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PREFACE.

Tais volume is the first of a short series in which it is proposed to describe the
cultivated products of these Provinces, and to furnish in a convenient form all the
information on the subject that is likely to be wanted either by the student of Indian
agriculture, or by the administrative officers of Government. It was originally
intended to take its place as Part IV. of a series of works of reference published by
this Department, of which the following numbers have already appeared :—

I. Gums and Resins.

II. Economic Mineralogy of the Himalayas.
III. Dyes and Tans.
V. Vegetables and Fruits.

Of these all but the third were written by Mr. E. T. Atkinson, C.S., who when he left
these Provinces, bequeathed to the Department a large collection of notes, which has
been used by Mr. Fuller in putting together these Papers. By far the greater part,
however, of the present work has been compiled from the reports of Settlement officers
and other Government records, or, as far as it deals with agriculture, practical or
scientific, contributed by the author from the experience he has gained in managing
the Cawnpore Experimental Farm, and the knowledge acquired in tours over the
greater part of the Provinces.

For the purely botanical notices which form the first paragraph of each paper, it is
indebted to Mr. Duthie, the Superintendent of the Botanical Gardens at Sahiranpur.
The pictures are by Mr. H. Hormusji, a Parsee artist, who was imported by Mr. Buck
in 1878 from the Bombay School of Art. The rest is by Mr. Fuller.

He is believed to be the first who has attempted to give a comprehensive view of
the agriculture of these Provinces, and if the extent of area, the differences of custom
and natural conditions, and the variety and complexity of the subjects forbid the
expectation that the treatment has been quite exhaustive, it is hoped that the omissions
are unimportant, and that serious mistakes have been avoided,

W. C. BENETT.
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Entroduction.

TaE following brief summary of the leading facts, which are of generaj application to the Agri-
culture of these Provinces, is merely given in order to prevent unnecessary recapitulation in the
crop accounts, and the information which it contains has no pretensions to he considered very full or
in any way exhaustive.

The total area of the N.-W. Provinces and Oudh is nearly 68 million acres, of which only 34}
million acres ave under cultivation. Of the uncultivated area, 15 willion acres, or 44 per cent., are
returned ag cultivable, and the remainder absolutely harren. Details of the area comprised within
each Revenue Division of the N.-W. Provinces and the Province of Qudh are given below :—

. ] . -]
-] a g -] d -1 3
BE | 28 28 | 28 28 25 | £§
88 =9 X z g% ] ] ]
SE [ 28 | €% | 22 g2 | 22 | E% | Total,
A | 54 & | ZA Ry *A | 1A ©
acres. Acres. acres, acres. acres, acres. acres, acres. acres,

Cultivated, m o0 |$4,39,680(44,00,820140,36,928(50,04,928  64,22,144113,73,164 5,06,752| 84,00,806(3,43,84,832
= per cent. on total, o 613 633 621 569 547 430 63 542 50-9

Uncultivated but cultivable, . [16,36,608(19,00,05610,88,44620,30,272| 20,82,56011,94,496| 7,54,240| 43,18,33G| 1,50,14,01G

= per cent. on total, 22.6 74 168 231 17-8 373 95 297 231
Cuocultivable, w. .« oo [11,68,448 G,55,680,13,71,200/17,61,954/ 32,30,976| 6,21,824,66,99,200] 27,98,336{1,83,07,643

= per cent. on total, .., 161 94 2101 200 27§ 19:5 842 181 270

Total, ... |72,44,736(69,65,056(64,96,576(87,97,184| 1,17,35,680 31,89,504179,60,192 1,55,17,568' 6,79,06,49G

The large amount of uncultivable land in the Kumaun Division results from its including but
little flat country, and being alnost entirely confined to the ranges of the Himalayas.

The land revenue annually collected by Government amounts to Rs. 5,70,94,121, which is in-
creased by certain additional cesses to Rs. 6,37,35,362. This falls at the rate of Re. 1-9 per culti-
vated acre, or Re. 1'3 per cultivated and cultivable acre. The following table shows the revenue

Division by Division :—

. 2 . = . .
s8 R 25 £8 85 Z 8 E8 K
g2 =3 &5 =3 5 5.3 £5 3
=5 | EE | <k == sz [ &= | E= 3 Total.
A SR =] <A RAa A XA
[ <
B RS, BS. BS, BS. BS, RS. B, RS,

Land revenue, o e e |80,30,773(69,01,702(84,32,385( 93,37,287(81,94,375,14,99,474, 5,16,234) 1,41,81,87] 5,70,94,121
Additional cesses, s oo [14,14,434{13,17,851(24,19,056| 16,20,550/15,07,543| 2,86,650, 56,321| 10,18,60G] 8G,41,241

Total, vee |94,45,207/62,19,583(98,51,4411 1,09,57,837/97,01,918/17,86,124 5,72,575| 1,52,00,677| 6,57,35,3G2

Revenue per caltivated acre, ... 212 1.86 2.43 218 1:51 1:30 51z 1-80 189

The rental may be assumed to be double the revenue plus cesses; its amount is not even ap-
prosimately ascertainable, since a large proportion of the cultivators are also landholders, and hence

pay no actual rent.
The total population of the N.-W. Provinces and Qudh as returned by the census of 1881 was
2



INTRODUCTION.

44 millions, 30" millions of which (or 68 per cent.) derive their living directly from the soil. Out
of these 30 millions, 15 millions are returned as actively occupied in the capacity of landholder, tenant
or labourer in the following proportions, figures under hundreds boing represented by cyphers :—

Landholders— Male, s 9,77,900
1 Female, 2,18,900
Total, <. 11,96,800 =7 per cent,
Tenants— Male, ws  76,48,000
1 Female, 29,14,600
Total, e 1,05,62,600 = 70 per cent,
Labourers, in perma- Male, e 8,34,306
nent employ— t Fomale, e 1,91,500
Total, «e  10,25,800 = 6 per cent.
Labourers, in occa- } Male, 9,38,900
sional employ—  f1 Female, .. 11,580,800
21,19,700 = 14 per cent.
Total labourers, 31,45,506 = 20 per cent,

The population of these Provinces is denser than that of any European country, and were it not
possible that some portions of China may be still closer crowded with humanity, it might be confi-
dently described as sharing with that of the Lower Provinces of Bengal the distinction of being the
densest in the world. The number of persons to each square mile of area is 415, and if the hill
districts of Kumaun be included, the figure is increased to 457. Excluding all uncultivated land,
the number of persons supported by each square mile of tillage reaches the enormous figure of 808,
and this too although the urban population does not amount to 10 per cent. of the total. There are
considerable differences between the density of population in the various parts of the Provinces,

as well as in the proportion in which furban population stands to rural, asis indicated by the
following table :—

Meernt |Rohilkhand| Agra | Allabhabad | Benares Jhansi | Kumaun Oudh
Division. | Division. | Division, [ Division. | Division. | Division. | Division. | Division,

Population—
per square mile of tolal
arca, 454 477 476 418 535 200 84 469
per square mile of cul-
tivated area, 741 745 766 736 978 466 1,322 867
Percentage of urban popu-
lation on total, 15 14 12 9 7 10 4 6

The density of population in the Allahabad Division would be even larger per cultivated mile
than that of the Benares Division were not its limits extended to the Bundelkhand Districts of Banda
and Hamirpur, which are geographically distinet fromn the rest of its area. The fact that the culti-
vated area of the Himalayan hill tract supports a larger population than that of any other portion
of the Provinces is at first sight surprising, but indicates how closely density of population is connect-

* Obtained by calculation only, since mecans of livelihood was only taken note of in case of persons engaged in some
occupation and not in case of (heir families,

1 In their own right, wives merely as such are not included.

1 *Urban ” population includes the inhabitants of all towns cousisting of a continuons group of buildings with a popula-
tion of 5,000 souls and upwards.
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ed with cortainty of rainfall.* This considoration is also of assistance in accounting for the increase
of population as one goes castwards, even although concurrently with o diminution in the proportion
of that portion of it which secks its livelihood in trade and manufacture.

The most important class of the community from an agricultural point of view is of courso the
tenantry. Without touching on the complicated subject of land tenures, the cultivators of the Pro-
vinces may be broadly classified according as they hold their land under a right of occupancy at a
.fair rent, or are liable to be ejected at the pleasure of their landlord. The percentage of area held
in occupancy right in 29 out of the 30 temporarily settled N.-W. Provinces Districts is shown by
Divisions below.t The figures have been calculated from the agricultural returns for 1879-80 :—

A | Benar e
. Diviei : on, R mann
Diveros. | "Divto | pibfi, | gxcodivg | Jclading | Shansi | Diistn,
. . . Baude and | Basti and Division, including
Jaunpur. Gorukhpur Tarai
: only. oply.
Percentage of area
held in occupan-
cy right to total
cullivated area, 16 29 33 30 15 6 23

Another important consideration in estimating the prosperity of the cultivating classes is the
average size of holding. To ascertain this is a task of some difficulty, the only reliable source of
information being Scttlement officer’s pargana rent-rate reports, which do not in every case contain
the required statistics of the cultivating population. The subjoined table epitomizes the result
of compiling all available information on this subject, and tho differences which are brought out
appear the more striking if the Districts for which figures are procurable are classed according to
geographical position.

U Doéb Robilkbhand
Dibircte s . Districts of
istricls of | Middle Doab | Tower Do4b Trans-Ghégra Bijnor Bn_nde.lkhnnd
Sabaranpur, | Districts of | Districts of Districts gf Morndubéd Districts of
Muzalfornogar Muttra, Agra,| Farukhabad,| "p.oii'end Bareilly ' Jalaun,
Meerat, Etah and |Cawnpore and Gorakhpur Pilibhit. Iamirpur and
Bulandshehr | Mainpuri. | Fatchpur, PU% | Ghshjabgupur|  Dands
and Aligarb. and Budaun.
Average number of acres per
holding—
of occupancy tenants, ... 86 66 a7 39 52 62
of tenants-at-will, o 72 57 2:6 31 36 49

Tho decrease in size of holdings from west to east is very striking, and to indicate how natur-
ally the different Districts fall into the classification which has Leen adopted, I cite below the averago

area of occupaney holdings in a few of them :—

In the Upper Dodb.
Muzaffarnagar,
Bulandshabr, ...

Aligarh,

74
98
95

In the Middle Dodb,
Etab,
Mainpuri, ...

66
43

In the Zower Dodb.

Farukh

Cawnpore,  «..

abad, ...
3

36

It is admitted that beyond doubt the cultivating classes of the Meerut Division are the most pros-

* An abundant demand for labour, and the difficulty of extending cullivation are concarrent couses.—W. C. B,
+ In Oudh occupaey lenants are only 3 per cenk, and are drawn cxclusively (rom ex-proprictary classes.—W. C. D.

20
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perous in the Provinces, and the large size of holdings there would seem to bear a significant
relation to this. Density of population would be expected to furnish an explanation of these differ-
ences in the area of holdings, but it is very far from supplying a complete answer to the question.
The difference between the holdings of Bundelkhand and the trans-Ghagra Districts is undoubtedly
coincident with a great difference in population, but no satisfactory reason can be discovered from
this source for the differonces in the holdings of the Upper, Middle and Lower Dofb and Rohilkhand.
The proportion of urban to rural population furnishes some clue in this case, being, as a rule, greater
in Districts where the area of holdings are largest. The following table compares the density
of population per cultivated square mile and the percentage of urban to total population, in the same
groups of Districts as are referred to in the preceding table :—

Upper Dosb g‘.’h‘“.k:‘“"‘fl
*Districts of | Middle Dosb | Lower Doab B8 08 | Bundelkhand
Sabharanpur, | Districts of | Districts of T{;’;i;g:’:ﬂ“ Mgg‘;‘:l')-'d Districts of
Muzaffarnagar,|Muttra, Agra,| Farukhabad, Basti and Bnrcill; 4 Jalaup,
Bolondshabe | Mainpor. | Fotoupar | Gorakbpur. |  Pilibhit) | Hamirpur
and Aligarh, ?\l;t:lh nllll(;l:ll:l'\ll.r
Population per cultivated square
mile, 7331 7288 848-1 9154 7450 4196
Percentage of urban to total
population, ... 15 13 1 3 14 9
Ditto after deducting popula-
tion of the city at each Dis-
trict head quarters, 11 7 3 2 8 6

The last line of figures has been added in order to give some indication of the distribution of
the urban population, which has almost as much effect in lessening the pressure on the land as its
actual amount.

The difference between the size of holdings in the Upper and Middle Dodb may be therefore
partly due to the larger proportion of the population which is absorbed by towns in the former
tract. The decrease in the size of holdings in the Lower Doab is sufficiently accounted for by the
large increase in density of population, coupled with a decrease in that portion of it which derives a
living fromn trade or manufactures. Both these conditions are greatly exaggerated in the trans-Ghagra
Districts, without, however, leading to any further diminution in the size of holding, possibly becauso
it is already the smallest which can be made to find employment for a family. In these Districts,
therefore, there is a largoe accession to the class of labourers, a large proportion of whom are literally
as well as practically the bond slaves of their employers. The condition of slavery offers a refuge
from the pressure of competition, and the certainty of daily food may be held some compensation for
the loss of a liberty which only manifests itself in an insufficiency both of work and nourishment.

1t may be mentioned here that the statistics in respect to the area under the different crops which
are given in the following pages are reliable only in the case of the 30 N.-W. Provinces Districts,
which are under settlement for a period of 30 years, and in which an claborate system of land record
is maintained. In the case of 12 Oudh Districts, the 5 N.-W. Provinces Districts under permanent
settlement, and the hill Districts of the Kumaun Division, all igures which are given must be accepted
as being merely approximate.

The agricultural year of these Provinces includes two complete scasons, the one, known 2s the
kharif, embracing the rainy months of the summer and autumn, and the other (the rabi) the cold
weather months from October to April. During the kharif the conditions of warmth and moisture
are almost if not quite tropical, and the crops grown in this scason (the numerous tribe of millets, maize,
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rice, cotton, &c.) are all of a tropical or sub-tropical character. The rabi scason on the other hand,
with an average lemperature but little in excess of that of the English summer months, is well suited
for the production of the most characteristic crops of temperate Intitudes, wheat and burley under
good cultivation yiclding a produce which is fully equal in quality and quantity to that obtained
in England or America.

Both kharif and rabi may be divided into two sub-seasons. The native ngricultural year com-
mences with the first of the month of Kudr, (n date which varies on the solar calendar, but which
corresponds on an average with the middle of September,) from which the sowings of the early rabi
commence. These include mostly garden crops, such us [44i®( Brassica glauca ), rdmddna (Amaranthus
JSrutescens), carrots and vegetables of Enropean origin (cabbages, broccoli, tarnips, &c.), which ripen
in January and February, two months beforc the regular rabi larvest commences. The sowing of
the more important rabi crops, including all the cold wenther cereals, commences in the middie of
October, and continues till the middle of November, nnd although there is as a rule little or no rain
after the end of September, yet the ground generally retains sufficient moisture to ensure the proper
germination of the sced. The date of harvesting these crops vary n good deal in different parts of
the Provinces, but in most districts they are all off the field hy the middle of April.

The months of April, May and June constitute a sub-season, termed by natives zéid or “ cxtra,”
but which may be more conveniently treated as a portion of the kharif. The principal crops pro-
duced in these months are of the melon tribe, grown in inanured pits on sand banks in the bed of
a river, and the small millet known as chekna (Paricum miliaceum), which requires copious irrigation.
These ripen in June. At the end of May or beginning of June indigo and maize are sown where
irrigation is available, since both these crops should be got into the ground if possible at least three
weeks before the rains commence—indigo, because excessive moisture is apt to damp off the young
plants, and maize, because it is as a rule followed by a rabi crop, and it is therefore a great object to
get it off the ground aa soon as possible. Ploughing commences actively with the setting in of the
rains at the end of June or beginning of July, the first crop to be sown being cotton, then rice, and
the greater millet (judr), and last of all the spiked millet (bdjra). It is of the utmost importance
that all the land destined for rabi crops should be ploughed up at the beginning of the rains, eo as to
catch the rain in open furrow, and since the wholo of the rabi should be ploughed and reploughed at
least four times during July and August, the cultivator finds no lack of employment in the intervals
between the weedings of his kharif crops.

Sugar-cane is somewhat exceptional in its season, being sown from January to April, and cut
during the following cold season. It is most properly reckoned as a kharif crop.

The soils over the greater portion of the Provinces being of alluvial origin, do not exhibit any
such striking differences as are seen in a tract where they have been formed by the disintegration of
rock in sitw. The fluvial action to which most of the soils of the Provinces owe their origin, must
have effected the more or less complete intermixture of the results of the denudation from which they
are derived, and the main difference between one soil and another lies more in mechanical condition
than in chemical composition. Local differences in the strength of the river current would result
in the separation of the finer from the coarser particles of earth held in suspension, the latter sinking
much slower than the former, and being therefore deposited in greatest quantity where the current
was slowest—in still water channels and back waters. Differences in the size of particles are often
associated with differences in chemical composition, and to some extent this process would, therefore,
tend to the separate deposition of the particles of different kinds of substances, such as for instance

* In maoy Sub-Mimalayen tracts kiki is an important ficld crop.—W. C. B.
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clay and flint (sand). To the continual changes in the river bed and consequent variations in the
currents must be ascribed the great irregularity in the distribution of sand and clay beds both above
and below the surface, which is one of the most striking geological features of the Provinces. The
irregularity in surface distribution must have forced itsolf on the attention of every one who has had
occasion to examine the soils of evon a single village, and that this irregularity prevails to a consider-
able depth beneath the surface is shown by the very different strata through which even closely
adjacent wells are often found to have passed.

In the portions of the Provinces which lie morth of the Jumna, soils are classified by native
cultivators mainly with reference to the proportions in which clay and sand enter into their composi-
tion. The general term for a clay soil is matydr; if very stiff, such as is found along drainage lines,
it is known (in the Eastern Districts) as dokra, and if of the poorest quality, only fit for rice cultiva-
tion, as dhaukar or khaput. At the other end of the scale a soil of almost pure sand is called biir or
balua, while loams are collectively known as domat, local terms being 7osli and sewai in the Meerut
Division, and seolak in the Eastern Districts. The light reddish loam which is found over a great
portion of the Provinces, and which is generally accompanied by extensive irrigation from earthen
wells, is known as saigun (Mcerut), or more generally pilia or pilotak.  Usar is the name applied to
the reddish clay which is rendered infertile by saline matter.

In the tract known as Bundelkhand* south of the Jumna, soils exhibit much more diversity, the
most characteristic of them being the stiff black loam called (par excellence) * cotton soil” or mair.
This stretches in extensive isolated plains over a large tract of country, and is of remarkable fertility,
producing excellent crops of cotton, millets, wheat and gram without irrigation, and with very rough
cultivation. Irrigation is rendered unnecessary in ordinary years by the great retentiveness of mois-
ture which characterizes this soil, but even were it necessary it would be impossible, since mdr when
dry splits up into fissures of surprising depth, one or two of which would cffectually swallow up a
whole day’s watering. A lighter coloured mdr is known as kdbar, which is also very sparsely irrigated.
A grey loam which is greatly benefited by manure and water is called parwa, and rdnkar is a light
yellowish infertile soil which extends over a great portion of the country, especially in tracts inter-
sected by ravines.

As to the alluvial origin of the soils of Bundelkhand there can be no doubt, and their dissimi-
larity from those north of the Jumna may be cxplained on the hypothesis that they were derived
from Central Indian instead of from Himalayan débris. The chemical composition of mdr is com-
phred below with that of the soil of the Government Farm at Cawnpore. The farm soil may be
accepted as a fair sample of the light reddish loam which occurs over a large portion of tho Ganges-
Jumna Doib. Both analyses were kindly made by Mr. S. A. Hill, B.8c., Metcorological Reporter

to Government, and represent the condition of the samples after having been freed from all uncom-
bined water by exposure to a heat of 125 C.

Composition per cenl. Composition per cent.
Cotton soil.l Fuorm soil. Cotton soil | Farm soil,
. 1 . T N
Combined water, 321 2:04 | Ammonia, ... o race. one.
Organic matter, t1-74 016 | Nitric pentoxide, ... 013 011
Carbon dioxide 1-28 016 —_—
' Total volatile conslituents, ... 6-36 2-47

* Comprising tho Districts of Banda, Ilamirpur, Jalaun, Jhansi and Lalitpur.
1 Containing 0'96 carbon.
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Composition pcr cent. Composition per cent,

Cotton goil, | Farm soil. Cotton soil.| Farm soil.

Chlorine, R 0-64 | Trace. |Claydecom- { Alumina,... 757
Sulphur triozide, e 7:66 | Trace. |poscdby I, { Oxide of iron, ... 010 294
Phosphorus pentoxide, . 011 051 80. Silica, ... .o | 1355 337

Silica and tungstic oxide (latter Insoluble sand, &ec., ... 34:51 78:56

in farm soil only), ... 0-38 0-13
Alumina, 024 4:20
Oxides of iron and manganese,... 3-33 559
Lime, cvo v e e 366 | 090
Magnesia, 0-99 0-91
Potash, 028 | 032
Boda, ... . 043 0-08
Total soluble in hydrochlorie

acid, ™ 17-72 12-64 Grand {otal, 99-81 | 100-02

The dark colour of the cotton soil (which almost disappears on drying) is obvionsly not due to peat, as
the proportion of organic matter is so small, but is probably caused by some compound of iron. The most
notable point about its composition is the large proportion of gypsum it contains, the sulphuric acid and lime
being in such quantities as to be equal to 6 or 7 per cent. of gypsum, even supposing some of the acid to be
combined with magnesia, oxide of iron and other bases.

A notice of the soils of the Provinces would be imperfect without some account of (1), usar ; (2),
kankar ; and (3), the nitrates which are found in the soil and well water of certain localities.

Usar is the term applied to a yellowish clayey soil which is rendered infertile by containing an
excess of soluble salts. These salts chiefly consist of sodic sulphate (Glauber’s salts) generally accom-
panied by varying proportions of impure sodic carbonate. They often amount to as much as 20
per cent. on the weight of the surface soil, which is at least forty times the proportion consistent with
fertility. Under conditions favorable to surface evaporation the salts accumnulate on the surface, in
some places covering square miles of country with a dazzling white efflorescence, which no one who
has ridden across will easily forget. The extent of the loss which these salts entail may be judged of
from the fact that out of the 64 million acres which form the total area of the N.-W. Provinces* and
QOudl 2% million acres, or 4 per cent., are returned as uncultivable, solely on account of being impreg-
nated with them.

The most extensive tracts of usar are in tho Districts of the Ganges-Jumna Dodb east of Mecrut,
where they amount to 11 per cent. on the total area. They occur but sparsely in the damper
Districts of Rohilkhand, north Oudh and Benares, and are unknown in Bundelkhand.

The most striking fact in connection with usar land is the extreme irregularity of its distribu-
tion. Not only are usar plains of the most fantastic outline and often interspersed with small oases
of fertile land, but frequently single fields may be met with containing narrow strips of usar only one
or two feet broad in the midst of a luxuriant crop. It may still be considered a doubtful question
whether the salts are peculiar to usar soil, and were originally deposited with it, or whether they
have been concentrated in it from the surrounding soil either by a long-continued process of capil-
lary attraction and surface evaporation, or by transfer over the surface in drainage water. But it may
be accepted as certain that impermeability to the downward percolation of water is one of the most
marked characteristics of usar soil, and this would of course enormously assist surface concentration,

¢ Excluding the hill tracts of Kumaun and Garhwal.



viil

Kankar,

Nitrates,

Muanures,

INTRODUCTION.

since it would prevent any sult from being washed more than a few inches down into the subsoil,
when it had been once brought to the surface by capillary action.

Kankar is the name given to a form of carbonate of lime, closely resembling stalngmite, which
oceurs in beds a few feet below the surface, and is found here and there in most districts of tho
Provinces. It is especially common in the districts where usar is prevalent, and has been often as-
cribed as one of the causes of saline efflorescence, which it would undoubtedly assist by stopping all
downward water porcolation. It occurs in either irregularly-shaped nodules or in blocks ; in the
former shape it furnishes the material for the metalled roads over almost the whole of the Provinces,
and in the latter form it is an effective material for building purposes.

A curious fact connected with it is that exhausted beds are known to form again in a few years,
if the holes from which they were dug are filled in and levelled.

India has long been known as an exporter of saltpetre (potassic nitrate), its climate being pecu-
liarly favourable to the oxidization of ammonia and consequent production of nitric acid. Nitrates
occur largely in the soil and well water of numerous localities in every District of the Provinces.
The places where they are found may almost always be recognized as village sites of great antiquity,
and they are believed to be formed from the filtration of the sewage which saturates the ground of
every alleyin a village, and gives a manurial value to the water of the village tank. The nitrate which
is found efflorescing on the surface of the ground, and which is particularly common on old walls,
buiit with mud from the village tank, is nitrato of potash (saltpetre), and under the name of nona
mitt is often used by cultivators as manure for tobacco. The nitrate found in brackish (or Ahdri)
well water is nitrate of soda (chili saltpetre), since nitrate of potash is held up by the soil and never
therefore reaches the subsoil water. Khdri water is of considerable manurial value to growing crops,
but checks the germination of seed if applied before sowing, and henee villages which are dependent
upon it arc unable to supply by irrigation any deficiency of natural moisture at the time of sowing
the rabi crops.

It is a striking illustration of the matural fertility of the soil that the Indian cultivator can make
shift with so little manure as he does, although the small size of the holdings allows the land but little
rest, and much of it has been under cultivation from remote antiquity. The exclusion of animal food
from the Hindu dietary, is an insuperable bar to the alternation of meat growing with corn growing,
which is held essential on most English farms ; and two-thirds of the dung of what cattle are kept
for draught and milch purposes is consumed as fuel, and only reaches the land as inorganic ash. The
whole of the dung which falls in the homestead, and much of that which falls in the roads and fields
during the dry months of the year, is collected by the women of the house, made into round flat fuel
cakes and dried in the sun, and it is onlyin the rainy months, when it would be impossible to do this,
that the dung finds its way on to the cultivator's muck heap. In an ordinary district there is one
head of horned cattle to every two cultivated acres, plough cattle constituting rather less than half
the total number, milch cattle (chiefly buffalocs) and calves forming the rest. The average weight of
the sundried dropping of a bullock per diem may be taken as 4 to 5 Ibs., so that even if the whole of
the supply of cattle dung was carefully utilized and none burnt for fuel, the amount available per acre
per annum would be only a little over 10 maunds.  The keeping of sheep and pigs and goats is con-
fined to the very lowest classes of the people, and is on so small a scale that it has little or no influ-
ence on agriculture.

