intensity of the disease in the 
different natural <.livisions. Malaria may check the ·growth of 
even a prosperous popuh.tion by increasing thP death-rate and 
reducing the birth-rate. And when malaria is associated with. 
deficiency of the available food supply, healthy expansion of 
population becomes absolutely impossible. The food supply of a 
population is governed by the agricultural production. The statistics 
relating to agriculture in Bengal show that production varies greatly 
in the four natural divisions. In Eastern Bengal generally, agri
culture is prospering, but in the areas in which malaria is prevalent 
and normal expansion of population has br en checked, agriculture 
appears to havA suffered relative declinE'!. · 

7. On comparing the figures relating to the total cultivable 
area and the net area normally cropped in the various divisior,s 
with those of the respective populations, we get the results not.e<l 
below per bead of the population :-

.-lcre per head of population. 

Western Bengal 
Central ,. 
NorthPrn .. 
Eastern .. 

Cultivable. Net cropped. 

0·87 
0·69 
0·90 
0·54 

0·54 
0·40 
0·64 
O·B 
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These figures point to a vast uiffereuce in th~.> relath·p fertility 
~f the various divisions. Ea::tern Bengal is obYiously the most 
fertile area, Northern Bengal comes second with a rt>latiw fertility 
.80 per cent. that of Eastt>rn Bengal, and land in Western Bengal 
anf") Central Bengal appears in the ratio of 70 and 65 p~r cent. 
when compared with the same standard. In other words, an area 
~fa size sufficient to support a population of 100 persons in :Eastern 
Bengal will only serve for 80 in Northern Bengal, 70 in Western 
Eengal and 65 in Central Bengal. As a matter of fact, the number 
.given for the two latter divisions is an over estimate, bec:&use it 
makes n•' allowance for the much 'larger proportion of the popula·· 
tion in these two divisions supported by industry rather than 
agriculture. Further light is .thrown on this question of relative 
fertility and its effect on the agricultural prosperity of the different 
-divisions by statistics relating to the approximate proportion of 
the cultivable area cultivated, that lying waste and that occupie,l by 
-current fallows. 

8. It will be seen from the figures given below how much ·more 
favourable conditions appear in Ea~tern Bengal than in the other 
natural divisions:-

Percentage Percentage Percentage 
cultivable cultivable current 
area culti· was~e. fallow~. 

vatcd. 
Per cent. Per cent. Per cent. 

Western Bengal 61 26 1"' iJ 

c.,ntral .. 58 HI 24 
Northern 

" 
71 14- 15 

Eastern 
" 90 1 3 

Western Bengal is apparently only just over two-thirds and 
Central Bengal under two-thirus as well cultivated as Eastern Bengal 
and in Northern Bengal only 4 acrt-s are cropped against every 5 
cultivated in Eastern Bengal. Again for e--.ery Mlre of cultivable land 
lying waste in Eastern Bengal there are in proportion 2 acres lying 
uncultivated in Northern Bengal, 2i acres in Central Bengal and 
3·7 acres in Western Bomgal. As regards laud lying fallow, it would 
appear to be in proportion 4·3 times as common in Western Bengal 
as in Eastern Bengal, five times as common in Northern Bengal and 
eight times as common in Central Bengal. In connexion with the 
question of fallows it must be remembered that the term as ordinarily 
applied in Bengal is really a misnomer. The fallows of Europe 
and American farming consist in land that is ploughed but on which 
no crop is actually sown. Whereas in Bengal current fallow usually 
means land which is temporarily out of cultivation in contra11istinc
tion to waste land which is permanently uncultivated. 

9. To those familiar with the relation between lack of cultiva
tion and growth of u.'leless veget-ltion aud the presence of malaria, 
these facts have a special significance. It may be asked why do not 
th~ people in Western, Central and Northern Beng:d cultivate a larger 
·proportion of the land than they do? The answer to· this question 
lies at the root of the problem of mabtria prevention in Bengdl, and 
before :lealing with it attention muRt be directed to a few more 
figures relating to the agricultural conditions existing in the various 



XV 

di \'isions. The figun~s noted below refer to the average deviation 
from the estimated normal production of rice during the period 
1901-1:)11 and for the year 191~ :-

Percentag-e crop deficiency. 
r------"------. 

1901-11. 1918. 

Western Bengal -22 -381 

" 
Central 
Northern , 
Eastern 

" 

-21 -34 
-12 -49 
- 7 -27 

Tbe figures that have been quoted show how very much less 
favourable ara agricultural conditions in We11tern, Central and 
Northern Bengal than in Eastern Bengal. 

10. What is the explanation of the remarkable differeoce in the 
agricultural prospf:'rity of the four natural divisions? The main 
causes of the disparity observable may be aummed np in three words: 
(1) water, (2) manure and (3) labour. The area. that is most pros
perous is thJ one enjoying the largeilt water-supply, receiving the 
greatest amount of manure and in which the population, hence the 
labour efficiency, is least affected by malaria. And conversely, the 
least prosperous areas are those where· the majority of the population 
is subject to recurring attacks of malarial fever. 

11. Water-supply.-In agriculture, water-supply is of supreme 
importance. "It is only when we fully appreciate the important 
role played by water in crop production that we are in position 
to r~ee how necessary to large yields is the right amount of water 
at the right time", says King. ~ater not only renders cultivation 
possible but largely governs the resulting outturn. "Experience 
a;; well as numerous rigorous experiments have shown," says Hilgard, 
"that under ordinary conditions of culture and within limits varying 
for different soils and crops, proiu::tion is almost directly propor
tioned to the water-supply during the period of active vegetation." 
Turning to the following rainfall statistics of the province, we find 
that Eastern Bengal, where agriculture is most flourishing, where 
population has grown most rapidly and where malaria is least 
pre,·alent, enjoys a much heavier rainfall than the other natural 
divisionR. Whereas Western and Central Bengal, where malaria is 
intense, population decadent, and agriculture is in a parlous condition, 
recein tl.te lowest rainfall:-

R~.INFALL OF BENGAL. 

Normal average of natural divisions. 

Western Bengal 
Centrai ., 
Northern , 
Eastern , 

Inches 

57·00 
61•02 
81·77 
~4,-~5 

The normal average rainfall of Eastern Bengal is about 60 per cent. 
greater than that of Westt~rn and Central Bengal. Apart from 
any other factor this alone is sufficient to secure an immense 

14 
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superiority in agricultural production. The cultural experiment~ 
of Tucker and Von Seelhori;t have shown for example that an 
increase of less than 60 per cent. in the moisture provide•! raisi!J 
the yield of oats by 65 per cent. on unmanurc:<l and 97 per cent. on 
manured soil, re:~pectively. An abundant supply of water is even 
mor;; essential in the case o( wet crops. Take the case of rice. A 
former Director of Agriculture in a special report on the cultivation 
of rice emphasizes its nee<l of abundant water in the followin.,. 
words:-" Compared with the advantages of a proper supply of wate~ 
all other questions in its cultivation, namely, the quality of the seed 
usecl, the nature of the soil on which it is grown, the m:.nures 
applied and the mode of cultivation adopted are things of very minor 
importance.'' If this view is correct, Eastern Bengal, which enjoys 
the heaviest rainfall, should produce the best rice crops; and what 
do we find ? "The yield per acre of cleaned rice is estimated at 
11·02 cwts. for winter rice and 7·3! cwts. for the early and spring 
crops", says the Imperial Gazetteer. And then it qualifies the state
ment with the significant rem11rk: "In the rich ric1:1 swamps of Eastern 
Bengal, the return is at least half as much again.'' Local rainfall is 
not the only source of the "ater supplied to the land in Eastern 
Bengal. Much of this favoured area is subject to natural irrigation 
with river water. "It is the_height and duration of the flood, even 
more than the local rainfall, which decides whether the harvest in 
Dacca will be good or bad", writes Mr. B. C. Allen, I.C.S. "These 
floods serve a double purpose for they uot only supply th" cr()p with 
the moisture it requires, but they restore fertility to the soil by the 
rich deposits of silt which they bring down." The process of natural 
irrigation by river water, referred to in the above passagt>, increases 
the yield partly as a result of the abundance of moisture supplied to 
the crops and partly owing to the manurial value of the silt, which 
the river waters contain, "The gneissic, laterite and old alluvial 
soils ard alike mainly dependent upon artificial manures to maintain 
their fertility." Whereas the recent alluvium is periodically ferti
lized. by fresh deposits of silt 'from the overflowing rivers. "The 
latter ptocess," adds the Census Report, "is most active in Eastern 
Bengal in the deltas of the Gange::t and Brahmaputra, whose waters 
possess the fertilizing properties of the Nile.'' Nile silt has n high 
manurial value. "At soluble commercial fertilizer rates," says 
Foaden, "the value of the mud deposited on an acre is approximately 
equal to£ 1·50." 

There is a little question that inundation hy the silt-laden waters 
of the rivers conduces very greatly to the agricultural prosperity of 
Eastern Bengal and the portions of Northern Bengal, which also 
enjoy this advantage. It is these areas in particular which provide 
the bulk of the jnte harvests upon which so much of the prosperity 
of Bengal depends. Silt-laden wvter possesses a further advantage: 
it checks the growth of weeds in the fields and in the drainage 
channels; and al; the same time it reduces the breeding of anopheles 
mo!Jquitoes owing to the fact that for some unexplained reason the 
larvre of these insects appear to be unable to flourish in silty water. 

12. Labour efficiency.-It is not e!lsy · to form an estimate of 
the relativt~ efficiency of agricultural labour in different parts of the 
province. But the great prevalence of malaria in many areas 
cannot be without its effect. Malarial fever, as is well known, 
tends to relapse again and again, an-i it is therefore a potent cause of 
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sickness and disability. Over-exertion and fatigue are potent factors 
also in determining relapses in the casP. of infected individuals. In 
many parts of We,tern anrl Central Bengal, over 90 per cent. of the 
rural population is probably infected with malaria, and in these 
circumstances the loss of working efficiency must sometimes be very 
great indeed, especially at the time of harveating the winter rice 
crop. The average fever indices of the four natural divisions, which 
are cited in a succeeding paragraph. show a great disparity in 
favour of Eastern Bengal. In connection with labour efficiency, the 
fact that the twice-cropped area is far greater where there is least 
malaria is possibly not without some significance. With these facts 
before us, we can begin to grasp the causes underlying the more 
rapid growth of population in Eastt>rn Bengal when compared with 
the other natural divisions. And when we have considered the 
figures relating to the relative prevalence of malaria in the different 
areas, we shall begin to understand the special character of the 
remedies most likeiy to effect the amelioration of malaria in the 
parts of the province speciaUy subject to the disease. 

Normal twice- Pe,.centage of 
Natural Divi•ions. cropped cultivable 

area. area. 

Western Bengal 379,000 acres 5·3 
Central 

" 
784,500 

" 
12•3 

Northern 
" 

1,649,100 .. 17•0 
Eastern 

" 2,046,700 
" ~o·o 

13. The relative prevalence of malaria.-The fever indices 
given below ah;o show that malaria is far more pravall·nt in Western, 
Central and Northern Bengal than in Eastern Bengal:-

1868. 1912. 1920. 

Per cent. Per cent. Per cent. 

Western Bengal 21·9 40·9 51•7 
Central 

" 
17•3 32•3 44:9 

Northern 
" 

22•3 23•7 33·5 
Eastern 

" 
9·3 7·5 14·0 

What is the cause of the disparity ? Before attempting to answer 
this question, we must briefly glance at the salient facts relating to 
the disease. ·Malaria is caused by a small animal parasite inocculated 
into the blood of men through the bite of anopheles mosquitoes. 
These mosquitoes are not naturally infected with malaria but have 
first to obtain the parasites by sucking the blood of human beings 
already infected. Now mosquitoes require water in which to breed; 
the adult insects cannot exist for many days in a tlry atmosphere; and 
the malaria parasite also requires a certain tempAratnre to enable it to 
develop in the body of an anopheles mosquito. Before malaria can 
become prevalent in any locality, or at any given season therefore 
certain conditions must be fulfilled : (a) firstly, infected human 
beings must be present; (b) secondly, suitable collections of surface 
water for the breeding of anopheles in sufficient numbers must 

