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A Preliminary Note on the Rice Crop in
the United Provinces.

(Received for publication on the 9th June 1928.)

Rice is an important trop in the United Provinces and forms the
staple food of about 75 per cent. of the population. Previous to 1924
no experiments were carried out on this crop and little or no literature
on the subject existed. At that fime it was decided to undertake a
detailed study of rice and to record as much information as possible on
the cultivation of this crop. The preliminary results are recorded in
this paper. The first portion is descriptive, the second deals with the
experiments in progress which were designed to discover the most likely
direction of improvement. These experiments were conducted simul-
taneously in three typical rice growing regions—the upland valleys, the
great plains and the taras region (a strip of territory adjoining the Hima-
layas)—and are concerned with methods of sowing, cultivation, trans-
planting, manuring and the selection of seed. Although these experi-
ments are not yet completed, nevertheless the results so far obtained
point to definite conclusions.

I.—Descriptive.

THE DISTRIBUTION OF THE RICE CROP.

Rice is extensively cultivated throughout the province. In 1926-27
(the latest year for which figures are available in the report),* it occupied
7,437,361 acres out of a total of 34,283,218 acres under cultivation, As
regards area which takes the second place, it occupies, 6,714,010 acres—
19'5 per cent. of the total area under erops.

The area in 1926 in the various districts of the province are given in
Table I together with the rainfall. The year selected, 1926, was fairly
normal both as regards the distribution of the rainfall and the azea
under cultivation. The general distribution of the crop will be clear
from the map. Tt will be seen that rice is chiefly cultivated near the
hills and that the most important area occurs between the Gogra aud the
Gandak in the north-eastern corner of the province.

" 3 Season and Crop Report, United Provinces, 1926-27, Govt. Press, Allahabad.
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TarLe L

Area under rice in the various districts.

aingo | Rt
Dehra-Dun . . . . . . . . 23,905 8401
Sabaranpore . . . . . . . . 128,416 3351
Muzaffarnagar . . . . . . N 39,421 27-28
Meerut, . . . . . . . . . 20,790 2539
Bulandshahr . . e e . 2,543 21-28
Aligarh . PN 2,780 27-04
Mauttra . . § 36:39
Agra . . . . . . . . . 64 29-38
Mainpuri . . . . . . . . 35,490 3709
Etah . . . . . . . . 19,501 29-96
Hareilly . . . . . . . . 221,004 4395
Bijoor . . . . . . . . . 167,038 3728
Budaun . B . . 49,336 30-56
Moradabad . . . . . . . . 147,326 3126
Shuhjabenpur . . . . . . . 146,178 35-02
Dilibhit . . . . . N . . 159,813 58-59
Farrukbabed, . . . . . . . 37,085 29-86
Etawah N . . . . . . 32,654 29-84
Cawnpore . P e . 41,256 29-96
Fatehpore . . . . . N 960,982 3084
Allshabad . . . . . 237,421 3719
Jhansi . . . . . . . . 20,602 44-87
Jalaun . . . . . . . 151 3478
Hemirpur . . . . . . . 3,147 4387 7
Banda . . . . . . . . 93,958 49-44

Benaics ' . ' . . . . . 154,647 43-63
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Area under rice in the various districis—contd.

TaBLE 1—contd.

3

District

Area in acres

Rainfall in

(1026) inches (1926)
Mirzapore 205,876 4618
Jaunpore 163,990 3218
Ghazipore 151,122 4119
Ballie. 139,084" 38:80
Gorakhpore 988,116 3793
Basti 688,043 48-72
Azamgarh 350,842 31-15
Naini-Tal N . . . 103,215 8806
Almora . . B . .
Garhwal . . . .
Lucknow 57,078 37-87
Unao . 92,962 36-45
Rai Bareli 211,889 3579
Sitapore . 226,434 39-07
Hardoi . 99,114 3438
Kheri . 235,217 33-87
Fyzabad 288,500 3804
Gonda . 550,456 36-24
Bahraich N . . 378,331 45-64
Sultanpare i 208,866 36-54
Partabgarh 135,944 31-25
Bara-Banki . 236,480 40-57

From the point of view of the rice cultivation, the province may be
divided into three regions, each possessing distinctive characters of its
own. These are as follows :—

(@) Mountainous and high regions. These regions are situated in the
north-west corner of the province. They are offshoots of the Siwalak



4  PRELIMINARY NOTE ON THE RICE CROP IN THE UNITED PROVINCES

range of the Himalayan mountains. They constitute the four Districts
of Dehra-Dun, Garhwal, Almora and Naini-Tal. The soil is formed of
weathered rock and is porous and gravelly. The fields are small and are
arranged in terraced beds. The rainfall is heavy, especially in Dehra-
Dun where it amounts to 84 inches from April to November. Trriga-
tion is effected by hill torrents which by nature of their movement on
racks are rich in solid material (Table IV) and consequently add suffi-
cient amount of food to the land. Well-irrigation is rare in these parts
because of the greater depth of the spring level. The slope is sufficient
for good drainage. The regions being clevated are cooler than others
and produce early ripening, fine rice. Dehra-Dun rice, specially a
variety called bansmati (Plate I, fig. 1), has a reputation for its quality
a5 one of the best table rice.

(5) The plain region. This consists of the central part of the province
including the fertile Gangetic plain. It is a flat and fertile area extending
from Saharanpore to Ballia and bounded by the rivers Gogra and
Jumna. The soil has different characteristics in different parts. It is
a light loam in the level portions, a sandy loam on the higher grounds
and clayey in the depressions. Rice is sown in rotation with other crops
and has a varying degree of importance at different places, depending
on the nature of the soil and the availability of water. The rainfall
varies from 30 to 40 inches. In the western districts irrigation is mostly
done by canals while in the eastern part of the provinee it is done
from wells, ponds and artificial reservoirs. These reservoirs store the
rain water and during drought this water is lifted by a beri (swing
basket) or a dhenkalt (a crude lever arrangement). A wide range of
varieties exists. Generally speaking, the cultivation of early varieties is
carried on in the western and late varieties in the eastern districts.

(¢) The tarai. It s & narrow strip of land stretching all along the
northern boundary of the provinee at the foot of the Himalayas. It
extends from Pilibhit to Gorakhpore and has a varying range of width
at different places. The northern half of the Districts of Pilibhit, Kheri,
Bahraich, Gonda, Basti and Gorakhpore constitute this belt. The
soil is clayey and retains moisture to a great extent. The high water-
fevel in the soil and the wetness of the climate render the irrigation Jess
essential. The ramfall varies between 40 to 50 inches, A very common
practice is that of swrounding the paddy fields by low embankments
in order to hold up the rain water. Owing to heavy rainfall and deficient
drainage, the weather remains humid. The whole belt is mainly a rice
producing area and suits the cultivation of late varieties. The quality
varies in different parts depending on the nature of the soil and situation
of the land, )
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CULTIVATION,

There are three principal methods of cultivation in the province-
broadcasting, transplanting and marsh cultivation.