The consumption of cattle dung as fuel is, however, necessitated by the scarcity of wood and im-
possibility of obtaining either peat or coal to fill its place, and there can be no doubt that a large
proportion of cultivators make good use of the supply of manure which is available. The core and
most valuable portion of the muck heap is the cattle dung collected during the rains, on which are
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thrown each day the ashes from the cooking fire and all refuse vegotable food. No attempt is made,
however, to provent loss by drainage or evaporation, but the droppings of Indinn cattlo are so
poor in nitrogenous matter, that it is probable that tho loss from these causes is over-cstimated. On
the other hand villages are not uncommon in which no attempt is made to collect even the manure
which is at hand, and the cultivators either from caste prejudice or forco of custom will make no
endeavour to manure their land,

The fields of an Indian village have, however, a source of manure peculiar to the country. An
invincible objection is held by the villagoers to anything in tho form of a fixed privy, and the land im-
mediately surrounding the village site is the favourite retiring place for its inhabitants. The value
of this custom to the soil can hardly be over-estimated. It is mainly owing Lo it that cach village
is surrounded with a belt of rich land, several fields deep, which pays at least double the rent yielded
by land ot a short distance boyond it. Indeed the fields of a village mny be nearly always marked
off into threo belts by differences in their manure supply. The ono lying round the outside, called
the barha or pdlu, is never manured, the one next to it (the manjhe) is manured in every second or
third year from the cultivator’s muck heap, while the one immediately surrounding the village (the
gauhdn or bdra) is fertilized in the manner indicated nbove in nddition to this.

It will not be out of place here to make brief mention of the systematic manner in which the refuse
of certain towns is utilized by the cultivators who live round them. The city of Farukhabad is surround-
ed by a broad band of what is probably the highest cultivation in the Provinces. Three cropsaro gather-
ed within the year : potatoes occupy the ground from October and Fobruary, are succeeded by tobacco,
and the tobacco by meize, which is off the ground in time for the next crop of potatoes. Enquiries made
by Mr. Buck in 1872, showed that this productiveness was ontircly due to the use of the city refuse as
poudrette, and that a regular system had organized itself for the tranemission of the manure from the
city to the cultivators. The city was divided into wards, each one of which was in charge of a set of
scavengers or sweepers, whose sole remuneration for the daily removal of refuse and filth was the price
which they could obtain from the cultivators for it.* It was calculated that the total annual price paid
to the scavengers for the manure was about Rs. 20,000, while the increase in rental, which was due to its
application, amounted to some Rs. 40,000 more. But this state of things is very exceptional, and is
mainly due to the fact that the cultivators round Farukhabad are of a caste which permits of their using
as manure refuse which in most cities is disposed of as fuel for brick burning.

The occasional use of earth containing nitrate of potash (altpetre), especially for tobacco, has
been already noticed, as has also the manurial benefit which results from the use of water impreg-
nated with nitrate of soda (kkdri). In some places there appears to be a dim recognition of the
advantages which result from ploughing in a leguminous crop, although it is hardly ever acted upon,
probably because the advantage in present of cutting and carrying the crop outweigh the profit in
future from using it as manure. No use is made of crushed bones, and careful experiments have
shown that the increase in produce which they occasion is on many eoils very small, if not altogether
problematical. In indigo refuse, however, there is a most valuable fertilizer, which in these Provinces
hardly ever finds its way on to the land being, as a rule, sold by the factory as fuel for glase making,
when it fetches as much as Rs. 1-8 to Rs. 2 per 100 (dry) maunds. In Bebar it is universally used
as a manure, partly perhaps because the factories there have more land directly attached to them than
is the case in these Provinces, and partly because no glass is made there, and the temptation to turn
it into ready money does not exist. '

The condemnation which is passed on the Indian method of tillage is, as a rule, far too sweeping.

® The same arrangement exists in Lucknow.—W. C. B.
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The imploments are it is trne of the rudest kind, but the patience and perseverance of the cultivator
compensate to a great extent for the inefficiency of his tools, and although a singlo ploughing may
merely scratch the surface, the twelve or fifteen ploughings which aro commonly given for the moro
valuable crops produce e tilth which for depth and fineness might be envied by any English market
gardener. The smallness of the holdings render time of comparatively littlo value, and the general
weakness of the cattle only permits of the land being ploughod, so to speak, by instalments. In
places, however, where higher cultivation is spreading, and crops such as sugar-cane are more generally
grown, the need of a more efficient plongh appears to be felt as is shown by a great increase in the
size and weight of the native implement. In general shape the plough is very similar to the one
used in Egypt at the present day, and in England at the time of the Heptarchy. In its idea it may be
considered a pickaxe drawn by bullocks, the handle being the plough beam, one arm of the pick the
plough share, and the other arm the handle or stilt. It therefore tears and does not cut the ground,
and weight for weight, and depth for depth, is infinitely heavier to draw than the modern ploughs
of Europe or America. It is in fact a grubber not a plough, and mercly stirs the earth without
inverting it. Although there is a general similarity in the shape of plough throughout the Provinces,
there are very wide differences in its practical efficiency. As a rule it may be said to consist of a
short beam of wood (the body or kir),in which are fixed (1), the beam (or 2dris) by which the plough
is drawn; (2), the sole (or paretha) which carries an iron spike, (the phdra), answering to the English
share ; and (3), the handle (muthia or chirdya). The general appearance of the plough varies with the
angle at which these parts are attached to the body, the position of which varies from being almost
perpendicular to being quite horizontal, in which latter case the plough solo is fixed into one end of
it and both are in the same line. In some localities there is no separate stilt or handle, but the upper
end of the body is prolonged upwards in a curve to serve the purpose, and in another common variety
the stilt, instead of being fixed into the upper end of the body, is carried down behind it, and bolted
to it Ly the hinder end of the beam which passes through them both.

The plough is at its worst in the rice districts of Oudh and the Benares Division, where it is of
ludicrously small size, often only weighing 17 or 18 lbs. It is in these Districts too that the agricul-
tural cattle are poorest and weakest, possibly on account of the poverty of rice straw as fodder.
Speaking generally the efficiency of the plough may be said to imcrease as we go westwards, the
ordinary plough of the central Dodb weighing about 28 lbs., while that of the Western Districts
(Mcerut, Muzaffarnagar and Sabdranpur) weighs nearly 50 Ibs., is bound with iron round the
edges of the sole, and instead of a short spike for a share, has a long iron bar which projects behind,
and can be thrust forward from time to time as its point wears down. At a long interval comes the
ndgar plough, used for cane cultivation in parts of Bundelkhand, which weighs 4 maunds, tears up
the soil to a depth of 18 inches, and is drawn by cight bullocks, the cultivators clubbing their cattle
together and ploughing their fields turn and turn about. Bundelkhand also has another character-
istic implement, called the bakhar, or hoc plongh, which is simply a large hoe drawn by bullocks and
used for scariflying the surface in the rains.

The plough is frequently converted into an efficient seed drill by having a bamboo tube atiached
to its stilt, down which the seed can be dropped.

For Lreaking up the clods and levelling the ground, the implement in most gemeral use is a
heavy flat log of wood (the kenga, mai, patela, or péta) dvawn by two pairs of bullocks, the driver stand-
ing on it to increase the weight. In the Western Districts a roller (lakkar), neatly fashioned of tho
trunk of a trec, in common use especially for sugar-canc cultivation, and is gencrally preceded in the
field by a light description of log clod crusher, called maira,
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Tillago depends so greatly on the efficiency of the draught power, that a few words may he added
on the cattlo which aro used for agricultural purposes. These are nlmost entirely hullocks, sinco
buffaloes, though common in many parts of the Provinces, are not capable of continuous effort in a
Lot sun, and aro further disqualified in some places by caste prejudice.  Careful enquiry has shown
that there is ono plough bullock or buffalo for ovory 4} or 5 acres cultivated. Tho bullocks may bo
either locally bred or imported. In the Eastern Districts local bred cattle are the rule, and in the
Western Districts the exception, and it follows that the cattle of the Eastern Districts are the worst,
and of those of the Western Districts the best, in the Provinces. In the Districts of the central
Doéb, enquiries have shown that imported cattlo constitute about 45 per cont. of the total. The
principal breeding grounds in the Provinces are the jungles which fringe their upper and lower
border below the Himalayas on one side, and the Central India hills on the other. So far as numbers
go the Sub-Himalayan breeding tract is the most important, but for quality the Bundelkband is vory
far superior.®  But the tracts from which the best cattle are driven are those known as Mewat and
Harridna, the former lying principally within the territory of native Rajputana States, and the latter
in the Punjab Districts of Rohtak and Hissar. Thousands of cattle are brought annually from these
tracts to the large cattlo fairs held at Batesar, Makhanpur and elsewhere, where they change hands
from one set of dealers to another, by whom they aro retailed to the cultivators.

The importance of the part played by irrigation in the agriculture of the Provinces may ho
judged of by the fact that it ist applied to at least one acre out of every four under crops, and if thoso
creps are excluded which are grown in the rainy seasons, the proportion rises to one in cvery 24 acres.
This is at the outset somewhat surprising, since the smallest average annual rainfall of any District is
24-51 inches, which would be considered nmply sufficient in English farming. But the rainfall in-
stead of being spread throughout the year is almost wholly concentrated in three or four months,
and is so capricious in its quality and its distribution, that farming scarcely rises above speculation in
great portion of the Provinces, unless provision be made to supplement tho rainfall by irrigation.
The undoubted increase in irrigation during the British occupation is therefore easily explained, since
with the increase of population it became a mattoer of increasing ifmportance to render harvest pros-
pects as secure as possible.

The monsoon rains which commence about the end of June are, as a rule, over by the beginning
of October at latest, and the rabi crops are not sown until a fortnight later than this. Theoretically
they should be refreshed by the winter rains, which are due by the end of December, but practically
this only occurs in the Western and Sub-Himalayan Districts, and in the centre and south of the
Provinces, unless provision bo mado for irrigating them, thoy have to malke shift from sowing time lo
harvest on the moisture, which the soil retained after the end of the monsoon. Even during the
months when the monsoon rains are st their height long breaks often occur, which are especially
harmful to the maize and rice crop, and hence it comes that there is a considerable amount of irriga-
tion in the kharif season if water can be obtained with moderate trouble and expense.

There is a very considerable differenco in the average amount of rainfall whichi is obtained by
different parts of the Provinces, and we should primd facie expect to find corresponding differences in
the extent of irrigation. But the comparison is complicated by a number of other differences, (those
in facility of irrigation and character of crops being tho chief,) and the relation. between rainfall and
irrigation is thercfore to some extent obscured. The following figures aro dcrlvcd. from the annual
agricultural returns of the 30 temporarily scttled N.-W. Provinces Districts, being based on the

* The aversge qualily of Sub-Himalayan breeds is poor, bLut they produce soma of the fincst cattle in Im?u:.'—W. . zcmd
. . o o N s Bre Dos )
t Judging from the rcturns of the 30 N.-W. Provinces temporarily eettled Districts for which alone stalistics 8 s po:

3
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averages of the past three years. The area under sugar-cane and indigo has been excluded from that
under kharif crops, since they are both sown during the hot weather, and their irrigation is therefore
not dependent on rainfall.

Allababad |Benares Divi-

. Division, [sion, includio . Kumaun
Meerat Robilkhand Agra i » 28 g Jhansi Divi
Teor LK i excludin Basti and ot 2lvision,
Division, Division. Division, Jn_nnl:urg G::nll(l:l:ur Division. :E‘ncll.xdm]g
District.  [Districts only. aral only.
Normal rainfall
from June to
October, 3125 3573 2678 81-52 4049 81-57 3575
Percentage of kha-
rifareairrigated, 26°5 62 12°'9 7'3 182 1'2 311

Normal rainfall
from November
to May, 556 473 2:55 2:26 3:55 2406 6:53

Percentage of the
rabi area irri-

gated, 41°3 153 56'3 254 608 106 30.5

The large amount of irrigation in the Meernt Division as compared with that in Rohilkhand,
although the rainfall of both is very mearly the same, is due to the facilities offered by the Ganges
and Jumna Canals, and will be noticed further on.

The influence on irrigation of variations in rainfall is of course very marked, irregularities in
distribution having, however, much more effect than irregularities in the total annual fall. The
following table shows this very clearly. The difference between the area irrigated in 1879-80 and
that irrigated in 1880-81 seems disproportionately small when compared with the difference in the
rainfall, but whereas in the former year the rain was all concentrated into four months, in the latter
it was much more evenly distributed, there being a considerable fall of rain in the cold weather.

Allehabag [Beneres Divi- Kumaun
Meernt Rohilkhand Agra Division, Basti. Gorakh. Jhansi Division,
Division, Division. Division, excluding or and Division, including
Jaunpar, A’; amgarh, Tarai only.
+ Rainfall— inches. inches, inches, inches, inches. inches. inches.
in 1879-80, ... 46 66 37 31 64 42 70
in 1880-81, ... 39 36 15 14 40 17 32
Irrigated area (in
thousands  of
acres)—
in 1879-80, ... 14:20 4-48 11:77 675 17-82 72 57
in 1880-81, ... 17-52 384 1591 6-98 15-94 71 55

The sources of irrigation may be classified as (1), wells; (2), streams and tanks ; and (3), canals.
Tt is noticeable that the most important of these sources are principally replenished by the Himalayan
and not the local rainfall. All the principal canals draw their water from Himalayan streams, and it
is possible that the water table from which the wells are supplied is fed more by, so to speak, lateral
percolation from the direction of the Himalayas than by downward percolation of the local rainfall.

The average area irrigated from each of these sources in the 30 temporarily settled N.-1V.
Provinces Districts for which reliable statistics are available is given below :—

# Calculated on the falls at District bead quarters,
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DBenares
Division, Tolal of 80
Meerat |Roh Allahiabad locluding SFVT.T:: "mrm""’
ohilkhand| Agra | Dlvislon, Bantl, Jhansl » | settled dis-

Dlvislon. | Division. | Division. | excluding Divislon. | including [ “tricts of
Janopur, G“"‘:‘d‘l'“r Taml | N.W, Pro-

a ly.
Azamgarh, oy vinces,

1. Total cultivated ares,44,23,250(39,83,429)36,73,436(38,95,800/36,14,244]18,07,659 1,81,915| 2,10,79,638
2. Total irrigated sres,|14,30,545| 4,15,992(11,85,054| 6,18,48015,70,162 65,058| 66,807 52,91,508

= per cent. on 1, 32'3 10°4 309 *15°9 43°4 4'9 30 a5t
from wells, ...| 6,64,258| 2,18,256! 7,46,083, 8,68,175 6,94,359, 49,611 207] 27,40,944
= per cent, on 2, 46°4 52°§ 657 596 44’2 76'2 ‘4 578
from cenals, o 7,28,210| 47,503( 8,14,334| 1,24,510 72 1,182{ 56,050/ 12,71,811
= per cent. on 2, 50'9 11°4 277 201 ‘0 1'8 99°§ 24'0
from other sources,, 88,082 1,50,238] 74,637| 1,25,795| §,75,781] 14,815 50| 12,706,848
= per cent. on 2, 27 36'1 66 20°3 558 220 ‘I 24'2

The table exhibits some interesting contrasts. As regards facility of obtaining canal irrigation
the Meerut and Agra Divisions are about on a par, but in the Meerut Division the areas irrigated
from wells and from canals are nearly equal, while in the Agra Division the area irrigated from wells
is double that irrigated from canals. This is possibly due in some part to n greater tenacity of
the soils in the Agra Division, which makes well construction much casier and more remunerative.
Irrigation from streams and tanks is comparatively unimportant except in the Benares Division,
where these sources are replenished each year by much heavier monsoon rains than reach the West-
ern Districts.

Irrigation wells may be divided into masonry and non-masonry, the former costing from ten
to twenty times as much as the latter, but being of course far more efficient and durable. In con-
structing a masonry well the English system of under-pinning is not practised ; a hole is dug down
to the water level, in which the masonry is built up, and the cylinder is then sunk bodily down
through the soil until it meets a stratum of sufficient tenacity to bear it. The sinking is effacted by
excavating the earth from the centre, and heavily weighting the cylinder, and it is evident that this
would be only possible in a soft alluvial soil. Should a clay stratum not be met with the well is a
failure, since sand will blow up from below as water is drawn from it, and the cylinder therefore go
on sinking. The irregularity in the distribution of sub-surface strata has been already noticed, and
to commence sinking a masonry well requires therefore a certain amount of enterprise as well as
capital. The number of buckets which the well will carry depends on its diameter, and commonly
varies from one to four. The cost of the well depends very greatly of course on its depth, but if
water be 30 feet below the surface, may be estimated as Rs. 200 for a single bucket, and an extra
Rs. 100 for each additional one. Earthen wells are much cheaper, and under favorable circum-
stances do not cost more than Rs. 10 or Rs. 12.1 But their cost and durability depends very greatly
on the strata through which they pass. In some places they will last without repair for 10 or 12
years, while in others they need re-excavation each season. In very few cases can one be sunk
without passing through at least one layer of sand which is blocked from falling in by a lining,
ingeniously constructed of basket-work, grass bands, or wood, which is fixed in the well for the
depth through which the sand extends. Where the layers of sand are very numerous or continuous

* Percentage lowered from the inclosion of the Bundelkhand Districts of Banda and Hamirpur, in which there is little
or no irrigation.

t In many tracts where the water level is high a Lole in the ground which will waler a few biswas can be dug for a rupes or
even less.—W. C. B.
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it is impossiblo-to construct earthen wells, and if there is no clay stratum within a reasonable dis-
tance, masonry wells for reasons given above are equally impossible. Unfortunately this state of
things is not at all exceptional.

The supply of water in a well varies considerably according as it is drawn from below an im-
permeable bed of clay or merely from loose water-benring strata surrounding the bottom and sides
of the woll. “Spring” wells are, therefore, those whioh have been sunk down to the clay through
which a hole is then bored, while percolation wells end in loose sand. In the first case a plentiful
supply of clear water rises from a basin which forms below the clay, while in the second case there
being no such reservoir the water drains but slowly into the well, being much impeded by the sand
which is mixed with it.

In places where the water table is at o greater depth than 55 and 60 feet from the surface, cul-
tivators do not consider well irrigation profitable, and for this reason wells occur but rarely in tho
high tracts over-looking river beds.

When the depth to water is more than 12 or 18 feet, the water is lifted by a leather bucket
drawn by bullocks, and although this means appenrs a rude one, yet experiment has shown that it is
far from being inefficient. The capacity of the bucket varies between 12 and 25 gallons, and it is
suspended by a rope which passes over a wooden pulley fixed above the well mouth, and is secured
beyond to the yoke of the bullocks. In order to give the bullocks all the advantages to be derived
from dead weight, the run is excavated in tho ground, and forms a steep slope down which the bullocks
literally hurl themselves, the driver often subscribing his own weight by sitting on the rope. There
are considerable differences between the capacity of the bucket, the size and efficiency of the pulley,
and the elant of the bullock run, which are often strictly localized, although with no apparent reason.
Thus west of Aligarh the pulleys are all neatly made in wheel form and are of large size, while east
of Aligarh they are merely rough discs of wood generally far too small for efficiency.

Two systems are used in working the bucket. In onc (known as nagor) each bucket is worked
by a single pair of bullocks, while in the other (called k#li) two pairs are employed, one pair drawing
the bucket while the other are on their way up to the well mouth. This is effected by the driver
dctaching the rope from the yoke when the bullocks have arrived at the bottom of the run, and
walking up to the well mouth earrying it in his hand while his bullocks turn into a side run made
for the purpose, and by which they find their way to the well mouth. The driver arrives there before
them, but finds the other pair waiting for him, and by the time these have drawn their load the former
pair are in position. Each bucket whether worked by nagor or kfli requires two men, one to drive
the bullocks, and one to empty the bucket at the well mouth. The A{I; system saves the difference
between the time in which the driver walks up to the well mouth and that which the bullocks would
take to do it, and the vest which tho bullocks obtain after cach effort enables them to work nearly
two hours o day longer, and that too on a bucket which is larger than could be used with a single

pair. Hence the single bucket performns very nearly if not quite as much work as two buckets
worked by nagor, and the labour of two men is therefore saved.

The strict localization of the two systems is therefore a matter for some surprise. East of Etah
hardly a well can be found worked by ki, while west of it one worked by nagor is equally rare.
There are no differences in soils, depth of water, or quality of cattlo sufficiently great to account for
this, although undoubtedly the cattle are finer in tracts where the k/li system prevails.

The cfficicncy of the well bucket increases with the depth from which water is raised. At a
depth of 20 feet the useful work performed by cach bullock is only about -07 horse-power, while at
35 feet it increases to *12 horse-power. The area irrigated in a day varies between §th acre at
20 feet and 4th acre at 40 feet,  In parts of Rohilkhand, Oudh and the Benares Divisions, coolics
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are sometimes used instead of cattle, when six to cight men aro employed on the rope and are con-
siderably more efficient than an average pair of bullocks.

The Persian wheel or Noria (rahat), which is commonly used in the Punjab, is only found in
these Provinces in two small and very dissimilar tracts, ono comprising part of the Jhansi, and the
othera part of the Sab4ranpur District. It consists of a large vertical wheel fixed over the well mouth,
carrying an endless rope bearing a series of earthen jars. The wheel is turned by an arrangement
similar to the modern “gin,” a pair of bullocks turning a horizontal wheel geared by large wooden
teeth into the end of the shaft of the vertical wheel. The lower portion of the rope dips into the
water, and ag the wheel turns each jar is submerged in turn, and is brought up filled with water, which
it empties into a wooden trough so soon as it turns the smmnmit. The machine is only used for short
depths, and will, with water 20 feet from the surface, irrigate about }th acre in a day when worked by
two bullocks and one man. It costs from Rs. 23 to Rs. 50, but its workmanship is usually of the
roughest possible description, and it is very far from yielding the maximum possible amount of
work.

The dhenkli, or lever lift, consists of a long pole hinged near one end to a pivot between two earthen
or wooden pillars, and carrying a rope with an earthen pot 2t the end of the long arm, and a counter-
poise of dry clay at the end of the short arm. The pillars are fixed at a short distance back from the
mouth of the well, so that the end of the long arm comes directly over the well when the pot is
lowered into the water. OQwing to the counterpoise very little exertion is needed in lifting the pot.
The lift can only be employed for depths less than 12 or 14 feet, and is chiefly used in the Sub-Hima-
layan tract and in fluviatile plains where water is near the surface, and wells are mere holes in the
sand fed by percolation, which would be completely emptied by a more rapid method of raising water.
Its cost is from Re. 1 to Rs. 3, and worked by two men off and on during a day it will irrigate 3th
acre from a depth of 10 feet. The feebleness of the lift and of the well which it works is, however,
compensated for by number, there being one to every two or three fields, and the long straight poles
standing erect, like the masts of shipping, are a very prominent feature in the scenery of a Dhenkli
tract. Another lift used under similar circumstances is the charkhi, which consists of a wheel bear-
ing = rope with an earthen pot at each end, the rope being worked alternately in each direction, one
pot coming up full while the other descends empty.

Tanks are most extensively used for irrigation in the Benares Division, where the rainfall is
heavier and the soil more tenacious than in the Central and Western Districts. Along the southern
edge of the Province, and on the border of the Central Indian hill range, there are numbers of magni-
ficent tanks which were constructed by native princes of the Chandel dynasty, but merely as append-
ages to temples, and not as irrigation works as has heen often popularly supposed. Attempts have
been made to utilize them as reservoirs for small irrigation canals, but with not very conspicuous
success. In the Sub-Himalayan tract irrigation from streams is extensively practised, a dam being
thrown across the bed at the end of the rains, and water-courses led off from above it. The rights
which differcnt villages situated on the stream have in these temporary irrigation works are settled
Ly custorn, the power of damming the stream being often shared by different villages, and exercised
by them in rotation one year after another.

The ordinary means of raising water from tanks and rivers, and of lifting canal water when
delivered below the surface level, is the swing basket, which consists of a shovel-shaped basket of
cither bamboo or leather (called beri in the former and bauka in the latter case), with strings attached
to its corners, by means of which the basket is swung backwards and forwards by two men standing
onc on cach side of the hole from which water is to be raised, and almest on a level with the place on
which it is to be delivered. At the commencement of each forward swing the basket dips into the
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water, and ometges with & load which it doposits at the end of its swing on a raised basin, which
forms the end of the distributing channels or one corner of the field to be irrigated. Grent dexterity
is acquired in the use of this lift, which is worked by movement of the body and wrists, with but
little strain on the muscles of the upper arm, Somotimes two are worked at the same lift, one behind
the other, the swings being of course carefully kopt in time. The depth at which the lift is most
efficient is 34 feet, when three men working turn and turn about can irrigate 3ths acre in a day.
TFive or 5} feet is the maximum depth to which a single bucket is worked, but occasionally o series
of them is employed to lift from depths of 10 or 15 feet, being arranged in steps one above the other.
The efficiency of this method of lifting water entirely depends on the labour supply, and it is there-
fore in most common use in the thickly populated Districts of the Middle and Lower Dodb and the
Benares Division.*

With the exception of the temporary water-courses of the Tarai and sub-Himalayan tract,
all the canals in the Provinces are the property of Government. They may be classified according as
they draw their water supply from snow-fed streams, from streams merely fed by rains, or from tanks.
In the first class fall the two Jumna and two Ganges Canals, in the second, the Diin and Rohilkhand
Canals, and the canals in the Bhébar below the Kumaun hills, and in the third class the Bundelkhand
Canals which are at present working. The Sirda Canal, the project of which is still under consider~
ation, will, if made, fall in the first, and the Betwa Canal in the Jhansi Division, now under construc-
tion, falls in the second class.

The area irrigated by these canals in the last threo years is shown below :—

RABI KHARIF, TOTAL.

1878-79. | 1879-80.) 1860-81.] 1878-79. | 1879-80. | 1880-81, [ 1878-79. | 1879-80. [ 1880-81.

acres. | acres, | ncres. | mcres. | amcres. | acres. | acres. | acres. | acres,
Class I.—Snow-fed River Canals.

From Jumna—
Eastern Jumna, .. . ..} 1,81,228| 1,42,201] 1,28,408] 1,10,722| 98,032| 1,07,454] 2,91,950| 2,40,293| 2,35,862
Dehli and Agra, . . . 83,094 36,286 1,05,878] 40,484 20,9111 37,027] 1,23,678| 57,197 1,41,405

From Ganges—
Upper Ganges, .. .. o) 7,25,872| 5,57,937| 3,59,373] 4,80,356| 4,01,471| 8,05,654]12,09,228| 9,59,408| 6,64,927
Lower Ganges, .. . . 6,262| 28,896| 3,99,5601] 10,432| 10,883 1,83,970] 16,694| 39,779| 5,83,471

Class II.—Rain-fed River Canals.

Din Canals, . . . 9,607 8,804 6,867 3,697 6,160 6,441) 18,204 14,964 13,308

Bijoor Canals, . . . 1,281 1,730 2,041 . 656 2,808 1,281 2,386 4,849

Rohilkhand Canals, «. . o] 57,237\ 66,277 290,985] 21,679| 18,981 G57,644] 78,916 85,258 87,629

Bhabar Canals, .. .« ..| 45440 45,904 46300] .. . . 45,440 45,904 46,300

Class I1I.—Tank Canals.

Bundclkhand Canals, . . 1,611 1,351 1,008 188 892 237 1,799 1,743 1,245

Totel, .. 11,11,632] 8,89,386[10,78,861) 6,70,438] 5,57,486( 7,00,135]17,62,090]14,46,87217,76,996

These figures show the cropped area irrigated, and hence include twice over the area which bears

* Irrigation by beris is exceedingly common in Oudh snd Rohilkhand.—W. C. B.
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two cropsin the year. The Table on page xiii preceding only shows the actual area to which water
was applied irrespective of tho numbor of orops raised by it, and which is considerably less than
that indicated by theso figures.