14A 
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exist; (c) thirdl]l, the humidity of fht! atmosphere must be favour
able to the lvngivity of anopheles, and (d) fourthly, thtl temp,.rature 
of the atmosphere must be high enough to allow the parasite tC\ 
develop. Although (a) and (b) often occur at every se<Lsou of the 
y~ar, malaria cannot spread unless the conditions (c) awl (d) are 
satisfied also, which usually occurs only during the wet season. 
Malaria naturally tends to increase therefore uuring the wet season, 
and the -.naj01·ity of new inftlctions are as a rule contracted during 
this period. But owing to the nriable incubation period, which may 
extend to several we~>ks, and the fact that the sudden onset of colder 
days and nights tends lo determine attacks of fever in tho11e who 
have become infected and bring out relap3es iu persons who harbour 
the parasite, it often happens that the gr<>atesl number of actual cases 
of malarial fever occurs after the end of. the rains just at the begin
ning of the cold season. Thus, it often happens that when cases of 
malaria are most numerous the conditions actually responsibld for 
the presence of the infection have for the moment passed away with 
the change of the season. The great<lst morhlity from malaria is 
usually met with at a still later period owing to the fact that persons 
who are chronic cachetics fall victims to malaria in far greater num
bers than do those who are suffering from the initial acute attack 
that usually follows first infection. Malaria, as we have seen, is 
chiefly propagated during the wet season, as a direct result of 
the climatic conditions and the great increase of facilities for the 
breeding of anopheles, which ordinarily occur at this time of the 
year, owing to the multiplication of collections of surface water. 
But in certain circumstances, to which special reference will be made 
subsequently, an incrP.ase of surface water instead of favouring the 
breeding of anopheles, tends to diminish their number. The nature 
of collections of water in which anopheles breed, their size, the 
character of the water and the temperature to which this water is 
raised by the heat of sun, all have an important bearing on the 
multiplication of anopheles. Small collections of water in pools, 
drains and streams, which possess a larg~ proportion of weedy edge, 
are most favourable to anopheles larvm, owing partly to the amount 
of shelter and food provided and also because the temperature of the 
water remains relatively low. Large collections of water possess 
a relatively smaller ratio of dangerous edge to surface and tend to 
have a higher temperature. Exposure to the sun may render them 
very unfavourable for mosquito larvm while muddy river water 
appears to be inimical to anopheles larvm. Now the cultivation of 
rice is carried on during the rainy season, which coincides with the 
periods when anopheles mosquitoes ordinarily tend to multiply, and 
the transmission of malaria infection therefore becomes most active. 
In the 'circumstances best suited to the growth of rice in Bengal, it 
might be thought that the amelioration of malaria was a hopeless 
undertaking, because it is often assumed that increasing the water 
must also increase the mosquitoes and the resultant malaria. But, as 
.we have seen, there is a point beyond which an increase of surface 
water instead of being favourable to anophele3 larvm becomes 
unfavourable to them, and results in their rapid destruction. This 
explains the apparent anomaly that those districts, which have the 
highest rainfall and possess the greatest amount of surface water 
during the cultivating season, are the areas where malaria is least pre
valent, where agriculture is in a mC\St flourishing condition and 
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where the rural populations have multiplied at a rate far in excess of 
what might have been thought possible. An ample supply of 
surface moisture therefore confers a double benefit, improving the 
yield of the crops and protecting the population from malaria, and. 
these bent>fits are most conspicuous in the areas li!ible to inundation 
with silt-:aden river water. Although malaria is chiefly propagated' 
in the wet st>ason, its raYages become most apparent when that season< 
is over. Tbe anopheles have by this time practically finished their 
season's work. and no attempt to reduce their numbers can therefor~ 
have much effl'ct. It follows that when malaria is causing th~ 
greatest amount of sickness and mortality the only remedy that can 
prove immediately useful is the relief of the sufferers by adequate 
treatment of the disease. If sufficientl-y intensive to cure the indi
vidual and sufficiently extensive to improve the general health of 
the community the remedial tr~ atment of malaria by quinine may 
eff~ct a considerable improvement in the conditions o[ a limited 
population. But it offers little hope of effecting a permanent ameli
oration of malaria in a locality, because it leaves conditions relating 
to the breeding of anopheles (which are thosd primarily responsible 
for the existence of the disease) absolutely unaltered. The aim of 
the sanitarian, therefore, must be to change or control the environ
ment, so that conditions during the season when malaria is actually 
propagated are made as unsuitable M possible for the breeding 
of anopheles mosquitoes, while at the same time the human popu
lation is benefited directly and indirectly by the measur~s adopted. · 

14. Westem BMgal.-We are now in a positil)n to examine the 
data relating to indi~·idual districts in Western Bengal with a view 
to discovering the areas in that division most urgently in need of 
remedial measures. The expansion of popuiation in the districts of 
this are,. between 1872-1921 and 1911-19~1, respectively, are giveu 
below:-

1872-1921. 1911-1921. 

Burd wa•1 - 3·1 - 6•4 

Birhhum 0·5 ~·- 9·5 

B1nkura + 5•:3 -10·5 

Midnapur + 4·6 5·9 

Roughly 3·6 1•1 

Howrah -56·2 + 5·a 

The figures show that, since 1872, there has been an absolute 
decline of population in three districts and that during the last decade 
the procesa of depopulation has extended and accentuated, fivo out 
of the six districts being largely decadent. The area of the decadent 
thanas aggregated 5,a39 square miles in 1911, and there is little 
rloubt that the recent C<:!nsus will show a considerable increase when 
the figures become available. Some idea of the waste of human' 
life tha~ has occurred in this division during the past 50 years may 
be obtamecl by an estimate of the deviation that has taken place 
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from the normal rate of increase at 10 per l,OOO per annum. The 
following figures give the districts arranged i!l order to show the 
greatest loss of natural increase :-

Hooghly 
Burdwan 
Birbhum 
Midnapur 
Bankura 
Howrah 

Since 1812. 
Per c,.nt. 