(a) Broadcasting. This is known as ushan, bhadain or kuari (after
the name of the month in which the crop is hurvested), or sathi (after
the name of an important variety which is sown broadcast)—Plate I,
fig. 2. Broadcasted rice is an early maturing crop and out of a total of
7,437,361 acres under rice in 1926, 4,838,082 acres, or 65 per cent., was
raiscd by this method. The sowing of this early crop is dependent on
the rainfall, If the monsoon begins early, the maximum area is hroad-
casted, later if the rains arc dclayed the area is reduced. The seed is
sown fairly thickly (about 80 1b. per acre) immediately after the first
shower of the monsoon. Sometimes, especially in the eastern districts,
the seed is sown in the dry seed bed. Germination takes place only
when the rains sot in. This dry broadeasting saves the time of cultiva-
tors. After they have germinated, the young plants need no further
attention fill the harvest unless there is a long break in the rains, If the
seasop is dry, then all possible sources of irrigation, such as streams,
canals or ponds, are utilized. On the other hand, if due to excess of
moisture the fields are weedy, they are pioughed when the plants are
abont a foot high. This inter-ploughing, which resembles the practice
of beushaning in Orissa as deseribed by Basu,! uproots about 5 to 10
per cent. of the plants, but helps a great deal in removing the weeds and
increasing the tillering capacity of the plants. Sometimes, more
especially in the eastern districts, minor crops such as khesaré (Lathyrus
satvvus Linn), kodon (Paspalum serobiculatum Tinn) and arher (Cajanus
Indicus Spreng)-are sown mixed with the crop. This is done as a safe-
guard against failure of the rice in the event of droughs.

The erop ripens in August or September and the plants are cut by
the sickle and thrashed. The varieties sown are generally of poor
quality and are consumed by the poorer classes. The outturn of un-
husked rice varies from 800 to 1,000 1b. per acre of which about one
quarter represents the weight of the husk.

Early rice is invariably followed by one of the leguminous crops
generally by peas in the eastern and by gram in the western districts.
This practice of raising two crops in one year is known as do-fusli and
has been the chief cause of the extension of early rice cultivation. Broad-
vast sowing is very popular with the Zamindars as the crop leaves the
{and free in good time for the next rabi (spring crop) eultivation.

! Basu, 8. K.— Green manuring of broadeasted paddy in Orissa.  Agri, Jour. India,
vol. XVI, 1921, p. 689,
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(&) Transplanting. This is known as jarkan, jardhan, rope or aghani.
The last name arises from the fact that the crop is harvested in the month
of aghan (November), It is a late crop as it takes longer to ripen than
broadeast rice. It occupies about 35 per cent. of the total ares under
tice. Taking the province as a whole, the proportion of cultivation of
early to late varieties is about 2 to 1. Out of all the Divisions of the
Province, Benares is the only Division where the late crop grows in
excess over the early. The seed is sown in a well prepared and heavily
mapured nursery and the young plants, after about a month and ten
days’ growth, when they are 10 to 18 inches high, are planted out in the
rice fields. The normal time for transplanting extends from the begin-
ning to the end of July. About 40 to 50 Ib. of seed is used for covering
one acre of the field. The fields are ploughed and puddled in water and
are specially prepared, before they are ready for receiving the seedlings.
In certain Districts, sach as Dehra-Dun, Pilibhit and Xheri, instead of
transplanting, sprouted sceds are somctimes sown broadeast on well
prepared puddled land. The object of this practice is to save time.
Tt gives a good yield if the rains are timely, Transplantation is much
delayed and a part of the growing season is lost if the rains stop Ry the
end of July or early in August. Further any deficiency of rain in
September causes serious loss except where a great deal of water is
available. Generally speaking, the sowing and the transplantation is
done a little later in the eastern than in the western districts. The
crop is generally harvested by the end of November, The times of these
different operation, vary aceording to the season and the local conditions
of the particular tract, The outturn is from 1,200 to 1,400 Ih. to the
acre,

The advantages of transplanting are a marked increase in yield, an
improved quality and a considerable saving in seed. The disadvantages
are the large amount of labour needed at one time, the long time the
crop occupies the field and o frequent and opportune supply of water.
Transplanted rice is finer than broadcast (Plate I) and is consumed by
the richer people. It also forms an important article of export from the
prineipal rice trading centres, such as Dehva-Dun, Gorakhpore and
Benares,

(c) Marshrice. Itis generally known as boro, summer or jethé dian,
because of its being harvested in the month of jeth (May-June). It is
also known as kundhar in Rohilkhand. Properly speaking, it is a zuid
(intermediate) crop. It is commonly grown on the margin of lakes and
ponds in Gorakhpore and Oudh. Its cultivation is carried on in those
parts of the province where the requisite slimy soil is found in the beds
of the lakes. The seed is sown during Decerober or January in a nursery
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and transplanted in February. In May the crop is ready for harvesting.
Although the yield is good and is equal to that of late transplanted rice,
yet it requires more labour and the grain being coarse and ill-flavoured,
is eaten only by poor people.

Two other subsidiary types of rice also deserve mention. The first
is bhenta. 1ts cultivation is chiefiy practised in Rohilkhand. The sceds
ate sown with the boro rice and after the latter is harvested, the stalls
of bhenty are left fo grow during the rains. It grows well only in
stationary floods. The crop is ruined 1y a too sudden rise in water.
Under favourable circumstances the bheata rice is harvested in October.
Ouly the ears with a foot and a balf of straw are harvested, the rest of
the plant is left to rot on the land, or gathered and burut. The yield
is good but the crop is uncertain. 1t is considered a spontaneous pro-
duct hecause once the seed is put in with the boro rice, no further labour
is required.

The second type which is of greater importance is wild rice. The
common types seem to agree with Oryea sutiva var fatva Praiu?® and
H ygrorhiza aristate Nees ®. Stray plants of Oryza rufipogon Griffith and
Orijza coarctate Roxb are also mét with, Its common names are pasaki,
tinni and partal. It is found all over the province growing mostly in
slow running ehannels, tanks and swamps. Those growing in tanks
are usnally tall, have weak stems, and ave late ripening. They adapt
themselves to the depth of water in which they grow. Its chief
distinction from the cultivated rice is that its spikelets are very
deciduous and are stoutly awned. The rice is of inferior coarse quality
and is eaten by the poorer classes. In Bundelkhand, specially in
Jhansi, it is eaten by all classes on the festival of harchauth,

MeTHODS OF HUSKING.

Two methods are generally employed for separating the husk {rom
the rice grain. The first is known as sela or bhujia system. In this the
grain is first put in water for about 30 hours and then taken out and
stored in a heap in a corner for about 6 hours covered with gunny cloth.
After this, it is dried first in the frying pan, then for ahout two days in
the sun. 1t is then ready for husking which is done with the help of a
dhenkali (a crude form of mortar and pestle). The other method is
known as the kache system. This is the ordinary way of pounding in a
mortar at home or by rice-huller without undergoing the wetting and

1Prain, D. Bengal Plants, p. 1184,
2 Duthie and Fuller,—Fodder grasscs of northern [ndia, 1888.
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drying process. The former is advantageous as, unlike the kacka system,
the rice does not break in husking.