With the excoption of the Eastern Jumna, which dates from the time of the Mogul emporors,
all these canals have becn constructed by the British Government, tho most recent heing the Agra
and Lower Ganges Canals, the former of which was not fully opened until 1878, and the latter not
until 1879. The groat variations in the area irrigated by the Agra Canal indicate that it lias not
yet ncquired a settled hold of the agriculture of the tract through which it passes. The progress of
irrigation on tho Lower Ganges Canal is obscured by the transfer to it of o portion of the Upper
Gangos Canal, which also accounts for the decroase of irrigation indicated in the returns of the lattor.

These canals represent = total outlay of about 6§ crores® of rupees, and are worked at a total
annual expenditure of 19 lakhs of rupees, yielding o net profit of from 4 to 5 per cent. No com-
pulsory water rate is assessed on the villages through which the canal passes, but whoever wishes
for the water takes it, Lis Jand being subsequently measured up and charged for the water at a rate
which varies with the kind of crop grown, ranging between Ils. 6 per scre for sugar-canc and Rs. 3
for wheat or barley. Different crops require different amounts of water, and this method of assess-
ment i3 therefore to some extent based upon the amount of water used, although a single irrigation
renders a cultivator liable for the full amount.

Canal water may reach the cultivator either flush with the surface of the ground, when he Las
merely to allow it to flow over his ficld, or at some depth below the surface, when be has to lift it.
Regard is paid to this in the canal tariff, “flush” rates being considerably higher than those for
“lift,” but not in all cases as high as the full value of the difference. The rates per acrc are sum-
marized below :—

Upper Ganges Lower G
and Eacn.t‘,;:s.lumnn and ‘:\“:m g;gn?ls,
(rates gi::,r;jginn]ly (mtd;z:iss;r)enﬂy
Sugar-cane and rice— ms. | a | e | oo | a]|r
Flush, ... 5] 0| 0 6|10 8
Lift, .. 8| 5| 4 5| 4
Tobacco, opium and vegetables—
Flush, ... 3/ 0| 0 4! 0 v
Lift, ... 2] 0] 0 2, 0 0
Al vabi crops, indigo and cotton—
Flush, ... 2| 4, 0 3l o 0
Lift, ... 1( 8| 0 1| 8| 0
Al kharif crops not specified above—
Flush, ... o o e e 1 10| 8 2
Lift, ... 1/10| 0 1] 0

Irrigation has of course a very different value in different parts of the country, but these rates are
fixed for the whole Provinces, and afford therefore but little indication of the real value of the water.

* Exclusive of charges on account of interest unpaid in back years, which amounts to 4} crores. The total income of the
canals has amounted to nearly 3} erores, so that if no charge is made on account of compound interest, the delicit ouly amounts
to a little over cighty thousand rupces, ‘
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It wust not bo imagined, however, that the whole of the area irrigated by canals would be other-
wise unirrigated. Unfortunately the earlier made canals were aligned through the most fertile parts
of the Provinces, which in general were alrcady abundantly supplied with well irrigation, and in these
tracts the cffect of the canal in ordinary years has been in great measure merely to supplant onc
kind of irrigation by another, without directly increasing the productiveness of the country, otherwise
than by releasing labour which would otherwise be employed in raising water from wells. To arrive
even only approximately at the proportion of the canal irrigated area which would have been irrigated
from other sources had the canal not been in cxistence is a task of extreme difficulty, especially in
case of the older canals. The only data which are available are (1), the revenue enhancements made
at the last settlement in canal irrigated districts ; and (2), the income from the rate now levied from
landholders on land which the canal has converted from unirrigated to irrigated since settlement.
But irrigation was only onc of many considerations which determined the amount by which the
revenue of a District was enhanced, and to estimate its proportionate weight as compared with that
of improvement in communication, rise in prices, &c., would be difficult if not impossible, especially
as the accuracy of the area returns professing to show the extent of irrigation before the construc-
tion of canals is open to very great suspicion. In the case of the Agra Canal, however, matters are
less complicated, since it was not opened until after conclusion of settlement, and hence all land
which is exclusively indebted to the canal for its irrigation is assessed to owner’s rate.  The collec-
tions of owner’s rate during 1881-82 indicate that 36,900 acres out of the total area irrigated
(1,35,421 acres) would otherwise have been dry, so that the area on which the canal may be pre-
sumed to have mevely supplanted existing means of irrigation forms as much as 72 per cent. on
the total. DBut the value of canals as a protection against drought can be hardly over-estimated, sinco
in a complete failure of rain wells bave been proved to be a very far inferior resource.

It remains to give briefly an indication of the comparative cost of irrigation by the different
methods deseribed above, and for this purpose it is presumed that the bullocks used on the well would
be kept in any case for ploughing, and the only charge made on account of them is the cost of the
extra food which irrigation work would necessitate their receiving. The wages of a labourer are
taken as two annas a day, and the labour of the man who distributes the water in the field is not
taken into consideration. The ficld to be irrigated is presumed to be under wheat, and to receive
three waterings.

t:x:‘::f':\r-ledu CosT OF LABOUR.
Height Arca Price |nd imple-
Souree of irrigation, mw‘::’;:h irrigated pnil;cfor ments and| - Bullochs. AMen. | Total cost.
H in onc day. | water. Interest on g
lifted. Y capital 1 P
outlay if | Per cr
n:;.l day. Total. day. Total.
feet. acre. RS, A.| BS. A, |R, A |R, A [R A.|R A | RS A
Kachn well worked by lever lift, 10 3th 0-8 vee | e y0-4]6-0]| 6-8
Kacha well worked by one pair
bullocks, 30 3th 2-4 0-3 |2-13| 0-4 [3-12( 8-13
Pakka well worked by one pair
bullocks, 30 1th 3-4 0-3 |2-18| 0-4 |3-12| 9-13
Tank by swing basket, 4 jth eee | e | 0-6|4-8| 4-8
Canal by swing basket, 3 ith 1-8 eee | e 10-6(3-6] 4-14
Canel flash, ... 3 3-0 3-0
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The low cost of canal irrigation us compared wilh other methods is very siriking, and yet it
appears very doubtful whether the rates would bear much raising. Tho value of canal water to a
cultivator is much lessened by the uncertainty of its sapply. Water can only be legally taken
during certain periods which are fixed for cach village, and should there be a great demand for
water higher up the distributary, or the cultivator’s ficld be situated at some distance from the
supply channel, it not unfrequently happens that water is only obtainable at very irregular periods.
And even witha regular or continuous water supply irrigation can often only bo effected at irregu-
lar intervals, owing either to the rapacity or caprice of under-officials, who to a great extent control
distribution, or to the enmity or requircments of a more powerful neighbour, who is enabled by
the position of his fields to engross moro than his share of the water allowance. The importance
of timely irrigation to crops can be hardly over-cstimated, and hence it is no uncommon thing to see
cultivators working their wells for the more valuable crops within a stone’s throw of a canal dis-
tributary, since in the one case, the water supply is certain even if costly, while in the other a
sudden failure of water may entail the absolute ruin of the crop. The difference between the cost
of canal and that of well water may be taken therefore as the measure of loss which the cultiva-
tor considers it possible that he may suffer from the supply not being timed to suit his crops. Of
the iumerous objections which are from time to time urged against canal irrigation, this appears
to be the only one which is founded on a solid basis of truth.

The average size of farms is so small, ranging from 8-6 acres in the Meerut Division to 3 acres
in the Bastern Districts, that a large share of the cultivation is borne by ‘ home” labour—the
labour of the cultivator himself, his wife and his children. The actual cash expenditure incurred is
therefore generally insignificant, except in those localities where very high farming is practised, and
the production of crops such as sugar-cane or potatoes necessitates the employment of a good deal
of hired labour. Still, however, it may be said that it is fair to appraise home labour at the rates at
which it could obtain remuneration if let out to hire, but under any circumstances it would be diffi-
cult, if not impossible, to value the care and attention which an industrious cultivator and his family
apply to their land out of hours, and which often serves to extract a profit under circumstances which
otherwise would allow of none. The amount of this extra labour varies of course with the interest of
the tenant in his land, and reaches its masimum in the case of those who have acquired under the law
a right of occupancy at a fair rent. No allowance for extra labour is made in the following calcula-
tions, which show the cost of each operation if labour be valued at rates prevailing in the Cawnpore
District, which are rather higher than those of most other parts of the Provinces. These calculations
form the data on which the cost of cultivation given under the head of each crop is deduced.

Operation. Cost p el:'r:::fs:rh time REMABES.
Ploughin, 7 e -12}- A pair of plough bullocks with plonghman
e Ha can be hired for Re. 0-8-0, and will plough an

acre in a day and a half,

Harrowing (or clod crushing), ... -[2}-

Sced, ... variable.

Sowing, ... -|18}- or -[14/- If sown broad-cast Re. 0-13-0, if drilled Re.
0-14-0.

Weeding, -[12f- to 1/8}- Re. 1-8-0 for kharif weeding, Re, 0-12-0 for
rabi.

Watching, o -112]- For kharif crops only, Two watchers for 20
days at Re. 0-1-G cach per dicm will watch,
day and night, 5 acres.

4 2
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. Cost per acre cach time
Operation, practised, REMARES,

Reaping, varies,
OAssun}ing l[;roiiuce to be 20 maunds grain.
o . . " n no pair bullocks (at 8 annas) and one man
Threshing, 3 (at 2 annas) will thresh out 168 Ibs. in o day
of eight Lours.

Clesning, e -|6}- Assuming produee to be 20 maunds grain,
Watering—

Canel dues, ... variable, Irrigation is assumed to be with canal water,

. ond by a lift of 41 feet.

Labour of lifting, ... 1/2/- B

Labour of distributing, -12]-

Labour of making water beds

(once in a season only), ... -18]-

Manure, ... oo | 8]- per 100 maunds. Manure is not ordinarily sold, but will as o

rule command this price if in the market.

The figures which profess to show the average outturn of cach crop are very far from being
absolutely reliable. The striking of an average for the outturn of agricultural produce is a task of
considerable difficulty, even in countries where tolerably full information is possessed, and Government
can obtain willing assistance from private agriculturists. In India the difficulty is one that can
hardly at present be surmounted. To the uncertainty which arises from ignorance, and from a
greater diversity of conditions than occurs in European or American agriculture, there is superadded
the error which results from wilful mis-statement, centuries of oppression having taught the Indian
cultivator that he is likely to benefit more from the ignorance than from the enlightenment of bis
rulers. To these causes must be ascribed a divergence of authority that would otherwise scem
ridiculous. Three sub-divisions of the Sahdranpur District, for instance, are represented as enjoying
such widely different outturns of wheat as 12 maunds, 184 maunds, and 24 maunds, respectively.

It has been considered advisable, therefore, rather to found the estimates of average outturn on
a few selected authorities than to attempt to find a mean between a large number of conflicting
opinions, and amongst the authorities on whom greatest reliance has been placed may be mentioned
the Bareilly and Azamgarh Settlement Reports, by Messrs. Moens and Reid, and Mr. Wright’s Memo.
on the Agriculture of the Cawnpore District. Any lessons taught by the results of experimental farm-
ing on the part of Government in these Provinces have also been carcfully borne in mind. It will
be noticed that in many cases the averages which are assumed are considerably higher than those in
ordinary acceptance with Government officials, but there are few things so certain as that the outturn
obtained by Indian cultivators is very generally under-estimated, and there even have not been wanting
statisticians who Lavo succceded in demonstrating that the greater part of Indian farming is carried
on at a considerable annual loss to the cultivator and the country. The lowness of current estimates
is partly due (as has been mentioned above) to wilful under-statement by landholders and cultivators,
who are slow to sce in the curiosity of Government any object other than an incroase of taxation,
and partly perhaps to statistical difficultics experienced by Settlement officers desirous of maintaining
what is considered the proper ratio between rent and produce. With the increase of population and
diminution in the size of holdings, the produce per acre rises very greatly. Rents rise at the same
time, but not by any means pari passu, and the proportion between rent and produce has a tendency
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therefore to decrease. In backward parts of the Provinces whero farma are large and culiivation
low, rents aro generally puid in kind, often amounting to half, and very scldom to Jess than a third, of
the produce ; the produce, however, being so small as not to make the lundlord’s share worth more
than Re. 1 or Rs. 2 per acre.  Smaller farms necessitate o larger produce, hut the increase is oblain-
cd at an expenditure which will not admit of a proportionate increase in rent. In such cases rent
may be as high as 1s. 10 per acre, and still not represent more than 5th of the gross produce. It
hus, however, been customary to regard rent as measured with moroe or less exactness by 4rd of the
produce, and this principle has been not unfrequently reconciled with facls by understating the pro-
duce when the rent seemed unduly low,

The distribution of the rabi, kharif, and total cropped area amongst the more important crops
in tho 80 temporarily settled N.-W. Provinces Districts is shown below in the form of a percenlagd
The figures have been calculated from an average for three years—1878-79, 1879-80, and 1850-81.

PERCENTAGE ON PEBCENTAQE ON
Crop. . Crop. :
" Kharig [H2bsnd) popy) ! Kharig |28 804 poral
arca. area. area. arca, Arca. arca.
Kharif. Ralbi.

Judr, ... 107 | ... 57 | Wheat, 286 134
Bijra, . 77 41 | Wheat and Barley, ... 90 4:2
Arhar, 10| .. 05 | Wheat and Uram, ... 81 3-8
Juir and Arhar, 121 | ... 6-4 | Darley, . . 135 G-3
Bajra and Arbar, 770 . 41 | Barley and Gram, ... 19-2 9-5
Maize, o 57 . 3:0 | Gram, . . 10-3 4:8
Rice, ... 213 | .. 11:3 | Peas,... ... . v 33 15
Urd, ... 20| .. 1:0 | Masur, . 1-0 04
Moth,... 16 | .. 0-9 | Dotatoes, ... 01 01
Cotton, . 41 . 2:2 | Opium, 1-3 06
Cotton and Arhar, 691 .. 36 | Tobacco, ... . 02 01
Bugar-cane, ... 4-8 . 2:5 | Melons, e e s 02 01
Indigo, 20 | .. 1-1 | Vegetables, ... FPTRN PN 01 00
Fodder crops, 261 . 1-3 | Garden food crops, ... o | ane 01 0-0
Garden food crops, ol . 0-1 | Garden non-food crops, 0-2 01
Garden non-food crops, 01 . 0-1 | Miscellancous food crops, see | 0o 1) 06
Miscellaneous food crops, 78 4'1 | Miscellancous non-food crops, | ... 30 15

Miscellaneous non-food crops, 18 10

J. B. FULLER.
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FIELD AND GARDEN CROPS

OF THE

NORTH-WEST PROVINCES AND OUDH.

PART TI.
TRITICUM SATIVUM, Lam.

[Vide Plates Ia, and In.]

ExcLisH, wheat; VERNACULAR, gehun, gohun, gandum (Persian).

Natural order Graminee, tribe Ilordee. An annual herbaceous grass. .Stems many, 2-3 ft.
high, erect cylindrical, jointed, hollow except at the swollen pubescent joints, smooth, striate, glau-
cous. Leaves few, distant ; sheaths long, not inflated, smooth above, usually hairy on the lower
surface ; ligule short, truncate, torn ; Llade 6 in. to 1 ft. or more in length, lincar, gradually
tapering to a point, smooth or with a few scattered hairs, ciliate at the base, glaucous green. Spike-
lets 3-5-flowered, (the terminal flower always barren,) sessile, compressed, distichously arranged on
the two sides of a flattened excavated hairy rachis, the whole forming an oblong linear cylindrical or
sub-quadrangular spike 3-5 in. long, and with a few abortive spikelets at the base. Glumes
2, equal, boat-shaped, oblong-oval, hard, smooth and polished, midrib extended into a sharp point
with forward prickles. Pales 2, about equal in length, the lower boat-shaped, obtuse mucronate
or awned, the upper thin, papery, transparent, with two lateral nerves, edges inflexed, ciliate.
Lodicules 2, hairy at the top. Stamens 3 ; filaments slender ; anthers large protuded at the time
of flowering. Ovary obovate, truncate, hairy at the top; stigmas 2, nearly sessile, feathery.
Fruit (the grain) enclosed within but not adhering to the pales, about } in. in length, ovoid or
roundish, flattened on the ventral side and with a dcep longitudinal groove, white yellow or reddish.
Embryo minute, on one side at the base of hard floury albumen.

The countless varieties and sub-varieties of wheat which are grown in these Pro-
vinces speak volumes for the importance of the part which it plays in the agriculture
of the country. It is only with rice that we find anything like the differentiation
which years of natural and artificial selection have produced in wheat. It would be
futile to attempt to classify these varieties by the vernacular names which they bear,
since these names are in most cases of very local application, and even when used over
an extensive tract of country are often found to be applied to totally different varieties
in different parts ol it. All that is possible here will be to indicate the lines on which
the varieties may be most rationally classified, noting the vernacular names of a few
of the most prominent ones.

The most convenient primary sub-division of wheats is into starchy and glutinous
or soft and hard, the former containing a larger proportion than the average of starch,

* References :—Lam. Encycl. Meth. ii, 554. Bentley and Trimen Medicinal Plants 294, T. vulgare, Vill; Powell
Punj. Prod. 225 ; Drury Usclul Pl 43L. 7. @stivum, Roxb. Fl Ind. i. 359. 7. hibernum, Roxb. 1. ¢,
B
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ond being thus especially fit for the production of fine flour (maida), while in the wheats
of the latter class gluten predominates, rendering the grain especially productive of semo-
lina (sxj¢). Grains of the first class break easily, with an opaque pure white fracture,
whilst those of the second class are difficult to break or bite, and appear more or less
translucent. Soft wheats are in most demand for the English market, but hard wheats
command a market in Mediterranean ports for the production of maccaroni, and are
preferred hy the Natives of the country as the more wholesome for general consumption,
Each of these classes may be sub-divided into two sub-classes distinguished by the grain
being white or red, and the varieties included in each of these sub-classes may be further
grouped according as the ear of the plant is or is not furnished with awns or “ bearded.”
To mention some of the vernacular names which are of most general application, daud:
or dudia is the name of the variety which stands at the head of the list of soft white
wheats, and which has been pronounced by English* experts to be equal in value to the
finest wheats in the English market. Mundia or murilia (1it. shaved) is the term applied
to beardless wheats; generally white, but not so markedly so as the daudi. Hard
white wheats are called Jadka in the western portions of the Provinces. Pissi generally
denotes a soft red wheat, and %atkia or lallia a hard red wheat. Gangajali (a common
term in the Bombay market) is applied to many different varieties, and its only general
application appears to be mixed red and white hard wheats. A curious round berried
variety, which somewhat resembles pearl barley, is called paighambari, and was apparent-
ly an introduction from Arabia.

‘Wheat is grown to a larger extent than any other crop. The area under either
wheat or miztures in which wheat has a place, amounts in the whole of the N.-W.
Provinces and Oudh to some 72 lakhs of acres, 513 lakhs of which are in the 30
temporarily settled N.-W. Provinces Districts, constituting 46 per cent. of their total
cropped area, and 21 per cent. of the area under rabi crops. The cultivation of wheat
grown alone reaches its maximum in the Meerut and Rohilkhand Divisions, where
winter rains may be safely reckoned upon, and it is in these Divisions that the finest
varieties have their home. In the drier Districts of the Agra and Allahabad Divisions
and Bundelkhand wheat is rarely grown by itself, and is generally sown with either
barley or gram, which by their superior hardiness continue to eke out a crop in cases
where the wheat would fail from insufficient moisture.

This is clearly shown in the subjoined table :—

Benares Divi-
Anl.h}!"_r.'bnd sion, including I])(il\l'r';?:r?
Mecerut Rohilkhand Agra “11;1(;:' Azamgarh, Jhansi including
Division, Division. Division, e.:]w g Basti and Division. annig
unnputr Gorukhpur District onl,
1strick. nyistricts only. s
Percentage to total
rabi cropped area of
Wheat alone, e 435 478 26-7 92 15-0 11-8 584
Wheat in mixture, 12:7 142 12:2 221 149 60-8 82
Total, ... 56-2 62:0 389 313 299 726 666

* See Dr. Forbes Watson’s report on wheat samples colleeted by the Indian Government and forwarded to the India Office
in 1878,
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‘Wheat is a rabi crop, being sown in the end of October or beginning of November
and cuf in March and April. As a rule it is only sown on land which has lain fallow
during the preceding kLarif (called ckuumdy or péral), but in highly manured land near
village sites it occasionally follows maize, the maize being cut only 6 or 8 weeks at the
most before the wheat is sown. No particular rotation is known to be followed, but in
tracts where cotton is widely grown, wheat is generally said to follow it, probably, how-
ever, merely because cotton in the kharif, like wheat in the rabi, is the crop which is
principally grown on the best land of the village.

‘Wheat is commonly sown mixed with barley (when it is termed gojai), or with
gram (gockana), as well as grown alone. Averages struck on the crop returns of the 30
temporarily settled districts for the years 1879, 1850 and 1881, shows the area under
wheat, wheat-barley and wheat-gram to stand in the relation of the figures 32, 10 and
9. Wheat-gram (also called lirra) is but little grown north of the Jumna, but in
Bundelkhand it forms one of the principal and most characteristic crops. Usually a
wheat field contains some rape or mustard sown either in parallel lines across the field
or as a border. These flower in the beginning of February before the wheat has begun
to ripen, and the contrast of the bright yellow bands with the shining green of their
setting is a feature of striking beauty in an Indian village landscape. Linseed and
dudn ( Eruca sativa) are less commonly sown in wheat fields.

Wheat is grown on almost every soil but the very lightest sand; a rather heavy
loam being considered best suited to it. The fields of loamy soil (domat) which cover a
large portion of the Doab, even when mere isolated fessere in the midst of usar plains,
bear with carelul cultivation crops of wheat of surprising excellence, although unman-
ured for years. But manure is, as a rule, applied to the better class of wheat fields
generally in every second or third year, although in quantities which would sound ridicu-
lously small to the English farmer, 4 tons (= 100 maunds nearly) being about the average.
It is reported from some Districts of the Provinces (Bijnor, Fatehpur and Gorakhpur)
that land is occasionally prepared for wheat by herding sheep or cattle on it, but this is
a practice of very far from general occurrence.

The number of ploughings varies within very wide limits, depending not only on the
character of the locality and soil, but on the energy aud leisure of the cultivator. Thus
20 ploughings are reported as not uncommon in Gorakhpur, while two or three are held
sufficient in the black soil of Bundelkhand. Eight ploughings may be taken as the
average number. Itis essential that the land should be ploughed at the very commence-
ment of the rains, so as to lie in open furrow and drink in the whole of the rain which
falls. Indeed the ploughing of wheat land is often held to take precedence of prepara-
tions for the kharif crops as is expressed in the proverb

“ Age gohun, pichhe dbén,
Usko kabhiye bara kisin.”

The clods are crushed and a fine tilth (which is absolutely essential in most soils)
created by dragging a flat log of wood (mai, pdiha or kenga) across the field, the bullock
driver standing on it to increase the weight.

If the ground is very damp the seed is sometimes sown broad-cast and ploughed in,
when it is not buried more than one inch below the surface, and is less likely to rot than

B2



Irrigation,

TRITICUM SATIVUM,

if buried deeply. But the two commonest mothods of sowing are (1), by simply follow-
ing the plough and dropping the seed into the furrow made by it, the seed being covered
by the earth thrown up by the next furrow, and (2), by dropping the seed down a bamboo
fastened to the plough stilt. It is said that the advantade of each practice varies with
the condition of the soil, the former being best when the soil is very moist, and the latter
when the soil has somewhat dried. But as a matter of fact the practices are strictly
localized to tracts within which either one or the other is cxclusively followed. The
amount of seed used per acre varies from 100 to 140 lbs. After the sowing is complet-
ed the field is either left in furrow, or is smoothed with the clod crusher, the latter
practice being said to save irrigation by enabling the water to spread quicker over the
surface. The field is then divided off into irrigation beds by scraping up little banks of
earth with a wooden shovel.

If the soil is sufficiently moist in October to allow of the seeds germinating pro-
perly, the necessity of irrigation depends in chief measure on the occurrence of winter
rains. This is shown in the following table, in which tbe normal winter rainfall of
each Division is contrasted with the percentage which irrigated wheat (grown alone)
bears to the total :—

Benares
Allahabad | Division, Eumann
Meerut [Rohilkhand| Agra ivision, | including | 5y on6 | inctuding
Division. | Division. | Division, | ¢Xcluding | Basti and | oo | 300 8

J Gorakl Tarai
District. | Districts. District
only. only.
Normal rainfall between November
1st and May 31st,* 556 473 2:55 2-26 3:55 206 6:563

Percentage of irrigated wheat to
total,

531 20-1 74-3 637 71:0 27-4 32:7

The high percentage of the Meerut Division is due to unusual facilities for irrigation
from canals. The percentage of the Allahabad Division would have been far higher did
it not include the two Bundelkhand Districts of Banda and Hamirpur, where irrigation
is rendered needless, as well as impossible, by the character of the soil.

Should the soil be too dry for germination, a watering (called paleo) must be given
before sowing, and this—a comparatively easy matter in Canal Districts—occasions great
labour and delay in Districts which rely on wells for their water supply. The instance
of Rae Bareli in the rabi season of 1879-80 shows, however, that nearly the whole of
the usual crop area of a District can be sown entirely on well water, should the natural
moisture be insufficient as it was in that year. The number of waterings given to
wheat varies from one in Rohilkhand to seven or eight in the drier parts of the Doab,
but as a rule three or four waterings are ample even in the driest localities, and when more
water than this is used, it is probably merely a cover for bad cultivation, a state of things
common enough in Canal Districts, where water is charged for by the crop and not by the
amount used. Careful cultivators some times give their fields a weeding after the first

* Calculated from the normal rainfall at cach District head-quarters in the Divisions,
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watering, and benefit their crops almost as much by loosening the caked surface soil as by
removing the weeds, but this is by no means a common practice, and if the land was in
clean condition when sown, it is not as a rule weeded. The custom is reported from the
Bahraich Districl, and may prevail in other parts of the Provinces, of topping wheat which
shows an undue tendency to run to leaf and stalk, by cutting down the upper portion of
the plants with a sickle. This is done when the crop is about 3 feet high, and care is
taken not to cut down so low as to damage the cars which Liave formed in the leaf covers,
but not yet emerged. A similar custom obtains in parts of the Punjab where however
the young plant is fed down by sheep.

The crop when ripe is cut by sickles and carried to the threshing floor, where after
having been allowed to dry for several days it is trodden out by bullocks, and winnowed
by the simple expedient of exposing the grain and chafl to the wind by pouring them
out of a basket held some § feet from the ground. Should there be no wind, an artificial
breeze is made by agitating a cloth, but this adds greatly to the expense and trouble, and
is in no way an efficient substitute for the English winnower.