- 53·6 
-5:H 
-~0·.) 
- 45·-1 
-44·7 
+ 6•2 

These figures show that the Howrah district is the only one that 
has experienced a satisfactory growth of population. Part of this 
growth is owing to gain by immigration. The remaining districts are 
in a parlous condition, an•l it is obvious from the figures of the 
last censu3 that radical measures of relief are required in every one 
~~~. . 

15. Fever indices in Western Bengal.-The fev~r indices noted 
below show that with the exception of Howrah every district is 
seriously affected with -malaria:-

lfl20. 19H. :Mean. 

Burdwan 62·X 5-1'4- 5~·6 
Hooghly 56·! 36·8 47·6 
Bankura 55·1 24·7 39·9 
Birbhom 54•0 %9·1 46•6 
Midnapur 40·2 31·6 35·9 
Howrah 20·1 23·6 21·9· 

The diseast:" is, as a whole, less intense in Midnpore and Howr11h 
th"n in the remaining four districts. There are con&ideraJ.1e varia
tions in the local intensity of the disease in the different districts. 
The data available regarding the fever inuices of a number of 
different localities in each district suggests the following classification 
for each district :..,--

Intensely :M alarions. Slightly 
malarian&. mnlarious. 

Per cent. Per cent. Per cent. 

Burdwan 72·4 24-·0 3·4 
Hooghly 47·d 39•1 13·0 
Banknra 46·1 3~·4 15·3 
Birbhum 31·2 6~·0 o·o 
Midnapor 26·9 46•1 26•9 
Howrah O·O 50·0 50·0 

The healthiest portion of Bnrolwan is situ"ted in the Asansol 
subdivision in the extreme west of the district ; in Hooghly, the low-

- lying J>Ortions of the Singlir and Chanditola thanas are relatively 
/ree of malaria ; in Banknra the high undulating tract in the west of 
~he district is the most healthy artla; in Midnapur, the low-lying 
.Contai and Tamluk subdivisions contain the least malarious 
localities; and in Howrah, the southern half of the district is less 

· }nalarious than the portion to the north-west, 
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Feve1· death-rates.-The following mean fever-death rates of the 
ten years 1911 to 1920 emphasize the extreme unhealthiness of ev~ry 
district except Howrah, but show tha.t .Midnapur is not yet quite so 
bad all the other four districts; this is owing to the fact that nearly 
a third of the district is still relatively healthy :-

l3irbhum 
Burdwan 
Bankura 
Hooghly 
Midnapur 
Howrah 

Mean of 1911-20. 

3!·!) 
28•9 
26·2 
24·3 
21•2 
11•9 

1~. C!)nclusim regarding the Burd~van Division.-(!) The need 
of remedial measurt>s in the majority of the districts of the Burdwan 
Division is obvious from the facts sta.ted above. · 

(2) Work is urgently required in at least five out of the six 
Jistricts. 

(3) Hooghly and Bard wan have beon longest unhealthy and have 
lost in the_aggregate the greatest population. 

( 4) Birbhum and Bankura have both suffered very severely from 
malaria and loss of population in recent years and are rapidly 
approaching the condition of Burdwan and Hooghly. 

(5) A large portion of Midnapur is retrograie. 
(6) Howrah district is at present far less unhealthy than the 

others. 
17. Central Bengal.·-The following statement ~ives the 

expansion of population in the districts of Central Bengal for the 
total perio I 1S~2-1921 and the decade 1911-21 :-

24-Parganas 
Nadia 
Murshidabad 
Jessore 
Khulna 

1872-19~1. 

+65·0 
- 0·3 
+ 2·5 
+19·7 
+39·5 

1911-19~1. 

+7·8 
-Sl 
- 9·:3 
- 1•2 
+6·8 

Nadia uistrict bas exp·.~rienced an absolut.e decline of- populatiun 
as comparet.l wilh 1872, whereas all the other districts have shown 
some increase, though that in :Murshidabad is insignificant. During 
the last decade, three districts, Nadia, Mw.rshidabad and Jessore, 
have lost population, the two first very considerably. 24-Parganas 
and Khulna, which show the greatesl aggregate increase, are the only 
districts that have gained population in the last decade. Jessore in 
which the aggregate gain of population since i872 is about half that 
of Khuln<~., has lost ground slightly since 1!!11. l'he decadent thanas 
in the division at the time of the census in 1911 covered an area of 
5,2li2 square miles, situated almost wholly in Nadia, Murshidabad and 
Jessore. At the time Jessorc ha•l in proportion thd largest area 
deca.Jent, but there is little question that precedence in this respect 
must now be gi\"en to Nadia and Murshidabad. 'fhe deviation from 
the estimated normal rate of increase of population for each district 
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during the past 49 years may be seen by reference to the figures 
noted below wbil}h are arranged in the order of the greatest pro
portional Joss:-

1872-1921. 1911-1~21. 

Per cent. Per cent. 

Nadia -50·3 -18·1 
Murshidabad -47·5 -19·3 
Jessore - 30·3 -11·2 
Khulna -10·5 - 3·2 
24:-Parganas +15·0 - 2•2 

It will be seen that, with the exception of the 24:-Parganas, "here 
the growth of population has Axceeded the normal rate of inciease, 
every district has lost ground ; the two most decadent districts being 
Nadia and Murshidabad, while Jessore comes midway between these 
two districts anJ Khulna, where the deviation from the normal has 
been relatively small. 'fhese figures suggest the need of remedial 
measures in the first three districts named, the need being especially 
urgent in Nadia and Murshidabad. 

18. Feuer indices.-The fever indices given below relating to 
various districts of Central Bengal show that malaria is widely 
prevalent, but that while the disease is intense in Nadia, Murshidabad 
and Jessore, it is less prevalant in the 2!-Parganas :-

1920. 1912. Mean. 

24~Parganas 35•4 29·4: 3~·4: 

Nadia 5:1•9 36·7 45·3 
Murshidabad 57•! 33·9 45·7 
Jessore 45·8 42·0 43·~ 

Khulna 37·2 28·1 32•7 

The examination of different localities in each district gives the 
following results :-

lntt>nsely 
malarious. Malarious. Slightly 

malarious. 

Per cent. Per cent. Per cent. 

Mnrshidabad 50·0 45·8 4•1 

Nadia 36·0 60·0 4·0 

Jessore 15•0 85·0 O·O 
2!-Parganas • 3•7 62·9 ::>3·3 

Khulna o·o 70·8 29·1 

These figures show that half of Mnrsbidabad, more than a third 
of Nadia and about a sixth of the localities in Jessore are intensely 

·malarious. In Morsbidabad and Nadia, a few localities near live 
rivers are still relatively healthy. In Khulna, considerable propor
tion ot the low-lying Sundarbans tracts are healthy and in the 
24-Parganas the Diamon:l Harbour subdivision is, as a whole, 
relatively free of malaria. 
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19. f'ever death-rates.- The following mean fe-ver death-rates of 
the decade 1911-20 show that :Murshidabad and Nadia have been 
specially seriously lffected, and so far t!Upport the conclusions arrived 
at by a consideration of the population figures and the fever 
ladices :-

Murshidabad 
Nadia 
Jessore 
Khulna 
24-Parganas 

Mean 1911-20. 
Per thousand~ 

34:0 I 

3~·~ 

24:9 
19·0 
16·:1 

The Drianag1! Committee Cor the Presidency Division in 1906-01 
put forward the view that th'l distl'icts of Jessore and Nadia were 
the most malarious in the division, although they mentioned that 
there was a tract of some 1,91~ square miles in tha Murshidabad 
district in which the disease was of m!irked virulence. But the facts 
that have been brQught forward in this note seem to show that 
Mnrshidabad, at least in recent years, has suffered as severely as 
Nadia and that these two districts are in a worse condition than 
Jessore, which has long been notorious for its unhealthy climate. 
It would appear, therefore, that while every distrlct in Central 
Bengal requires attention, efforrs should he concentrated el'pecially 
upon 1\furshidabad, Nadia and Jessore, and that if any order of 
precedence be givea it should be assigned to the districts m the 
order named. 

20. Northern Bengal.-The following statement, which ghes the 
percentage increase of population for each district of Northern 
Bengal since 18i2 and during the decade 1911-1921, shcwa that 
condiLions in this area compare favourably with those of Western 
and Central Bengal. But they are not wholly satisfactory. N'> 
district, it is true, bas 1mffered an actual decline of population since 
1872, but the increase has been v~ry small in Rajshahi and in 
Pabna ; Rangpur and Dinajpur also indicate very slow expansion. 
The figures for the last decade also indicate a loss in two districts, 
Pabna and Maida, and an insigl'ificant increase in Rajshahi and 
Dinajpur, while in no district batt the increase exceeded th~ very 
moderate rate of 6·6 per cent. 

Pvpulutt'on e.lpansion. 

18i2-1921. 19ol-192L 

Rajsh'ihi + 4:~ +0·7 
Dinajpur + 18·~) +0·8 
_Jaipaiguri +12-18 +3·s 
DarjE>eling +196·2 +6·0 
Rangpur + 16•3 +5·0 
Bogra + 63·5 +6·6 
Pabua + 15·1 -2·4 
.Maida + 47·3 -O·a 
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21. If we examine the deviation from the estimated normal rate 
()f growth since 1872, Rajshahi, Pabna, Rangpur and Dinajp"lr 
appear to have suffered severe checks of normal expansion. In 
the case of Maida also, where population has developed at a rate 
closely approaching the normal, it is . clear from the small Joss 
reported at the last census that the district is now on the down grade. 
Bogra has more than exceeded the natural rate of growth and in 
Jalpaiguri and Darjeling the expansion has been extraordinary. 
In the former district, population has on the average grown at 
2! times the normal rate and in the latter at almost exactly four 
times this figure. · 

Rajshahi - 45•2 - 9·3 

Pabna - 34•9 -12·6 

Rangpur - 33•7 5·0 

Dinajpur - 31•1 - 9•2 

Maida 2·7 -10·5 

Bogra 13·5 3·4 

Jalpaiguri - ;4·8 - 6·2 

Darjeeling -146·2 - 4•0 

·22. -'l'he fever indices of the various districti!, noted below, throw 
a rather dill"e:::-ent light upon the health conditions of North 
Bengal:-

Fever Indices in Northern Bengal. 

1920. l!l12. Mean. 

Rajshahi 29·7 28·6 29·2 

Dinajpur 38·4 33·1 35·8 

Jalpaiguri 38·1 21·2 29·7 

Darjeeling 20·2 23·0 21•6 

Rangpur 28•0 17•1 22'6 

Bogra 42•0 16·6 29·3 

Pabna 37·8 23•0 30·4 

Maida 42·4 39·4 40·9 

In 1920 Maida, Bogra, Dinajpur, Jalpaiguri and Pabna were the most 
feverish, whereas eight years. earlier Bogra was relatively less 
malarious an<l Maida, Dinajpur and Rajshahi headed the list. 
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Further information as to the relative intensity of malaria in 
different Ioc:ilities in the various districts is given below-:-

J"lpaiguri 
Maida 
Bogra 
Pabna 
Dinnjpur 
Darjeeling 
Rangpur 
Rajshahi 

Intenoely Malarions. 
malarious. 

Per cent. Per cent. 

27·2 
23•5 
16·6 
H·2 
15•0 

9·0 
7·5 
O·O 

6:-J-6 
76·! 
77·7 
71•4 
82·6 
54•5 
52•5 
7-7·7 

Slightly 
malarious. 
Per cent. 

9·0 
O·O 
5·5 

14:2 
4•3 

36·3 
40·0 
23·2 

23. Fever death-rates.-The main fever ueath-rates of the 
decalie 1911--1~20 show Dinajpur, Maida, Rajshahi and Jalpaiguri. 
to be more unhE!althy than the remaining districts, while Pabna is 
low down on the list. It must be remembered that these rates are 
all calculated on the census populations of 1911 and as a result the 
fever death-rates for Jalpaiguri, Rangpur, Darjeeling and Bogra 
appear too high and that for Pabna too low. In so far as the figures 
appear to reprasent Pabna as more healthy than Malua and Rangpnr, 
they are probably misle:1ding. 'f-h.e tendency in this division as a 
whole is to find the largest proportion of death recorded under the 
head of "Fever" and the fewest under "Other causes," hence the 
fenr death-rates are swelled to abnormal proportions. 

Dinajpur 
Ma.lda 
Rajshahi 
Jalpiguri 
Rangpur 
Darjeeling 
Pabna 
Hogra 

Mean. 

34·3 
31•3 
31•2 
30·7 
29·4 
28·8 
27·4 
24·3 

24-. Eastern Bengal.-Reference has already been· made to the 
extraordinary expansion of population in Eastern Bengal, and the 
figures for the indiYidual districts are me1·ely given below for the 
.sake of comparison with those of the other divisions:-

Dacca ... 
Mymensingh 
Fa rid pur 
Eakarganj 
Chittagong 
Tippera 
Noakhali 

+ 76·0 
+1052 
+ 4!·3 
+ 39·0 
+ 42·S 
+ 89·4 
+ 74·9 

+ 8·5 
+ 6·8 
+ 4•8 
+ s·o 
+ o·s 
+ 9·4 
+12·9 

It will be seen at once that this natural division exhibits 
a very marked contrast to the other three. The can<!es of this 
difference will be discussed later ; meanwhile attention may, 
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be directed to . the figur~s relating to deviation from . the 
estimated normal expans1on in the last 49 years. In four 
districts, the actual expansion is iu excess of this, a fact which 
proves conclusively that the standard assumed is not too high. 
In three districts, tha rate of expansion is below the normal. In 
the case of Bakarganj, the fact that the total expansion since 
1872 has not reached the normal estimate of 50 per cent., is largely 
due to the great storm wave of 1876, which directly or indirectly 
caused enormous loss of life. In the case of Chittagong, emigration 
is a very constant and heavy factor. .!!,or example, in 18i'7 
emigrants exceeded immigrants by 8 per cent. and in 1911 by 
5 per cent. In the case of Faridpur, the northern half of the 
district is decadent and has long been suffering depopulation from 
causes similar to those affecting the neighbouring districts of Nadia 
and Jessore. This part of the district requires measures for the 
amelioration of· malaria. The figures for the last decade show that 
only one district, Noakhali, has actu!llly exceeded the esti
mated normal r~te of growth but iu the case of Tippera the 
deviation is very small. As we shall see by the fever indict's 
referred to below, these two districts are at present less affected hy 
malaria than any other part of the province =-

Bakarganj 

Chittagong 

Faridpur 

Dacca 

Noakhali 

Tippera 

Mymensingh 

Dacca 

Mymensingh 

Fa rid pur 

Bakarganj 

Chittagong 

Tippera 

Noakhali 

J8i3-192l. 
Per cent. 

-11·0 

- 7·2 

5•7 

+16•0 

+24:9 

+32•4 

Fever Indices. 

1920. 1912. 

16·4 7·1 

13·0 5·3 

26·9 16·9 

13·9 10·6 

20•2 6·8 

7•6 4:2 

11•6 4:4 

1911-21. 
Per cenl. 

- 2·0 

-3·2 

- 5·2 

-1·5 

J.!ean. 

11·7 

9•1 

21·9 

12•2 

13·5 

5·9 

s·o 
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The figures relating to incidence of fever show that Faridpur 
ir> more seriously affected with malaria than any other district of 
Eastern Bengal. But the dat:l relating to localities, given below, 
throwa more light upon the relative dist~tibution of the disease in 
this division :-

Inteneely 
malarious. 

Malarian•. Slightly-affected , 
111alarious. 

l'er cent. l'tr cent. 

I<'aridpur 0 42-S 57-1 

Dacca 0 20·4 79·5 

Chittagong 0 20·0 so·o 

Mymensingh 0 11·6 88·3 

Bakarganj 0 I:S•5 91•4 

Noakhali 0 5·2 94·7 

Tippera 0 0 100 

These figures accord with what Wtl know about Faridpur, viz., 
that about half the district is malarious, although as a whole the 
disease h!lS n'>t yet reached the degree of Stlverity met with in 
Western and Central Bengal. In Dacca, about a fifth of the district 
is malarious, the disease being most prevalent in parts of the 
Manikganj subdivision and l\Iadhu(.oUl" Jungle Tracts. In Chittagong, 
portions of the district are malarious ; in 1\fymensingh, parts of 
Tangail and Jamalpur subdivisions are specially affected. In the 
<>ther districts the malarious localities are few and far between. 
Altogether Eastern Bengal offers a striking contrast to the other 
parts of the provinct~ in respect to malaria, the only areas calling 
for immediate attention being those named above; and .even in 
their case although certain localities are no doubt very badly 
affected, the problem of amelioration does not present the same 
urgent need of solution as that is offereJ by the districts in Central 
and Western Bengal. , On the other hand, !<~astern BP.ngal has its 
own special need, viz., malaria prevention. In its way this is as 