WEEDS AND OTHER PESTS.

The rice planter encounters considerable difficulty through the
invasion of his fields by a multitude of weeds. The majority of these in
their early stage are difficult to distinguish from the young rice plant.
Common weeds are wild kodon or makra grass (Lleusine Aegyptiaca
Desf) and sanawank or dhand (Panicum Crus-galli Linn). The admixture
of wild rice with white rice also reduces greatly the market value of the
latter. Great. caution iy therefore required on the part of the grower
to secure and plant seed that is free from it.

The control and eradication of weeds depend upon the frequency and
thoroughness of cultivation whick should be continued as long as weed
growth is noticeable. A change of rotation and leaving the land fallow
for a year or two is also heneficial.

A common discase is sterility of the rice heads. The ears in such
cases instead of drooping, stand up straight. [t may be due to various
causes, such as hot winds, drought, poor land, a nematode (Tylenchus
Sp.) or a Fungus attack.

The insect which most severely injures the rice plant and causes the
greatest damage to the crop in the United Provinces is the rice-sapper,
an evilsmelling fly called gundhs (Leptocorisu varicornis Falre), Tt
often destroys half the crop of a whole locality or district. The mode of
parasitism has not been studied but it seems that if for two or threc
seasons, due to imperfect cultivation, they get a chance of rapid multi-
plication, the attack becomes epidemic in character. They all cluster
together on ripening ears and suck out the milky juice. They generally
multiply from the middle of August to the middle of October and, there-
forc, mostly attack the early maturing kinds. According to Lefroy,!
the rice fields in Bengal contain members of a very active type of blue
beetls (Cincindela sexpunctata F.) which feed upon the rice bug. Tt will
be interesting to introduce that beetle into the United Provinces and to
see how far it is successful in preying upon the bug.

So far no sutisfactory treatment has been found.  Catching and killing
the insects by means of bag nets was the only method which was found
useful in reducing their number. Besides, keeping the fields free from
weeds and application of powdered cake of neem (dzadivachta Indica
Juss) was found helpful in lessening the attack.

! Lefroy, H. M.—Indian Insect Pests, p. 118,
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Tt is interesting to note that the gundhi is absent in the upland valley,
is more in the castern than in the western part of the province and is
most prevalent in the north-eastern Districts of Gonda, Basti, Gorakh-
pore and Bahraich. Obviously it holds a relation to the soil and the
climatic conditions. This is a point of interest and the matter is being
further investigated.

II.—Exzperimental.
The experimental work consisted of three parts, viz :—

(A) Exzamination of natural factors affecting rice pxoductlon
(B) Cultural experiments.
(C) Manurial experiments.

(A). NATURAL FACTORS.

The important natural factors which influence the cultivation of
rice are topography, temperature, soil, rainfall and irrigation water.
The situation and the general characteristics of the three typical rice
growing regions have been described before. Three places, namely,
Doiwala (Dehra-Dun), Cawnpore and Tulsipur (Gonda), were selected
as representatives of the mountainous, the plain and the terai region,
respectively, for trial experiments. Table IT shows the mechanical and
Table 111 the chemical analysis of soils of these places? Table IV shows
the analysis of the irrigation water.

Tasre II

Mechanical analysis,

Pereent-
>,
sgefne | Bt | gt | DI st
and coarse | sand age silt silt age clay
sand

A. Doiwala (Upland valley) 9-51 26-75 1506 22-90 1210
B. Cawnpore (Plain) . . 070 48-74 2744 21-46 8179
C. Tulsipur (Tarai) . . 063 622 2457 2219 21:50

1 These were very kindly made for me by Mr. H. N. Batham, Agricultural Chemist 4o
Govt., Ca.wnporc,
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The soil at Doiwala is sandy and gravelly, while that at Tulsipur is
clayey. The Cawnpore soil is more or less intermediate in texture.
The rain water penetrates easily through the loose particles of the soil
of the upland valley. It never accumuldates for long in the field. This
easy drainage hrings abous soil aeration, which, according to Howards,!
is essential for the proper development of the root system. In the tarat
on the other hand, the colloidal matter of clay makes the soil more or
less impermeable. The drainage is diflicult and the rain water accu-
mulates. This difference in the texture of the soils is the probable reason
for the difference in the yield and quality of dhuns (unhusked rice) pro-
duced in these regions, The rices of the upland valley are early, fine
and fragrant, while thosc of the taras arc late, comparatively coarse and
less fragrant. Asregards yield, it is more in the latter than in the former
region. This is in accordance with the views of Warth 2 who states
that soil texturc exerts a more marked effect upon the yield of paddy
than the soil reaction or the presence of large or small amount of plant
food.

Tasre 1L

Chemical analysis.

) = ~
H 3 H
P g | B ¢ .
g < S
Za| E|ElEl o %] olZ g1,
aE| Sl B[22 (81~ |g|%|d]|¢
EIE | & B | & o Pl T R B
szl 4 : : ; 18 : ;
8= = ] < < o < g ; N < =
85 = ] B E . -1 = g
2l e8| 58 8 BR8] El5|8)¢E
=3 P K o ] 5 P Pyl = b H &
Aol I IR O B - I N - I O -
A, Doiwals {7657 | 204 | 692 | 0-11 | 044 | 050 | 206 J1073 | 057 ] 087 | 511 | 005
{Upland
valley).
I%“f)?i'l\cupnru 7048 | 3007 386 | 005 ] 173 057 | 120 (1127 | 045 [ 016 [ 0-89 | 008
ain).
€. Tulipnr | 71-80 [ 3-00 | 790 ) 004 | 161 | 049 | 218 {1382 048 | 024 | 541 | 014
(Twrar).

Thesc analysis show only slight variations in the food materials in
the different soils but there is nothing very significant in a particular
soil which may effect the growth of the plant to a considerable extent,

! Hm\';t’rds, 4, and G. L. C.—" The Keonomic significance of root development of
Ag}r'xL ertznsz.l —sAsgn. Jour, India, vol. X 11, 1817.  Also Soil erosion and : urlace drainage
—Puasa Bull., 53.

#Warth, ¥, J.—Notes on the s0il of the experimental Farms. Dept. Agri, Burma—
Bull., 13, 1916, p. 5. ’
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TasLg 1V.

Analysis of irrigation water.

E3
| Partsper | Parts per
e Parts per million Parts per million Parts per
Deseription million total million Sodizm million
Nitrogen colids Chlorine Chloride Nn, Cog

1. Irrigation water from a 1861 460-30 21-30 3510 18¢-20
hill torrent— Doiwala
(Upland valley).

2. Irrigation rain water and 12:52 325-20 14-90 2940 137-80
torrent water from a rice
field—Doiwala  (Upland
valiey).

3. Irrigation tain water from 535 7520 710 1170 58-30
the mice field, Botanical
¥arm, Cawnpore (Plain).

4. Irrigation rain water from 8-57 10400 14-20 2340 4240
the rice field near Tulsipur
(Tarai).

Trrigation water from hill torrents, in the upland valley, is far richer
in solid materials than the plain or the farai water. These materials
are obviously obtained from the weathercd rocks over which these
streams flow. It adds sufficient amount of food mwaterial to the soil and
thus renders, to some extent, the application of wanures less essential.