Indian like English wheat suffers from the attacks of microscopic fungi, but not to
the same extent, owing doubtless to the greater dryness of the climate.

There is, however, a considerable difference in this respect between one locality and
another. In the Meerut and Rohilkhand Divisions, where winter rains are of regular
occurrence and dense mists often prevail in December and January, it would be difficult
to find a wheat field in which some plants were not attacked by rust, and occasionally
considerable damage is suffered from it, while in the centre and south of the Provinces
it often requires a considerable amount of searching in order to discover such specimens,
The commonest of the fungous diseases to which wheat is liable is the one known as
rallua or girwi, which appears to be identical with the English mildew or rust. The
plant tissues become filled with minute orange coloured spores which, when ripe, burst
through the plant skin in longitudinal fissures, sprinkling the leaves and ears with a red-
dish powder. In this condition it is known to botanists under the generic name of
Trichobasis, from the fact that each spore is furnished with a short hair-like protrusion
or stalk. As the plant ripens clusters of minute bodies appear, each consisting of a
stalk fixed in the leaf tissues bearing a double-celled head. These bodies grow out in
clusters, each cluster appearing to the naked eye a minute black spot. In this stage the
fungus is known as Puccinia, and was long supposed to be a separate plant from the
Trichobasis, instead of merely a stage in its history.

‘When ears of wheat are distorted and thickly covered with a dark brown or black
dust, the plant is infected with the disease known to English farmers as ¢ smut ’ (Ustilago),
and to natives as #andwa. The dust is composed of very minute globular spores far
smaller than those of Trichobasis, but resembling them in being single celled. Rusf does
not necessarily altogether destroy the produce, although it almost invariably deteriorates
it, but nothing survives the attacks of emuf. The name Zendwa is applied to a totally
distinct disease in the case of the millets, when it denotes the fungus, known as ““bunt "
or “ergot” in England, which fills the grain with a greasy black powder, leaving the
plant, and indeed the grain itself, externally perfectly healthy looking.  Bunt does not
appear to be so common in wheat in this country as in Epgland.
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The disease known as lakhua (Polycystis) consists of spores which fill the plant
tissues and break out when ripe in longitudinal fissures exactly like rust, from which,
however, it differs in each spore, being a spherical agglomeration of numerous cells
(somewhat resembling a blackberry in shape) instead of being unicellular. Zaklua is
said altogether to prevent a plant from bearing ears.

But by far the most extraordinary disease to which wheat is liable is that known
ag sehwar, in which the young wheat grains are found to be filled with minute worms
in various stages of development, comparatively large sized, (apparently) males and fe-
males being associated with a mass of oval shaped eggs, from which smaller and less
highly organized worms emerge. As the grain ripens at harvest time these worms will
be found to have completely filled the grain, having entirely ousted (and possibly eaten)
the males, females and egg cases to which they owe their origin. The grain is much
shrivelled and of a dark colour, and can be easily recognized as infected. The most ex-
traordinary fact connected with this disease is, however, that the worms can retain their
vitality for a very long time, although unprovided with any source of nutriment, and if
an infected grain is examined a year after harvest, they will be found matted together in
an entangled mass, apparently torpid, but showing no signs of death or decay. This
would seem to indicate that their life in the wheat grain is only one chapter of their
history. 4 '

Appraising the whole of the Jabour applied to the field, the following may be accept-
ed as a near estimate of the cost of growing and harvesting an acre of wheat :—

ns. A. .
Ploughing (eight times), . 6 0 0
Clod crushing (four times), 08 0
Seed (100 1bs.), . 3 00
Sowing, . . 014 0
Weeding, ... o oo . 012 0
Reaping, . 1 80
Thres!nng, on & crop of 20 maunds (= 27 bushels),{ e ® 00
Cleaning, .. 0 6 0

Total excluding irrigation, manure and rent, .. 16 0 O
Irrigation (three times)—
Making water beds, 0 3 0
Canal dues, . 1 8 0
Labour, 312 0 5 7 0
Manure (100 maunds), v 3 0 0
Rent (for second class land), e 7.0 0
Grand Total, w381 7 0

The diversity of the conditions under which wheat is grown renders the framing
of an average outturn a task of great difficulty. In a report on the wheat cultivation
of the Provinces drawn up for the Secretary of State in 1878, the general average out-
turn was assumed to be 700 lbs., but there seems good ground for believing that this is

* Two pairs of bullocks (nt 3 annas a pair) and 2 coolics (at 2 annas onchy) tread out nearly 340 Ibs. grain in a day,
t Since the above was written the worms hav ¢ been identificd as belonging to the order Nematoidea, and are apparently of
the genus Tylenchus. They issue from the infected grain when sown, and attack the growing corn, gaining admission into

the flowers, when as yet undeveloped, preventing the development of the grain and producing in its place o green gal) (mis-
taken for the grain above) in which they reside,
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far too low an estimate. After collation of the most trustworthy authorities, the lowest
average which can be assumed for irrigated Jand appears to be 16 maunds per ncro for
wheat grown alone and for wheat-barley, and 13 maunds for wheat-gram. With like
advantages the outturn of wheat-barley would be heavier than that of wheat alone, but
this is counterbalanced by the general inferiority of the soils on which it is grown, so
that the same rate of outturn has been assumed for both. The outturn of wheat-gram
ig lessened by the yield of gram being less than that of either wheat or barley. The
outturn of unirrigated land depends so greatly on the winter rains, and in these the
different parts of the Provinces share so unequally, that it will be safer to frame an esti-
mate for each Division separately, than a single one for the whole Provinces.

Komaun

. Division

Meerut  (Rohilkhand| Agra Allahabad | Benares Jhansi h haidd
Di:izion. f)iviaiun. Division, | Division. | Divislon. | Division, ,I""Chf"l'".g Total.

arai 1)is-

trict only.
Wheat alone, ... 10 10 7 7 8 ¢ 8 9
Wheat-barley, ... 10 10 7 7 8 G 8 9
‘Wheat-gram, ... | 9 9 6 7 8 7 8 8

It may be accepted as a general rule that wheat constitutes $ths of the outturn of
wheat-barley and 2rds of that of wheat-gram, except in the Allahabad and Jhansi Divi-
sions, where gram is the principal crop in the mixture, and the proportion of wheat is
not much above 1rd.

The outturn of straw varies in weight between half as much again and twice as
much as that of grain. When crushed into small pieces, as it is in the process of
treading out the grain, it forms perhaps the most important cattle fodder in the
Provinces.*

Special returns of the area under wheat in the year 1876-77 were called for from
all Districts of the N.-W. Provinces and Oudh, and were compiled in the wheat report
alluded to in the preceding paragraph. They showed the total area under wheat in the
Provinces to be over 6 million acres, towards which Oudh contributed very nearly a
third. No details were given, however, of irrigation, and it is uncertain how far
the area under mixed wheat crops was included.

Below is shown the average area under wheat in the 80 temporarily settled
Districts of the Provinces, calculated on the statistics for three years, 1879, 1880, and
1881,

* In case it may be thought that an estimatc so much higher than those which have generally been accepted requires
special justification, the following two authorities may be cited. 17, Mr. Mocas, when Settlement Officer of Bareilly, after a
very large number of experiments extending over several years, deduced a district average of 975 Ibs., or nearly 12 maands,
taking into consideration unirrigated as well as irrigated land. 2nd, On the Cawnpore Farm in 1880, 13 irrigated ficlds,
none of which were watered more than trice, yielded an average of 1,402 lbs, (= 17 maunds), and 10 onirrigated fields an
average of 635 lbs. (= necarly 8 maunds), The smallest outturn obtained from unirrigated land was 500 lbs. Dariog the
following season 17 irrigated ficlds yielded an average of 15 maunds.

Only a small proportion of the Farm land was manured in cither scason, and the ficlds on which the averapes ere based
were mostly eultivated with the express purpose of arriving nt the average outturn of wheat land under ordinary circumstances.
In 1880, the winter rains amounted to only a nominal quantity, and in 1881 to 22 inches.
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I])!_cqn_rcs R
Allababad | iy} g Division, | Total 30
Meerut  (Wohilkhand| Agra [ -oioq: |Azamgath,| Jhansi | including |temporarily
Division, | Division. | Division. | yoon. “rg Basti and | Division, Tarai settled
bi trPt Gorakhpar District | Districts.
istrick. | "Districts only,
only.
acres. acres, acres. acres, ACres, acres. acres. acres.
Wheat.
Irrigated, <. . 5,95217| 2,02,345| 3,75,963| 1,17,793| 2,15,306| 17,959| 11,308|15,35,891
Unirrigated, - 5,27,112! 8,09,330' 1,30,380| 67,127| §88,198| 47,628/ 23,309/16,93,084
Total, .++|11,22,329(10,11,675| 5,06,343| 1,84,920| 3,03,504] 65,587 84,617(32,28,975
Wheat-barley.
Irrigated, . 60,962 27,120| 83,146/ 32,045| 1,983,887} 19,160 1,106] 4,17,426
Unirrigated, .| 1,29,836| 2,438,766 72,694 46,841| 1,05,290 3,671 3,369| 6,05,467
Total, .| 1,90,798| 2,70,886] 1,55,840| 78,886 2,99,177) 22,831 4,475(10,22,893
Wheat-gram.
Irrigated, oo | 43,089 3,144 40,824 12,465 700 4,359 4| 1,04,585
Unirrigated, .« 95,219 26,808 35,985 3,50,933 525| 3,10,665 410| 8,20,545
Total, ...] 1,38,308) 29,952| 76,809 3,63,398 1,225| 3,15,024 414/ 9,25,130
Grand Total, -.|14,51,435(13,12,513| 7,38,992| 6,27,204| 6,03,906] 4,03,442| 39,506(51,76,998

The large area under wheat-gram in the Allahabad Division is due to that Division
including the two Bundelkhand Districts of Banda and Hamirpur.
The net exports of wheat by rail during the three years 1878 to 1881 are shown

below—
Maunds. Raopeea.
—~ S -~ iy ~
1878-79 1879-80 1880-81 1878-79 1879-80 1880-81
To Calcutta, .. 11,31,014 13,61,233 15,43,379 33,93,042 37,22,121 32,91,257
5y Other places, ... 19,34,092 15,61,340 11,95,947 58,02,276 43,70,831 25,00,789
Total, ... 30,65,106 29,22,573 27,39,326 91,95,318 80,92,952 57,92,046
Ezplanation of Plate 1a.
1. Entire plant (} nat. size). 7. Maturo spike. .
2. Portion of stem with leaf, } o0 oo 5. Grain. ot sz
3, Spike in flower. B 9. Ditto.
4. Spikelet. 10. Dorsal view of ditto. }enlnrged.
5. Single flower. }enlarged. 11, Transverso section of ditto.
6, Ditto without the pales.

1—b5. Ansin Plate Ia.

Explanation of Plate Ib,

6. Mature spiko (nat. size).
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HORDEUM VULGARE, Linn.*

[Vide Plato I1.]

Evovisn, barley; VERNAGULAR, Jau,

An annual herb belonging to the tribe FHordeew of the matural order Graminee. Stems many,
quite smooth, 2-3 ft. high. Leaves few, the upper one close to the spike ; sheaths smooth, striate ;
ligule very short ; blade of leaf linear lanceolate, rounded at the base, tapering gradually to the apex,
glaucous green. Spikes linear oblong, compressed, 2-2} in. long (without the awns) ; spikelets scssilo,
arranged in threes on two sides of a flattened rachis, lateral ones occasionally barren and rudimentary
(var. distichon) ; glumes 2, small, sataceous, and awn-like, enclosing the three spikelets ; pales 2, lower
one firm, 5-ribbed, rounded on the back and ending in a long stiff awn rough with forward prickles ;
lower pale a little smaller than the upper, bifid, 2-veined, and with the margins inflexed. Lodicules
2, entire, hairy.  Stamens 3, exserted. Ovary hairy on the top. Stigmas 2, fcathery. Fruit (the
grain) usually with the pales adherent to it.

The different varieties of barley may be broadly grouped according as the ears con-
tain two rows or six rows of grain. The six-rowed variety (Hordenm kezastichon)is the
one ordinarily grown in this country, bearing grains in sets of threes, alternately disposed
on each side of the rachis or flower stalk. It may be easily distinguished from wheat,
to the bearded variety of which it bears a superficial resemblance, by the glumes or scales
which surround each set of three grains being reduced to thin hair-like appendages,
instead of forming a broad covering as is the case with wheat. The two-rowed variety
(Hordeum distickon) is commonly cultivated in England, but rare in this country. There
is a curious sub-variety of two-rowed barley in which the flower scales do not adhere to
the grains, forming a continuous covering as with ordinary barley, but drop off in thresh-
ing, leaving the grains naked like those of wheat. This sub-variety is botanically known
as Hordeum gymnodistichon, and bears the vernacular names of paighambari or rasuli, in-
dicating apparently its introduction from Arabia. It is reported as grown largely in the
hills near Kotgarh, but is rare in the plains. A field of it on the Cawnpore Farm in
1879 yielded, with manure and irrigation in moderate quantity, 214 maunds of grain to
the acre.

The total area under barley and mixtures, in which it has a place, in the 30 tem-
porarily settled N.-W. Provinces Districts, amounts to 47} lakhs of acres, which is about
20 per cent. of their total cropped area, and 42 per cent. of the total area under rabi
crops. It forms an important crop in every portion of the Provinces, being most com-
monly grown alone in the Districts of the Benares Division; mixed with wheat, in
Rohilkhand, and mixed with gram, in Agra and Allahabad.

Barley is a rabi or spring crop, being sown in October and reaped in March or
April. Tt is the crop most commonly grown on land which was cropped in the preced-

* References:—Linn. Sp. Pl Ed. 1. 84 ; Powell Punj. Prod. 228 ; Bentley and Trimen Med. PL 293 ; H. hezastichon,

Linn. H. distichon, Linn. A. celeste, Viborg (beardlcas barloy).
c
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ing kharif season, especially if this crop was unmanured. Hence barley or barley-gram
(bejkra) is the usual rabi accompaniment of indigo in the kharif, being held better able
than wheat to provide itself with nourishment from a soil which has not been allowed

. to recuperate itself by even a six months’ fallow.

It is less frequently grown alone than sown mixed with either gram and peas (when
it is termed bejhra) or with wheat ( gojas), and the area under barley alone, barley-gram
and barley-wheat stands in about the relative proportion of 15, 22 and 10. Rape (Bras-
sica campestris), mustard (Brassica juncea), and the small oilseed known as dudr or fara
(Eruca sativa), are commonly sown in barley fields either in parallel lines some 15 feet
apart or as a border.  Dudn is especially common in unirrigated fields. Linseed is also
occasionally grown as a border.

The soils on which barley is principally grown are light and sandy, and, as a rule,
are not highly manured. The character of its cultivation depends in great measure on
the second crop with which it is associated. If this crop be wheat, the conditions of
cultivation may be considered as similar to those of wheat, but if it be gram or peas,
the mixture is generally grown on the outlying fields of a village where manure and
irrigation (except in Canal Districts) are but sparsely applied. This mixture is the
typical rabi crop for unirrigated light land throughout the Provinces.

The methods of ploughing and sowing are similar to those followed for wheat. The
number of ploughings is largest in Rohillchand (where it is reported to be often as high
as 12), and smallest in Bundelkhand where two or three are held sufficient. As a rule,
barley does not vequire its seed-bed so finely pulverized as is necessary for wheat, and is
satisfied therefore with a less number of ploughings. Taking the Provinces as a whole,
probably four ploughings before sowing will be a safe average. Sowing takes place in
October, a little later than for gram, but earlier than for wheat, and is, as a rule, effected
by dropping the seed behind the plough either direct from the hand or down a bamboo
tube fastened to the plough stilt. The amount of seed sown per acre is from 100 to
120 Ibs. Should the September rains have failed, and the ground be too dry for proper
germination, the land is, if possible, watered and ploughed before being sown, but this
seldom occurs to barley fields, since the efforts of cultivators at such a scason are mostly
concentrated on their wheat.

Irrigation when given at all is generally lighter than with wheat, and one or two
waterings are, as a rule, held sufficient. In Districts which enjoy a tolerable certainty
of winter rains, such as those of the Meerut and Rohilkhand Divisions, it is but rarely
irrigated at all. From the Table given further on, it will be seen that the irrigated
area comprises about half of that under barley alone, and Zths of that under barley-
wheat and barley-gram.

Barley fields are very seldom weeded, nor is the practice of topping an over-leafy
crop, which is said to be common in the Punjab, reported from any District of these
Provinces.

Cutting, threshing and cleaning are conducted exactly as in the case of wheat.

The most striking of the diseases to which barley is liable is that commonly knoT’vn
as #andwa, which is the result of the attack of a fungus closely allied to that wh.lch
causes “ smut” in English corn-fields. The first symptoms of the disease is distortion
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of the ear and swelling out of the stalk joints. Then a blackish dust makes its appear-
ance on the ear and at the stalk joints, which rapidly spreads over them and entirely
destroys the grain. There are very few barley fields in which some of these distorted
charred-looking heads cannot be detected, and they are especially numerous in scasons
of good winter rain.

The cost of growing an acre of barley by hired labour may be estimated as fol-
lows:—

BE. A8. I,
Ploughing (four times), 8 0 0
Clod crushing (four times), 08 0
Beed (120 1bs.), 2 80
Sowing, i s 014 0
Reapiog, 1 8 0
Threshing, ... 3 00
Cleaning, 0 6 0
Total, w1112 0
Irrigation (twice)—

Canal dues, e 1 80
Labour, 2 8 0 4 0 0
Rent, we 5 0 0
Grand Total, . 2012 0
e

Under similar conditions the outturn of barley is from a quarter to a half as
much again as that of wheat. This is to some extent, however, counterbalanced by the
general average of barley land being of considerably inferior quality to that of wheat
land, and after comparison of the safest authorities, an estimate of 16 maunds to the
acre of irrigated land seems a fair one. The outturn of irrigated wheat-barley may be
put at 156 maunds, and that of barley-gram at 14 maunds, since the ordinary return of
both wheat and gram is lighter than that of barley.

For unirrigated land the following estimates have been framed : —

I Meerut |Rohilkhand| Agra Allnhabadl Benares Jhansi ‘Kumnun Oudh
Division, | Division. | Division. | Division. | Division, | Division, | Division. .

Barley, ... 11 11 8 8 9 7 10 10
Barley-wheat, ... 10 10 7 7 8 6 9 9
Barley-gram, ... 9 9 6 7 8 7 8 8

Barley constitutes about $ths of the total produce when grown with either wheat
or gram. '
The weight of straw (bhidsc) may be taken as 1} times that of the grain.

The average area under barley in the 30 temporarily settled N.-W. Provinces Dis-
c?



HORDEUM VULGARE.

tricts is shown below by Divisions. The average has been calculated on the returns for
1879, 1880 and 1881 :—

Benares

Division, (g
;})l.ln}lqbnd incl‘uding D;l\:'ilg‘;:,
Meerut |[Rohilkhand| Agra “l"s;;?“' Azamgarh,{ Jhaosi | including
Division. | Division, [ Division, c}cu N8 | Basli and | Divieion. Tarai Total.
I;‘.“':F.‘utr Gorakhpur District
Astnict | pistricts only.
only.
acres, acres. acres, acres. acres. acres, BCTeH. acres,
Barley.
Irrigated, ... | 1,09,319] 33,515| 1,06,444]| 98,417 3,76,638 3,174 2,863/ 7,80,870
Unirrigated, ... <. | 1,75,418] 2,52,850] 74,178| 8%,767| 2,02,087 482 38,502| 7,97,284

Total, ... 2,84,737| 2,686,365 1,80,622| 1,867,184 5,78,725|  3,656|  6,365(15,27,654

Barley-Wheat.

Irrigated, we .| 00,962] 27,120] 83,146 32,045 1,93,887] 19,160] 1,106 4,17,426
Uvirrigated, ... - | 1,29,836| 2,43,766] 72,694 46,841 1,05,290, 3,671' 3,369 6,05,467

Total, ... | 1,90,798| 2,70,886| 1,55,840| 78,886| 2,99,177| 22,831|  4,47510,22,893

Barley-Gram.

Irrigated, .. | 1,67,5791 13,395 3,63,297} 1,89,313| 90,865 4,812 6) 8,29,267
Unirrigated, ... .. | 2,76,781| 1,13,316| 3,83,619 4,81,908( 60,068 32,334 504(13,48,530
Total, ... | 4,44,360f 1,26,711| 7,46,916| 6,71,221] 1,50,933] 37,146 510{21,77,797

Grand Total, ... | 9,19,895 6,83,962|10,83,376| 9,37,291|10,28,835| 63,633 11,350{47,28,344

No reliable data are available for determining the area under barley in Qudh and
in the b permanently settled Districts of the N.-W. Provinces.

Ezxplanation of Plate II.
1. Whole plant (reduced to } nat. size). 11. A flower with the outer pale removed (enlarged).
2 & 3. Plant in flower, . 12. Inner side of grain (nat. size).
4. Ripe spike. } nat. size. 13. Ditto (enlarged).
6. Cluster of 3 spikeleta. 14. Back of grain, }
6. A single spikelet. ealarged. 15. Transverse section of ditto. enlarged.

7 &8, Back and front views of .
outer pale. copied from Plate

. 93 Dentley and
9 & 10. B“‘fk and front views of Trimen Med. Pl.
inner pale,
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Description.

Distribution.

Cultivation.

AVENA SATIVA, Linn’

[ Vide Plate II1.]

ENaLisH, oats; VERNACULAR, jai.

An annual herbaceous grass belonging to the tribe Avenee, of the natural order Graminee.
Stems 2-4 ft. high, erect, polished. Leaves fow ; sheaths long, smooth, striate, glaucous green;
ligule prominent, broad, truncate ; blade 5-6 in. long, linear lanceolate, tapering from the base, pale
green.  Spikelets few, laterally compressed, pendulous, arranged in large loose panicles, usually 2-3
flowered ; florets widely open when in flower, one sessile, one stalked, and a third reduced to a
slender stalked club-shaped rudiment; glumes 2, about equal, 3-1 in. in length, rounded on
the back, thin, membranous, veined, pale green, becoming white as the grain ripens ; pales 2,
shorter than the glumes, lower one faintly nerved, lanceolate, bifid, rounded on the back, smooth,
afterwards hard and firm, pale green, awned ; awn proceeding from the back of the pale and 14 times
as long, rough and twisted ; upper pale rather shorter than the lower, thin, transparent, 2-toothed,
margins inflexed. Within the pales are two small ciliate scales (Jodicules). Stamens 3, exserted ;
anthers yellow. Styles 2, short feathery, white. Truit (the grain) closely covered by, bat not ad-
herent to, the hard persistent pales,  in. in length, narrowly oval-oblong, hairy, and with a deep
furrow on the inside.

Oats have only recently found their way into the agriculture of these Provinces,
through having been grown under English auspices round Cantonments and Stud depdts
for the supply of horses. The only Divisions in which the cultivation of oats is report-
ed to exceed 500 acres are Meerut and Rohilkhand, in the former of which it extends to
5,000, and in the latter to 3,000, acres. The extent of the cultivation in the Meerut
Division is probably due to the influence of the Stud depdts at Saharanpur and Hapur
(in the Meerut District), and it may be noted that the Meerut and Rohilkhand Divi.
sions are the only localities in the Provinces where horse breeding is largely practised
by natives.

The cultivation of oats differs in no way from that of barley: they are, as a rule,
grown on the better class soils near village sites, three fields in every five being irrigated
in the Meerut Division, but only one field in every fifteen in Rohilkhand. With a copi-
ous supply of water it has been found that oats are an invaluable green fodder crop for
the cold season, yielding as many as three cuttings, and then making sufficient growth
to bear a thin crop of grain. A large area under oats is most successfully treated in
this way each year at the Hissar Government Cattle Farm. When grown in this man-
ner they class rather as a green fodder than as a grain crop.

Col. Parrot of the Saharanpur and Karnal Stud deptts reports that oats appear to
exhaust soils very rapidly, and that even with manure and irrigation the outturn greatly
decreases if they are grown continuously on the same land.

* References :—Linn. Sp. P1. Fd. 1. p. 79 ; Bentley and Trimen Medicinal Plants, 292 ; Kunth Enum, P, i, 801 ; Stend,
Syn. Gram, 230 ; DC. Geogr. Bot, 938.
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AVENA SATIVA.

The cost of cultivation per acre may be taken as the same as that of barley, and
the outturn as 18 maunds on irrigated, and 10 maunds on unirrigated, land.

The area under oats as returned for the year 1880-81 in the 30 temporarily settled
Districts of the Province is shown below by Divisions :—

Benares
Allahabad | Division, Il)Iiuvrinsn;:l?
Meernt  |Rohilkhand] Agra el;)(‘c‘l:ls&?:é ]]-;ml;'-d"l;ﬁ Jhansi iucluding' ™
Division. | Division. | Division. Jnunpur G:rsnlld?pur Division. | Tarai Total.
District. | Districts District
only. only.
acres. acres. acres, ncres. acres, acres, acres. acres.
Irrigated, e 3,278 217 81 252 7 3,835
Unirrigated, ... 2,379 3,058 295 181 33 5,946
Total, ... 5,657 3,275 376 433 40 9,781

Ezplanation of Plate 111.

1, Entire plant (reduced to § nat. size). 8. Ovary with plumose styles and

2. Portion of stem with leaf. the ciliate lodicules, } enlarged.
3. Pn.uicle in fruit. nat. size. 9, G{'ain (nat. size).. :

4, Spikelet. 10. Ditto, grooved side.

5. Ditto, ripe. 11. Ditto, back view. }enlarged.
6. Flower and upper pale. } plarged 12, Ditto, vertical section.

7. Lower pale, enlarged, 13, Ditto, lower portion (much enlarged).
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Description,

Varielies.

ORYZA SATIVA, Linn.

[Vide Plate IV.]

ENGLISH, rice; VERNACULAR, dhan (unhusked), chawal (husked), baranj, (Persian).

Natural order Gramines, tribe Oryzez. Annual. Stems numerous, varying in height from
2-10 ft., lower portion floating or creeping, ercct above, cylindrical, jointed, smooth, striate.
Leaves with long close sheaths, the lower ones without blades ; ligule prominent, often an inch in
length, lanceolate, acute ; blade linear, tapering, acute, 1-2 ft. long, and upwards of an inch in
width, pale green, rough, edges serrulate and armed with minute forward prickles ; midrib promi-
nent. Panicles narrow, 8 in. to 1 ft. or more in length, at first erect, becoming more or less
drooping as the grain ripens ; rachis flexuose, angular, hispid, with tufts of soft hair at the base of
the branches. Spikelets laxly disposed, stalked, 1-flowered, articulated with the swollen summit
of the pedicel. Glumes small, the outer a little the longer, lanceolate acuminate, 1-nerved ; pales
2, equal, longer than the glumes, boat-shaped, clothed with short bristly hairs especially at the
upper part, coriaceous, persistent, pale green, becoming white, yellow, reddish-yellow or nearly black
as the grain ripens ; lower pale 3-nerved, blunt, acute or ending in a stiff smooth awn which often
exceeds the spikelet. Lodicules 2, broad, fleshy, semi-transparent. Stamens 6, hypogynous ;
anthers linear, protruding from the pales when in flower. Ovary smooth, tapering ; styles 2, about
as long as the ovary ; stigmas red, composed of rough spreading hairs. Fruit (the grain) enclosed
in, but not adhering to, the persistent pales, oblong-ovoid, smooth, somewhat compressed.