important as •nalaria amelioration. Signs are apparent pointing 
to the threatened extension of malaria eastward, and precautions 
are necessary, if the tragedy of Western and Central Bengal is not 
to be rep~ated. But this question does not concern us at· the 
moment and. must be made the subject matter of a further note. 

25. Conclusions as to districts in which work must be 
undPrtaken.-Having examinaJ figures relating to the various 
di~tricts of the province we can state that in four, Burdwan, 
Birbhum, Hooghly and ~adia, where population has declined below 
what it was in 1872, measures of ameli<'ration must be undertaken 
without further delay. AnJ if this is admitted, the districts of 
Rankura, :\{ur;;hidabad, Midnapur, Pabna, Jt>ssore and Maida, which 
b:tve lost population since 1921, must be included in the list. But 
this selection would exclude districts, such as Rajsbahi and Dinaj- · 
pur, which ha,·e long be~n suffering from malaria, and Bogra, in 
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which the disease appears to haTe recently undergone great inten
sification. The best method of coming to a conclusion is to 
arrange the data for all districts in the order of inten!lity :-

»e.iatina fr, m normal 
expaoaion, 
1873-1921. 

l'evialion f!Om normal I 
eip"SDSIOD. 
11111-192%. 

)(eao fenr 
indices. 

Peoceuta~~e localitie& 
ioteosely 
malario1hl. 

Percent. Percent Per c.ot. Per ""Dt 

Boogb1.J - 53 ·e Banknra 68"6 Burdwaa 

:Bard wan 

:Birbbnm 

- 53•1 Blrbbnm 

-t0·6 Bnrdwan 

'-19•i Boogbi.J 47"6 Hurshid•b...t ••• •o·o 
-liO"i llnrsbidabad -· - J8•J Birbbam 

Badia -liO·B Badia -18"1 Horsbidabad 

)(nrsbidab•d ••• -47"5 :Bariwan -16"4 Nadia 

llidoapnr - 45"4 lfidnapnr - 15•7 Jessore 

Rajsbabi - 45"1 Paboa -12"4 Maida 

:Banknra -44·7 J-ore -n·t :&oltnra 

Pabna .,. 14"1 Booghl.Y -11·1 llidoapore 

Bangpnr - 33"7 llalda -JO•Ii Dinajpnr 

D;oajpor - 31"1 Bajsbabi ·1"3 Kholna 

J"""""' -30·3 Dioajpor - l"t 14· P arganas 

:Bakargaoj -11·0 Jalpsigori -S·J Pabna 

Xbnlna - 10"7 Faridpor - i·t J alpaigori 

Cbittagoog -7·1 Raogpor • 5"0 Bogra 

Farldpor - 5•7 Howrah - t•7 Bajshabi 

4&·e Hocgbi.J 

41i"7 B•nltara 

45"3 Nadia 

43·1 Blrbbom 

40"9 Jalpaigurl 

39"1 llidnapnr 

35•1 Maida 

3o•8 Bcgra 

32•7 Jessore 

32•4 Dinajpnr 

30"4 l'aboa 

29·7 Darjeeling 

29"3 Raogpnr. 

ll9"2 24·Pargouas 

Maida - 2· 7 Darjeeliog - 4•0 R~ngpnr 22"6 

Howrab +6•1 Bcgra - 3"4 l'aridpor 2111 

Bcgra ·-. +13"i Kbnlna -311 Darjeejng 21"6 

tt-Pargaoas +15"~ Hy~~reu.iogh -· - 3"1 Howrah 21"9 

Dacca +I&il Chittagoog - 3"2 Ohittagong 13"o 

Noakhali +2411 24-Pargauas -l"ll Bakarganj 12"6 

rippera +39"4. :Bakarganj - 2·0 Dace a 11"9 

K.rmensingh +U·ll Dacca - •D Noakbali 8•0 

Jalpaignri +7411 Tippera -o·s Hymensin~~;il 8"1 

Darjeeling -· +146"1 NoakbaU +2"9 Tippera 5·9 
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APPENDIX Ill. 

Relationship between obstructed Rivers and Malaria In 
Lower Bengal. 

In Lower Bengal, it has long been observed thut a deterioration 
of the public health, more especially from an increase of malaria, 
almost always occurs in assot'liation with the decay of the river 
systems of the delta. . It is often stated that the blocking of river 
channels is the immediate causa of this ill-health and Goverament 
is continually being asked to arrange for the removal of obstructions 
from the beds of khals and rivl'rs in order to diminish sickness and re· 
duce mortality. 

2. An extraordinary amonnt of misconception exists regarding 
the epidemiology of Bengal malaria. Malaria in the delta tracts, 
coutrary to what has long beeu taught and is still generally believed, 
is raruly associated with a great excess of surface water, even when 
this excess produces actual water-logging of the land and da!Hage to 
crops. • On the other hand; an intensification of malaria results 
wherever the drying-up of the delta tracts is carried beyond. a certain 
point. This is particularly noticeable in the case of Burdwan~ 
Hooghly, Nadia and Jes:3ore. 'fhe Nadia Fever Commission of 1881 
remarked in their report:-

·'In fact as Dr. Slltherlaud observed in 1868, the district iR becoming more 
and more arid, tank~ and otlu~r reservoirs of water dry up even before the hot 
season, tauks full to overflowing iu the rains rapidly dry up·-facts which prove 
that there has been no increase or excess of moisture in the soil. The very 
jungle, contrary to the assertions of sJmt• natives we met, as Dr. Lidderdale 
points out, is of a kind which prefers a dry to a damp habitat." 

3. More t•ecently Babu BhQla Nath Banarji, Executive Engineer 
in charge of the Special Drainage Division, who has been investi
gating conditions in Jessore, states in his report · of September 
1912 :-

"If we draw a line from Pultia on the Icluimati to Jhikergacha on the 
Kabadak, the country lying to the north of this line may be generally taken as 
suffering from scarcity of good drinking water • • . Thi~ is due .to the silt
ing of this part of the couutry by action of deltaic rivers ; smaller bils do not 
get any flushing from the rjveu. • . . • . . There are no big-sized tanks 
in most of the villages, and people have to travel a long distance to the nearest 
ri\•er or bil for their supply of drinking water. It is reported that tanks in those 
part11 do not hold water, but dry up with the subsidence of the rivers, and are 
conS('quently too expensive to be ex,Javated below the subsoil water level. It will 
not be out of place, if we not'=' the fact that the tl·acts away from the· river 
and also pla;:es which complain of scarcity of water and where bill and pits dry up 
much earlier, are not free from malaria as it ought to be, if dampne~s alone was 
the cause of rna.laria. Most of Jhenida snbdivision and parts of the Mao-ura sub
d_ivision, where people suffer from want of water and which are away fr;.n the big 
r1vers an•l high lauds constit11te the most malarious parts of the district." 

*This is the es:act opposite of what takes place in naturally higher and drier a.reaa, anch 
ae the Punja.b and Upper Bouru&. 
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4. The increase of malaria which has gone on side by side with 
the partial dr-yiag-up of certain of the delta traets of Bengal is in 
accord with observations in other parts of the world, for it is well
known that largt! swamps usually remain quite healthy while they 
are abundantly supplied with water, whertlas th~:y ofLen tend to 
become malarious during the process of reclamation and may remain 
intensely unhealthy as long as th~y are only partially dried. The 
explanation of this is that large water surfaces are rarely a source of 
anopheles ID'>squitoes, whereas the grassy or weed-grown edge of a 
ditch, stream or pool, may often be found to harbour enormous 
numbers of their larvre. And th~ partial Jraining or drying-up of a 
swamp grelltly increases the ratio of this dangerous" edge" and may 
lead to an enormous inerease in the output of anopheles mosquitoes. 
When this fact is grasped, the great increase of malaria that has gone 
on pari pa.ssu with the dtcay of rivers and the drying-up of delta 
tracts in Bengal may he readily understood. 

5. The Presidency Division, which includes the western half 
of the Gangetic delta, is now much more malarious than when its 
network of river channels was active. l<'ormerly, it was kept free of 
malaria by the same agency which maintained the activity of these 
rive1·s, namely the flooding of almost the whole surface of the cotmt·ty 
during the rainy season with spill water from the rivers. This 
flooding of the country temporarily levelled up the surface, abolish
ing for the time the greater part of the dangerous "edge" of the 
myriads of dobas, ditches and pools, which would otherwise have 
tmpplied enormous numbers of anopheles mosquitoes. And although 
mosquitoes undoubtedly increast:d when the floods began to fall, the 
sea&on was then so far a'lvanced that no great spread of malaria 
~ould occur. This was probably owing to the fact that anopheles 
mosquitoes do not become infected with mal~ria when the 
temperature has fallen below a certain minimum, neiLher do they 
survive sufficiently long to gain infe.:tion from malarious patients 
-and become capable of transmitting ic again if the atmospheric 
humidity is low. The flooding of the country with spiH water from 
the rivers, besides preventing malaria, had the effect of flushing the 
hils and it also kept the water-courses open. This wr.s owing to the 
fact that the enormous volume of comparatively clear water, which 
had to be discharged from the land surface at the end of each flood 
-season effectually scoured out every channel. Hence the increase of 
malaria in the delta traci.s of Bengal, the silting up of the rivers 
and khals and the obstructed condition of the drainage to which the 
increase of malaria has heen commonly ascribed, are all due to a 
common cause, namely, the shutting-out-spill water from the 
.sur face of the delta. 

6. The following passage extracted from an unpublished report 
€x.plaills the mechanism of the process of the river decay iu the 
delta-: 

"The description of an acti111J delta branch ri11er.-If we examine the head 
-of an active branch river or delta eflluent, we may observe that the off-take 
from the maio river is roughly triangular or funnel-shaped, that it gradually 
narrows to a sort of neck when: it cuts through the relatively high books of the 
maio river, aorl that after passing through thi~ neck the chanuel usually widens 
-out a little as it enters the lower country beyond. Suppose we take a boat and 
t~ail down one of these efllueots during the flood season. \V e shall first of all 
.()bs~rve that its banks are raised slightly above th11 level of the surrounding 
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country so that the land slopes away from the river. And if ti;e level of the 
river i• high, we may note that water is spilling over wherever the banks happen 
to be a little lower thaa u~ual aud is rushing away inland. At the height of the 
6oo<l season, we shall lind that, with the exception of the narrow strip of higher 
laud on eitloer ~ide of the river, which is usua!ly densely crowded with villages, 
the country appears to be almost wholly sn!Hncrged. But the wide expanses of 
water, which extend in ~ome directions ae far as the eye can reach, are broken here 
'.lud there by distant lines of trees and dense masses cf vegetation marking the 
preoence of ridges of higher land, which bound the channel of some other Rtn:am.
As we pass downwards, we shall come after a time to the mouth of a small creek 
or khal into which water from the river is flowin~. Entering this khal, we shall 
J:il~d a narrow winding channel pas~ing possibly for several 111iles inland. At first 
its bauks are fairly high nod like th~se of our river and lined with villages ; but 
if our boat goes forward, sooner or later, we shall pass out into one of the wide 
expan:s<B of water that we ha,·e outed from the banks of the river. On returning 
to the river and continuing to travel downstream, we paM tl•e mouths of a large 
number of the khaiB which serve to connect it with lowlands in the interior. 
These inland d<!pre8oions form a series of lateral Mpill basins ..ln either side of -the· 
ri1·er, and whenever 1ts fi,,od-level is higher than that· in the lateral basins, water 
coutiuues to !low from it through the khals into them. If we examine the ·same 
z·i1·er, when the flood season is over and the water is falling, we shall find great 
changes occurring. In the firot place, the "current enterir.g the head is sluggish 
aud the wide triangular off-take is r11.piuly silting up, with the result that a sort of 
bar is forming across the mouth and probably a large sandbank is showin~ well 
above the wat~;r in the ceutre. When we reach the neck of the effluent~. we shall 
find that a decreasing amount of water is entering from the main river, but 
where the channel narrows there ia proilably as yet a fair cnrrent. Pas11ing 
down-stream, we shall fiud that the banks are now well above the river-level and 
n·• water is spilling over them ; moreover, the shorter and shallower of the 
1.-h<~.ls arc probably already dry, alrhougl• the deeper on~R still contain water. But 
u·hereas we noticed during thejloe>d that u·ater fr"rn the ri~:er was passing into theBe 
khalB and flowing awuy inland we now find thei1· Cllrrent re~:ersed with water frgm 
the interior of the country p•JUring through them into the rit·er channel. And on 
passing up a khal, we fi...t also that tiw opeu country beyond, instead of being 
.tSubmerged as at our former \'isit, has uow become a huge expanse of rice-ficlda 
with the crops nearly ready for cutting. The khal wir.dH through those rice-fields 
and finally opens iuto a bil or permanently-flooded urea of lowland in the centre. 
Bils which are the lowest parts o1: the spill basins on either side of the river form 
the drainage sumps of the country, and the khals which lead frc.m them are the 
discharge channels through which the immensP volume nf water contained by the 
i~pill basins during the flood season eventually passes into the river after having 
.deposited its silt and fertilized the laud. 

1. "The mechanism of silting rtwl scottr.-Broadly speaking, a 
·stream of water, such as a delta branch river which flows through a 
channel composed of sand and silt, may be said to be iri a state of 
silt-saturation. That is, it always tends to carry the maximum 
amount of silt in suspension that its velocity will allow; and if the
velocity of a silt-laden della effluent were to remain constant it· 
would neither scour nor deposit silt. Hence the silt-laden water, 
which has entered a branch delta ch~nnel from the maiD river, 
~an only take up more solid matter in suspension if its velocity 
mcreases, and on the other hand, it muijt deposit some of its burden· 
of &ilt wherever its velocity diminishes. The velocity c.f a stream 
~f water is largely governed by its T"Olume, its depth and the slope of. 
lis ~urface.. And in the case of delta rivers, which experience alter-. 
natu~g penods of flood ~nd low water, these factors are consta-ntly. 
'"arymg so that the veloctty of the stream is subject to very frequent: 
ehanges. As a consequence of this, most delta ch muel~ (especially_ 
those above tidal influence) tend to silt up at certain timns of the 
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year. During the flooJ season, active delu elfiuents take off from the 
main river much larger \"Olumes of water than can be accommodated 
in their channels ; and this surplus water spills ovt-r their banks or 
finds Hs way into their lateral spill basins by backing up through 
the khals. Thus it comes about th;,t an immense volume of water 
collects upon the surface of the low-lying country adjacent to an 
active delta ri\"er and is held up there as long as the stream is in 
flood. And at the end of the flood season as the wat~r-level in tho:! 
stream is falling, this huge volume of spill water escapes, producing 
tremendous scour in every khat or discharge channel through which 
it passes, flush.ing them out in a very effective manner. This scouring 
action extends to the river-bed also, and thus effectually counteracts 
the natural tendency for it to become Rilted up at the end of tl:e 
flood season. 

8. The system of a delta effluent.-A delta effluent possesses a 
very cvmplex system, consisting of (A) the head or off-take from the 
main river, (B) the central channel~ (C) the numerous khals or small 

· branches leading off from the .central channel, one season acting as 
distributaries and at another as feeders, and (D) the lateral spill 
basl.ns· on each side of the central channel of the effluent, with their 