(B). CULTURAL EXPERIMENTS.

In the following Tables the outturns are given in pounds per acre.
Seeds of some pure variety of the main crop was sown and transplanted.
Different varieties were suwn in different experiments. Varicties ripen-
ing within 130 days after sowing are counted us early ripening, those
ripening hetween 130 to 150 days as intermediate and those requiring
still longer period for maturity as late varicties. Tor the sake of uni-
formity, a bed of 20" 108" (005 acre) was used for all the trials. Unlegs
otherwise stated, the plots were arranged in duplicate, simultaneously
at three places for two years. Two similar varieties were tried in each
experiment. The figures are the average of 8 trials. Single seedlings
were transplanted throughout at a distance of 9 inches between rows and
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6 inches between plants, except in those experiments dealing with
uumber of seedlings and spacing.

1. CULTIVATION EXPERIMENTS.

Generally speaking, no summer cultivation is done in the province.
Experiments were conducted o see if summer ploughing was useful.
A piece of land was given 2 to 3 ploughings from April to June and the
plants sown in it were compared with the piece left untouched till sowing
time (July). From the figures of yield shown in Table V, it is clear that
it pays to plough the land during the hot weather rather than to leave
it uncultivated. Hot weather cultivation also helps to kill weeds and
ingects.

TaeLe V.

The effect of hot weather eultivation.

Dorwara CAWNPORE TuLstPUR

Grain | Straw | Grain | Straw | Grein | Straw

Ploughed in the hot weather, 2,090 2,698 L900 | 3,971 1,748 | 4,275

Unploughed . . . 1710 2,280 1,520 2,983 1444 3,743

An early tipening variety was sown at three places.

2. TRANSPLANTED AND BROADCAST RICE COMPARED.

It is a well-known fact that transplanted rice gives a larger outburn
than the broadeast. The following trials bear this out. Also a com-
parison is made of sprouted secds sown broadcast on a well prepared
puddled land.

TasLe VI

Comparison of yield under different methods of eultivation (Cawnpore).

J— Grain Straw
Transplanted . . . . . . . 1,748 3,800
Broadeest . . . . . . . . 1,026 1,957
Sprouled seed on puddled land . . . . 1,330 2,983




PRELIMINARY NOTE ON THE RiCE CROP IN THE UNITED PROVINCES 13

Although transplantation shows the best return, yet the method
cannot be adopted universally. There are various reasons for this, the
most important being the situation of land and the supply of labour.
In the absence of any artificial means of irrigation, transplantation is
possible only in low lands which are able to hold water. Also the pro-
cess being a slow and laborious one and requiring about a dozen labourers
to transplant one acre in one day, it is difficult to transplant the whole
available area where labour is scarce.

3. Loss FROM LATE SOWING,

Tt is generally known that if the rains are late the rice crop is poor.
To obtain some idea of the loss due to late transplanting and to gather
information as to the relation between the time gf sowing and the de-
crease of the crop, seedlings were transplanted at interval of ten days.
The dates of transplanting are shown in the Table, but the sowing in
the nursery in each case was done about a month and ten dayd before
trangplanting, The first sowing and transplanting were done at the
usual time, t.c., June 5th and July 15th, respectively.

TasLe VIL.

The relation between the time of sowing and the yield,

Logs
IER
CENT.

Dorwata J CAWNPULE TULsIrrL

Transplanted on

Grain (3traw | Grain Straw | Croin {Straw | Groin | Straw | Graln | Straw

—_—_——}

Jaly 15t . . .1 1,613] 2,000 1,767

4,237) 1,767 ) 3,825% 0

3,648

July  25th . L vaes| Lot Lriof 3,518 4,080} 1,601 3211} 43] 84
August, Ith . . L nte7| 1,748 1,377 2,804 3,8191 1,539} 2,850 120} 142
Angust 14th . . o] Li40| 1,615 1,425 | 2,508 2,183 1,444| 2,504 | 18-2 | 280
August 24th . . . 0121 1,235 1 1,349 2,000 14891 1,254] 1,038] 200 f 417

A late ripening variety was sown at three places,

It is obvious from the above that the earlier the transplanting can be
safely done, the betber it is for securing a goed outturn. The loss due
to late sowing is greatest at Doiwala and least at Tulsipur. A delay of
transplanting by about a month and a half beyond the usual time, d.e.,
on 24th August, means a loss of 43 per cent. at Doiwala, 23 per cent.
at Cawnpore and 20 per cent. at Tulsipur. The loss of straw in almost
all cases exceeds the Joss of grain. It is thus obvious that the prevail-
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ing practice of transplanting earlier in Dehra-Dun and later in the taras
than in the central plains is correet.

Early preparation and early transplantation are a great security
against the failure of the crop. 16 is always safe to keep the seed bed
in & flourishing condition, by irrigation if possible, in June and trans-
planting can be cormmenced when the regular rainy season just sets in,
t.e., about the first or second week of July. If transplanting is put off
till August owing to scanty rains, the result will be poor. In unusual
years when the raings are late, preparations have to be delayed except in
places where there are canals. In such a case it is advisable to sprout
the seeds and sow them broadcast in well puddled land instead of trans-
planting them. This saves time, and time is of the greatest importance
when the rainy seasog threatens to be a short one. In such a season
it is advisable also to grow as much broadcast paddy as the higher lands
can carry.

4. AGE OF THE SEEDLINGS AT THE TIME OF TRANSPLANTING,

It is a common practice for the seedlings to be transplanted when
they arc about five to six weels old. The following results show that
seedlings younger than 40 days are less productive. Seedlings older
than a month and a half develop a thick root system in the seed bed
and, when transplanted, the growth is poor and the yield is reduced.
It is advisable to crowd the seedlings to some extent in the seed-hed in
order to check root development before transplanting.

TaBLe VIII

The relation between the age of the seedling and yield (Cawnpore),

Age of seedlings. Grain Straw
20 days old seedlings . . . . . . L1zl 2,413
30 days old seedlings . . . . . o 1,330 3,135
40 dsys old seedlings . . . . - 1,444 3,306
50 days old seedlings . . . . . . 1,235 2,793

5. THE NUMBER OF SEEDLINGS TO TRANSPLANT IN EACH HOLE.

The following results show that four seedlings do well at Doiwala,
one seedling at Cawnpore and two to four seedlings at Tulsipur. Ex-



PRELIMINARY NOTE ON THE RICL CROP IN THE UNITED PROVINCES 1J

periments were also conducted with early aiud late ripening varieties
with thickly and thinly sown seed beds at each place. Details are not
recorded here as nothing definite was found. The results, however,
showed  that distance and the number of seedlings are correlated.
Generally speaking, when close planting was practised. one seedling
gave the largest outturn, with wide planting move secdlings were required.
The optimuam rate for seedlings seems different tor different varieties and
it varies in different parts of the province,

*TasLe IX.

The relation betweess the wumber of seedlings i euch hobe and the yield.