The varieties which rice has developed are more numerous and more strongly
marked than those of any other crop. In the District of Bareilly about 47 distinct
varieties are enumerated, and it is probable that in the Provinces their number consid-
erably exceeds 100. Their names, however, vary so greatly from District to District as
to be of little or no assistance in identification, and hence no useful purpose would be
served by giving a list of them here. Judged by their leading characteristics the
varieties may be thrown into three classes—the first, including those with a tall habit
of growth, with the ear protruded from the sheath, feathery and drooping, and with
thin, usually ye]low-husked grain; the second, including varieties with a shorter habit
of growth and stouter stems, with the ear not so prominent and carried more erect than
that of the preceding, and with thick yellow or red-husked grain; and the #4ird, com-
prising the common varieties of paddy, with short, strong stems, ear partially enclosed in
the sheath and grain-husk dark coloured or black.

The varieties of the first class are the most highly prized, the commonest being
those known as naka, bdnsmatti, bdnsphal and jhilma. The seondhi and sumhdra are
the principal varieties of the second class, while sat4i (so called from its growth covering
60 days) is far the most important of those included in the third class, and, if its area
be alone regarded, the most important of all the varieties. Munji is a term of varying
meaning, denoting in some places (e.g., Muzaffarnagar) high class rice, and in others

* References :~Liun, Sp. Pl. Ed, I, 333 ; Roxb, Fl. Ind. II, 200 ; Bentley aud Trimen Med. P1. 291 ; Powell Punj.
Prod. 231 ; Drury Useful Pl. of Ind, 821. ’
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being merely a general term for rice sown broad-cast and not transplanted. This leads
to another and much simpler method of classification, in which the varieties may be
grouped according to the method of their cultivation, as (1) those transplanted from
seed-beds, and (2) those sown broad-cast. As a general rule the finer varieties, falling
under the first two classes above named, are raised in seed-beds and planted out, while
the coarser kinds are sown in the field broad-cast. It may be mentioned that a kind of
rice (Hygrorkiza aristata, Nees)is commonly found growing wild round the edges of lakes
and marshes, being known as passari, passai or plasaki, and a sub-variety as tinni
(Partabgarh). The grain is eaten by the poorer classes, being often collected by sweep-~
ing the plant heads with a basket.

The total area under rice in the whole of the N.-W. Provinces and Oudh amounts
to some 49 lakhs of acres, only 27 lakhs of which are in the 30 temporarily settled N.-W.
Provinces Districts, being 1] per cent. on their total cropped area, and 21 per cent. on the
area under kharif crops. Its cultivation is perhaps more markedly localized than that of
any crop except cotton and sugar, and it varies between & of the kharif crop area in
Gorakhpur to only 3zigo in Muttra. The percentage of the rice area to the total
cropped area in the 30 temporarily settled Districts of the N.-W. Provinces is shown by
Divisions below :—

Benares Divi-| Kumaon
%‘.‘“.hf‘b"d sion, including Division,
Meerut Rohilkhand Agrs - }V]'s;l‘?“' Azamgarh, Jhansi including
Division. Division. Division. ".‘J\c ucing Gorakhpur Division. Tarai
l D".“?P"‘: and Basti Dis- District
l fstrict. tricts ouly. only.
Percentage of rice ‘
area to total
cropped area, ... 41 146 ] 19 63 314 13 491

The cultivation reaches its maximum in the belt of Districts underlying the
Himalayas, and increases very largely as we go eastwards. This merely of course illus-
trates the fact that a plentiful supply of water is the first requisite for rice growing.

There is greater latitude in the period for sowing and harvesting rice than in the
case of any other crop, it being sown in all months from January to July, and harvested
in all months from May to November. The rice, however, which is sown before the com-
mencement of the monsoon rains bears but a very small proportion to the total, and the
seasons in which the greater portion is grown are June to August for broad-casted, and
June to November for transplanted, rice. Taking first of all broad-casted rice, by far the
greater portion is sown on the break of the monsoon, and is ready for cutting in from
2 to 21 months, i.e., in &%ddon (August) or udr (September), and hence it is often known
as bhadoi or Audri. "The rapidity of its growth is signified in the name of one of the
commonest varieties, which is called saZki, or 60-day, rice. But a certain amount of
broad-casted rice is sown two months before the monsoon rains can be expected, and in
this case there are two methods of cultivation. Either the rice germination is promoted
and its growth stimulated by frequent and copious irrigation until the rains break, or
taking advantage of a fall of rain in April and May, the ground is ploughed up and
gown, but the seed is allowed to lie unirrigated, and the young plants should not come
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up before the advent of the raing induces germination. The method is a very risky one,
since, if the seedlings come up before the rains commence, they are speedily dried up
and the crop ruined. The principal object in early sowing is to be able to harvest early,
and get the rice crop off the ground in time to Do followed by one in the rabi, and by
having the seed in the ground by the time the rains commence, the first fall is utilized
in bringing up the young plants instead of in merely preparing the ground for
ploughing.

Nearly the whole of the transplanted (or jarkaz) rice is sown in seed-beds at the
beginning of the rains, planted out after a fortnight or three weeks, and cut in agkan or
November, whence it is also called qglani. A very small proportion, however, called
boron, jetli, or hot weather rice, is sown in January, planted out in February, and cut in
May. This is only practised in slimy soil, along the edges of tanks or beds of rivers,
which are planted with rice as the water becomes shallow from evaporation. Great
labour of an especially disagreeable kind is required, and this method of cultivation is
therefore chiefly conficed to the fisher and boatmen castes. The area under dorox rice
in 1880-81 in the 30 temporarily settled Districts of the N.-W. Provinces was only
returned as a little over 5,000 acres.

No particular rotation is followed ; in damp localities it often alternates with sugar-
cane, and in the western Districts of the Provinces with gram, barley or peas. But itis
commonly grown year after year in the same land and, moreover, when broad-casted and
cut early, is generally followed by a crop in the succeeding rabi, and the land is thus
drained by two crops within the year.

Rice is almost always sown alone, the peculiar conditions of its cultivation not suit-
ing any other crop. Occasionally the greater millet (juir) is sown mixed with it, but more
as an insurance against an over-light rainfall than in {he hope of gathering a double crop.

The suitable soil is stiff clay which commonly forms the bed of the drainage depres-
sions and basins, in which rice cultivation most frequently occurs. Rice can even be
grown on zsar or saline clay, provided that an ample supply of water be given, and
evaporation from the soil be checked by never allowing the surface to become dry. Manure
appears to be very little used for broad-casted rice. The nurseriesin which transplanted
rice 1s raised are generally heavily manured, but the application of manure to the fields
in which the seedlings are transplanted is only reported from the Districts of the Benares
Division in the Gogra-Ganges Doib, where cattle are said to be herded on rice fields, and
earth impregnated with saltpetre is occasionally used as a top dressing.

A pgreat portion of the rice land in the Sub-Himalayan Districts is prepared by
being dug over by the mattock during the cold and hot weather months, when the soil has
been softened by a fall of rain. Labour is cheap in these Districts, and practice has
produced dexterity, and in consequence an acre can be dug in this manner to a depth of
six inches for about Rs. 2-8, while at the contract rates allowed in Doab Districts it
would cost at least Rs. 8 or Rs. 10. For land not dug in this way, the number of plough-
ings varies according as the crop is to be sown broad-cast or planted out, being two or
three in the first case, and from four to six in the second. The soil is pulverized and ?
weeds collected by a rough harrow made by fixing a row of pegs in the ordinary log

clod crusher. If the land lie at all saline the harrow is not used, since by rendering the
D
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earth more compact it is said to facilitate evaporalion, which brings of course the salt
to the surface.

For sowing, the soil must be thoroughly moist, but may be a miry slush, on the
surface of which the seed is scattered and harrowed in. If the rice is sown broad-cast
40 seers to the acre are held sufficient, If seedlings are to be raised in a nursery much
thicker sowing is followed. It is a common practice, especially when the weather
at sowing time is very wet, to give an artificial stimulus to germination by soaking
the seed in water for a night, and then leaving it for a couple of days covered with
damp grass. If the crop is to be transplanted, the nursery should be about i%;th the
size of the field. The seedlings are taken up when about a foot high, and planted out
in regular lines at distances of six inches, from two to six seedlings being planted
together.

For rice which is grown in the hot weather months, frequent and copious irrigation
is absolutely necessary, whether the District be moist or dry. Rice sown at the com-
mencement of the rains and cut in August or September under ordinary circumstances
needs no watering, but the transplanted varieties, which are not ready for harvesting till
November, need two or three waterings after the rains have ceased. Of the total area
under rice in the 30 temporarily settled N.-W. Provinces Districts, only 15 per cent. is
returned as irrigated, and this may be presumed as the proportion which transplanted
bears to broad-casted rice.

The rain water is carefully economized by surrounding the field with a bank which
prevents any great loss of water by surface drainage. Trrigation, if required at all, is
required in such quantity that wells are almost, if not quite, useless for the purpose, and
the crop can only afford the less costly water which can be derived from tanks, rivers,
or canals. The effect of the Ganges Canal on rice cultivation is seen very clearly in the
Muzaffarnagar District, where transplanted and irrigated rice, which was formerly almost
unknown, now occupies 50 per cent. of the total rice area.

At least one weeding is, as a rule, given to broad-casted rice. Planted rice is re-
ported in Cawnpore to be more frequently weeded than broad-casted, but in Allahabad
it requires no weeding at all. The explanation of the diserepancy is to be looked for in
the previous preparation of the field; if the weeds wero thoroughly eradicated then,
subsequent weedings might be rendered unnecessary.

The erop is cut with sickles in exactly the same manner as wheat or barley. The
most common method of threshing is by beating out the grain with sticks, but it ap-
pears that in some localities the grain is trodden out by cattle, the ears having been
previously separated from the straw, which is too succulent to break up into chaff as is
the case with wheat or barley. The straw called (pial) is used for cattle fodder when
all else fails, but is very innutritious, and possibly this may be the reason why the agri-
cultural cattle of rice Districts are the worst in the Provinces. The grain after being
threshed out does not lose its husk, and in this condition is known as dkdn. The
husk is separated by pounding the grain either with a wooden pestle (mansart) in a mortar
(okhali), or in the lever mill known as the dhekoki. The husking is sometimes facilitated
by soaking the grain in warm water and allowing it to dry. Of course so rude a process
destroys some portion of the produce, and of the 60 to 70 lbs. of cleaned rice which can
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ke obtained from 100 lbs. of dZdn, from 10 to 15 per cent. will be broken and crushed
and of little value.

Rice has most to fear from the green fly called ganduki or tanki, and since the at-
tacks of these insects do not commence until towards the end of August, it is the finer
varieties which suffer most. Strong and healthy plants suffer much less than backward
ones, and this furnishes another reason in favour of sowing being as early as possible.

The following is the cost of growing an acre of broad-cast and transplanted rice :—

Broad-cast. Tranaplanted.
RS. A. P pe. A, P
Ploughing (twice), 1 & 0| Ploughing (four times), ... w 3 00
Harrowing (twice), . 0 4 0 Harrowing (twice), . 0 4 0
Seed (40 seers), 1 8 0| Beed (25 scers), 015 0
Sowing, 0 4 0| Sowing, .01 0
Weeding (twice), 3 0 0 | Manure (for sced-bed), 0 8 0
Reaping, 1 8 0| Transplenting, ... 4 0 0
Threshing (at fyth produce), 1 8 0| Weeding (twice), v 3 00
Cleaning, 0 6 0| Watering (three times canal flush), 700
Reaping, . . 180
Threshing, s . 200
Cleaning, . 0 6 0
Total, 914 0 Total, ... 2210 0
Rent, 4 0 0| Rent, we 6.0 0
Grand Total, ... 13 14 0 Grand Total, ... 28 10 0

—

This is exclusive of husking, which costs about 6 annas per maund of husked
rice. A woman can husk 15 seers of dkdz in a day, the usual rate of payment being
2 annas for 5 seers, about 2rds of which will be cleaned rice.

The discrepancies between available authorities as regards the average outturn of a
rice field are greater than usual, and can only be explained on the hypothesis that in
some cases the figures relate to broad-casted, and in others to transplanted, rice. The
most elaborate estimate is that framed by Mr. Moens for the Bareilly District, which puts
the outturn at 1,218 lbs. (or 14'8 maunds) per acre, although here also it is not specified
how far this estimate is dependent on the rice being transplanted or not.

In the Districts of the Meerut, Rohilkhand and Benares Divisions and in north
Oudh, broad-casted and unirrigated rice may be assumed to yield an average produce of 12
maunds per acre, while in the drier Districts towards the centre and south of the Pro-
vinces, 10 maunds is the highest average which can be safely taken.

The outturn of transplanted and irrigated rice may be estimated at 16 maunds per
acre, the produce being superior to that of broad-casted rice in quality as well as
quantity, commanding at least 50 per cent. higher prices in the market.

These outturns are of unlusked rice, and must be reduced by at least 25 per cent.
to arrive at the weight of Ausked grain.
again as that of the grain.

T'he average area under irrigated ard unirrigated rice in the 30 temporarily settled
N.-W. Provinces Districts is shown below by Divisions, having been calculated from
the returns of the last three years:—

The weight of straw is from $ to 1 as much

» 2
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DBenares

Rice.

Irrigated, we oo | 86449] 29,182 17,731] 78,084] 2,18,748] 2,248

Unirrigated,

1,20,255) 6,30,173| 65,674] 1,98,472(11,59,045/ 15,056

Kumann
Allohabad | Division, Division,
Mcerat  [Rohilkhand| Agra Division, Basti n“ﬁ Jhansi including Total
Division. | Division, | Division. | excluding Gorakhpur Division, '1_'nn_1i otal.
| Bl Pl
only. :
acres, ncres. acres, acres, ncres, acros. neres. acres.

34,676) 4,67,068
54,752(22,43,427

Total,

2,06,704| 6,556,305 83,495| 2,76,556(18,77,793| 17,304

89,428/27,10,495

Adding to this 22,600,000 acres on account of Oudh and the permanently settled
N.-W. Provinces Districts, the total area under rice is brought up to some 49 lakhs

of acres.

The traffic by rail in rice during the last three years is summarized below :-—

Gross import.

From Bengal,
»  other places,

Total,

G'ross export.
To Punjab, e
,» Rajputana,
» Other places, ...

Total,

Import, ...
Net {Export: v

1878-79. 1879-80. 1880-81.
maunds. maunds. maunds.
2,74,829 43,012 10,34,366
17,506 13,430 20,873
2,92,335 56,442 10,55,239
2,20,683 7,79,207 5,45,203
73,692 3,27,144 2,564,816
72,437 1,66,539 39,687
3,66,812 12,72,890 8,39,706
2,15,533
e 74,477 12,16,448
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ZEA MAYS, Linn’

(Vide Plate V.]

ENcLISH, maize ; VERNACULAR, maka, makai, junri or bara juar (in the eastern Districts, where
millet is called chota jué.r)-

Natural order Gramine, tribe Maydee. A tall annual grass. Stems 4-10 ft. high, smooth,
striate, solid, the central portion soft and spongy. Leaves numerous, close together ; sheaths large
and full, somewhat compressed, auricled at the base, upper part hairy ; ligule short, truncate, torn ;
blade of leaf 1-1} ft. long, linear lanceolate, acute, smooth ; midrib prominent below ; margins
wavy, ciliate. Flowers unisexual ; spikelets moncecious, 2-lowered ; male spikelets many, arranged
in pairs on the spike-like branches of a large terminal drooping panicle ; glumes 2, about equal,
tinged with purple ; pales 2, nearly equal, falling short of the glumes, lower 3-nerved, upper 2-nerved
and with inflexed margins ; lodicules fleshy, truncate ; stamens 3, protruded ; female spikelets nearly
sessile, closely arranged in pairs on a thick spongy axis, forming a compact cylindrical spike sur-
rounded at the base by broad imbricated bracts, upper flower of spikelet barren; glumes 2, broad,
thick and fleshy at the base, the lower emarginate, ciliate, the upper truncate ; pales 2, lower broad
and blunt, the upper much longer, closely adhering to the ovary; lodicules none; ovary sessile,
ovoid, styles very long, filiform, drooping. Fruit (the grain) roundish or reniform, compressed,

smooth, shining, yellow white red or spotted.

Maize is undoubtedly an introduction from America, and its cultivation is of recent
date compared with that of the other cereal crops. Possibly for this reason it does not
appear to have developed any well marked varieties except perhaps in the eastern Dis-
tricts, where its cultivation is attended by more care than it generally receives. So far
as the colour of the grain is concerned there are endless varieties, and the cobs may be
of any tint from a dark purplish red, through yellow and orange, to a pure white. Buf
the most important variety is that grown in Jaunpur and Azamgarh, in which the cobs
are of double the usual length, and the plants of taller growth than the ordinary. The
grain of this variety is, however, nearly a month longer in maturing.

The total area under maize in the 30 temporarily settled N.-W. Provinces Districts
may be put at 7 lakhs of acres, or 3 per cent. on the total cropped area. Its cultivation
is spread over the whole area of the Provinces with the exception of Bundelkhand, in
which it is hardly known. It reaches its maximum in Gorakhpur and Basti. There are,
however, considerable differences between the area under maize in closely adjacent Dis-
tricts, which can only be explained on the supposition that its cultivation has hardly yet
lost novelty and is still on the increase. 'Thus in Cawnpore the area under maize in
1880 is returned as 28,233 acres, while in Fatehpur it is only 187 acres.

Maize is a kharif crop and ranks next after broad-casted rice in the rapidity with
whicl it comes to maturity. It is sown, as a rule, when the rains break, butin localities

* References :—Linn. Sp. Pl Ed. L 971 ; Roxb. Fl. Ind. III. 568 ; DC. Geogr. Bot. ii, 942 ; Bonafons Hist. Mais. tt.
1-12 ; Bentley and Trimen Mecd. Fl. 296 ; Powell Punj. Frod. 230,



ZEA MAYS.

Average outturn. The general average outturn for the Provinces may be taken as 10 maunds for un-
irrigated, and 14 maunds for irrigated, maize. The Settlement officers of Bijnor and
Aligarh arrived at averages of 7% and 101 maunds respectively, while the careful ex-
periments of Mr. Moens in Bareilly, give 154 maunds for manured land, 12 maunds for
unmanured land, and 12} maunds as the general average for the District. In both
Etawah and Cawnpore the average outturn is returned as 12 maunds.

The area under maize during the last three years in the 30 temporarily settled
N.-W. Provinces Districts is shown below by Divisions :—

Area,

Bennres
Allahabad | Division, g;l:,'i"sﬁg
: Division, | including P - ot
Mecerut  |Rohilkhand| Agra . - Jhansi | including
Division. | Division. | Division. | eiudiog | Bustiand | pyiyicion, (Jarai * | Total
District. | Districts onl
only. ¥
acres. acres. acres, acres, neres, ncres. acres, acres,
Maize.
Irrigated, -+ | 1,45,176 8,142| 49,273 7,774 17,784 29 1,003| 2,29,181
Uhirrigated, ... ... | 1,66,450] 83,704 78,914, 23,298 1,18,350 8,307 8,744| 4,89,767
Total, ... | 8,11,626] 93,846 1,28,187| 31,072 1,36,134 8,336 9,747| 7,18,948

No statistics are available of the area under maize in Oudh and the 5 perma-
nently settled N.-W. Provinces Districts.

Explanation of Plate V.

1. Entire plant (reduced to 3 nat. size). 3, Spikeof female flowers enclosed in
2. Single branch of male inflorescence (nat. size). the spathe-like bracts. nat. size.
4. Ripe cob.
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Description.

Varieties,

SORGHUM VULGARE, Pers.

[Vide Dlate VI.]

EXGLISH, great millet; VERNACULAR, juar, junri (N.-W. Provinces Districts west of Allaha-
bad), choti juar or junri (Districts of Oudh and the Benares Division, whero maize is called bari
Junri), also called bajra jhupanwe (in the Azamgarh District, whero the bulrush millet (Penicillaria
spicata) is known as bdjra tangunanwa). The eholum of the Madras Presidency.

A tall handsome grass belonging to the tribe Andropogonec, of the natural order Graminee.
Stems erect, variable as to height, thick and succulent, often tinged with red or yellowish blotches,
Leaves broad, narrowing gradually to their tips, smooth except at the junction with the sheath ;
midrib prominent bencath channelled above ; sheaths very long. Flowers in dense ovate panicles,
heads nodding before ripening. Spicules in pairs, 1-flowered, one sessile and hermaphrodite,
the other stalked and bearing only stamens.  Glumes about equal, hard and firm, especially those
of tho fertile flowers, lower 3-fid ; pales 2, somewhat transparent, lower one rather larger, con-
cave, acute, upper bifid, awned ; awn jointed. Stamens 3. Styles 2. Grains about § in., smooth
white or red.

'

There are numerous varieties of juir as might be expected from the large extent to
which it is cultivated. They may be primarily grouped according as the seed is white
or red, the former class being the most esteemed from the superiority of its stalks as
cattle fodder, as well as from the better quality of its grain, Three well marked varie-
ties are (1), the double seeded, which has two grains within a single husk; (2), the
dwarf, grown in the Allahabad District, in which the stalks do not grow to a greater
height than 3 or 4 feet instead of 7 or 8; and (3), the variety, known as chdhcha in the
Cawnpore District, in which the grain is completely covered by the husk, and which is
said to suffer less from the depredations of birds than the ordinary kinds.

The dry stalks and leaves of juir chopped into small pieces form the ordinary cattle
fodder of the country for some months in the year, being known by the name of Zaréi.
Occasionally judr is grown solely for cattle fodder and not for its grain at all, in which
case the stalks are cut while green before the seed has had time to mature. It is almost
the only green fodder crop grown as such in the Provinces, and heace when grown for
this purpose has no more distinctive name than clari, which simply means fodder. Chari
cultivation is, however, almost entirely restricted to the Districts of the Meerut Division,
where the cattle are mostly purchased from the outside, and are of a far better quality
than those in other parts of the Provinces. Its value as a green fodder may be infer-
red from the following analysis, made by Professor Voelcker, in which its nutritive qual-
ities are compared with those of turpips:—

Chari. Tuarnips.
‘Water, e 8517 90-43
Flesh forming matters, w285 104
Fatty and heat producing matters, . e 11414 789
Inorganic matters, ... . 1114 64

100:00 100-00

* Synonyms :—A4ndropogon Sorghum, Roxb. Fl. Ind. i, 269, Holeus Sorghum, Lino,
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Cost of cultivation,

Average outturn,

Ares,

SORGUUM VULGARE.

The cost of cultivation per acre is as below :—

RS, A, P,

Ploughing (twice), ... .1 80
Clod crushing (twice), ... . . w 0 4 0
Seed (6 scers), . . 0 83 0
Sowing, e . . . 013 O
Weeding (once), . 2 00
Watching, ... . w 012 0
Cutting, . we 010 0
Threshing, .. .1 80
Cleaning, ... wo 0 3 0
———

Total, « 713 0

Rent, we 6 0 0
Grand Total, 13138 o

The average outturn of juir on irrigated land is about 10 maunds grain and 60
maunds dry fodder, and of ¢Zar about 300 maunds green fodder, equal to 100 maunds
dry fodder. For irrigated land the general average is 8 maunds grain and 45 maunds
dry fodder, ciari yielding 280 maunds green fodder, equal to about 90 maunds when
dry. These are the averages for judr sown alone or with ouly the smaller pulses. When
arhar is associated with it the outturn is decreased by about 25 per cent. The outturn
of the subordinate crops may be put at—arZer 5 maunds, other pulses 2 maunds, #? 1
maund.

"The area under judr, judr-arkar and ckari in the 30 temporarily settled N.-W. Pro.
vinces Districts, being the average for the three years 1878, 1879 and 1880, is shown by
Divisions below :—

DBenares
Allahabad | Division, g.ul:.m.mn

Lo h ; ivision
Meerut |Rohilkhand| Agra g‘lc‘{:f&gl?' g‘:;ﬁdﬁ% Jhansi including" Total.
Division. | Division. | Division. Jmmpm_g Gorakhpur Division, Tarai

District, | Districts District
oaly. only.
neres, acres, acres, acres, acres, acres. acres. acres,
Judr.
Irrigated, 16,856 887 13,111 1,412 456 210 164| 33,096

Unirrigated, ... ... | 3,13,746| 1,45,308| 2,88,736| 3,52,202] 2,658 2,19,552|  1,483/13,23,865

Total, ... | 3,30,602| 1,46,285| 3,01,847] 3,53,704 3,114I 2,19,762|  1,647(13,56,961

Judr-arhar.
Irrigated, 7,890 236| 24,139] 10,590 886 153 ... 43,894

Unirrigated, .. .. | 1,84.322 88,241| 5,36735| 6,01,435 4,408 84,449 2(14,99,592
Total, .. | 1,92,212| 88,477 5,60,874| 6,12,025 5,204| 84,602 2(15,43,486

Chari.
Trrigated, .se e 12,147 100 989 193 1,984 1 30| 15,444
Unirrigated, ... .. | 1,89,091| 20,435 11,231| 8334 2052 321 168] 2,31,632
Tetal, ... |2,01,238 20,535 12,220 8527 4,036 322 198| 2,47,076

Grand Total, ... | 7,24,052| 2,55,297| 8,74,941| 9,74,256] 12,444| 3,04,686  1,847(31,47,523
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SORGEUM VULGARE. 29

Making a rough estimate of 5,650,000 acres for Oudh and the permanently settled
Districts of the N.-W. Provinces, the total area under this crop in the N.-W. Provinces
and Oudh is brought up to nearly 36,98,000 acres.

Ezplanation of Plate VI.

1. Upper part of plant showing one spike in flower, 2. Leaf (nat, size).
and another in fruit (nat size). 9 & 4. Clusters of spikelets (slightly enlarged).



Description,

Varieties.

Distribution,

Seasons.

Mistares,

Soils,

PENICILLARIA SPICATA, Willd.

[ Vide Plate VIL]

Exowien, bulrush millet; VERNACULAR, bajra, bajr}, lahra, bajra tangunanwa (in Azamgarh
where the great millet is called bdjra jhupanwa), Tho ehambu of the Madras Presidency.

Natural order Graminee, tribe Panicew. A tall erect grass. Stems many, 3-6 ft. high, rooting
from some of the lowest joints. Lcaves long lanceolate, midrib stout and prominent beneath ; ligule
very short, truncate ciliate. Spikelets arranged in cylindrical spike-like panicles 6-9 in. long and
$-1 in. in diameter, each spikelet surrounded by an involucre of yocllowish brown bristles, the
inner bristles themselves plumoso hairy, glumes uncqual enclosing 2 flowers, tho lower malo and
the upper hermaphrodite ; outer glume minute truncate, inner nearly equalling the pales, retuse-
Pales about equal, lower one overlapping the upper, broad, smooth, 5-veined, mucronate, ciliate at
the edge. Stamens 3. Style single with a bifid feathering stigma. Seed small, pearl-coloured,
smooth.