bils or drainage sumps, which are connected with the river system 
by means of the khals. Under natural conditions, a river system of 
this kinil performs a double function : during low water thP- bils, 
khal:s and the central channel serve the purposes of drainaga, carry
ing off water (rom the depressed land surfaces of the lateral river 
basins: but in the flood season the water-cours~:s cease to be drains, 
anu entirely reverse their action, takit'g on at this time the character 
of irrigation channels. It is to this system of natnral irrigation that 
active ddtas owe their fertility. But this fact bas attral.lted littl~ 
attention in Peugal, so that the importance of maintaining free river 
spill from the point of view of agriculture has been almost entirely 
overlo~ ked. }[oreover, the other important function of the river 
spill iu the delta to provide for the natural scouring-out of the water 
channels has almost escaped notice with the result that irretrievable 
damage has been done to the rivers in many parts of the delta owing 
to the .restriction of free river spill as a direct consequence of the 
construction of thousands of miles of embankments. These embank
ments have been designed either for the controlling of the rivers or 
for the purpose of railways and roads. Bnt whatever their object, 
their effect bas been the same, namely, in the first place, preventing 
the flood irrigation which formerly enriched the land and kept it free 
from malaria and in the second place, disorganizing the natural 
system of flushing or scour which is so essential to delta channels 
if they are to remain open. As a direct result of these embankment:!, 
the soil of many districts has become impoverished, harvests have 
diminished and malaria has increased; moreover, silt and sand have 
accumulated in the beds of many of the rivers to such au extent that 
they have ceased to be acti\"e streams. 

9. The importance of ri1:~r spill.-The importance of fre~ riYer 
spill in keeping open the channels of the delta is, perhaps, more 
easily grasped if a few points are illustrated by figures. Let us take, 
the cas~ of an active delta effluent with a total cour3e, allowing 
for corns of about 150 miles. A. stream of this length will 
tra-y,.rse in a direct line about 100 wiles of country anJ. in its acti>e 
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t>tate may possibly feed 1,000 square miles of lateral river basint!. 
At flood season, it will take off from its parent stream a far great~r 
l"Olume of water than that required to completely fill its own channel. 
This excess water spills over its banks and probably submerges a 
great part of the 1,000 square miles of lowland or spill basin adjoin
ing it. If, at the height of the flood, the mean depth of water upon 
the 1,000 square miles of land surface is three feet, over 83,000,000,000 
cubic feet of water will be held up alongside the river, ready to be 
discharged from that channel a1 soon as the flood-level permits. At 
the height of the flood, the spill water on the land surface becomes 
nearly stationary and owing to its loss of velocity is forc~d to deposit 
almost the whole of tho solid matter it originally carried. As the 
lenl of the river falls, this enormous volume of silt-free water begins 
to move once more and passes gradually from the surface of the 
conntry into the river channels. And as soonas it is in motion, it 
begins to take up solid matter into suspension and scours out the 
channels through which it passel. If the flood water on the 1,000 
square miles of spill area runs off at the rate of au inch in the 24: hours 
it will form a stream larger than the Thames at Teddington with a 
volume of 27,000 cubic feet a second; and if, in its passage through 
the kllals ar.d the river channel, this water attains a mean velocity 
sufficient to enable it to lift and carry away one volume of silt in, 
400 (the water of the Ganges and Hooghly during flood often carries 
250 parts of silt per 100,000), it will have removed by the time it has 
entered the sea over 200,000,000 cubic feet of solid matter from the 
beds of the watercourses along which it has flowed. Roughly speak
ing, this would represent a deposit a foot deep and 100 feet wide in 
about 4 00 mileR of channel. This is the kind of scouring-out proce1.0s 
which goes on during the time of a falling flood throughout the 
whole length of an active effluent channel below the off-take; and 
it is entirely owing to this process that the upper reaches of branch 
channels in the udra are kept open and active. 

10. Silting at the llead of an eJtluent.-The off-take of a delta 
branch river, as we have already se(;'n, is wide at the mouth and · 
coutracteJ at the neck. This contraction has a double effect: during 
a falling flood in the main river it serves as :, check to the velocity 
of the entering water with the result that silt is deposited in the 
wi.de triangular mouth: and with a rising flood in the main river 
an incre!lsing am nnt of water is poured into the off-take with the 
preosure of the rising flood behind it, producing tremendous scour 
at the contractt>d neck so that· much of the silt and sand- deposited 
in the off-take during low river is washed away. Therefore, the 
tendency of a delta effiuent to silt up at its head during a falling 
flood is largely conntt>racte.l by this tendency to scour with a rising 
flood; thus as· lonl{ as every other part of its system is working 
efficiently, the vitality of the stream is rest.ored at every flood season. 
The silting at the off-take when the main river is falling seems to 
be a protective proces; which automatically shuts off the supply of 
silt-laden water at a time when the decreasing velocity of the current 
would tend to cause a deposition of silt in the lower channel. _And 
just at the time when this silting of the ofl-take is taking phlce the 
lower channel is being tb,lrou'thly sconre1 out by the run-off from 
its Ia teral spill ba;;ins. Heuee a silted-up off-take and deeply
scour .. d lower channel woul<t appear to be the natural condition 
of a healthy branch delta river at the end of the flood season. 

1.1 A 



XXXIV 

·u. Silting-up of the khals.-lu tha case of khals leading from 
the hils, au alternate process of silting and scouring also occurs. 
But ir. this case the proc~s~ is the exact opposite of that which occurs 
at the off-take of a branch riYer, for silting t 'kes place with a rising 
flood and scour during a falling flood. We have already seen that 
bils are the lowe::.~t portion of lateral river basins which form the spill 
reservoirs of the rivers in their vicinity. Bils are usually poi!sesseJ 
of both afferent anti elferant kh(lls. The former ara merdv the 
drainage channels which Si.'rve to carry the water from the pet·ipbery 
of the basin to the bil or drainag" sump, wht!reas the latter are 
the channels through which the water collected in the lat~ral spill 
basins is finally discharged into the river durbg a falling flood. Spill 
water enters river b:lsins either by free flow over th" bauks of the 
rivers or through small khals which take off from the riv~r. During 
high flood in the river al~o water not only pours over the banks into 
the basins bul backs up th1'ough tlie kht;t(s ot' discharge chann!!ls until 
the level in both b'Jsius rmd river is the same, and at this tiiJle silt, 
often in large amount, is dep'Jsited in the khals. But when th~! water
level of the river falls, the rush of cl!Jar water from the spill tJasins 
clears out these channels mo3t effectually a~ the following example 
from the Dacca district will show.· In 1877, there was a very low 
flood in the Brahmaputtra, aud the khals in the Manikgauj subdi vi· 
sion became partly silted up as a result of it. But in 1879, there was 
a high flood and it is recorde.J that-

" The increased volume of water which left the surface of the tLanas during 
October and November 1879 had the effect, as ~tated by the District Engineers, 
of deepening some of these khala by as much as 21 feet." . 

12. The· vitality of a delta e.tftu.ent depends upon the int~grity 
of its spill b7-sins.-A.lthou'gh it is Ct>mmonly believed that the 

decay of a delta effluent is primarily due eithet• to the blocking of its 
off-take or the silting·up of its channel, changes of this sort are not 
the real cause of the trouble. An effluent system, as we have already 
seen, consists of a head or off-take from the main river a central 
channel, and a net-work of khal.~ together with a S<:!ries of lateral 
basins into which the river spills over when it is in flood. And it is 
tbese spill basins that form the most vital, and at the same time the 
most Yulnerable, pat·t of t110 whole system. For while they continue 
to receive an adequate supply of spill-wat!or at every flood Eeason, 
the vitality o{ the whole effluent system is maintained, wherPas 
deterioration of the central channel, the khals, and the off-take 
through the permanent· accumulation of silt iii. bound to occur 
whenever the spill area of a river is restricted, either by natural 
changes or as a result of artificial interference. Mr. Addams 
Williams, in a recent series of lectures, has graphically dt>scribed the 
silting that has bl'en going on in a cettain of the tidal channels in 
the lower parts of the delta, pointing out that this condition occurs 
wherP.ver tidal spill is restricted. And exactly the same principle 
applies in the case of the fresh-water channels of the upper delta, 
the only difference being that in this case wa are tlealing with a 
spill of fresh-water during a flood season, in place of a spill of salt 
or brackish water at every high tide. Once the vital importance 
of this process of "flush alternating with flood" bas been clearly 
grasped, th~ nec~ssity for maintaining the integrity of tile spill 
area . of delta channels· can readily be understood. For it follows 
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that when the integrity of the spill basina connected with the 
effluent ch:mnels of the delta is destroyed or if from any cause 
the volume of the flood water passing into these basins is greatly 
reduced, water-courses are sooner or later bound to be obstructed 
by silt and sand which gradually accumulates in their, beds. 

13. The decay of a brauch river in the delta.-From what 
has been stated above, it should be obvious that, in the absence 
of this natural system of flushing, eflluent channels can never 
be self-cleansing, but must eventually become more or less com
pletely blocked. To make this poi~t clear, let us take the case 
of a hypothetical delta eflluent that no longer spills over the country. 
Suppose this stream to possess a current whose mean velocity during 
flood exactly equals the velocity at which silt-laden water from 
the main rivers enters it. In this case the net ar:r;ount ol solid 
matter carried down to the se·a by the effluent during the flood 
season cannot exceed th~ amount brought into its channel from 
the main river, and the scour that occurs in the deep and narrow 
p:uts of its channel will be exactly balanced by the silt deposited 
in the wide and ~;hallow reaches. But when the volume of the 
stream decreases after the flood season, its velocity will, of course, 
diminish and a certain amount of silt will then b£< deposited in 
its bed. And if year after year this process is continued nothing 
can prevent the channel from eventually b~coming almost com
pletEly blocked up. In actual practice, other factors, such as rainfall, 
etc., have, of course, to be taken into account. But broadly 
r;;peaking, a proceE>s resembling that just described is now going 
on in many of the river channels in the older parts of the Gangetic 
delta. For, on examining one of these dying rivers, we find, in 
the first place, that, at end of every flood season, silt begins to 
accumulate in its bed as th~ velocity of the current diminishes; 
and remains there because the run-off of relatively clear water 
I rom the lateral river basins is so small owiug to the shutting-out 
of river spill Lhat it cannot provide an efficient scour. In the 
seconJ place, we may see that the silt deposited in the khals when 
water from the river is packt-d up in them at a time of flood, 
r<!mains in their channels owing to the fact that. the bile with 
which they are connected only provide a very little water for 
flushiug out their beds when the water-level of the river falls . 
.From what has been stated, it should be clear that the accumula· 
tion of silt in the channels· of a delta river systt•m is directly 
due to the greatly-diminie.hed supply of water receiv.ed by the 
adjacent land f.'urface; and this silting-up must not be regariled 
as the primary cause of the decay of the rh'er channel, but should 
rather be lookfld upon as a symptom of the disorganization of 
the system of lateral spill basins which has led to their being 
deprived of an adl-'quate supply of water during the flood season. 
A change o.f this s':lrt may come about naturally, as jo1· example, 
tche1~ a delta 1·iver has raised its banks to such an extent that 
water ca11 no longer sptll over them eveii at high food. But it 
apJ.ears more often to be the ·,·esult of a1·tiji.cial interference, such 
as that occasioned by river embankments or to the shutting-out 
uf f1'ee riVtll' spill owing t•; the const1·uction of r ads and J"ailu:at/8. 
The causes of river decay are,· therefore, to "be sough~. not in the 
affected channels thcmsdves, but upon the adjacent land surface 
of the delta. It follow& that attempts at merely clearing the bed 
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of a damaged waterway can rarely effect any permanent improYe· 
ment. Moreover, work of this kinrl may in some casei actually 
accelerate deterioration, as, for e~ample. when the off-take of a 
stream, already shut off from ita spill basins, is dredged durin!l 
low flood so as to allow a larger volume of silt-laden water to 
enter it from the main river. A case of this sort occurred recently 
near Faridpur station where two or three years ago the dredging 
of the head of a small river, wboss spill had been somewhat 
limited by the raising of a road that ran alongsid~ it, was [ol· 
lowed by the tremendous siltjng-up of the off-take and channel. 
It is possible also that the present deplorable condition of the 
upper reaches of the Bhagirathi is partly a result of the attempts 
that have been maoie for years past to keep the head of that river 
open during the season of low water, whilst at the same time 
free rh er epiJI during flood has been almost entirely prevented 
by means of embankments.'' 

14. In the past, the question of river decay in relation to 
the public health has be~u. considered only from the point of view 
of drainage, for medical men and egineers, as well as the lay 
public, have been obsessed by the idPa, firstly, that "obstructed 
drainage" is the cause of Bengal malaria ; secondly, that the rivers 
in the delta are mere drainage channels; thirdly, that the collection 
of silt and other obstacles in the beds of Lhe~e channels iR the 
eause of this obstructed dninage ; and, fotlr!hly, that this condition 
can be remedied by the removal of obstructions from riverbeds or 
by special drainage schemes. It is these views which led to the 
passing of the various Bengal Drainage Acts ; the same ideas 
inspired the Special Drainage Oommittee ()f 1906; and similar 
notions underlie e~ery rect'nt proposal for the c1earing of dead river
beds and carry;ng out of large drainage projects with the idea of 
improving the public health of rural areas. But none of the remedies 
yet proposed can ;>ossibly effect the purpcse intended. For the evils 
which require relief are due neither to water-logging nor to deficient 