-

Dorwara CAWNPURE TrLsipuk

Number of scedlings in
each hole.

Grain | Straw | Grain | Straw | Grain | Straw

Onescedling . . .| 1,007} L33 | 2204 | 5016 1482 2242
Two seedlings . . . 1Loo4 1,672 1914 3,073 2,166 3,800
Three seedlings . . . 1,083 1,634 1,938 4,674 2,052 3,515

Four seedlings . . 1,273 1,843 2,014 3,538 2,109 3,015

Six seedlings . . . 1,235 L710 2,033 3,377 1,881 2,993

An carly ripening variety was sown at Doiwala, one with intermediate time of ripen-
ing at Cawnpore and late ripening at Tulsipur.

The usual practice of the enltivators is to put a large number of seed-
lings in one hole. The number varies from 8 to 20, the greatest number
being in the castern parts of the provinee. Further investigation on
this point is important as the reduetion in the number of seedlings sown,
will be greatly profitable as is apparent from the following quotation -
* In Godavari. Tanjore and other southern Districts the usual sced rate
was about 100 to 150 Th. per acre and the bunches from 5 to 8 and even
16 plants wers transplanted. By single seedling trausplantation, the
rate was reduced to 21 1b.. resulting in a suving of ubout Rs. 3 an acre
in seed alone, without affecting the outturn.  This systemn has been very
widely taken up in Tanjore and other southern Districts and it is osti
mated that the profit arising therefrom must be worth about 10 lacs of
rupees a year.”

 Report of Progmess of dgriceliure in India, 1913-14, p. 34,
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6. THE DISTANCE APART AT WHICH TO TRANSPLANT THE SKED-
LINGS.

The -results in Table X show that distance of six inches gives the
best result at Cawnpore und Tulsipur and 9 inches at Doiwala. The
difference of growth between plants sown 6 inches and 9 inches apart is
less as compured with those of plants sown Y inches and one foot apart.

TapLe X,

Effect of different distunces between scedlings on yield.

DorwarA CAWNPORE TerLstrvr

Distance apart

Grain | Straw | Grain [ Straw | Urain | Straw

Thres jnches . . . y12 1,425 2,204 | 4,204 1,710 | 2,793
Six inches . . . . L0453 | LG34 2,480 | 5,330 2,736 | 4,503
Nine inches . . . 1,083 1,938 2318 | 5,130 | 2,622 ) 3,89
One foot . . . . D80 1,083 1,862 | 3,819 1,957 ) 3,610

A late ripening variety was sown and two seedlings per hole were employed through-
oub,

Thick coarse varieties with abundance of leaty growth do better at
a distance of 9 inches, while thin slender ones with less leaves do better
when sown at a distance of 6 inches. Taking the province as a whole
the cultivators generally transplant G inches apart, and the practice
seems to be correct.

7. SEED SELECTION,

It is important that the grain intended for sowing should possess
high germinative power. Light grains which usually fail to germinate
should be eliminated. Two methods were employed at the Cawnpore
farm to discard the light grains. One was winnowing and the other
floating them off in a strong solution (about 20 per cent.) of salt in water.
The latter method proved more eficctive.
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TaBLE XL

Result of different methods of seed selection (Cawnpore).

Seed sown Grain Straw
Winnowed seed . . . . . . . 1,634 5,719
Unsclected seed . . . . . . 1,349 2,793
Treated with salt solution . v . . . 1,862 6,232

The matter has received little attention in the United Provinces,
and since rice grains contain a fair percentage of light seeds, it is recom-
mended that the salt solution method of eliminating the light grains Le
universally adopted.

8. CONSTANT IRRIGATION AND ALTERNATE DRYING,

The subject is closely connected with drainage and soil aeration and
has been dealt with by many workers. A brief survey of literature,
with special xeference to rice, has been given by Chopral.  Lxperiments
were conducted at the Botanical Farm, Cawnpore, to sec the difference
in growth and yield under constant irrigation and under alternate dry-
ing. The water was changed, once a week, in beds under the former
condition while it was drained off every week and the plots were aerated
for a day in the latter, The results obtained are in agreement with
the view that draining of rice lands for proper growth of plant is neces-
sary. The figures in Table XIT show that thete is more yield given by
the drained plot than the one under constant irrigation, although the
vegetative growth is greater in the latter. Also ripening under constant
irrigation was late and irregular. Many of the grains were not well set
and a good few ears were damaged by a stem borer. :

Tapre XIIL

Effect of constant wrvigation and alternate drying on growth and yield.

Treatment Cirain Stinw
Ciop under constant ierigation B . . . 1,710 4,826
Crop under alternate drying and irrigation . . 1,957 3,805

! Chopra, W. C.—Report onr Sone canals in Behar to study rice irrigation and rice
eultivadion, .\ W. D,—~Jrrigation Branch,—Punjab, 1922,
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According to Sen,! it pays to drain off the fields in the uttia nakshhaira
{14th of September to 28th of September) and to fill up again in hatia
nakshatra (28th of September to 12th of October).  The fact that rice
is a water plant has caused most rice growers to underestimate the value
of good drainage as an aid in producing a uniform ripening, maximum
yield and a superior quality of grain, Good drainage is cqually as essen-
tial for rice as for wheat and other field crops.

(C). MANURIAL EXPERIMENTS.

In the first place, manures on the whole are difficult to apply to vast
areas of fields in which rice grows, although they are almost always ap-
plied to the nursery. Secondly the kind of manure to be applied depends
upon its availability and cost. Chemical fertilizers and cakes of castor
{ Ricinus communis L.) and neem (4zadivachta Indice Juss) are relatively
expensive and difficult to obtain. There is also o danger of these manures
being washed away by floods and rains which usually accumulate on -
rice fields. Cattle dung supplies is also limited hecause of universal use
of the cowdung for fuel. The only treatment which is practically pos-
sible in canal irrigated areas and where water is available, in these Pro-
vinees is that of green manuring. 16 is not only cheap but easy to apply.
It is obtained by sowing about 60 Ib. of sannai (Crotelaria Juncea L.)
seed in an acre of rice field about, the beginning of May and ploughing
it in when the land is puddled for transplanting. After ploughing in
the crop, the fields are filled with water and left for about ten days for
the material to decompose. Afterwards they are again stirred with a
desi plough for hreaking and mixing up the material completely.

" Experiments were conducted at three places chiefly with the idea of
comparing the results of green manuring with those of a few important
manures. These manures consisted of chemical fertilizers, an oilcake,
farmyard manure, and a compost of night soil. Farmyard manure
consisted of cattle dung and cow-hyre sweepings stored for about a year
without cover under ordinary field conditions. The material of night
#0il was supplied by Dr. Fowler of the Technological Institute, Cawn-
pore.  The method of preparation of its compost consisted of fermenting
together anacrobically the material with fatm weeds, more or less after
the Chinese fashion as explained by King%  Although these experiments
have only been carried out in duplicate for two years and are therefore
not =0 reliable as would be a number of trials spread over several years,
yeb certain deductions can be made as to the value of different class of

!8en, J. N.—A study in the assimilation of nutrients by the rice plant—Pusa
Rull. 85,

2 Ring, F, H,—Farmers of Jorty centnries,
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manures. Two varieties, an early bansmati and a late Falasibhdas were
tried at three places. The figures are average of four trials of each
variety. The size of plots was the same as in cultuwral experiments.
The outturn is given in pounds per acre.