There are two distinet varieties, known respectively as édjre and bdjri, the former
with greenish coloured, and the latter with reddish coloured and rather smaller, grain.

Bijra is grown very extensively, occupying 193 lakhs of acres in the 30 temporari-
ly settled N.-W. Provinces Districts, or 8 per cent. of their total cropped area, but it is
in great measure confined to the western Districts, and east of Allahabad it is compara-
tively rare.

It is a kharif crop, being sown a little later and reaped a little earlier than juir, and
it is occasionally sown on land which was intended for judr, if sowing time be delayed
by floods or failure of rain. Its grain is supposed to be heating, and hence is largely
consumed by the poorer classes in the cold weather, though it not unfrequently induces
diarrheea. The dry stalks are used as cattle fodder, being, however, vastly inferior to
those of juar.

It is rarely grown alone, and is generally mixed with minor crops of much the same
kinds as those grown with judr, the place of ming in the combination being generally,
however, taken by motk (Phaseolus aconitifolius).

If juir be taken as the kharif counterpart of wheat, bijra may be still more aptly
compared with barley. Like barley it often occupies very good as well as very bad
land, but, as a general rule, it is the crop of poor light-soiled outlying land, and requires
perhaps rather less rainfall than juir can make shift with. It is never manured, and but
rarely irrigated.

The land is ploughed from once to four times, and the seed, mixed with that of the
subordinate crops, is sown broad-cast and ploughed in at the rate of 2} to 3 seers per
acre.

* References :—Powell Punj. Prod. 238 ; Drury Uscful Pl of India 338, Pennisetum typhoideum, Rich. Panicum
spicatum, Roxb.



Weoding and harvesting.

Diseases and injuries.

Cost of cultivation.

Qutturn.

Area.

PENICILLARIA BPICATA. 81

There should be at least one weeding, if possible, but tho place of this is often
taken by ploughing up the ground between the plants, cxactly as is done to juir. The
crop should be watched if possible to keep off birds and squirrels for about 20 days before
itis cut. The grain ripens towards the beginning of November, when the heads are cut
off and carried to the threshing floor, the stalks being frequently left standing on the
ground for some weeks. Threshing and winnowing are conducted after the usual
fashion.

Next to an absolute failure of rain bjra suffers most from damp or rainy weather
while it is in flower, by which the proper fertilization of the flowers is prevented. The
stamens hang outside the flower-envelopes, entirely unprotected from the weather, and
it is perhaps to this that bijra owes its peculiar liability to damage from rain. If there
is a fall of rain in the beginning of October, it is no uncommon thing to see a biijra field
with hardly a single grain formed on its spikes. It suffers still more than juir from the
microscopic fungus known to English farmers as “bunt,” and is reported to be often
infected with a species of mildew called lagulia (Puccinia sp.) which manifests itself
first in spots on the foliage, and then in total destruction of the grain. DBut it owes in
great measure its liability to these diseases to the poverty of the soil on which it is cul-
tivated, and the mildew alluded to above is said to be most destructive in cases where
bajra has been grown too frequently on the same land.

The cost of cultivation is given below :—

ne. A8, T,

Ploughing (twice), 1 8 0
Clod crushing (twice), ... .0 40
Seed, . 0 2 0
Sowing, 013 0
Weeding (by the plough), 012 0
Watching, ... . 012 0
Cutting, 010 0
Threshing, ... 1 80
Cleaning, 03 0
Total, . 6 80

Rent, . 3 00

Grand Total,

=]
@
(=)

Authorities agree in showing that the outturn is less in the damper than in the
drier parts of the Provinces. For the Meerut and Rohilkhand Divisions 53 maunds of
grain is the highest estimate possible, while in the Agra, Allahabad and Jhansi Divi-
sions 7 maunds of grain does not appear extravagant. The outturn of dry fodder will
be in both cases about 30 maunds, If arhar is associated with the bijra, the outturn
may be taken as 16 per cent. less. The smaller pulses yield about a maund and a maund
and a half per acre.

The average area under 4djra and bgjra-arkar in the 30 temporarily settled Districts
of the N.-W, Provinces is shown by Divisions below :—



PENICILLARIA SPICATA.

Douares
Allahabnd | o foqiae Enmaon
Meerat {Rohilkhand| Agra D'{“&‘-m' Azamgarh,| Jhansi | including
Division. | Division, | Division. c‘:]u:u IBE | Basti and | Division. | Tarai Total.
JUDpOT |Gorakhpur District
District. | Digtricts only.
only.
Bdjra.
Irrigated, .. e 3,457 637 3,194 549 117 1,509 199 9,662
Unirrigated, ... | 2,26,095 8,84,042| 1,87,852| 1,29,793 3,944| 38,890 2,269 9,78,785
Total, ... | 2,29,552| 3,85,579| 1,91,046] 1,30,342 4,061 40,399 2,468| 9,83,447
Bdjra-arhar.
Irrigated, s 920, 405 1,978 809 49 1,058 5,219
Unirrigated, ... .. | 65724| 2,60,352] 8,97.240| 2,090,048/ 3,556 39,983 2| 9,76.805
Total, . | 66,644 2,60,757| 3,909,218 2,10,757| 3,605 41,041 2| 9,82,024
Grand Total, ... | 2,96,196| 6,46,336| 5,90,264! 3,41,099 7,666 81,440 2,470(19,65,471

No information whatever is possessed concerning the area under bajra in Oudh and
the b permanently settled N.-W. Provinces Districts.

Portion of stem with leaf,
Spike in Howor,
Stamens (slightly cnlarged).

LR S

Explanation of Plate VIL.

Entire plant with ripo spikes (reduced),

nat. size.

5. Ripe spike.

involucre.

6. Spikelet surrounded by the bristly
nat, size,

7. Seed.
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Description.

Varieties,

Distribution.

Seasons.

CICER ARIETINUM, Linn.’

[Vide Plate VIIL]

ExcLisH, gram; VERNACULAR, chana, nakhud (Persian).

A viscid vetch-like annual belonging to the tribe Viciew of the papilionaceons division of the
natural order Leguminose. Stems much branched. Leaves 1-2 in. long, pinnate. Stipules small,
persistent, leaf-like, obliquely ovate, deeply cut ; leaflets 7-8 pairs with usually a terminal one, ovate-
oblong or obovate, serrate, prominently veined. Peduncles axillary, 1-flowered, }~% in. long, jointed
about the middle, becoming deflexed after flowering ; bracts setaceous ; calyx tube oblique, teeth
about equal, narrow, lanceolate, cqually or exceeding the tube.  Corolla longer than the calyx, pink
blue or white ; standard a little longer than the wings and keel. Stamens diadelphous. Pod oblong
inflated terminated by the persistent base of the style. Seeds irregularly obovate or sub-globose,
beaked, reddish-brown, black, or white.

The botanical specific name owes its origin to a not altogether fanciful resemblance
of the seed, when first forming in the pod, to a ram’s head. The English name “gram”
is applied to a totally different product in the Madras Presidency, where it denotes the
seed of the plant known in these Provinces as kurti or gudr (Dolichos uniflorus).

The varieties ordinarily grown in the Provinces may be for the most part thrown
into two classes, large grained and small grained, the former of a markedly reddish, and
the latter of alight brown, colour. A black grained variety is not uncommon, and there
is a very large white grained kind known as “Cabuli,” which has hardly found its way
into ordinary cultivation, and is grown more as a curiosity than for profit. It requires
higher cultivation than the common varieties, and is said to closely resemble a kind
which is an important crop in Spaip, and under the name of Gardanzos is used, plainly
boiled, as one of the commonest articles of food.

Gram is one of the most characteristic crops of the Provinces, being grown either
alone or mixed with other crops, on about 423 lakhs of acres in the 30 temporarily set-
tled N.-W. Provinces Districts, which is about 17 per cent. of their total cropped area.
Its cultivation is tolerably evenly distributed throughout districts west of Allahabad,
east of which it shows a considerable decrease. Sown alone or mixed with wheat or barley
it forms the chief crop of the poorer classes of soils, and follows next after wheat and
barley in the extent of the area which it occupies.

Gram is a rabi crop, and is the earliest sown of the number, not being damaged by
the heat of the end of September and beginning of October, as are the more strictly tem-
perate crops. It is sown from the middle of September to the middle of October, and
has therefore more chance than either wheat or barley of finding a moist seed bed, and it
is harvested in April.

As a general rule it is grown on land which lay fallow during the preceding kharif,
but in Rohilkhand and Oudh it is very commonly grown as a second crop after early
rice, the area double cropped in this manner in the Gonda District being reported to be
in some parganas fully one-half of the total.

* References :—Hook. Fl. Tod. ii. 176 ; Roxb. FL Ind. iii. 324 ; Wight Ic.t. 20; W. & A. Prod. 235 ; Drury p, 134;
Powell Punj. Prod. p. 240,
P



Mixtures,

Soils and manuring.

Tillage.

Sowing.

Irrigation.

Weeding.

Harvesting.

Diseases and injuries.

Cost of cultivation.

CICER ARIETINUM.

Roughly speaking for one acre of gram sown alone there are over two acres under
gram and barley, and nearly two acres under gram and wheat. In Rohilkhand, Oudh
and Bundelkhand, linseed is very extensively grown in gram fields, while in the Doab
very few gram or gram-barley fields will be found without an admixture of dudn (Eruca
saliva) or rape. Crops which also very commonly enter into the mixture in gram-barley
fields are peas and the coarse pulse known as #assar or kesdri (Lathyrus satwus).

Gram is grown on all soils from the heaviest clay to the lightest loam, but it
is on the former class of soils that it yields its highest produce, and it is therefore on
them most frequently grown alone ; on light soils it is generally mixed with barley.
It forms, with a small admixture of wheat, the main rabi crop of the heavy black soil
of Bundelkhand, and is often found sown in the beds of dry tanks, growing amidst
clods of clay too tenacious for the plough to pulverize. Whether on stiff or light soils
it appears to be never manured in any way.

Unlike wheat and barley it does not require a fine tilth, and the ploughings which
gram fields receive (ranging from 12 in Rohilkhand to 4 in Bundelkhand) are rather to
prepare a deep than a well pulverized seed bed. In no case are the clods broken by the
use of the log clod crusher.

Tt is sown at the rate of 80 to 100 ibs. to the acre, broad-cast in Rohilkhand and
parts of Oudh, but drilled behind the plough in most of the drier Districts. It is re-
ported to be not altogether uncommon in the Bareilly District to sow it without any
previous cultivation whatever, scattering the seed on the untilled ground and then
ploughing it in.

It is hardly ever irrigated when grown alone, nor is the mixture of gram and wheat
which forms the staple crop of Bundelkhand, From }rd to $ths of the area under gram-
barley is watered, but not as a rule more than once, or, at most, twice.

A weeding is very seldom given, bub a common practice is to cut back the plants
before they flower, by picking off the tops of the shoots, which are much relished as a
vegetable (sdy), the flavour being possibly enhanced by the oxalic acid which it is the
curious property of the leaves to exude. This topping renders the plants strong and
bushy, and increases the outturn of grain.

Harvesting and threshing are in no way different from those in the case of wheat
or barley.

It suffers greatly from frost, if caught by it in flower, and whole fields of healthy
plants are sometimes ruined by a cold night in January or February. ~Great injury also
often results from the ravages of a caterpillar well known to natives as the datddura.

The cost of cultivation may be stated as below:—

RS, A, .
Ploughing (four hmes), . 3 00
Seed (80 lbs. ), 2 00
Sowing, . 014 0
Reaping, 1 9 0
Threshmg, 2 00
Cleaning, 0 6 0
Total, 913 0

Rent, 3 0 0
Grand Total, 12 13 0

B
|



CICER ARIETINUM. 36

The approximate average outturn per acre of unirrigated gram, gram.barley and
gram-wheat is shown below :—

Meerut  |Rohilkband| Agra Allghabad | Denares Jhansi Kumaeun Oudh
Division. | Division. | Division. | Division. | Division. | Division. | Division. odh.

Gram, . 8 8 6 6 7 7 8 7
Gram-barley, 9 9 6 7 8 7 9 8
Gram-wheat, ... 9 9 6 7 8 7 9 8

The outturn is highest in tracts where winter rains are of tolerably regular oceur-
rence, and is lowest in the Agra Division, the average for the Allahabad Division being
raised by its including two Districts of Bundelkhand. The outturn of gram-barley
and gram-wheat have been put at the same figure, since although the yield of gram-
barley would be largest on similar soils, it is, as a rule, grown on poorer land than
gram-wheat.

For irrigated land an all round average may be assumed of 12 maunds for gram
alone, 14 maunds for gram-barley, and 13 maunds for gram-wheat; when irrigated,
gram-wheat and gram-barley are grown on similar soils, and the outturn of the latter
has therefore been assumed the largest.

In the outturn of a gram-barley field, gram does not, as a rule, amount to more
than 2ths of the total; when sown with wheat it constitutes about 3rd of the outturn,
except in the Allahabad and Jhansi Divisions, where it rises as high as %rds, since in
Bundelkhand Districts wheat takes a very subordinate part in the mixture.

The outturn of straw is in weight about 25 per cent. more than that of grain,
Gram-blisz is considered a most excellent food for cattle, but is seldom given alone,
being generally used to give a flavour to more unpalatable fodders.

The average area under gram and its mixtures in the 30 temporarily settled N.-W.
Provinces Districts is shown by Divisions below :—

Benares -
Division, umaun
“I;}’f‘i";":d including Division,
Meerat |Rohilkband| Agra VISION, 1A zamgarh, | Jhansi | including
Division, | Division. | Division. cj‘;ll,:::l,g (]}Jllsl;‘:nd Division. I;liutr:ilct Total.
D orakhpur ~
Districk | istricts only.
only. l
acres. acres, acres. acres. acres, acres. acres. acres.
Gram.
Irrigated, . 23,764 8,028 14,787 4,377 23,725 2,792 480 77,953

Unirrigated, ... .. | 2,31,983| 2,23,256| 1,10,247] 3,61,665 66,814 92,207  3,893/10,90,065

Total, ... | 2,55,747| 2,31,284] 1,25,034| 3,66,042| 90,530 94,999  4,373(11,68,018

—_————a

Gram-barley.

Trrigated, ce e 1,67,579| 13,395] 8,63,297| 1,89,813) 90,865 4,812 6| 8,29,267
Unirrigated, ... ... | 2,76,781| 1,13,316] 3,93,619| 4,681,908 €0,063| 32,334 504:13,48,530
Total, ... | 4,44,360] 1,26,711( 7,46,916 6,71,221| 1,50,933| 37,146 510(21,77,797

Carried over, ... | 7,00,107] 8,57,995| 871,950/10,37,263| 2,41,472( 1,32,145 4,983|33,45,815
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CICER ARIETINUM.

Bopares
Division, Kumau
gtopans| PR || ome
Meerut |Robilkhand| Agra | oxcluding | A28™80rDy| Jhansi | including | ‘Total,
Division. | Division. | Division. | “Jennpne | Basti and | Division. | Tarai
Disteiot, |Gorakhpar District
istrick. | "pistricts ouly.
oply.
acres. acres., acres. acres, acres. acres, acres, ACTes,
Brought over, ... | 7,00,107| 8,57,995| 8,71,950(10,37,263| 2,41,472| 1,32,145 4,883|33,45,815
Gram-wheat.
Irrigated, 43,089 3,144| 40,824] 12,465 700 4,359 4| 1,04,585
Unirrigated, ... 95,219| 26,808 35,985| 3,50,933 525/ 8,10,665 410| 8,20,545
Total, ... | 1,38,308| 29,952; 76,809 3,63,398 1,225| 3,15,024 414) 9,253,130
Grand Total, ... | 8,38,415| 3,87,947| 9,48,759(14,00,661| 2,42,607 4,47,169|  5,297|42,70,945

The figures shown under the heads *gram-wheat” and * gram-barley " have also
been included in the statistics of area given in the notices appropriated to wheat and
barley. No statistics of area are available for Oudh or the N.-W. Provinces perma-

nently settled Districts.

1. Upper part of plant.
2 & 3. Flower, front and back views.

Ezxplanation of Plate VIII.

4 & 5. Flower with standard and one wing removed .
6. Pod with valves open.
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PHASEOLUS MUNGO, Linn.

[Vide Plate IX.]

ENoLIsSH, none ; VERNACULAR, mﬁ.ng.

Natural order Leguminose, sub-order Papilionacec, trihe Phaseolew. A hairy sub-erect annual.
Stems about 2 ft. high, branching, angular. Leaves trifoliolate ; stipules ovate acuminate, many
nerved ; petioles as long or longer than the leaflets, channelled ; leaflets 2-4 in., entire or more or
less lobed, terminal one ovate acute, cuneate at the base, lateral one rhomboid ovate, rounded at the
base, hairy on both sides ; stipels narrowly lanccolate, sub-persistent. Flowers about 6, crowded, in
axillary racemes ; peduncles short. Calyx about } in., broad and more Lifid ahove, lower portion
longer and pointed. Corolla about 4 in. long, yellow ; keel beaked, spirally twisted. Stamens diadel-
phous. Pods 2-2} in., sub-cylindrical, pointed, silky, 8-12-seeded. Seeds sinall, green yellow or
black.

Ming is one of four pulses which resemble one another very closely in appearance
and habit of growth, the other three being wrd (or mdsh), lobia (or rausa, rawds) and moth.
Miing is the most valuable of the four, and, as a rule, its consumption is confined to the
better classes of natives. It can be easily distinguished from either moth or lobia, but
its resemblance to urd is so close, that both are considered by some botanists varieties
of the same species. The most popular distinction between the two plants in the field
lies in ming having dark green and urd yellowish green leaves, but the principal differ-
ence is in the shape of the grain, in that of urd being much larger and longer than that
of miing. Exclusive of urd there are three well marked varieties of ming, having respec-
tively green, yellow and black seeds. The green seeded is the typical and commonest
variety, that with yellow seed (known as sona or golden ming) being named Plaseolus
aurcus, and that with black seeds Phaseolus Maz.

Mung is grown in every District of the Provinces, but almost invariably as a subor-
dinate crop in fields of millet or cotton, and very seldom by itself. It is therefore a
kharif crop, being sown at the commencement of the rains and reaped in October. It is
in some respects remarkable that it is not more frequently grown alone, since its grain
commands a far higher price than that of millet, but this is no doubt partly explained
by the precariousness of its growth, heavy and continuous rain, especially in September
(when it is in flower), often causing absolute ruin. But as a counterpoise to this it bears,
and justly, the reputation of being able to withstand a great deal of drought, and in a
season of scant rainfall when millets have utterly failed, it, with urd, lobia and moth, forms
a most valuable food resource, the so-called “subordinate” crop becoming in this case
of first rate importance. Another advantage which these pulses share with arhar is that
of not impoverishing the soil, or at all events not to the extent of gramineous crop such
as the millets. Not only does the depth to which their roots penetrate enable them to
gain moisture from land on which their shallow rooted companions wither of drought,

* References :—Hook, FI. Ind. ii 203; Roxb. Fl. Ind. IIL. 292 (secds green) ; W. & A. Prod. 245 ; Powell Puopj.
Prod. 239 ; Drury Useful Pl, of Ind, 837, Pk, Maz., Roxb. Lc. 295 (seeds black). Pk, aureus, Ham. (sceds yellow),



Method of cultivation,

Harvesting.

Cost of cultivation.

Average outturn.

Area,

PHASEOLUS MUNGO.

but it also leads to the iieration of the ground, and whether it be true or no that they
actually add to the fertility of the soil by fixing atmospheric nitrogen, they at all events
increase the fertility of its surface by accumulating from below food substances which
were beyond the reach of shallow rooted plants.

Its cultivation is exactly the same as that of cotton or millet. When grown alone
it is sown at the rate of about 12 seers to the acre. 'When associated with millet or
cotton it shares the benefit of the weeding which these crops receive, and only receives
irrigation when they require it. It is reaped about a fortnight before the millets, and is
threshed out by bullocks in the usual manner. The crushed stalks and leaves are much
prized as fodder, and are used to give a tempting flavour to trash that even Indian cattle
might otherwise reject as uneatable.

Its cost of cultivation may be assumed to be the same as that of judr or bijra.

‘When grown alone the average outturn per acre is reported from most districts as
about 5 maunds of grain and three times this weight of fodder. ‘

The area returned as being under miing alone during 1881, in the 30 temporarily
settled Districts of the N.-W. Provinces, is shown by Divisions below :—

DBenarcs
Allahabad Division, Kumaun
Division, | inclnding Division,
Mcernt |Rohilkhand| Agra excluding |Azamgarh, Jhansi | including Total
Division. | Division. | Division. | "y m'_; Bastiand | Division, Tarai otal.
Distrli)ct Gorakhpur District
* | Districts only.
only.
acres. acres, acres. acres, acres, acres, acres. acres.
Irrigated, 86 239 33 72 52 482
Unirrigated, e . 8,170 14,996 1,955 1,285 49 2,747 29,202
Total, ... 8,256| 15,235 1,988 1,357 49 2,799 29,684

These figures give, however, no real idea of the part played by ming in the agri-
culture of the country. In greater or less amount it is grown on fully one-fourth of
the total area under kharif crops in the Provinces, and represents so to speak the culti-
vators insurance against a shorter allowance of rainfall than his millets can make shift
with.

Ezrplanation of Plate IX,

2. Pod with portion of one valve removed to show the seeds.

1. Pistil enclosed in the staminal tube, spirally twisted.
all nat, size.
3,4,& 5. Bide, [ront, and back views of flower.
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Varicties.
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Method of cultivation.

PHASEOLUS RADIATUS, Linn*

[Vide Plate X].

ExcLisH, none; VERNACULAR, urd, mash,

A variety of Ph. dfungo, from which it differs in having longer and more trailing stems ; the
whole plant too is much more hairy, the reddish brown pubescence giving the foliage a lighter
tint ; the seeds are fewer, larger and longer than those of ming, and usually of a dark brown colour.

The close resemblance of #rd to ming which has induced some authorities to include
them both in one species has been already mentioned. Urd has, however, two distinct
sub-varieties of its own, one with large black seeds ripening in August and September,
and the other with smaller green seeds ripening in October and November. The latter
is sometimes given the diminutive name of urdi.

It is grown commonly throughout the Provinces generally as a subordinate crop
with millet or cotton, but more often by itself than either ming or lobia. The total
area under urd in the 30 temporarily settled N.-W. Provinces Districts is returned
as 2,58,495 acres, being 1 per cent. on the total cropped area. Its cultivation as a sole
crop reaches the maximum in the Meerut, Rohilkhand and Benares Divisions, as is
shown in the appended table :—

Benares

Allahabad| Division Romadn
Meerat |Rohilkband| | Agra | (eioh, | HUGCN | Thansi | including
Division. | Division. | Division, Jauopur |Gorakhpur Division. DTa:qlt
District. | Districts lslr!c
only. only.
Percentage of area under urd alone
to total kharif cropped area, ... a6 47 2 2 14 1-2 31

The Meerut, Rohilkhand and Benares Divisions are the principal sugar-cane tracts
1n the Provinces, and the comparatively large area under urd which they return may be
due to the fact that urd is one of the few crops which can be grown before sugar-cane
without greatly lessening the produce. It only occupies the ground for a short time in
the rains, and is reported to leave the soil as rich in food substances as it found it.

It is sown at the commencement of the rains, and ripens, one variety in August and
September, and another in October and November. A rare custom is reported from the
Cawnpore District, under which it is grown asa spring crop, being sown on damp low-
lying ground in February and reaped in May.

Its cultivation is precisely similar to that of the autumn millets or cotton. When
grown alone it is sown broad-cast at the rate of from 4 to 6 seers per acre. It thrives

* Roxb. FL Ind. iii. 296. PA. Mungo, Linn. var. radiatus, Hook, FL Ind, ii, 203. Ph. Rorburghii, W. & A, Prod, 216 ;
Powell Punj. Prod. 239 ; Drury Uscful Pl. of Ind, 338,



PHASEOLUS RADIATUS.

best on the heavier classes of soils, and differs in this respect from ming, which prefers
light sandy ground. It is harvested similarly to miéng, and the fodder afforded by its
stems and leaves forms no unimportant portion of its produce. The plants suffer
greatly from mildew if there is a long continuance of damp winds from the east, and the
flowers are reported to be often damaged by thunderstorms, by the lightning as popular-
ly supposed, but more probably by the heavy downpour of rain which accompanies it.

Its average outturn per acre when grown alone is about 5 maunds grain with three
times this weight of straw. When grown with other crops its outturn varies enor-
mously, since it is not sown in any definite proportion. In seasons of good rainfall it
is often choked by the luxuriant growth of its principal crop, but when rain is scanty
or ill-timed, it comes to the fore and contributes the greater proportion of the outturn.

The following table shows the average area under urd alone during the past three
years in the 30 temporarily settled N.-W. Provinces Districts :—

Bennares

Allahabud | Division, Division

Meerat |Rohilkhand| Agra ivigion, | Aneluding | 5o 0 | ncluding
Division. | Division. | Division. | Sreuding | Bastt tol Division, | Tarai~ | Total.

District. | Districts Distric

only. only.
acres. acres. QCTes, aeres. acres. acres. acres. acres.
Irrigated, 2,614 126 68 178 6,898 20 160 10,064
Unirrigated, ... .. | 87,369 1,12,142] 4,873 5,092 27,007 8,750/ 3,696 2,48,431
Total, ... | 89,983| 1,12,268] 4,443 5,270 33,903| 8770| 8,836 2,58,495

This represents, however, but a very small fraction of the total area on which urd is
grown, and if the area be included on which it is sown as a subordinate crop, the total
would be at least twelve times as large as this, No statistics are available respecting
the area under urd in Oudh and in the 6 permanently settled N.-W. Provinces Districts.

It may be mentioned that the seed of urd (or mds?) is the reputed origin of the
weight known as mdska, twelve of which go to the tola, and 960 to the seer.

Explanation of Plate X.

This plate should have been arranged so as to have been looked at lengthways in order to show the trailing habit
of the plant.
).
2. Single leaf,
3 & 4. DBack and front views of flower,

wings removed,

Flowering extremity of plant, -
}nnt. size.
6. Raceme of pods,

5. Side view of flower with standard and
}nnt. size.
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Description.

Varicties,

Cultivation.

Seasons.

Arca.

PHASEOLUS ACONITIFOLIUS, Jacq.’

[Vide Plate X1.]