drainage. Ou the contrary, they are the results of a greatly dimi· 
nished supply of surface water. As regards the clearing out of dead 
river-beds, a measure which has often been suggested as a remedy 
for the great deterioration of the public health that has taken placa 
in many parts of the delta, it may be remarked that, in the first 
place, this measure will not increase the total supply of water nor 
prevent the growth of weeds, and although it might lead in some 
cases to more water being temporarily diverted down one or other 
moribund waterway, in the conditions generally existing, this result 
car. only be obtained at the expense of other channels, anu may, 
therefore, do as much harm as good. 

15. Among the arguments pu~ forward in· support of attempts 
_to improve dead rivers by the clearing-away of fishing weirs, and· 
kumars and by r<!-opening, if possible, tbe portions of their beds that 
have already been brought under cultivation, the question of de
population has been introduced; and. in a recent case, it bas bl!en 
suggested that "the removal of obstructions alone would do immense 
gooJ to the •lraiuage and by keeping the river alive, the depopulated 
villages on its bank may again revin" It may b.! remarked that 
the occurrence of depopulation is continually being urged as a reason 
for carrying out projects of this nature. This being so, it will be well 
to briefly discn:'ls this phenom~non of depopulation, which, in the 
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popular mind, is supposed to be a direct result of disease. But this 
view, it may be remarked, only explains how a reduction of population 
is hrougbt about, aud provid.;:s no answer to thP. more fundamental 
question of why a population declines. Yet it is the latter problem 
that must be solved if we arP. to check the evil. And in this con
nexion, the following passage from .Mr. Udney Yule's · Theory of 
Statistics is illuminating:- . • 

" If the population of a district is increasing at a rate above the average, thi!:l 
is prima facie evidence that its industries are prospering : if the population i1 
decrea@ing or not increasing as fast as the average; this strongly snggest:1 that 
the industries are suffering from a temporary lack of prosperity or ·permanent 
decay." 

16. The population of Nadia and Jessore districts, which have 
long showed a tendency to decline, are dependent almost entirely 
upon agriculture; and the condition of that industry may be 
gauged from the fact that during the decade 1901-11 the outturn of 
crops, per acre cultivated, has fallen very short of the ncrmal in 
both Jessore and Nadia, the defici~ncy being over 30 per cent in the 
former district and nearly 40 per cent. in the latter. The cause of 
this deterioration may be inferred from thP. following quotations:~ 

"Dimit!ishedfertility of the soil in Nadia.-There is a consensus of opinion 
among Europeans and natives that, except in the lower land~ used for the rice 
-crop reaped in the cold weather, there is a distinct decrease in fertility of the 
soil of Nadia. Considering that no land except that used for sugarcane and 
tobacco is ever rnannred, and that thtl Gauge11 floodi which are so fertilizing are 
shut out by the embankments of the rivers, it is not to be wondered at that 
grarlually the soil ehould b ·come partially exhausted." (Report of the Nadia 
Fever Commis$ion of 1881.) 

"There is no doubt that the soil is getting less and less fertile. The average 
yield of crops is low as will be seen from the fact that the average yield of 
winter rice is 805 lbs. per acre and of autumn rice 835 lbs , while in Jessore 
it is 1,145 and 871), and in the 24-Parganaa it is 843 and 1,014, respectively. 
Another noticeable feature is that it is becoming necessary to allow the land to 
lie fallow for longer periods between croppings. During the five years from 
190-l-05to 1908·09 only about 40 per cent. of the total cultivable area was 
aetually cropped." (Bengal Census Report of 1911.) 

"In Nadia Lhe soil i11 deteriorating ou account of the gradual Rilting-up of 
the rivers." (Report nf the Director of Agriculture, 1910-11.) 

"It is reported that cultivation has sutf~red from the deterioration of the 
river11, \Vhich year hy year used to deposit a layer of silt on their banks and in the 
bils during the flood time Thi11 natural form of fertilization has 
-ceased. . . • The ar*'a nnrler aman rice is contracting, owing to deficient 
floods." (Jesfore District Gazetteer.) 

"Owing to the rivers having silL~;d up at their head . the periodical 
inungations, which used to occur when they were in tlood, ha'l"e cea~ed. In the 
Jhenida snb-divi~ion there have been no floods for t'1e la~t 15 years, aud. the 
country is the poorer for it. while in the .Magnra sub-division the floorls are now 
comparatively slight and the ls.nd is not fertilized to the same extent as 
formerly." (Jessore Distl·ict Gazetteer.) 

17. 'fhe facts recorded in the passdges quoted afford an adequate 
explanation of the decrease of population that is going on in Jessore 
and Nadia. Any increase of population would be impossible under 
the circumstances mentioned. Depopulation, therefore, is occurring 
in these districts, becausod the land can no longer support a popula
tion as dense as it once could, owing to the decrease that has taken 
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place in ag.-icultural production. To put it briefly, the populatit'n 
must decline, because the available food-supply has bt>en 
diminished. 

18. In Lower Bengal, river decay, agricultural deterioration, 
increased prevalence of malaria and depopulation are all due to one 
common cause; namely, the shutting-out from the land surface of 
the delta of the flood water which, while it remained on the surface 
of the country, fertilized the soil, kept down the number of 
anopheles mosquitoes, and thus prevented malaria, and when it 
passed back into the riYer channels effectually scoured out their beds 
and so preserved their vitality. And the evils that haYe followed 
the stopping of the~e annual floods cannot be remedied by schemt>s 
for the tiilying-up of dead river channels or the further drying·nl' 
of a country_ which is already suffPring acutely from a greatly
diminished supply of surface water. From eYery point of ,·iew, 
therefore, projects of this so1t must be condemned. They are based 
upon an entire misconception, firttl.y, of the character cf delta 
channels; secondly, of the origin of their decay; thirdly, of causes 
underlying the increase of malaria in the delta tracts ; and, fow·thly, 
of the factors responsible for depopulation. Nearly every scheme 
for the improYement of the &anitation of rural areas by drainage 
projects or the betterment of rivers that bas been put forward in 
recent years is open to these fundamentai objt:ctions. Many of 
these proposals aim at removing from the lanrl surface of the delta 
as much water as possible, usually by some system of drainage. But 
measures of this sort, if successful in diminishing the surface watt-r 
during the rainy season, will almost certainly intensify malaria and 
increase depopulation....:....the _very evils that they are intended to 
remedy. On the other band, any scheme which will proTide for 
increasing the supply of surface water during the monsoon and for 
so controlling it that neither too much is collected on the land for 
agricultural purpos·~S nor too little allowed to remain there for 
health, ought to receive every consideration, in view of the fact that 
we now poss~ss definite eYidence to show that in Ll)wer Bengal the 
greater the amount of flooding of the land surface durin~ the rainy 
season, the less malaria will there be. 
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APPENDIX IV. 

Drainage of Blls as a Public Health Measure. 

For many years, it has been suppos~d that the mitigation of 
malaria in the rural tracts of Bengal can best bP. accomplished by 
urainagP.. And wilh this view, proposal for the dr~inage of large 
swamps or bits are frequPntly put forward as sannary measures. 
But an extraordiuary amount of misconception exists regarding the 
epidemiology of Bt"ngal malaria, because recent investigation has 
shown that contrary to what bas long been taught and is still gene
rally believed, malaria in the delta tracts is not associat~d with a 
great excess of surface water, even when that excess prouuces actual 
water-logging of the land and dama~e to the crops. • On th" other 
hand, an intensification of the disease occurs where\oer the partial 
drying up of the country is carried beyond a certain point, this 
condition being particularly noticeable in the districts of Burdwan, 
Hooghly, Nadia, Jessore, Mursnidaba<.t, and it!. a few parts of the 
Dacca and Rajshahi Divisions. 

2. The Nadia Fe-.er Commis.sion of 18Sl remarked in their-. 
report-

" In fact, as Dr. Sntiteriand obsernd in 1868, the district is becoming more 
and more arid, tanks and other reservoirs of water dry up eYen before the hot 
season, tanks full to overflowing in the rains rapidly dry up-facts which prove 
that there has heen uo inc1·ease or excess of moisturf' in the soil. The very 
jungle, contrary to the assertions of Fome uatives we met, as Dr. Lidderdale 
points out, is of a kind which prefers a dry to a <.lamp habitat." ' 

And more recently Babu Bholanath Banarji, E~ecutive Engineer,. 
in charge of the Special Drainage Division, who has been investi
gating conditions in Jf'ssorf", states in his report of September ln2--

" If we draw a Iiue from Pnliia on the Ichamati to Jhi~;;ergacha on the 
Kabadak, the country lying to the n<'rth of this line may be generally taken a& 
suffering from sca1·city of good drinking water . This is due to the< 
~ilting of tbi~ part of the country by action of deltaic rivera • • . • • 
There are no big sized tank~ in most of the viilagee, and people have to travel a 
long distance to the nearest:river or bil for tl&eir b11pply of drinking water. It. 
is reported that tanks in thl)~e parts do not hold water, but dry up with the 
suusidence of the rivers, anci are .consequently too expensive to be excavated 
L~low the subsoil water !eYe! It will not be out of place, if we note the fact 
that the tracts away from the riYer and a!Ho places which complain of scarcity 
of water and where bils and pits dry up much earlier, are not free from malaria,. 
as it ought to be, if dampness alone was th11 cause of malaria. Most of the 
Jhenidn subdivision and parts of the l\lagura 8ubdivision, ~here pt~ople suffer 
from want of water and which are awlly from the big rivers and high lands, 
constitute the mo;,t malarious parts of the district." 

3. The view expressed in the above passage confirms the state-· 
ment made by Babu Um~sh Chandra Ghosh, B.L. (one time the 
Chairman of the Jessore Municipality, and Vic.,-Chairmon of tl.e 
District Boad) in a pamphlet published in 1905, to the effect that-

"It may be pointed out that the unhea)tl,iness of this district (Jessore) is
nCJt due to tl&e humidity of the soil caused by the presence of the bils, but tQ, 
the diseased condition of the rivers. Some of the a·h·ers are half dead; while 
<•thers are slowly dying. The districts of Bakarganj and Faridpur, which abound 

• This is the exact opposite of .,·hat takf's place in naturally higher areas such a.a the 
Pnnjab and Upper Burma. . 
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with bill of various sizP.s, are not unhealthy. Par~aua Telit.ati which consists 
~f more than 300 vil}a~e~, is lll•?stly co,·ered with bil&. If one' looks at a mnp 
of the pargana he Will see nothlllg but a vast sheet of water, dotted with ele
vated earth_en ~uonnds here and there, which are .utilized for the pnrposea of 
human halntat10n. Tloe people, though living in these biZ-clogged villages, are 
I'Obust and healthy. ThPre can be nl' doubt than that the existence of the bilt 
is not the cause of the malaria which prevails in tt.is district. 

4. The fact that in Jessore malaria is most severe on land which is 
t'e!atively high and in areas which are suffering from a lack of water 
.-ather than an excess, is in accord with many earlier observations 
in other parts of Bengal. For example, Dr. J11ckson, when reporting 
in 1872 on the outbreak of epidemic fever in the ea~:~tern portion of 
8urd wan dis~rict, states that-

"It was m~re fatal in the higher· and Letter drained than in the low 
Jands.'.' 

Dr. Wise, writing in the same year about thA occurrence of 
severe malaria in the l!tfauikganj sabdivision of the Dacca district, 
Temarks :-

" The cau3e3 which have rendered this subdivi<illn the most unhcaltloy in 
the whole district are uot, ( think, difficult to indicate. It is the moot northern, 
the most elevatt••l, and the driest i.n the district. Tue raiufall is much less than 
.at Dacca." 

The Sanitary Commissioner, reporting in 1~77 on a servere out
break of malaria in the Keshpur and Narangarh circles of :Midnapur, 
'Observes that-

" These circles are well raised and comparatively dry, .;uff :ring as a rule 
uther from drought than excess of the moisture." 

The Civil Surgeo:1 of Faridpur, commenting in lti84 on the 
prevalence of malaria in the thanas in the north-we3t of that district, 
acjdsthatthey-

" Art> situate I high abovt thtl l~vel of the floJd>~." 

. · .-\nd a year later, the Sanitary Commissioner quott>; the Deputy 
:Magistrate of Chuadanga subdivision of the Nadia district as 
remarking that-

" 'rbe pre\·alence of fever in his suiJJ.ivision appeared toLe d:1e to J~ficiAnt 
-.,,·ater·su pply." 

5. The instances citei above suffic~ to show that, unlike other 
parts. of India, possessed of widely different physical configuration 
and climate~ the d~lta tracts of Bengal almost invariably show an 
increai!ed prevalence of malarial infection whenever the amount of 
water, which ordinarily collects on the land surface during the wet 
season, is seriously diminished ; whereas villages in the midst of 
large swamps or situated in badly drained low-lying areas l~able to 
flooding during the rainy season often. possess_ populations __ _o.f 
superior physique, vitality and fecundity, and at the same time 
enjoy a comparative immunity from malaria. This fact has 
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freqnently attracted attention The Lieutenant-Governor of Bengal, 
in a 1.aote upon the Burdwan fHer published in 1873, remarked-

"I am very much stroJCk, in c.nnparing the population returns with the 
map, to observe lhat tioe highest P"pnlation almost exactly corresponds witb the 
tra::t marked by Colonel Haig in tloe deepest C<>lours as most in want of drainage 
and improvement, and with a similar tract in Midnapur, which has similarly 
suff~re<a from Hood, and tloe difficulty of carrying off the water, as I myself 
witne-sed a few mouths ago. Colonel Ilaig gives a \'ivid, -and, I may say,. 
horri!Jie ole~criptiou of the tract, as one in which Lhere i~ absolutely no healthy flow 
of water whate\·er, and too escape-a hollow in wJ,ich the water stagnate@, and a 
mas!! of decaying vegetatio.m festers in it ; where noxious fumes exhale in the 
hot weather, while the damp of the raw cold weather, and extremes of tempera
turd then prevailing render it still more unwholesome. Yet. iu the reeking 
swamps, the human race •eeand to ha\·e multiplied to a greater extent than any 
where in India-perhap~ in the wurld, It seems, as if it may be alm_ost said, 
that we cannot have too much wat.er in this conntry, and that, iu such conditions 
in this climate, all sanitary scieuce notwithstandin~, the human race multiply till 
it is wa~te<l by great calamitie~. A11 it i~<, Colonel Haig tnaly ousen·e~ that up to 
this time there has he~n much les'i fever in these reeking swamps thl\n in the 