Tasre XIIL

Result of manurial experiments at Cawnpore.

RANSMATI EALasvKnDAS
Fertilizer Rate per

) acre
Grain | Straw | Grain | Straw
i. Superphosphate . L p 1400, . 1,121 3,021 1,881 4,100
2. Castor cake (Rieinws com- 15 md, . 1,634 4,1€)d 2641 4750

munie).

3. Farmyard manure . | 100 ma. . 1,387 2,045 3,130
4, Unmanured . . . o 012 1,862 3,534
5. Ammonium sulphate .| 16w 1k . 1,672 4,46 3,206
6. Comypost of night soil .| 100 md. . 1,423 3,406 2,128 | 5450
7. Muriate of potash . .| B201h. . 1,026 2189 1349 4,142
R, * Sannai - castor cake . .. 2.261 7,043 3,420 4,728
0 * Saunai--farmyard manure .. 2,071 6,688 3,173 4,652
10, Green-manurcd with sarnai| 601h, of sced | 2,489 7.163 3.648 8.664

BOWN
Y1, * Sunnat ¢ ammonium sul- o 2,243 7,600 3,501 9,804

phate. !

* Sannai was first ploughed under and the manures spread afterwards, the rate
was the same as under ordinary copdition, A maund is 82 Ih.

It is evident from the vield shown in the above Table that ammo-
nium sulphate is a valuable manure for rice and has given a large increase
over the unmanured plot. Oil-cake is almost equally uscful. Night
soil compost, rich as it Is in nitrogen, shows better result than the ordi-
nary farmyard manure. Superphosphate and muriate of potash do
not seem to be very useful manures for rice cultivation in this soil, al-
though hoth give a small increase over the unmanured. The hest yields
of rice in these experiments were obtained not by the use of fertilizers but
by growing the crop on green manured field, The data shows that the
yields produced fromi the use of manures applied alone and in combi-
nation with sannai are less than the yiclds given when the crop is grown
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with green manuring alone. The application of heavy nitrogenous
manures like castor-cake and ammonium sulphate to a plot which was
already green manured seemed superfluous. 1t resulted in greater vege-
tative growth but less yield. Also, the plants showed signs of being
overmanured. The ripening was irregular and many ears were found
empty. They lodged hadly near harvest which resulted in shedding of
grains. Thus it is safe to conclude from these trials that green manur-
ing alone is enough for giving the maximum yield. According to Messrs.
Harrison and Subramania Aiyer,? draining is important in order to get
the maximum benefit of green manuring.

Besides increased yield there are various other advantages of green
manuring. A green-manured soil becomes loose, friable, responds better
to ti'lage and on preparation produces a more suitable geed-bed than the
one in which no vegetable matter has been ploughed under. Tt is also
useful in bringing weeds under control.

THE UPLAND VALLEY.

The results at Doiwala slightly differ from those at Cawnpore.
Oreen manuring has not given so good a result. This may be due to
two probable reasons. Firstly, the Doiwala soil is richer ip organie
matter and more permeable than that of Cawnpore (Table TIT) and
further addition of organic matter probably spoils the texture, Secondly,
green manuring is not the same thing as adding a definite quantity of
manuria] matter. The amount is dependent upon the growth of the
plant to be ploughed in and this will vary from season to scason.

Tasre XIV.
Effect of different manures (Doiwala).
Baxsyirt KALASUKHDAS
Fertilizers

Grain Straw Grain Straw

1. Superphosphate . . . . 1,330 2,608 437 6
2. Castor Cake . . . . 1,805. 4,085 703 4,826
3. Farmyard manure . . . . 1,577 2,432 851 2,641
4. Unmanured . . . . 1,425 2,071 304 1,748
6. Ammonjum sulwhate . . . 1,843 4,109 1,710 3872
6. Murinte of potash . . . . 1,178 2,489 3990 2,703
7. Green manured with sannai . . 1,613 2,641 (08 3,268

The tate per aere of different manures was the same as st Cawnpore.

1 Harrison, W. H. & Aiyer, 8. B. A,—Mem, Dept. Agri, India, Chem, Ser., vol. 11,
no. 3 and vol. IV, no, 1,
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Two more deductions can be made from this Table. In the first
place, early varieties do better here than the late kinds. The latter
grow well in the beginning, as is seen by profuse production of vegeta-
tive growth, but due to the fall of temperature carly in the
scason, the grains fail to set properly and the crop suffers. Secondly,
bansmatt without any addition of & manure does better in the upland
valley than at Cawnpore. This is probably due to the presence of more
food material both in the soil and the water (Tables L1E and 1V) and
better drainage.

TrE 74RA47.

The result of different manures in this region almost resembles those
ab Cawnpore. Sannai gives more yield than all vther manures except
ammonium suiphate and the oil-cake. Great difficulty was, howoever,
experienced in growing saniad in this arca. During the fist year it
was sown before the rains with the well water, The crop got scortched
due to hot winds and the growth was poor. In the second year, it was
sown by the first {all of the rains but the crop was short at the time of
ploughing in.  The growth in cither year was not satisfactory. In the
absence of any artificial means of irrigation sannai can be grown on
ploughed fields with the first shower in June and when turned under in
July, its small growth even after a month will greatly help in opening
the clayey soil of this region and making it permeable,

TapLe XV,
Effect of different manures at Tulsipur.

Baxsiuay! NALASHUK Das
Manure S
Grain Straw Cirain Sraw
L. Superphosphate . . . . 722 2,546 2,356 4,674
2. Castor cake . . . . . 1,235 3,452 2,660 7,011
3. Farmyard manure . . . 950 2,608 2,432 4,522
4 Unmavured . ., ., 646 1,803 1,438 4,503
3. Ammonium sujphate . . 1,330 4,408 2,774 6,688
G, Muriate of potasl . . . . 5849 2,166 2,185 3,496
7. Green manured with sannai | . 1,102 4,522 2,508 5,453

The rate per acre of different manures was the same as ot Cawnpore,
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1t is also evident that unlike Doiwala, the area suits the cultivation
of late varieties; early varieties almost invariably get damaged by
gundhi which is prevalent in these parts. Also, vegetative growth is
greater here than elsewhere.

In conclusion, 1 have to express my indebteditess to Mr. A Howard,
(LLE., Divector of the Plant Industry, ndote, for his kind help in read-
ing the manuseript and suggesting improvements.  Also my thanks are
due to B. Bajjanti Prashad, 1. Ag., for help rendered in working up
various figures iu the texs.

Summary.

L. Rice is the most widely eultivated crop in the United Provinces
aud oceupies one-fifth of the net area cropped.

2. Two systers of cultivation are mainly practised—broadcasting
for early aad transplanting for late varicties. The proportion of early
t0 late vatieties is about 2 to 1.