LExcrisn, none; VERNACULAR, moth, mothi,

Natural order Leguminosx, sub-order Papilionacew, trihe Phaseolew. A diffuse hairy annual.
Root perpendicular.  Stems several, extending many fect along the ground in every dircetion, an-
gular, and with a few seattered hairs. Leaves trifoliolate ; stipules colering, ovate lanceolate ; petioles
a little longer than the leaflots ; stipels subulate ; leaflets deeply 3-lobed, the upper ones more fincly
cut. Peduncles axillary, nearly as long as the petioles, ending in an oblong glandular head of small
yellow shortly pedicelled flowers ; bracteoles twice as long as the calyx, subulate, ciliate ; ealyx-tube
campanulate, lowest tooth longer than the rest, the two upper connate ; keel with stamens and stylo
spirally twisted. TPod 14-2 in., straight, cylindrical, torulose, smooth, Sceds small, oblong, light
brown ; hilwin linear, whitish. ‘

Motk in the kharif answers to the coarse pea, known as fesdri, in the rabi, both
being grown on the worst land which can be made to bear a crop. Itisin consequence
grown much more commonly as a sole crop than either #ung or lobia, and the area which
it occupies on its own account is very nearly equal to that under urd. It also forms a
very common mixture in millet fields, especially in the case of the spiked or bulrush
millet (4djra), which it resembles in its preference for light sandy soils, and also in its
liability to damage from ill-timed rainfall,

Its cultivation when grown alone is of the roughest possible deseription. A couple
or at most three ploughings are held sufficient, and the seed is sown broad-cast at the rate
of 4 seers to the acre.

In a favourable season its produce is often very heavy, but taking into consideration
the poverty of the land on which a great portion of it is grown, and its liability to dam-
age from rain while in flower, the highest outturn of grain which can be taken as the
average is 8 maunds to the acre, with rather less than double this amount of fodder.
The grain is an article of human food, but there are many prejudices against it, the
most notable being that it is liable to produce worms in the bowel. On the other hand
it is considered a uselul remedy for flatulency. DBut it is principally used as cattle food,
and is said to be a fattening diet, as are also the leaves and stalks.

Below is shown the average area under moth as a sole crop during the last three
years in the 30 temporarily settled Districts, classified by Divisions :—

Benares
Division, Kn
‘})l!“_].”fb"d inclnding l)i\'r;.ls.i\:\lr?,
Mecrut [Rohilkhand| _Agra | VS | Azamgarh,  Jhansi [ including | o
Division. | Division, | Division. e.Inun m'g Basti and | Division, Tarai )
'D. I‘.Pl: Gorakhpur District
1staict: | pistricts only.
only.
acres., neres. acres. acres. acres. acres. acres, acres.
Irrigated, ... 464 60 484 107 4,762 1 1 5,879
Unimigated, ... 84,371| 67,917 31,504 9,746, 10,900 578 1,011| 2,06,027
Total, 84,835 67,977) 31,988 9’8531 15,662 579 1,012 2,11,906

* References :—Hook Fl. Ind. ii, 202 ; Roxb. FL Ind. iii. 209 ; W. & A. I’rod. 247 ; Powell Punj, Prod. 240.
G



PHASEOLUS ACONITIFCLIUS.

il A

4.

Euplanation of Plate XI.

Entire plant.

A single lesf.

A pod.

Ditto with one valve removed to show the seeds.

6 & 6. Front and back views of seed.
1—4 nat, size, 5 & 6 enlarged.
This Plate should have had the name printed on the long side,
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Description.

Varieties.

Distribution.

INDIGOFERA TINCTORIA, Linn.*

[Vide Plate XII.]

7
ExcrisH, indigo; VERNACULAR, mil.

Natural order Leguminose, sub-order Papilionacee, tribe Galegew. A small shrub, 4-6 ft. high,
with silvery, pubescent, tough, angular branches. Leaves alternate, 3-4 in. long, with minute
subulate stipules, unequally pinnate ; petiole -1 in. long ; leaflets opposite, in pairs of 4-6 and a
terminal one, shortly stalked, and furnished with minute setaceous stipels, §-1 in. long, obovate-
oblong or oval, entire, smooth, blueish-green above, and with adpressed white hairs on the lower
surface. Racemes stalked, axillary, shortor than the leaves, erect, spikelike, bracts subulate. Flowers
small, shortly stalked, rather crowded. Calyx shallow, becoming almost flat, teeth nearly equal,
and as long as the tube. Corolla papilionaceous ; standard oval, greenish ; wings dark pink ; keel
obtuse, rather longer than the wings, each of the petals spurred at the base. Stamens 10, diadelphous.
Pods 1-1% in. long, straight or sub-falcate ; cylindrical, and somewhat contracted between the seeds,
8-12-secded. Seeds quadrangular, brown.

India is probably the natural habitat of the indigo plant, and the origin of the
name which it bears in Europe. Several species are found either wild or cultivated, in
addition to the one commonly grown in these Provinces, the most noticeable being the
wild indigo of the Himalayas ([ndigofera atropurpurea), which forms a dense under-
growth in many localities on the outer ranges of the Himalayas between 2,000 and 6,000
feet. This species is not reported to yield dye matter, but another species (Z. 4»¢/, Linn)
which is cultivated in the Madras Presidency affords a dye similar to that of Indigofera
tinctoria. No varieties of Indigofera tinctoria are reported to exist in these Provinces,
but some would probably be discovered by careful investigation.

The distribution of indigo cultivation in these Provinces appears to be very capri-
cious. It is of course entirely dependent on the existence of factories for the extraction
of the dye, and indigo manufacture is very far as yet from having spread over the whole
tract suited to it, but is to a great extent concentrated in localities where it was first
started by the enterprise of European grantees or settlers. The following sketch of the
rise of indigo manufacture in the Azamgarh District is taken from Mr. Reid’s Settlement
Report, and its outline will apply with almost equal force to any other District in the

Provinces :—

“ The manufacture of indigo for export dates from the early years of British rule in the district. The
“ Compeny's commercial resident was allowed to trade on his own account as well as for his masters, and
“Mr. Crommelin, commercial resident at Azamgarh and Mau, in company with two gentlemen named Stewart
“and Scott, started the first indigo concern in Azamgarh. Its establishment was opposed by the Magistrate
“of Lhe district under the rule which forbade the Europeans to occupy land and engage in indigo manufac-
“ture in the ceded Provinces without permission from the Governor General in Council. Mr, Crommelin
“ evenlually got leave to hold the factories, and was exonerated from blame in connection with them, but so
“aggrieved did he feel by the action of the Magistrate, that he filed an action in the supreme court for
“damages, What the result of the action was the records that are within reach do not show. His indigo
¢ concern seems to have been conducted through European aud Eurasian assistants, and at first not without

* References :—Linn. Sp. Pl Ed. L p. 751 ; Roxb. FL Ind. iii. 379 ; W. & A. Prod. 202; Fl. Brit Iud. ii. 99;
Bentley and Trimen Med, PL. 72 ; Brandis For. Fl. 135 ; Powell Punj. Prod. 439 ; Drury Useful Pl. of Ind. 254,

G 2
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INDIGOFERA TINCTORIA.

“disputes with tho Natives, which the latter wero careful to bring to tho notice of the Magistrate. The
* prohibitory rule undor which Mr. Crommelin had been opposed did uot apply to persons born in India, and
“soon after the establishment of his concern others were set agoing in various places. In 1808 Mr. D. O.
“ Iergusson, acting on behalf of a Major Stevenson, erected a factory at Nizamabad, and another, now fallen
“ completely to ruin, was established at Imilia, which though professedly the property of a native, wasin 1811
““managed by an Furopean of the name of O’Dell. Aund as time went on, more small factories were erected
“ab varions places. In 1812 Mr. Fergusson’s factories passed into the hands of Mr. J. Sturmes. This
“gentleman carried on the concern vigorously, and added to ib another branch factory. He also engaged
“with sugar and cloth trades, and by mortgage, purchase and farm held possession of a number of landed
‘“estates. After his death in 1821, his indigo concern and estates were managed for a number of years by
“his exccutors. In 1829 the indigo concern and part of tho estate were sold, the formor being purchased by
“Mr. H. E. Hunter. Meantime Mr. Crommelin’s factories had changed hands, some being held by persons
‘¢ resident in the district, others by persons resident in Caleutta or elsewhere who managed them through
“agents. For several years after 1829 My, Hunter, who in addition to the Nizamabad concern, hod taken
“"over some of the factories erected by Mr. Crommelin and others, and Mr. J. H. Stonehouse, who held the
¢ Dolrighat concern, were the chief independent Europeans in the district. They traded largely in sugar
“and other native produce in addition to indigo, and Mr. Hunter was also in possession of o good deal of
‘landed property. He died at Nizamabad in 1845, and bis large indigo concern was broken up. Mr.
4 Stonehouse also had been unfortunate in business, and had to relinquish most of his factories, but he con-
“tinued to reside in the district, bolding a small factory which he built 2t Rajapatti in pargana Nizamabad
“4ill 1857, At the time of the mutinies there were at least nine concerns whose head quarters were in the
¢ district. The chief of these was the Dohrighat concern held by Mr. E. F, Venables. Previous to the
“mutinies, and for some years after them, the production of indigo remained chiefly in European and Eurasian
“honds. The only native who seems to have held factories before the mutinies was Basu Darzi, who having
“originally been Mr. Hunter's tailor, and afterwards his chief manager, had acquired a good deal of money,
“and on Mr. Hunter'’s death purchased six of his factories, DBut about 12 or 15 years ago natives began to
“take on interest in the trade, and the comparatively high prices of 1864 and the following years brought
“ about among them a rage for factory building. Numbers of new native factories sprang up.  Of 415 factories
“now standing in the district, 323 have been built during the last 14 years. At the present time only 29
“factorics, with 115 pairs of vats, are the property of, or held by, Europeans and Eurasians. The rest (386
“ factories, with 607 pairs of vats) are the property of, or held by, Natives.”

The total area under indigo in the N.-W. Provinces and Qudh may now be put at
2,89,000 acres. Some details concerning the number and size of the factories in work are
given at the end of this notice, but it may be mentioned here that one of the principal
obstacles to the increase of indigo production is the great prejudice which exists against
it in many parts of the country, based either on semi-religious objections to growing
the plant, or on a dislile to the relations between cultivator and factory to which it leads,
and which will be noticed more fully further on.

The percentage of the area under indigo to the total cropped area and to that crop-
ped in the kharif season in each temporarily settled Division of the N.-W. Provinces

is shown below :—

DBenares
Allahabad| Division, ]l)(il:'i";li\:l:l
: Division, | inclnding . h b
Meernt  |Rohilkhand] Agra ! gy " Jhansi | including
Division. | Division, | Division. c}cludm'g B"SLS ““'l. Division, Tarai
annpur (Gorakhpur District
District. | Districts only,
only. )
Percenlage of area under indigo—
to total kharif crop area, 12 ! 37 17 -8
1o total crop ares, 20 2:0 9 4
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INDIGOFPENA TINCTORIA. 45

It is noticcable how small is the footing which the plant has obtained in Rohilkhand,
and in Oudh its cultivation is still more rare, although the soil and climate of both
tracts are probably as well suited to its growth as those of the Eastern Districts, in which
the best indigo of the Province is produced. The indigo cultivation of the Benares
Division is conducted entirely with well or tank irrigation, and is a continuation of the
indigo tract of Behar, the most productive in India. West of Allahabad indigo follows
the canal; thus in the Agra Division the canal irrigated Districts of Etiwah, Etah,
Mainpuri, and Farukhabad, have an area under indigo amounting respectively to 4G,
2'3, 2°7 and 1'9 per cent. of their total cropped area, while the Districts of Muttra and
Agra, which until lately received no canal water, show only '3 and ‘9 per cent. Similarly
Cawnpore, the only canal irrigated District in the Allahabad Division, has 4°0 per cent.
of indigo cultivation, while Fatehpur its next door neighbour has only ‘3, and Allahabad
only *2 per cent.

Indigo may be sown either in the spring or at the commencement of the rains.
In the first case it is called jumowa or clhaili, in the second asarki. Jamowe indigo is
ready for cutting in August, aserki indigo a month later, but whereas land under the for-
mer is, as a rule, ploughed up immediately the crop is cut and prepared for a crop in the
succeeding rabi season, asark? indigo is left in the ground till the following rains, when
it springs up again and yields what is known as a Akunli or ratoon crop. In the first
season after sowing the quality of jamowa indigo is much superior to that of asarii, but
asarki indigo is said to yield the best crop from ratoons. The jamowa system is com-
paratively new, and has only been adopted in the Azamgarh District since the last 40
years, but is the one commonly followed in the canal-irrigated Districts of the Upper
and Middle Doidb. When indigo seed is to be produced the roots of jamowa indigo are
not ploughed up after the plant has been cut, but they are left in the ground till Decem-
ber, by which time they will have sent up fresh flower-bearing shoots and will yield a
crop of seed. The indigo planters of Behar prefer seed imported from these Provinces
to that locally grown, and in consequence an extensive tradein it has sprung up, the ex-
ports by rail from these Provinces to Bengal amounting in the last three years to 1,12,435
maunds, 1,42,516 maunds, and 1,566,810 maunds, most of which is despatched from the
city of Cawnpore. The trade is principally in the hands of Calcutta brokers, who are un-
der confract to supply a certain number of factories with the seed they require, and hence
the price of indigo seed is liable to violent fluctuations, ranging from Rs. 6 to Rs. 40 per
maund, since a certain amount of seed must be bought whatever be its price, and should
the supply run short holders of seed can make their own terms.

The jamowa system of cultivation is by far the commonest in the Districts west
of Allahabad, and unless the roots are left for seed the land almost invariably bears a
crop in the succeeding rabi, and is thus twice cropped within the year. The outturn of
the rabi crop (wheat or barley) will not be above half what it would have been if grown
after a fallow in the rains, but it is only with indigo that this much can be obtained un-
less the land be manured ; the outturn of a rabi crop grown on unmanured land after
millet or maize being extremely small.

It is most commonly grown alone, as the period of its growth does not coincide with
that of any other crop. Occasionally, however, it is mixed with juar or arkar, and is
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surrounded with a border of castor or saz (hemp), more with the idea of one crop insur-
ing the other than with any hope of reaping the produce from both.

A loam is preferred, but much of the cultivation is on the lightest possible sand, in
tracts where copious irrigation is possible from a canal. Manure is very seldom used,
but when possible indigo follows sugar-cane or cotton, and reaps some benefit from the
manure which was applied to these crops.

Four ploughings are Leld advisable, but the land frequently receives no more than
one, especially in canal-irrigated districts, where a prodigal supply of water is often made
to take the place of good tillage. For jamowa indigo the ground must be watered before
ploughing, while asarki fields are not ploughed until softened by the rains.

For proper germination of the seeds it is necessary that the seed-bed be thoroughly
moist, and this accounts to some extent for the haste made in ploughing. The seed is
sown broad-cast at the rate of about 8 seexrs to the acre, and since it is essential that it
be not buried too deeply, it is merely harrowed in by the log clod-crusher or by a bush.

The number of waterings which are given to jamowa indigo between the date of
its sowing and the commencement of the rains varies with the dryness of the air, being
as many as six in Cawnpore, two in Bareilly, and only one in Azamgarh. 4sarki indigo
requires no watering in a year of ordinary rainfall.

It is essential that the crop be kept free from weeds, and two weedings are the least
that are given.

The plant is ripe for cutting just before it flowers. It is reaped with sickles in
the ordinary way, and is carried to the factory, where the process of extracting the dye
at once commences. The essential parts of an indigo factory are (1), two sets of vats
one on a lower level than the other, the upper set being used for steeping the plant, and
the lower set for concentrating the dye matter; (2), a boiler and furnace for boiling the
dye; and (3), an apparatus for straining and pressing. The size of the steeping vat varies,
but it is usually large enough to contain from 50 to 100 maunds of plant. The plant
is packed into the vat, which is then filled with water, the plant being kept submerged
by some cross bars which are fitted across the vat above it. The time during which this
steeping continues varies according to the weather from 11 to 15 hours, being less in
muggy damp weather with the wind in the east, than when the air is dry with a west
wind. Tt is of great importance, however, that the steeping should be stopped at the
right moment ; if underdone, dye matter is lost, and if unduly prolonged, the quality of
the produce suffers.

The steeping vat opens by a channel into the vat which corresponds with it in the
lower tier, and when the steeping is finished, a plug is drawn and the water drained oft
into the lower vat, leaving the plant behind it, which can then be thrown aside. The
water is of a greenish colour, and is charged with a substance known as indican, which
fermentation has extracted from the plant leaves. In order to convert this substance into
indigotine, the basis of indigo dye, it is necessary to oxidize it, and the next process known
as “beating” has this for its object. Usually it is performed by 7 or 8 men who stand
in the vat and agitate the liquid either with their hands or with a rake-shaped paddle. As
the oxidation proceeds, dark blue particles of indigotine (known collectively as the fecula)
appear in the liquid, which changes in colour from green to blue. The process is con-
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tinued for from 1} to 3 hours, and may be stopped so soon as a little of the liquid placed
in a saucer readily throws down a dark blue precipitate remaining itself of a clear sherry
tint. It is now allowed to stand until the fecula has settled, which takes place in about
a couple of hours, and is sometimes assisted by pouring some cold water into the vat. The
surface liquid is then carefully drained out of the vat by holes which have been made in
its walls for the purpose, and the dark blue sediment which remains is conducted along
a masonry channel into the boiling vat, where it is kept over a moderate fire for about
5 hours, and is then repeatedly passed through a cloth strainer, which effects the sep-
aration of the dye particles from the water. The dye matter is then allowed to lie on
the strainer until partially dry, when it is carried to the press and placed in boxes with
moveable sides, in which it is subjected to gradually increasing pressure for about 12
hours, at the end of which time it will have taken the form of firm slabs 31 inches
square, which are then cut into cakes of the same length, and are ready for being stamped
and finally dried. The whole process from plant to cake occupies therefore about 48
hours, and at a large factory one follows the other in constant repetition for some 45 days
in August and September. Good indigo cake should contain about 50 to GO per cent.
of indigotine; it should be bright, of a dark blue colour, with a coppery gloss, breaking
with an evenly coloured fracture; it should not part with its colour by light friction.

The outturn of indigo from plant varies with the season from 2} to 4 per thousand,
being highest in years of moderate or light, and lowest in years of heavy rainfall.

The prices which N.-W. Provinces indigo commands in the Calcutta market vary
from year to year between very wide limits. In very few cases does the price come
within 20 per cent. of that obtained by Tirhoot cake, and of N.-W. Provinces produce
that of the Benares Division is considered the best, facts which indicate the greater suit-
ability of the climate of the Eastern Districts for indigo manufacture. The average
price of the N.-W. Provinces indigo is further kept down by the very large proportion
formed by native made cake, which solls at a much lower price than that made under
European supervision. Almost the whole of the cake exported from Tirhoot is returned
as of European manufacture, which is the case with only 13'5 per cent. of the N.-W,
Provinces indigo. The average prices per factory maund of 74 lbs. 10 oz. obtained by
N.-W. Provinces and Tirhoot indigo during the last three years are given below :—

1879, 1880. 1881.

N.-1V. Provinces— ns. RS, ns.
Doib, o 227 175 200
Benares Division, . 261 210 240
Tirhoot, w287 245 260

The cost of manufacture (including price of plant) is much higher for European
than for Native factories, being about Rs. 125 per maund in the former, and Rs. §5 in
the latter case.

Thus far of indigo manufactured for export. A large proportion, however, of the
indigo intended for local consumption is manufactured much more roughly, all boiling
being dispensed with, the cake being known in this case as gadk,—the gaud of the
Calcutta market. The factory in this case merely consists of a few masonry vats
sunk in the ground. The process is substantially the same as that described above, ex-
cept that in the steeping vat fermentation is artificially excited by the addition of gum
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or sugar, which is said to deteriorate the quality of the cake, but which forms the basis
of a process recently patented by a European planter, by which the amount of dye mat-
ter extracted is said to be increased by 25 per cent. But the manulacture is conducted
as a rule in a slovenly manner, and the dye not properly strained or cleaned, although the
resulting gddk seems suited to the requirements of country dyers. Itis occasionally
purchased by the larger factories and worked up into pucka (or boiled) indigo cake.
The extension of cunal irrigation seems leading to a great increase in the number of
indigo factories. The construction of new factories appears, however, to be now con-
fined to native enterprise, and the annual fluctuations in the number worked by Euro-
peans indicates merely the occasional extension of operations to outlying branch factories,
which return no profit except in favorable years. An indication of the extent of indigo
manufacture during the last two years is furnished by the following figures :—

: Approximat
Year, European or Native, I\f?xa‘;:{es g Number of vats | Amount of ontturn of dyeo,
working. in use. plunt used. (in factory
maunds),
1830 | Eutopean, ... 156 1,352 24,83,227 8,339
Native, 1,068 6,291 79,70,119 26,413
Total, 1,224 7,643 | 1,04,53,346 34,752
1881 European, ... 176 1,360 34,10,278 9,610
Native, 1,328 7,574 | 1,61,82,348 36,334
Total, 1,504 8,940 | 1,95,92,626 45,944

The relations between factory and cultivator are such an important feature in the
agricultural conditions of the Provinces, that some notice of them here may not be out
of place. In some instances,—very few in these Provinces,—the plant is grown by the
factory direct on land either belonging to it or rented from the proprietors or cultiva.
tors for the purpose. But the system usually followed is for the factory to purchase
the plant from cultivators, ab a price which may be fixed either when the crop is sown,
or when it is ready for delivering. When the first factory is started in a district, it is
evident that no cultivators will grow plant unless assured before hand of its purchase
at a fair price, since, the crop being useless to him unless taken by the factory, the
latter could make its own terms if no agreement was come to before the plant was on
the ground. This was very possibly one of the causes which led to the adoption of
the advance (or dadn?) system under which the greater portion of indigo plant is grown.
In March or April when the crop is sown the factory binds itself to purchase plant at
a price then fixed upon, and the bargain is always clinched if not altogether effected
by the factory making an advance in cash to the cultivator, in consideration of which the
price to be paid for plant is fixed at a considerably lower figure than what free competition
would result in. But so long as the price is not below Rs. 16 or Rs. 18 per 100 maunds,
the system is not more objectionable than that followed by Government in further-
ing opium cultivation. Unfortunately, however, one of the principal objects of the
factory in making advances is often not so much to arrange for a crop in the present
as to gain such power over the cultivator as will enable it to compel him to grow indigo



Injuries,

Cost of cultivation.

INDIGOFERA TINCTORIA. 49

on its own terms in the future. Very frequently therefore in the first agreement made
with a cultivator the plant is priced at a favorable rate, but a stipulation is entered bind-
ing bim down to deliver nof less than a certain amount of it whick is oflen knowingly fized
al an impossible figure on penalty of forfeiting 21 to 3 times what balance there may be
against him. 'With the chance of obtaining cash down, the cultivator pays but little heed
to stipulations of a merely contingent nature, and hence a single bad season may involve
him in obligations to the factory, and—in the experience of the Bareilly District—
“ hencelorward he has no resource if he wishes to get free of debt but emigration or
rather flight to the Terai—that safe haven of refuge from civil court decrees.”

The power thus acquired over a cultivator may be used either to compel him to grow
plant at the factory’s will, or to sell his plant at a price much lower than it would other-
wise command. That these are solid advantages may be judged from the fact that the
value of a factory is often estimated by the amount of outstanding debts it has, orin
other words, by the degree to which surrounding cultivators are under obligations to it.

‘With an increase in the number of factories in a district the market for plant be-
comes of course much wider, and it then becomes possible for a cultivator to grow indigo
unfettered by agreements and to rely for obtaining a good price on the competition of one
factory against another. This is the system known as the £hushkharidor * good bargain,”
sonamed of course from the cultivator’s point of view. In a district where factories are
numerous, the difference between the price paid for badni and dkuskklarid indigo is very
great; when the formeris contracted forat Rs. 16 the latter will often sell for as much as
Rs. 26 per 100 maunds. The £kuskilharid system is of course by far the most popular
amongst the cultivating community, and the gradual increase in the prosperity of a vil-
lage, or its gradual recovery from the eflects of a series of disastrouy seasons, may often
be traced in the increase of the area under hlushkharid at the expense of that uander
badni plant.

The most dreaded source of damage to the indigo plant is continued wet weather,
which renders the plants tall and woody without much foliage, and by a kind of etiola-
tion prevents the proper development of the dye property in the leaves. So much of
the indigo grown in the Dodb is protected by canal irrigation, that a year of unduly
heavy rainfall is considered even more disastrous than one of partial drought, since a
proper allowance of sunlight is as necessary to the production of the dye as water is to

the growth of the plant.
The cost of cultivating an acre of jamowa indigo to be cut in August and followed

by a rabi crop is shown below :—

ns. A. P.

Ploughing (twice), 1 80
Clod crushing, . 0 4 0
Seed (8 seers), e 1 8 0
Sowing, .0 8 0
Weeding (twice), 3 00
Reaping, ... .1 90
Walcring (three times) 415 0
Total, L1215 0

Rent, 2 80
Grand Total, 15 7 0

=
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The average outturn of jamowa plant may be put at 80 maunds per acre. The out-

turn of asarZi plant will be rather less than this in the first year, but equal to it in
the second year.

have been cut and the land not ploughed up for a rabi crop, will yield an outturn of
about 6 maunds of seed to the acre.

Area. The average area under indigo during 1878, 1879 and 1880 in the 30 temporarily
settled N.-W. Provinces Districts is shown below by Divisions :—

A jamowa crop, if the stumps are left in the ground after the stalks

Irrigated,

Unirrigated, ...

Total,

Benares

Alishabad | Division, Kumaun

Meernt |Rohilkhand| Agra | Division, jlnelading | gy, g | o opyging
Division, | Division. Divigsion. 0‘}‘3‘:‘%:‘{; (I}lgl?;lkﬁ;?xr Division. m’i‘ﬁr;;? € Total.

District. | Districts District

only. only.
acres. acres. acres, acres. acres, acres. Acres. acres,
1,00,796)  2,859] 81,035| 33,482 7,960 2,26,132
5,363 1,123 5,34 9,048 11,867 222 22| 32,986
1,06,159 3,982| 86,376 42,530 19,827 222 22| 2,59,118

Adding 80,000 acres on account of Oudh and the 6 permanently settled N.-W,
Provinces Districts, the total Provincial indigo area is raised to 2,39,118 acres.

Trade. The exports of indigo during the last three years are given in the following table :—
1878-79. 1879-80. 1880-81.
mds,* mds.* mds.*
To Calcutts, . 50,157 25,063 40,910
To other places, ... 7,881 3,726 5,062
Total, 58,038 28,789 45,972

Explanation of Plate XIL

1. Flower seen from bebhind,
2 & 3. Side views of ditto,
4. Raceme of pods (nat. size).

} enlarged.

* Goverument maunds of 82 1bs. not factory mounds.
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CARTHAMUS TINCTORIUS, Linn.*

[Vide Plate XIII.]

Encvrisy, saflower; VERNACULAR, kusum, kusumbh, kar (the seed), barre (in the Benares
Division).

Natural order Composite, tribe Cynaroidew. A glabrous thistle-liket herb with reddish orange
flowers. Stems about 2 ft. high, much branched above. Leaves sessile, oblong lanceolate, with
serrate aculeate edges or nearly entire. Flowers in large compact heads; outer involuere bracts
leafy, ovate oblong, constricted abovo the base, entirc or spinulose, inner bracts narrower. Florets
tubular, hermaphrodite or a few of the wmarginal ones sterile, tube slender, limb oblong. Anthers
sagittate at the base. Achenes $ in., smooth, obovoid, truncate at the top, obliquely 4-angular,
with four projecting ribs.