higher parts of BurJwan and Hou~hly where there is a sen-;ii>le natural 
drainuge." 

In 1884: also, Dr. Ghosh, Deputy Sanitary Cummi::;sioner, when 
reporting on the health conuitiuns of villages in the Bistupur than~ 
of the Diamond Harbour subdivision of the 2-l-Parganas, obsen-ed 
that-

"These villages are all situated on the bils (cultivated, and known as the 
bada) in connection with the Kaurapnknr nala, the huh are peeping out of a 
vast sheet of paddy fields, and almost every hou~e haa to be reached by means of 
a dug-out. Paddy cultivation, fishing and dnck farming are their principal 
occupations. Tl1e people seem to be in perfect laealth, children fat and healthy. 
women strong and hard-working, very differcrat from what is seen in a Bengai 
village. This proves what I have always maintained, that moioture por se is 
not the origin of 111alaria. There is too large 'quantity of water here for it to 
be injurioud • • • • • Go to the south of the Khulna district and parts of 
Barisal, culti,ated \·ery largely with paddy, and there one cannPt help being 
l'trnck with the fine robust constitution of the peuple." 

ti. This extraordinary immunity from feyer often enjoyP.d by 
bil ,-illages greatly impressed the meJical men and other officers 
who investigatt~<l the Burdwan epiJeanic. Colonel ~laig, R. E., 
reported that-

•· No counexiou has yet Leen traced between the intemoity of the fever and 
proxirnit! to otaguant marshes . • . On the' contrary, there are numerous 
f~cts wh•ch are abs?lutely irreconcilable with such a ~<uppo11ition. Sume of the
\'allag-es on the ltordeu of tl.e Danknni jola11 have Leen distinguished by com
parative immunity from the fevt:r, while it has raged in others which are quite 
f~ec from swamp.i. The Collector reports- that Chanditola and the neighbouring 
vallage 11t the 110uth·west comer of these swamps have generally beeo con~ioiered 
"exceptionally lteal thy. " 

And l\Ir. Grant, Magistrate of Howrah, remarked in the same 
connPx:ion-

" I have ?nly to say that everyone who has a;tuJied the subject must have 
Leeu struck With the fact that the fever constantly (indeed very generally) avoids 
these lu:.rrible swamps. " 
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Baba Ramesh <;handra Mukharji reported also that-

.. The. villa~es •ituated in the approacl.u to. and in the n ry hurts of, the 
great ma~a:•es-the Ra)pnr jhil, the. K~nderah jola, tl1e Bora jola and the 
Panchla JOZa-have enJoyed coruparalt-s-e Immunity f:rom fever." 

.And Dr. Sutherland observPs that-

"The ,·illage of Jenkari is on the ed~ of a -s-ast tract o~ ~wampy country 
and yet ie healthy. Xnt a few examples cf the t!ame kiml ore to be found 
near." 

' In other portions of the Bardwan Division. the experience of 
Drs. French and Jackson a!rorded further confirmation of the vi~w 
that villages in very swampy situations as a rule escaped a serir.us 
amount of fever. The former officer remarked that-

•· Villages in the vicinity of larJ:e jhila suffered ,-ery little, if nt nil, from the 
fever." · 

. And the latter stated very definitely that-

" Yillage3 on biZ. have not been JD\Jre unhealtl.\· than otloera, l•ut quite the 
re-s-erae, even when their sites are flooded in the rni;,s. ·• 

.7. The condition of things described above is by no mellns excep
tional. Lieutenant Colonel (now Sir Leonard) Rogeril, I.li.S., as 
recentlyas 1909 calletl the attention of the Simla ::\Ialaria Conference 
to the fact that-

1' In the 2-1-Pargana;;, the Sundarban area, which was practically flooded, was 
the m?st healthy part of the district." . 

And Lieutenant-Colonel Fry, I.li.S., in his Second Report on 
Malaria, points our that villages in the Singur ant! Chauditola thanas of 
Serampur subdivision of Hooghly (an area in which the JrainagP. is 
the descrihed as being" very congested'') remain singularly free from 
malaria. The author of this note also bas recently reported on the 
existence of a si:nilar condition of things in the Howrah district ami 
in the bil tracts of Madaripur and Dacca, which all enjoy a remark
able immunity from malaria in spite t•f numerous swamps anJ a 
general excess of surface water. ::llor.:o,·er, ther.. is an exceedingly 
simple explanation of this apparent anomaly. 

S. Ross bas shown that the prevalence of malaria in any locality 
bears a definite relation to the ratio borne by the number of anophe
les mosquitoes present to the human population residing there. .And 
he has also pointed Of\t that malaria cannot exist unless the actual 
number of anopheles mosquitoes per head of the population exceeds 
a certain minimum. The number of anopheles mos:juitoes occur
ring in any place is governed by the facilities which exist for their 
breeding, and althon~h insects can only multiply where thera is 
water, the character of the collections of water available for their 

. breeding exerts an important influence upon the actual number 
produced. Observations have shown, in -the first place, that small 
collections of water are relatively more fa-vourable to the breeding 
of mosquitoes than large ones; and, in the second plac.-, that it is 
only the edges as a rule, e5pecially in the case of large collections 
of water which afford shelter to their larvre. And, broadly speak
ing, it may be stated that the number of anopheles present in a 
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definite area is }>robably uettrmined by the amount of water "euge" 
existing there. If the ratio of edge is low, the anopheles will be 
relatively few, and if h is high, it is l'ertain that they will be 
excredingly prevalent ; an:l as the prevalence of anopheles mosqui
toes varies with the amount of water edge, so also will the intensity 
of malaria tenJ to ,·ary in the same way. 

~. A little consideration will show that the amount of water 
edge in any area is not governed by the extent of water surface . 
present. there; for a large collection of watPr may have very much 
less of the dangerous edge than that provided by a number of 
smaller pools, which in the aggregate possess a very much smaller 
surface. If, for example, we take the case of a circ11lar bil about one 
mile in diameter, we have, roughly speaking, thrt>e ruiles of edge, or 
in other words three miles of potential breeding vlac,-s for mosqui· 
toes. If this bil were to_be crained absolutely dry, the three miles of 
dangerous edge wonld of cour:'le be aboEshed, and the bit would 
ceast! to be a danger from the point of view of malaria. But if we· 
cannot entirely dry the bil, drainage may be a Yery risky measure, 
if it does not reduce the amount of water edge existing during the 
of'ainy season (the only period which we need bother about because 
it is the only season when malarial infection e an be contra.cted). 
The attempt at drainage under these circumstances will no~ uiminish 
malaria, but on the contrary it may lead to an actual increase of the 
diseas~. The relcaiming of La Chartereuse swamp near Bordeaux 
is a classical instance of this. Work was commenced in the summer 
of 1805 with the result that an appalling epidemic occurrad causing 
18,000 cases of pernicious malaria and 3,000 deaths. Similar results 
have been observed in England also. Dt·. Paley, reporting to the 
Privy Council in 1860 on the subject of an epidemic of malaria at 
P~terborough, remarked-

" The first effect of the improved drainage of the large ten di~tricts of our 
r1eighbourhood, especially those which were formerly constautly consed with 
water, like Whittlesea l\lire, has been rather to increase the prevalence of ague." 

'!.'be ten districts of England are now comparatively healthy, but, 
a!:! is well known, they were specially reclaimed for wheat cultivation, 
and the requisite drying up of the soil was obtained by the use of. 
pumps actuated by windmills, replaced in latter years by steam 
enginAs. · 

10. In the casA of the d~lta tracts of Bengal, the configuration 
of the land surface, the heavy rainfall it experiences, and the 
character of the crops cultivated make it impossible to dry up the 
country during the wet season, and in these circumstances attempts 
at reducing the amount of water on the land~surf..c.~ are almost 
certain to be followed by an incr..-ased amount of water ed~e, an 
increasetl production of anopheles mosquitoes and an increased pl'ava
lence of malaria. This point can be eat!ily made clear by means of 
the diagrams attacheJ. J~astern Bengal and other areas subject to 
fiooJing are kept ht>althy, owing to the fact that in these areas all the 
hollows, pits, dobas and irregularities of the land surface, the edges of 
which would harbour mosquito larvre if they ·contained a limited 
amount of water, are merged in the general inundation, levelled up 
so to speak, and thus rendered almost harmless; whereas in parts of 
the delta no longer subject to inundation the myriads of potential 
breeding places of this kind are no longer neutralized by flooding, 
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and as a resul' enormous numbers of anopheles mos.]uitoes are 
produced during the rainy season and malaria becomes proportion
ately prevalent and severe. 

11. But, although partial drying up of delta areas m·•y be 
exceedingly dangerous and suggested drainage schemes for the rural 
tracts of Benga.l must only be adopted after the most careful enquiry 
and examination, there are alter:.atives which promise excellent 
results. These alternatives may be described briefly as (1) temporary 
il.ooding and (2) irrigation. 

In Bengal, the accidental flooding of malarious areas has almost 
invariably led to a temporary amelioration of malaria. And it may 
be pointed out that this method of combating the disease was made 
use of onr 2,000 years ago by Empedocles, who is recorded to have 
freed the city of Selenos of malaria by flooding the swamps which 
surrounded . it with water brought in by means of canals and 
aqueducts. .At i& much later period also Lancisi made use of the samo 
methods to reduce the prevalence of malaria in }'arts of Italy. 

12. ·Besides these examples, we have evidence ~o show that t!le 
introduction of an added supply of water into specially nnbealtby 
areas in Bengal has also led to an improvement in health. 

Dr. Coats, when Sanitary Commissioner of Bengai, records the 
fac' that-

.. The admil!llioo of the Vamodar water ioto the Kana Xadi in 1873-7-& and 
1875 was followed by an immediate and marked amelioration in health." 

. .And Dr. Dutt of Serampur, who visited this area in Us79, stated 
that-

··"The lettio~ ;n of the Damndar water was a mo.;t welcome relief, and that. 
but for it, parte of the country would !.ave Leeo entirl"ly depopulated • 
It bas bPen allowed to ft..,w in 1878 and 1879, and the people say that the 
epidemic has disappeared since the laat two yean1. These facta lesve no doubt 
that the Jetting in of the l>amudar water in the Kana Nadi and through it into 
the khals; drains and tanka, etc., in the interior of the subdivision, bas led to 
this improvement_" 

That this view was not merely imaginary i:t shown in a further 
report bfDr. CoatiJ, wherein he remarked-

" At a recent \iait, I mysdt fonn.J only twa per ceut. of the pe:Jple suffering 
from the effeet of former fevers, enlarged spleen ·and anremia. The patlud1ala• 
'"ere full of healthy boys, r.ot tJne of 111·horu bad splenic enlargement, cultiva
tion was goin~ on actively, and people were eager tu have increased water •npply 
and drainage.'' 

13. In :view of the reference to drainage in the above paS:~age. 
it may be urged that villagers in Bengal often clamour for drainage 
and that .;eyerallargd scale drainage schemes that have been aLeady 
carried out, notably the draining of the Dankuni jolas, the H(\wrah 

. and Rajapor swamps, and the Magrahat Drainage Scheme appear 
to have been followed by excellent r~sults. But wh:&t are the real 
factit_?_ Colonel Haig. R.E •• reporting on the Dankuni Drainage 
Scheme in 1878. five years after its completion, obsen-ed-

"ln the first place, then, it may be remarked that experience hai proved !Jot 
merely that it is only in so far liS irrigation c"n be combined with d~ain;~,e tloat 
the full benefir of these scheme"! can be derivt-d, bot that for all practicd 
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purposes ti•e improvement ie limited to the area for which irrigation il! availablEr 
• • • • Contrary to all expectation, the experieuoe of the five yeano which 
have passed since the completion of the works has shown that in years of 
ordinary rainfall • . . . tile l!luices and drains are rcq•1ired much more for 
letting in water from the Hooghly for irrigation than for draining it off •. • • 
• Thus in 1873, during 153 • • . • days from J uue to October in whiclt 
there was a rainfall of 34 inches, the .sluice-gates were never once opened for 
drainage, hilt were openeci 15 day~ for admission of water. In 1874, with a. 
rain fall in the same months of 41"48 inche~, the sluices were not once worked". 
for drainage, but during 13 days for irrigation. In 1875, the raiufall wa3 34·6z 
inches, and the sltl'fces worked eight days for drainage aud 15 days for irrigation. 
In 1 E'76, with a rainfall of 46"71 inche11 the sluices were opened for drainage for 
eight days, and for irrigation for 26 days. In 1877 with 38 inches of rain, the 
number of dayl! were 4 for drainage and 22 folr irrigation. The capacity of the 
sluices is in fact determined, not with reference to the requirements of drainage
at all, hut to those of irrigation ; it u,ust be such as experience shows to . b& 
necessary to raise tin: level of water iu the low grounds with tile gradual t,rrowtl•. 
of the plantA, and this is probably in excess of what is required for draina~e,. 
though the point has yet to be determined by a year of excesRive rain, whicb 
we ha\"e not had since the works were finished. The average rainfall in Hooghly 
of the five months referred to is given by the !t(eteorological Department at 
50"72 incheA. These are very curious facts, and 11how what ao irr.mense propor
tion of the heavy rainfall of Lower Bengal is coosUiued in the process ot 
vegetation, the rice plant apparently requiring a great part of it, and the rest 
passing off chiefly by evaporation, for the subsoil drainage appe.-rs to be very 
small. h also appears from what has been said that some very important 
experience has been gaiued in this our fint experiment in drainage on a large 
scale in India, as it is now found that it iR sufficient if the discharging capacity 
of the drains is not above one:ninth of what was origir.ally thought nec,.ssary." 

The MagiEtrate of Howrah, also writing of the Howrah and 
Raja pur Scheme in the Annual Administration Report of 1897- !IS 
remarks-

" Ali the drainage schemes have prov"d to be of immer.se benefit in reclaim..: 
ing waste I!Wamps auci imp•oving the other lands. They were originally illteude<l 
for the drainage of the swamps, but thE'y are now advamtageously utilized io 
irrigating the lauds, in yearR of drought and scanty rainfllll, with fresh wat& 
from the llooghly river." 

More rect"ntly in 1905, the. Commissioner of the Burdwan 
Divisic:.n stated of these works-

"These 6Chemes have proved very -successful in reclaiming the extensiv& 
waste swampy lands west of Howrah and improving other lands. The surplus. 
water is drained out by the chBnnels and ~>luices in years of heavy rainfall ; while 
in years of drought, water from the river i,; let in for cultivation and drinking 
purpose~. The schemes have been of great benefit to the people of the neigh
bouring tracts, who can reap a good harvest in years of drought, as well as in. 
years of heavy rainfall." 

And exactly the same thing may be said of the Magrahat 
Drainage Scheme, which has also successfully combined the func