3. Transplanted rice yield more than broadeasted riee,

t. Barly vipening varieties suit the western districts; whils late
vatieties do best in the eastern districts.

5. Wild rice occurs everywhere,

6. The chief enemy of rice is the vice-sapper gundhi (Leptocoriase
caricornis B,

7. Ploughing the rice areas after the crop is removed and during
the hot weather increases the yield and also reduces weeds and insect
attucks.

8. The earlier the transplanting the higher the yield, particularly in
the western distuicts.

9: The scedlings should be 10 days old when transplanted. The
local custom of planting six inches apart has been found to he correct.

The number of scédlings now planted i cach hole can he materially
reduced.

10, Constant irzigation tends to prolong vegetative growth and so
interferes with maturation. (Occasional drying is important and results
in an increased yield of grain. )

11, Green manuving with sunnai (Crotolaria J uneen 1) proved o be
the most cffective of the manures used.

MGIPC—M—I11-1.77—15-11-28—700,
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tion, irrigation, climatic conditions, inscct pests, fuugns diseases, co-operative credit, farm imple-
ments, and other agricultural matters iu India.  lllustrations, including coloured plates, form a
prominent feature of the Journal. It is edited by the Agricultural Adviser to the Government of
India, snd is issued once every two months or six times & year. Annual subscription, Rs, 6 or 9.
64. including poastage. Single copy Re. 1-8 or 2

9. The Journal of the Central Bureau for Animal Hushandry and Dairying in Indias. A quarterly
dealing with cattle-breeding, dairying, cultivation and storage of fodder erops, animal nutrition,
and other agpects of animal hushandry. It is edited by the Agricultural Adviser $0 the Govern-
ment of India. Annusl subscription, Ra, 2-8. Single copy As 10

3. Solentific Reports of the Agrienltural Research Institute, Pusa.

4. Review of Agricultural Operations in [ndia.

6. Proceedinga of the Board of Agriculture in India.

6. Proceedinga of Sectional Meetings of tie Board of Agriculture.

7, Memoirs of the Tmperial Department of Agriculturs in India.

(@) Botanical Series.

(b) Chemical Series.

(&) Entomological Series.

(d) Bactertological Series.’

(¢) Veterinary Series.
8. Bulletins issued by the Agricultura] Research Institute, Pusa,
9. Books.

The toliowing are the publications of the last iwo years :—

Scientific Reports of the Agrienltural Research Institute, Pusa (including the Reports of the Imyperial
Dairy Expert, the Physiological Chomist, Covernment Sugercane Expert, and Secretary, Sugar
Buresn), for the year 1825-26, Price, Ra. 2.8 or 43, 6d.

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial
Dairy Espert, Physiological Chemist, t Sugarcane Expert, snd Secretary, Sugar
Bureau), for the year 1926-27, Price, Re. 1-14 or 3s, 3d.

Review of Agricultural Operationa in India, 192526, Price, Ra. 2-6 or 4s. 34,

Review of Agricultural Operations in India, 1926-27. Prics, Rs. 2 or 3a. 6d.

Proceedings of the Board of Agriculture iu Indis, held at Puss on 7th  December, 1925, and tollowing
days {with appendices). Price, Re. 1-14 or 3s. 34,
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MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA

Yol XIV, No. 1II,

Vel. XIV, No. IIL
Vol. XIV, No. IV.

Vol. X1V, No.
Vol X1V, No.

V.
VL
Vol, XIV, No. VIL

Vel. X1V, No. VIII,

Vol. XV, No. 1.

Vol. XV, No. 1L
Vol. XV, No. Il

Vol. XV, No. IV.
Vol. XV, No. V.

Vol
Vol.

XV, No. VI
XV, No. VII,

Vol.
Vol. XVI, No. I
Vol. XVI, No, IL
Vol. XV, No. III.

Yol.1X, No. L
Vol 1IX, No. IL
Vol IX, No. IIL
Vel 1X, No. IV.
Vol 1X, No. V.
Vol 1X, Neo. VI

XV, No, VIIL

Botanical Series

Studies in Gujarat Cottons, Part III. The Wagad Cotton of Upper Gujrat,
Kathjawad and Kuteh, by MaaaNtaL L. Patet, m.ag., and D. P. MaNgan,
Price, Re, 1-4 or 2s, 3d.

Bugarcane Breeding—Indications of Inberitance, by Rao Sammp T. 8, Vex.
RATRAMAN, B.é, Price, As § or 10d.

Studies in Gujarat Cottons, Part IV : Hybrids between Broach-deshi and Gogharj
varieties of Gossypium herbaceum, by M. L. PaTeL. M.ag., aod 8. J. Pare,
B.ag, Price, As. 14 or 12, 6d.

The Indigenous Catton Types of Burma, by T. D. 810K, B.Se., D.LC., AR.CS.
Prive, As, 9 or 104.

A Study of Fuserin common to eotton plants and cotton soils in the Central
Provinees, by Jiwaxy Smom, v.se, Price, As, § or 8d.

The Kolamba Rice of the North Konkan and its Improvement by Selection,
by R. K. Baipg and $. (. BEALERAo, B.Ag. Price, Re. 14 or 2s,

Pennigetum typhoidewn s Studies ou the Bajri Crop. 1. The Morphology «of
Pennisetum typhoideum, by 8. V. GopBoL®, M.5¢., B.ag. Price, As. 12 or 1,34,

Stndies in Khandesh Cotton, Part 1, by 8. H. PraYa6, M.ag Price, Re. 1.4
or 22, 3d.

The Indian Types of Lathyrus sativue L. (Khesari, Lakh, , Teora), by
QasrrErre L. C. Howarp, M.a., and K, S. AsDUR Ramuax N. Price,

Re. 1.8 or 2s. Gd.

Fruit-Rot Digease of Cultivated Cucurbitacese caused by Phythium aphanider.
matum (Eds.) Fitz,, by M. Mites, .sc., 7.L.S, and L. S, Susnamaviay,
F.LS.  Price, As, 6 or 84.

Colour Inheritance in Rice, by S. K. Mitra, .8, P'h.D., and 8. N. Guera and
P. M. GaxguLL  Price. As. 6 or 8d.

Asterina spp. from India determined by Dr. Rutd Ryax and Meliols spp. from
India and one from Malay determiged by Prof. F. L. STEVENS, Price, As, 4
or 5d.

Stedies on Rice in Sind, Part I, by K. 1. TEaDANI, M.sc., and H. V, Doras
Durtas, B.se. Price, Re. 1or le. 9,

Variability in certain ecomomic characters particularly in seed weight and
weight of lint per seed in pure strains of Broach Deshi Cotton, by Magaxtay
L. PaTEL, a.ag,, and Harowp B, Masy, p.se.  Price, As. 14 or 1s. 6d.

Studies in the Shedding of Mango Flowers snd Fruita, Part I, by P, V, WasLe,
M.ag. Price, As. 11 orla, 3d.

Studien in the Juwars of Gujarat ; 1. The Jowars of the Surat District, by

M. L. PateL, M.4g., and G, B, PATEL, B.4g. Price, Re. 1-6 or 25, 3d.

Studies in Indian Chillies, I:—The Types of Capsicum, by F. J. F. Smaw,
.50, AB.C.S, F.LS, and Keax Sam1s ArpvR Rameax Kuax. (In the presa.)