The product for which the saflower plant is mainly cultivated is the beautiful pink
dye yielded by its flowers, which is familiarin the rose coloured turbans worn by the
Marwari traders of Rajputana. But the seed is also of considerable value as an oil
producer, yielding a bland clear oil, which is occasionally used to adulterate g/i, and
forming in its refuse an oil cake which is much appreciated by cattle. The foliage of the
plant in ordinary cultivation is thickly armed with spines, but a smooth leaved variety
known as murilia (or *“ shaved ") is reported to be grown in the Azamgarh District.

Saflower cultivation is almost entirely concentrated in the Meerut Division, which
contains 89 per cent. of the total area under it in the 80 temporarily settled N.-W,
Provinces Districts. Next to Meerut its cultivation is most extensive in Rohilkhand,
which contains, however, only 5 per cent. of the total area, and in no other Division does
the area exceed 3 per cent. of the total. The reason for this unequal distribution lies
principally in the fact that the demand for the dye is almost solely from Rajputana,
and until lately has been met entirely through the market of Dehli, and it is there-
fore in this neighbourhood that its cultivation has been stimulated. The District
which is most closely connected with Dehli is Bulandshahr in the Meerut Division,
and this contains 91 per cent. of the area under saflower in this Division, and 81
per cent. of the total area in all the temporarily settled N.-W. Provinces Districts.
Without doubt, however, the light soil of the Meerut Division is specially suited to it,
and that safflower is considerably affected by local differences is proved by certain partic-
ular villages having obtained a name for the peculiar excellence of the dye their soil
produces; amongst these may be mentioned Ganeshpur in the Meerut and Sinkni in the
Bulandshahr Distriet.  Since safflower does not form a separate heading in the annual

» References :—Boiss. Fl. Orient. iii. 709 ; Clarke Comp, Ind. 244 ; Hook. Fl. Ind. iii. 386 ; Roxb. Fl, Ind. iii, 409 ;

Powell Punj. Prod. 855 ; Drury Usefal PL. of Ind. 116.
1 High cultivation reduccs its spiny character as in the case of the bengan (Solanum Melongena) and many other plants
which in their wild state are very prickly, Mr. C. B. Clarke belioves that C. oxzyacantha, Bicb., indigenons in the Punjab, may

be the wild original of saflowcr.
"2
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crop returns, the available statistics of its area are by no means accurate, since they were
only collected as a special measure in a single year (1881-82), and only include that por-
tion of the area which was covered by (a), saflower alone; (#), safflower and carrots; and
(¢), safflower and cotton, excluding the large area on which it is grown mixed with barley
or gram. The returns indicate that the area thus cropped in the 30 temporarily settled
N.-W. Provinces Districts extends to between 17,000 and 18,000 acres, only 88 per
cent. of which are irrigated.

The area on which safflower is sown alone constitutes but a very small portion of
the total. Itis most commonly sown in gram fields,—generally disposed in lines like rape
or linseed,—but also very frequently accompanies carrots, and in this combination forms
a crop very commonly met with on small plots in the vicinity of wells. Itis also occa-
sionally sown in cotton fields in the course of the last weeding they receive, since the
cotton harvest is, as arule, well over before the safflower plants begin to reach maturity.

As has been already pointed out, saflower appears to prefer a light soil, although it
will grow on almost any land which will bear a crop of gram. If it be grown with
carrots it reaps the benefit of a good manuring which they almost invariably receive, but
it is rarely given manure on its own account, nor when grown, as most commonly hap-
pens, with barley or gram.

It is sown early in October, preferring a date a little later than that for carrots, and
a little earlier than that for gram. It commences flowering in February, and picking
continues from then till the end of March, its seeds ripening in April. In the rare in-
stances of its forming a sole crop its seed is sown at the rate of 10 or 12 seers to the
acre. When mixed with another crop it is usually disposed in lines, and the amount of
seed used in this case varies of course with the caprice of the cultivator. The method of
cultivation followed is precisely similar to that of the ordinary rabi crops. Safflower is
dependent for its irrigation as for its manure on the character of the crop with which it is
associated. If this be carrots it receives as many as four or five waterings, but if barley
or gram it is generally left to make shift without any at all.

The dye for which the plant is cultivated resides in the small orange coloured forets
which issue from the teazle-like capitula or flower heads. The florets commence appear-
ing in February, and are carefully picked every two or three days, the remuneration
for picking being commonly paid in kind at the rate of 5th of the produce. When
dry they are as a rule sold to the travelling agents of merchants in the Rajputana or
Calcutta trade, the usual price being from 2 to 3 seers per rupee. The subsequent
treatment of the florets depends on their being destined for export as the safllower of
commerce or for local consumption. In addition to the pink dye to which the florets
owe their value, they contain a yellow pigment which must be extracted before they can
be used in dyeing. In the case of the safflower of commerce, this cxtraction is effected
by crushing the florets either with a pestle or in kneading them with the feet while a
stream of water is allowed to run over them, and pass through a strainer. In this
manner the yellow colouring is washed out of the florets, and the process is persevered
with until the water runs off clear. The florets are then made up into round flab cakes
and, when dried and pressed, are ready for market.

‘When safflower is intended for dyeing in this country the extraction of the yellow
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pigment forms merely a preliminary process in the art of dyeing, and is not held
necessary in order to prepare the florets for sale in the market. The method in which
the extraction is effected is similar to that described above.

The yellow pigment of safflower is readily soluble in water, but safflower red (or
carthamin) needs the presence of an alkali as a solvent. The yellow pigment (or piyazr)
is, as a rule, considered useless, but is occasionally used as a base on which the more
valuable red dye is applied. So soon as its extraction has been completed an alkali is
mixed with the florets, the ash of the ddjra (Penicillaria spicala) or of the chirckira
(dchyranthes aspera) being used for this purpose where possible, since they contain a
large proportion of potash. Impure carbonate of soda (saji:) is not uncommonly used in
the proportion of half chittack to a seer of florets. The alkali is well mixed with the florets
and the mixture rubbed into a paste, which is placed over a cloth strainer and readily
yields a deep red pigment to a stream of water poured over it. The safflower is washed
three times in this manner, each time with water in the proportion of 2 seers (= 2 quarts
nearly) to a seer of florets, and three tinctures of different strength and quantity are
obtained. Cloth is dyed by being immersed in the tincture and dried, the depth of the
shade depending on the number of times this process is repeated. Carthamin is precip-
itated by an acid, and acidulated water is often used to fix the colour on the cloth.

The picking of the florets does not prevent a crop of seed, since the embryo seed is
not detached with the flower, and is, as a rule, fertilized before the flower is picked. The
use of the seed as an oil producer and as food for cattle has been already noticed. In
some Districts (e.g,, Cawnpore) the seed is made over to the professional oil presser
(¢élis) for extraction of the oil. In others (e.g., Azamgarh) the oil is extracted by the
cultivator, not by pressure but by a process somewhat resembling distillation. “An
“earthen vessel is sunk in the ground and on its mouth another vessel is placed, in the
“bottom of which a small hole is pierced. In this upper vessel the seed is placed, and
“yound the outside of it a fire is kindled. As the seed is gradually roasted the oil
“exudes from it and drips into the lower vessel ”—(Azamgarh Settlement Report.)

Lightning is popularly supposed to do great injury if it occurs while the heads
are in flower, and the plants are reported to suffer occasionally from the attacks of an
insect known as the «/, the scientific name and affinities of which have not been as-
certained.

The cost of cultivation of an acre of safflower grown alone may be put at Rs. 15-2,
allowing Rs. 13-10* for tillage, sowing, irrigation and rent, and Rs. 1-8 for the cost of
picking.

The average outturn of dry florets per acre of safflower sown thickly amongst
carrots may be put at 30 seers worth about Rs. 15, with 5 maunds of seed worth Rs. §
more. The value of the dry florets would be much higher were it not possible to grow
safflower as a subordinate crop, without much damage to the crop with which it is asso-
ciated. In other words its price is not so much regulated by its cost of production as
by the loss which its mixture occasions to a crop of barley, gram or carrots.

¢ Assuming that the cultivation is on a par with that of irrigated barley, (see page 11.)
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Statistics of the area under safflower are only possessed for the 30 temporarily set.
tled N.-W. Provinces Districts, and these too of a very imperfect character, since they
are only for a single year and merely relate to that portion of the area on which saftower
was grown which was not included under any of the major heads of the annual crop
returns. The figures therefore only serve to indicate the area under (z), saflower alone ;
(%), saflower and carrots ; and (c), safflower and cotton, and do not indlude the extensive
area on which it accompanies gram or barley.

Benares
Division,
l]\)l_ln_hgbnd including
Meerut Rohilkhand Agra wlls:]qn, Azamgarh, Jhansi Total
Division. Division, Division. 0.}‘:“'; l:rg Gorakhpur | Division, otal.
Distrl;ct and Basti
. Districts
only.
acres, acres. acres, acres. acres. acres, acres,
Irrigated, 6,150 38 55 42 269 12 6,566
Unirrigated, ... 9,333 764 116 382 132 ol 10,756
Totsl, 15,483 822 171 424 401 21 17,322

1. Head of flowers, vortical section,

Explanation of Plate XIIIL.

2. Singlo floret,

} nat, size.
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SACCHARUM OFFICINARUM, Linn.'

[ Vide Plate XIV.]

ENGLISH, sugar-cane; VERNACULAR, ikh, ikhari (in Western Districts), ukh, ukhari (in Eastern
Districts), nai shakar (Persian).

Natural order Graminem, tribe Andropogonew. A large perennial grass. Stems many, 6-12
ft. high, thick, solid, jointed, polished, yellow purple or striped ; lower internodes short with fibrous
roots above each joint. Leaves very large, crowded, lower ones soon falling off ; ligule short, entire ;
sheaths about one foot in length, striate, smooth or with mealy pubescence ; blade 3-4 ft. long and
from 1} to 2 inches in breadth, acate, smooth on both surfaces, margins minutely serrulate, ciliate
at the base ; midrib prominent beneath. Panicles large, compound, drooping, feathery, of a
greyish colour. Spikelets small, very numerous, 1-floweredt, arranged in pairs on alternate sides of
the long slender panicle branches, one stalked and the other sessile, each enveloped in an involucre
of long white silky hairs; glumes 2, nearly equal, lower 2-nerved and ciliate towards the apex,
upper 1-nerved ; outer pale wanting, inner shorter than the glumes. Lodicules 2, free, truncate,
lobed. Stamens 3 ; anthers linear, oblong. Ovary smooth ; stigmas 2, densely plumose, purple.

Fruit not known.

The varieties of sugar-cane are very numerous, and as their names vary greatly in
different Districts, it is a matter of some difficulty to identify them. A broad sub-
division may be made into edible and non-edible cane, the former being grown for
human food in the raw state and eaten as a sweatmeat, while the latter is intended
for the production of sugar. Edible cane is, as a rule, much the thicker, softer, and
juicier of the two, and is grown with very high cultivation. Its principal variety is
the one known as panada, which is supposed to be a recent introduction from the
Mauritius. In the Dehra Diin District paunda is used for sugar making, but elsewhere
it is grown merely as a sweetmeat. The most distinct varieties of non-edible cane are
(1), a tall soft cane growing as high as 10 feet, requiring good cultivation and yielding
a large proportion of juice (dikchar in Rohilkhand, darokka in Cawnpore) ; (2), a shorter
and rather harder cane not often more than 5 or 6 feet high, yielding less but richer
juice than the above (agholi, maina); (3), a hard tall reddish cane of poor quality much
grown in damp localities without irrigation (cZén); (4), a dwarf white hard cane yield-
ing more juice than cAin, but resembling it in being grown on second-rate land (d/%or).
The two first varieties are delicate and require a rich well manured and well irrigated
soil, the two latter yield a crop with much less care and expenditure, and suffer much

less from flooding in the rainy season.
The total area under cane in the whole of the N.-W. Provinces and Oudh, may

* References :—Roxb. FL Ind. i. 237 ; Kunth Enum, Pl, V. 38¢; Bentley and Trimen Med. Pl. 298 ; Drary Use-

ful PL of India 371,
+ Many authors describe the spikelets as 2-flowered. Roxburgh (l.c.) says * Flowers hermaphrodite, in pairs; one
sessile, the other pedicelled.”  The question may depend therefore as to whether the pair of 1-flowered spikelets is looked upon

as a 2-fowered spikelet, or composed of two 1-flowered spikelets.
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be assumed as 9} lakhs of acres, amounting to 2'5 per cent. on the total cropped area,
and 4'8 per cent. on the area under kharif crops. Its cultivation is greatly restricted to
certain well marked localities. The natural home, so to speak, of the cane is the strip
of damp country underlying the hills which comprises a large portion of Rohilkhand,
Oudh and the Benares Division. Here it is often grown without irrigation. But
the increased facility for irrigation afforded by canals has led to a great extension of its
cultivation in the drier districts of the Ganges-Jumna Doib, notably in the upper portion
of the Meerut Division, where it now forms one of the principal staples. It is also
grown very largely in the Districts of the Benares Division which lie between the
Gogra and Ganges, where water is near the surface and irrigation from wells and tanks
is much practised. South of the Jumna its cultivation is almost unknown, although
the occurrence of numerous disused stone sugar-mills in the villages of this tract gives
gome ground for supposing that it was once one of the local crops. The percentage of
sugar-cane to the total cropped area in the temporarily settled Districts of the N.-W.
Provinces is shown by Divisions below :~—

Benares Divi- Komaun
?)lil:ihs?::d sion, including Division,
Meernt Rohilkhand Agra excluding Azamgarh, Jhansi including
Division, Division, Division. Youn uf Basti and Division. Tarai
DistrFi‘ct Gorakhpur District
" |Districts only. only.
Percentage of area
under cane to to-
tal cropped areca, 34 44 12 *d 34 '1 1-6

A striking fact in connection with the exlension of sugar cultivation in the Meerut
Division is its restriction to the three Northern Districts of Sahdranpur, Muzaffarnagar
and Meerut, although canal irrigation is equally abundant in the two southern Districts
of Bulandshahr and Aligarh. The explanation lies in the large extent of indigo cultiva.
tion in these two latter Districts, which has as yet kept the sugar-cane completely in
the background.

This is shown below :(—

Sahédranpur.- | Muzaffaroagar. Mecerut. Bulandshahr. Aligarh,
Percentage on totel cropped
area of —
Area under cane, 35 64 63 11 2
" » indigo, 1 -2 ‘8 45 44

The sugar-cane season comprises, roughly speaking, a whole year. Sowing com-
mences in February, and the harvesting of the previous year’s canc is not concluded
till very shortly before this. If, however, cane is to be classified with other crops it must
be ranked with those produced in the kharif season, since it is on the warmth of the
summer months that its growth principally depends.
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A canc erop is, as a rule, preceded by a whole year's fallow, the land not having
been occupied in either kharif or rabi preceding. Occasionally, chicfly in the sub-
Himalayan tract, it follows a kharif crop of rice or pulse, when it is known as kkarik
as opposed to pural or fallowed cane, and its produce is estimated to be decreased
by 1th to 4rd. Now and then it is even sown immediately after a crop of gram on
land which has not been allowed even a half year’s fallow, but this is rare. The rents
charged for cane in the Sitapur District are Re. 10-12, Rs. 9-9, Rs. 8 and Rs. G-12

- per acre according as it is grown aftera year’s fallow (purali), after rice (dkankeri), after

autumn pulse (maser?), or after gram (charreri). But these are exceptional cases, and
the rule for the Provinces is that canc requires a year’s open fallow; land lying fallow
for cane is known as pdndra. :

A crop of melons or onions is occasionally gathered off a cane field, being planted
on the ridges of the irrigation beds, and being off the ground hefore the canes have
made much progress. Hemp and castor are frequently grown as a border, but beyond
this no subordinate crops are ever mixed with the cane.

Sugar-cane land is usually good loam or light clay, and is invariably manpured except
in tracts such as the Himalayan Tarai and the old bed of the Ganges in the Etah District,
where the ground is saturated with moisture, which is made to supply the place of both
manure and irrigation. The weight of manure applied per acre varies between 150 and
200 maunds. In the Shihjahinpur and Muzaffarnagar Districts it is the custom to
apply the whole of the available manure to the cane fields, and the manured fields are
therefore not collected in a belt round the village site, as is usually the case, but scattered
at intervals over the village land. From Fatehpur the practice of herding cattle at
night on cane fields is reported. The manure is applied shortly before sowing and well
intermingled with the soil by frequent ploughings.

Ploughing commences with the rains, and is continued in as opportunity offers till
sowing time. During November the land is allowed a rest, it being considered unlucky
to plough in that month (Bareilly), possibly because it may encourage the germination
of weeds, many of which are seeding then. The number of times to which cane land
is ploughed is occasionally as many as 26, and averages about 12 or 15.

Cane is propagated by cuttings or layers and not from seed. The cuttings are
made either from the upper portion of the cane, which is of but little use for sugar
making, or from the whole cane, and must be always long enough to include two inter-
nodes, 4.c., three nodes or joints. The young canes are produced from buds which spring
from the nodes under artificial stimulation, and with an eye to this the seed canes are gener-
ally kept for some days buried in damp earth, and sometimes even soaked in water for
12 hours before sowing (Allahabad). The following graphic description of the process
and ceremonial of cane sowing is taken from Mr. Moen’s Report on the settlement of
the Bareilly District :—* An ordinary plough which has been appeased with sacrificial
“offerings of turmeric and rice, and decorated with the Zika (forehead mark) in red
“earth strikes the first furrow. This is followed in the same furrow by a second, with
“mould board attached to widen and deepen the furrow, behind this comes the sower,
“wearing silver ornaments with a necklace of flowers round his neck and a red rifz on

“his forehead. He is usually well fed with ghi and sweetmeats before commencing.
I
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“He is called the ‘elephant’ (%atki). He throws the bits of cane into the furrow
“immediately behind the second plough at intervals of about a foot. Behind the
“¢elephant’ comes a second man, called the ‘crow’ (kawa), to pick up the bits which
“have not fallen into the furrow, and to put them in properly. There is occasionally
“a third man, called the ‘donkey’ (gadka) who accompanies the ‘elephant ’ with a
“basket of cuttings and supplies them as they are wanted. It is considered a very
“favorable omen if a man on horseback comes into the field when the sowing is going
“on. After the sowing is completed all who have been engaged in the work repair
“to the house of the cultivator of the field and are treated to a good meal.” The assist-
ance or at least encouragement of half the village is a common result of this latter
custom.

The cuttings are covered with earth by a third plough following the sower, and,
since the rows should be at least a foot apart, it is usual to strike two or three blank
furrows between the one in which the seed has fallen and the one next sown. The
amount of seed used per acre is about 20,000 cuttings, which represent some 38,000 to
5,000 canes.

Cane is occasionally ratooned, ¢.e., allowed to spring up from the roots of a previous
crop, in which case the juice is said to be richer than in the first year, but only } to 2rds
as much in quantity.

On a comparatively small area cane can, as has already been noticed, be grown
without irrigation at all, and over a great portion of Rohilkhand the ground often con-
tains sufficient natural moisture in February to enable sowing to take place without a
previous watering. DBut as a general rule this previous watering is required, and between
sowing time and the commencement of the rains waterings are necessary, which vary in
number from three or four in the Meerut Division, to eight in the drier Districts of the
lower Doib. Occasionally a watering is given in October or November if the rains have
ceased early. It may be mentioned that £kari water, 7.e., water impregnated with nitrates,
is harmful to cane, seriously affecting the quality of the juice. In the few localities where
cane is grown in Bundelkhand, a practice (called palwdr) prevails of economizing water
by covering the ground to a depth of 6 inches with grass and leaves, so as to prevent
the rapid evaporation of moisture.

Two weedings are generally given, but they play an unimportant part compared
with the frequent hoeings which are an essential feature in cane cultivation. The hoeing
is performed with a small pickaxe, the earth between the rows of canes being thoroughly
stirred to the depth of 6 or 9 inches. The first hoeing should take place when the
young shoots appear above ground, and from that time to the commencement of the rains
it should be hoed at least three times. When the rains have once set in the crop may
be left to shift for itself, and will effectually stifle any weeds which may attempt to com-
pete with it.

Cane cutting nominally commences with the Deothan festival, which falls on a date
varying in the solar calendar, but generally about the beginning of November. Dut
practically it is generally delayed till a month later, and the cultivator has completely
finished his rabi sowings. The delay is an advantage in one respect, since the juice of
canes cut early in the season, though more abundant, is much less rich in crystallizable
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sugar than that of canes cut in January and February, and it is probable that it is due
more to the slowness of the sugar crushing process than to any other consideration that
cane cutting commences so early as it does. The instrument used for cane crushing is
known as the Zo/fu, and consiste essentially of a large wooden or stone mortar in which &
huge wooden pestle is made to revolve by the traction of a pair of bullocks. The pestle
is in a slanting position so as to roll round the sides of the mortar as it is turned, and it
is kept in its place by being connceted by o long upright with one end of a flat hori-
zontal beam, the other end of which abuts upon and slides round the base of the mortar.
The cane is cut up into short strips, which are placed in the mortar and are crushed by the
pestle s it rolls over them, the juice running down into an earthen jar, Working night
and day a #olkx will not press more than 15 acres of canc in a month, and it is dangerous
as well as inefficient, since a sudden breakage of the pestle often results in the injury,
if not death, of the bullock driver below, and the fingers of the man who fills in the
cane are often crushed beneath the pestle. A portable iron roller mill (patented by
some English Zeminddrs in Behar) is rapidly attaining such popularity as to encourage
the belief that in a few years it will altogether supplant the Zo/k« in some parts of the
Provinces. It can be worked by a single bullock, and saves thie labour of at least one
map, since the canes have not to be cut up into pieces but are pressed whole. When
to this it is added that the juice which it delivers is far purer and cleaner and yields
sugar worth almost 26 per cent. more than that made from juice expressed by the kolku,
it is no matter for surprise that within the last few years over 15,000 have becn sold in
these Provinces and Behar, and that the supply is not equal to the demand.

The boiling of the juice follows on the pressing with as little delay as possible,
since fermentation rapidly sets in from exposure to the air. The process of boiling and
concentration varies according as its resultis to be girk, shakar or réb.  Girlkisa compost
of sugar crystals and unerystallized syrup boiled till of a sufficient consistency to be made
up into soft balls or cakes (bkeli or chakki). Shakar is formed when the boiling is a
little more prolonged and the mixture of crystals and syrup is violently stirred while
cooling, when its colour becomes lighter and it crumbles into small pieces. In 76 making
the boiling is not so prolonged, and the result is syrup containing masses of crystallized
sugar embedded in it. Gk and skakar are for human consumption as they are, but 44
only represents the first stage in the manufacture of crystallized sugar. With girt and
shakar the object is more to obtain a good colour than good crystallization, while the
value of r4) entirely depends on the proportion of crystals which it contains. Hence
the boiling process for girk and skakar is, as a rule, much rougher than when rd4 is
manufactured.

The boiling apparatus consists of a furnace excavated in the ground, over which
one or more iron pans are set. Lf the boiler is supplied from only a single koliv, as a
rule one pan is used, while if two or more %olfus are used the number of pans is often
increased to four or five, which are of different sizes and are placed in order, the largest one
furthest from the feed end of the furnace, and the smallest one immediately over it.
In this form the boiling apparatus is very similar to that formerly used in the West
Indies. The use of a row of pans on this principle effects a great saving of time, and

also perhaps enables the manufacture of better sugar, though this is by no means proved.
12
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The juice is collected in the large pan where it is allowed to simmer slowly; scum rises
to the surface, the formation of which is sometimes assisted by the addition of alkali
(carbonate of soda) which promotes the coagulation of albuminous matter, or of milk,
or the sticky juice of the edible Hibiscus, which in becoming coagulated collect and
bring to the surface a good deal of impurity. From the large pan the juice is baled
into the one next it, and so on from pan to pan down the series, becoming more concen-
trated in each transfer until it is finally worked up into sugar in the last and hottest pan.

The preparation of sugar from 746 is not properly speaking an agricultural process,
and needs therefore no notice in this account. It may be briefly mentioned that the
process substantially consists in draining the uncrystallized molasses away from the sugar
crystals, This is effected in the Western Districts by pouring the s into cloth bags
and subjecting it to pressure, in which way about half of the molasses are strained off,
and then placing the semi-pure result (called putri in the Western, and sZekar or assdra in
the Eastern Districts) in wicker crates, and allowing the molasses to filter slowly down,
this filtration being assisted by a covering of the water weed known as siwdr (Hydrilla
verticillale), the moisture from which slowly filters downwards and washes the crystals
clean. The European process of ““ claying ” was on exactly the same principle. The flow-
ry whitish sugar which results is known as Zacla ckini or khdnd, and is made over to
the /alwdis for final refining.

The following diagram shows the average outturn per cent. of cane of each of the
products mentioned above :—

100 of cane.

|
50 of juice.

18:0 of gurh, bheli or
compost,
17:5 of shakar. 195 of 14b.

|

13:0 putri or oo
assdra G-5 shira or molasses,
(semi-drained).

63 chini, khdnd |
or shakar. 6'5 shira or molasses.

Of the sugar exported from the Meerut Division, 98 per cent. is in the form of girZ
or shakar, but only 44 per cent. of that exported from Rohilkhand, the balance (56 per
cent.) consisting in ckini or khdnd, the product of réb. This difference illustrates some-
thing more important than a dissimilarity in local custom or even in quality of cane, for
it represents a material difference in the distribution of the profits of sugar cultivation
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between cultivator, landlord and capitalist. When a cultivator manufactures his own
sugar he nearly always makes giir/ or skakar, and rdb is, as a rule, only made by profes-
sional sugar-boilers or 4kansdris, with juice which they purchase from the cultivators.
These purchases are all negotiated, like those of indigo factories and the Opium Depart-
ment, by means of advances, and the system has so important a bearing on the agricultural
condition of a large portion of the Provinces, that it may not be out of place to quote
here some remarks on its working, wriiten by Mr. Moens when Settlement officer of the
Bareilly District :—

“The bargains for juice commence in May, and are usually all concluded by September. The price per
%100 kacha maunds of juice is agreed on between tho parties, and the amount of advances per bLigah
““to be made by the merchant or khansdri. A bond is then executed by the cultivator, specifying the price
“ per 100 kacha maunds of juice, the amount of advance, and the rate of interest; which is usually 1 per
 cent. per month ; occasionally, however, Rs. 2 and even Rs. 2-8 per month is charged. The field of cane
‘ig hypothecated as security for the advance, and there is a condition usually added by which the caltivator
“ binds himself to repay 1} times the amount of advance, if he sells the juice to any other party, or works
‘it up himself into gurk. As soon as the bond is executed the cultivator reccives Rs. 5 per bigah down in
% cash, and o promissory note for the remaiunder, to be paid when his November, December and Febraary
“instalments of rent fall due. As soon as the sugar boiling is over the accounts between the Ahansdri and
“ cultivator are made up, the latter being credited with the amount of juice received at the price specified in
‘“the bond. If, as is usually the case, a balance remains agai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>