tions of irrigation with that of surface water control. 

14:. All the above schemes, it may be observed, although appl"ed' 
to bil areas and spoken of as "drainage schemes,•• are, strictly
speaking, schemes for irrigation. And it is owing to this fact that 
they have uot led to an increase of malaria in tht-ir vicinity. For 
although the introJuctiou of irrigation into dry countries like the-. 
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Punjab anJ upper Burma is often followed by an extraordinary 
increase of epidemic malar.a, in swampy ow-lying deltas it has a 
~ontrary effect, :.s i:J shown by th~ hi:Jtory of irrigation in the ueltas 
of the Kavari anJ Godavari in Madras. 

In 1809, Tanjore suffered from severe epidemic malaria which 
follow~d upon scarcity of water owing to the decay of the irrigation 
system of the delta originally organized some 1,600 years ago iu 
connexion with the Grand AIHCilt. Before the trouble was finallv 
remedied, Tanjore had lost 25 per cent. of its population; but very 
shortly after a plentiful supply of water for flm,h. irrigadon was 
secure] by th~ projects of Sir .Arthur Cotton, Tanjore became a 
prosperous and comparati~ely healthy district ouce more. And the 
history of Godaveri is very similar, for that delta di'3trict wail fa~t 
passing into a state of decay, depopulation and bankruptcy when 
Sir Arthur Cotton designed the irrigation of the delta. .And as 
1"ecently as l!S72 and 1873 this area suffered from epidemic malaria. 
The irrigation system of the Godavari delta was finally completed 
in 1891, and the Gaz~tteer of the Godavari district contains following 
reference to the present health conditions in the di~trict :-

"The fact remains that the delta taluks (nnlike irrig•1teJ are,,~ iu some places 
in this Pretoidency, the valley of the Tungahh:•dra f,,r example) are not greatly 
subject to malaria, and are, in fact, the part of the district iu which it is lea8t 
prevalent." 

15 .. ·A consillcration of the facts brought forward in the preced
ing paragraphs leads to the conclusion that in the delta tracts of 
Bengal it is necessary to approach the question of the drainage of rural 
areas 'Yith the greatest circum;pection. This is all the more neces
sary, because of the frequent demand for the drainage of hils on the 
ground that th!! carrying out of projects of this kind will not only 
bring new land under cultivation but greatly reduce prevalP.nce of 
malaria. .As regards the pecuniary advantage likely to accrue to the 
owners of the land that may be reclaimed by such measure:~, there is 
no question, as I showed in a previous note, that it may in some 
~ases be enormous. But I.. confess that I fail to see in what manner 
the drainage of many of these swamps can possibly benefit the 
health of communities in their neighbourhood that may be suffering 
severely from malaria. In this connexton I would once more call 
attention to the view, expressed in a previous report upon a scheme 
for the drainage of the Arool Bil, that this scheme can in no sense be 
considered a sanitary measure. Formerly the scheme proposed was 
for the removal of water only. It has been considerably modified 
however and regulaturs and sluices provided, so that the depth of 
water can be controlled. Regulation and control of surface wate• is 
more desirable than mere drainage, which, while perhaps benefiting 
a <~mall area of perennial swamp, does so at the expense of thE'! 
elevated land in its vicinity. But where drainage echemes can be 
combined .with irrigation much lasting goed may be expectPd. 
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APPENDIX V. 

Flooding or Covering by Water aa a Method of Anti-malarial 
santtatlon•· 

The article on malaria in Hirsch's Handbook of Geographical and 
Historical Pathology, when discussing the effect of floods upon the 
prevalence of -the disease, remarks upon :-

"The fact that, when the w'lter is high and the ground completely covere«< by it, 
the endemic or epidemic disappears, fresb. cases of the dhtease appearing, only 
after the water has run ulf aud the surface of the country has been laid bare. 
Claasical examples of this .are furni~hed by the malariou11 regions periodically. 
inundated on the banks of the Nile, Indus, Euphrates, Ganges, Senegal, Niger, 
Mississippi and other rivers, where the endemic always begins after the water!! 
have begun to subside. There is another illustration of the fact in those tice, 
fielcls in India which are always under water, and, ad Annesley remarks, ar~:; the 
least dangerous to health. Experience also in Turkey (Sandwith), in Sardinia 
C\lorris), at several places io the Southern States of the Union (Nott), in England 
(Royston) and elsewhere, proves that the complete !boding of marshy gr'Jtmd, 
and the filling up of standing pools, ditches, and the like causes the endemic to 
disappear as certainly as if they had been dried up." 

!~lord recently, Deadrick in his text-book on "The Study of 
"llhlaria '' (1910) gives the following example of the effect .of floods 
upon malaria :-

" The primary elfdct of tl1e submerging of land, while the water is high, is to 
Jiminish malaria. A remarkable example which illustrates this occurred in Holland 
in 1748. The Dutch allowed the laiJd, for. defensive purposes, to become over
flowed. Peace being concluded during the middle of the summer, the inundation 
was caused to subside, whereupon a serious outbreak of malaria occurred. 'l'he 
('pidemic was not succe~sfully combated until the land was again submerged _an.! 
kept so until the advent of winter. The effect upon malaria of inundations is 
almost yearly observed in the valleys of the Nile, of the Mississippi. and of other 
largt! streams." 

Many other authorities also have called attention to very similar 
facts. For example, Davidson states that :-

· '' Iu ~orne marshy countries, a heavy rainfall diminishes the prevalence of 
fe'"er by co\·ering the marshy ground with a protective sheet of water. Thus in 
the ~etherlauds, it has often beoln relllarked that rainy years are hea!rhy yeare, 
w!Jile hot and dry seasons are feverish.'• 

Scbeiibe, speaking of conditions affecting malaria prevalence, 
remarks that :.,..-

" Yery heavy rain has a deterrent influence on naturally damp soil • At 
tl1e hei);(ht ot the rainy season . . • in Deli in Sumatra (:Martin) and New 
Guinea (S:hellong), the minimum uumber of cases of illuess i1:1 notified" 

And he explains this by observing that :-

" A th'Jrough soaking of the S<>il is de!eterions to the development of tle 
mosq•Jito " 

16 
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Craig also records that :-

"In many regions. howe~er, where abundant rains occur, malaria i~ race, el"en 
thongh the anophelines are present. This is explained by .the fact that in soch 
region~; the rains are so heavy and continned that the breedin"" places of 
DlOS'}uitoea are washed out and ova and larvae do not ha~e a chance to"' dtve!op, or 
tuat no infected individuals are resident in the locality. In the f\)rmer i<~stom.:a 
an unusually heavy rainfall may act as a proteetion against malaria." 

Manson too has observeJ the same thing and explains it in the 
follo~ng passage :-

"In some places, parti('n)arly in those lhat are low lying, fiat, aud swampy, 
fevel'lJ of first in~asion disap~ar almost entirely when the country be.:•JUiei 
8ooded • • • In &Ome places mach rain will s.:onr out the mosquito pool!!, 
in otloer places it will just fill them . • • The key to the explanation of the 
varying relation of malaria to rainfall is tQ Le found in the influence of the latter 
on the local moe'}nito pools.." 

2. The passages quoted aboYe show that it has long been 
recognized that the fioodin~ of a country may exert a beneficial 
influence upon malaria. And authorities like the lat~ Professor 
Angelo Cel!i and Professor Julins Mannaberg have always regarde·l 
fiowiing or "con•ring by water" as useful m~asures for the control 
of the disease. The former author refers ir. his classical monograph 
on •• Malaria according to the !\ew Researches" to this method 
of combating malaria in the follo"ing words:-

•• C:Jvering can, so to sp~ak, also be made with -eater. If a stratum of 
water be made to cover a malariomJ site, 110 long as the water remains at a 
consrant level there will be brought about a relative improvement • • . Tlois 
submersion 1o certain C&.'"tl$ is only relati7ely beneficial, an•i its real value 
will have l\1 be tested in the light of the new theory regarding the origin 
and propagation of malaria by means of mn..qnitoe:'l Thus perhaps will be 
explained what eeems to be a paradQ:x, namely, that the soppres~ion of an 
epidemic of aqoatic origin is brought abont by the presence of water." 

And in Nothna~el's Encyclop!lldia of Medicine, the latter 
writer, when discussing the prevention of malaria, remarks that :-

"In swamps, where draio~ge was impossible, a re.~lar level WAS aimed at, 
especially during the su:nmer months. by the regulation of the incoming an•i 
outgoing water, and by the building of ilams since it was not the surface co.,.ered 
with water but tloat which was alternately under water and exposed to evapora
tion. which was oiangeroos." 

Adding that :-

.. Exceptionally daring severe epidemic radical measures were undertaken, as 
far instance, the copious 8ooding of malarial foci. This was fir~t pot into 
practice by Empedocles, later by Lancisi." 

Some investigations by Lieutenant-Colonel Hodgson and 
King, I.ll.S., serve to tbrow a new light upon th~ rationale of 
phenomena of the kind referred t9 and enable us to understand why 
"jloating or covering by water" may b~ a most useful measure of 
anti-malarial sanitation. The following pas.'lage is extractP-d from 
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Lieutenant-Colonel Hodgson's note in the Proceedings of th& 
Lucknow Sanitary Conference, 1914:-

.. Taking the mosquito in its larval existence, we found that the optimum 
temperature for anopheles lay between 68"-78"F. Temperatures above SO"F. 
becam'l more and more unsuitable, while temperatures of 95"' to lOJ"F. were 
rApiilly fatal. In nature, during the monsoon at Delhi in Angnst. and in 
~ladras in November, we found the surface of pools to vary from 'i3"F. to-
1 Ot_•F., the difference being due to the following important facts:-

(1) The coolest pool~ were very small pools lying amongst grass. 
(2) The erlge of a pool in the day time is cooler than the centre. 
(3) The surface layer is often 3" or 4" hotter than the water 4 or 5 inches 

down at midday. 
(4) The water lying 3t the shallow edge, rnunu grass stems, is the co:,lest 

part of a pool. 
(5) When the avera~e temparature of pool~ had risen to 90" or even 100" •• 

falling rain both at Delhi and lladras was found to. be 73" _to 77"F., 
during the monsoon. 

(6) The rivPr ·at Delhi even after long d1·ought never rose above 87"F. at 
midday. 

(7). Well-water varied from SC"F. to 82"F. 
(8) The sea at Madras in the monsoon was 80"F. 
(9) Small hoof marks in grass might contain water 90"F. cooler than a large 

pool 6 inches away, particularly during hot dry weather. 
''An anopheles mosquito lays her eggs in that type of· pool which is coolest 

nt tlte time. The struggle for existence rapidly increases above· SO"F. and 
temparatures such as 1 04"F. are fatal to every single larva in less than 18 hours, 
though this is a temparature at which some pools have been found io nature. 
In the Ttrai io October water varied from 65"F. to 78"F. on the two days we
examined it, and anopheles were breerling in miliions. The great aestroyer of 
mosquito )'l.rvre is nature and her principal means is raising the temperature of the 
water." 

• 3. It will be seen from these ob;:ervations that small collections 
of water and those possessing a large ratio of weedy edge are. far 
more dangerous than large water surfaces, becau~>e they invariably 
possess a low"!r temperature much more suitable for mosquito larvre 
than the high temperature to which large collections of water 
speedily become raised. This fact helps to expiain the beneficial 
effect of flooding up•'n the prevalence of malal'ia. When water is 
admitLed in large amount to the surface of a low-lying country, all 
the small pools are ccnverted into large ones ; on the ond hand the 
ratio of dangerous edge .is greatly reduced and on the other hanll the 
temperature of the water is speE>dily raised with the result that the 
output of anopheles mosquitoes is restricted. And when this 
meao;ure can be adopted with advantage from the point of view of 
agrict1lture also, as it may in countries where the population is 
large)~· dependent upon wet crops, a doubly beneficial result may be 
expected. 

4. In regard to the use of flooding al't well as in the case 
of other antimalarial measures specially directed a2ainst mosquitoes. 
there is anothE>r point which requires con-<ideration. This is the 
fact that, broadly speaking, it is in the rainy season only that 
measures of thia kind are required. Moreover, it is only at thi~ time 
of the year that they can prove effective. An examination of the 
mouthly curve of admissions from malaria will show that the uisease 
usually begins to FOhow an increase in the month of July or August, 
reaches its maximum in September or October and speedily declines 
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in Nov~>mber. If we Ci•mpare this sickness curve with ·the cnne of 
.mosquito prevalence, we shall find a remarkable correspondence 
between them. -That is to say, the increase of walarial f~ver always 
shows a correlation with the increase of anopheles mosquitotoS, aud a. 
speedy decline of the disease always follow a great reduction of the 
number of anopheles. Once this point is grasped, it will be seen that 
.anti-malarial J;Deas.nre-> directed against mosquitoes to· IJe dfective 
must be carried out during that p~rioJ of the year when anopheles 
:are active in ·r~ansmitting infection, and at other times efforts directed 
.against_ mosqt~ito~s will be fruitl.ess. Hence we have to consider 
the condition of land surfaces and tbe existence of mosquito-breeding 
place_s, especially. small co~lecti.on of water, during the n;~.onsoon 
months, and we most concentrate our effort upon reducing .the output 
'()f insect& at thia period. In a .low-lying -country, . such as Bengal, 
where tlte .land aur.face has l'ery little fall ::md where there is a 

•heavy rainfall it is an exceedingly difficult task to diminish the 
'()Utput of mosquitoes by drainage. 0:: the other hand, provided we 
can obtain a sufficient supply. of wa~er there should bd no great 
-difficulty in converting the d!lngerous small pools into collections of 
wat~r ~uffi~i~ntly large !lS to __ c~as~ to be a danger. !his is the 
measure that I propose _should be adopted experimentally in consulta
tion with the Irrigation DepartmE-nt in all areas in which conditions 
will all.ow •.. ~!J.d f. or this_ ~-nrpo!Je _I have_ obtained a list of irrigation 
sluices. I.am informed that in the past very little use has heen 
made of these sluices to provide a supply of water, but in consulta
tion with the Irrigation Department I am hopeful -that steps may be 
taken to utilise them during the present year. I have already 
arranged for an examination of the spleen indices of the villages 
servell by these sluices. And it will be possibl<-' by watching the 
results of letting in water during the flood season to carry out a 
stries o( useful experiments at a comparatively sm~:~ll cost. In 
addition to this, I am hopeful of being able in the early future to 
make ·proposals for the carrying out of one o1· more hrger scale 
experimeuts on the lines just indicated. 
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