Foot-rot and wilt of Antirrhinums cavsed by Phylophthora pini var. anterrkini
n.v., by 8. SUNDARSRAMAN, M.4., and T, 8. RAMARRISENAN, A, (In the
press)

Chemical Series’

The Selection of Burma Beans (Phaseolus lunatus) for Low Prussic Acid Content,
by J. CEARLTON, M.8¢., F.1.C.  Price, A 10 or 1s,

Bangalore Maintenance Experiments, First Scries, by F. J. Warrm, msc
Price, As. 11 or 1. 2.

Some Digestibility Trials on Indian Feeding Stuffs II, by P. E. Laspzs,
M., D.8C., &.1C, and PaxpIT Lak CHanD DEARMANL, L.ag., B.Sc. (4g.).
Price, As. 10 or 13,

The Effect of Manuring a Crop on the Vegetative and Reproductive Capacity
of the Sead, by B. ViswaxarH, £.1.0., and M. STRIAVARAYANA,B.80. Price,
As. 14 or s, d.

Experiments on the Feeding of Sorghum silage and concentrate to Scindi oalves,
by. F. J. WaRTH, .8c., and SEARI KANT Misea. Price, As. 8 or 10d.

Losses and gains of Nitrogen in an Indian Soil studied in relation to the seasonal
composition of well waters, and the bearings of the resnlta on the alleged
deterioration of soil fertility, by HaroLp E. ANNEIT, D.8¢, XIC., M8,
B.A.C,, A, PADMANABHA AIYAR, B, end Rad Naravav Kavasts, wsc.,
B.ag. Priee, Rs. 2 or 3s, 64,
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Chemical Series—contd.

1X, No. VIL Soms Digestibility Trials on Indian Feeding Stuffs, Part III: Some Punjab
Hays,

by P. E. LavDER, x4, D.S0., ALC, and Paxprr Lat CmaXp
L.AZ., B.SO. (Ag.). Pnce As, Jor bzl

DHARMANT,
IX, No. VIIL. The determination of the Electrical Conducmmy of the aqueous Extract of

Soil as a rapid means of detecting its probable Fertility, by AsguTosH SEX.
Price, As. 4 or 64,
X, No. L Feed.mg Experiments at Kamal, by F. J. Wagrs, m.se., and F. J. Gossip.
Price, As, 8 or 10d.

Entomological Series

IX, No. IV. The Bed Pumpkin Beetls, Aulacsphors obdominalis, Fb. (Coleoptera

Chrysomelide) and ita Control ; with a short Note on 3. atripenais, Fb., by
M. Arzar Husalw, M.5c., M.a., and S. ABDULLAE Smam, L.ag. Price, Re. l or
1s. 94

IX, No. V. Experim.enu on the Transmission of Rinderpest by means of Iusects, by 8. K.

SEN, B.SC., F.E.8, Price, Rs. 2-4 or 4e. 24,

IX, No. VL Studies on Indian Thysanoptera, by Dn. H. H. Karvy. Price, Re.1-8 or 2s, 6d.
1X, Nos. VII—New Species of Tadian Gall Midges (Itonidida), by Dz. E. P. Fevr ; New Indian

1L,  Geometrids, by Lewis B, ProuT, P.B.8. ; Description of Laapeymm atirpi-
cola, n. sp. (Lepidoptera), by E. ‘\Inmxcx F.R.3., with a short Note on the
Life-history and Status, by C. 8. Misra, B.s, Price, As. 5 or 6d.

Yol X, Nos. I & Four New Indian Gall Midges, by Dg. E. P. Frur ; Tha Citrus Psylla { Diaphorina
1. ctiri, Kuw.), by M. ArzaL Husamy, a.8c., a.4.  Price, Re, -2 or 28,

Yol. X, No. IIL Braconidm Vipionine of South Indis, by T. V. RAMARRISHNA AYYAR, B.A,
P.RS., FES. Price, As. 14 or 1s, 34,

Vol. X, No. IV. Some New Indian Mirids (Capiidz), by E. Bartiamp, B.a, rES. Price,

. 6 or 8d.

Vval, X, No. V. The use of Hydrocyanic Acid Gas for the Fumigation of American Cotton on
import into India. Experiments on its lethal power for the Mexican Boll-
weevil (dnthonomus grandia) and for the Grain-weevil (Sitophilus oryze);
on the extent to which it is absorbed by Cotton and Jute respectively ; and
on & practical method for satisfactory fumigation on a large scale, by A.
Jamgs TURNER, M.A., B.S¢., and D. L. SEN, M.sc. T&CH., M.8C, with a
foreword by B. C. Burt, 8.B.E., B.sc. Price, Rs. 2 or 3s. Dd.

Vol. X, No. V1. Studies on Platyedra gossypiella, Saunders (Pink bollworm), in the Puajab, by
Soman Smae BixDma, M.se, Price, Re. 1-for 2. 34,

Vol. X, No. VII. A Contribution to our knowledge of the Thysanoptera of India, by T. V.
RsVARRISEN4A Avvam, Pa.D., mEs., 2.8, (Inthe press.)

Bacteriological Series

Vol. II, No. IL* A Bacterial Soft Rot of Garden Poppy, by C. 8. Rau Avvam, B4, Price,
As, 5 or 8d.

Vol. II, No. UL Nitrification of Calcium Cyanamide in some Indian soils, by J. H. Wartoy,
MA, M8e. (In the press.)

Veterinary Series
Vol. III, No. VI Experi on the tr t of Hookworm infection in Dogs, by AvarNaTH

Guzary, m.sc. (Punjab). Price, As, 11 or 12 3d.

Vol. 111, Noa. VIII& On the occurrence of a Lung Fluke Paragonimus ediwardss, n. sp. in & Palm Civet

IX. {Paradozurus grays) in Kumaon Hills, by Avanyarn GuLaTL. M.80, {Punjab) ;
On the occurrence of Isospora and Balantidium in Castle, by H CoorEs,
M.R.C.V.5., and AMARNATH GULATI, M.ScC. (PnuJab) Price, As. 4 or 64,

Vol IV, No. I The Chemotherapy of Surra (Trypanosoma evansi Infections) of Horses and Cattle

in Indxa,, by J. T. EpWaRDS, D.5c., M.R.C.V.8. Price, Rs. 4-2 01 7,

YoL1V, No. II Studies in Bovine Lymphangitis, by V. Karsaxauvrtr Ayvar. Price, Re, 1.3
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Bulletins issued by the Agricultural Research Institute, Pusa

No. 164. Btandard Methods of Analysis of Fertilizers, by J. SEw, a.a., Ph.D. Price, As. 4 oréd,

Nop. 166. List of Publications on Indian Entomology, 1926 (compiled by the Imperial Entomologiat,
end the Offg. Imperial Entomologist, Pusa). Price, As. 12 or 1s. 3d.

No. 166. Sampling for Rice Yield in Bihar and Orixsa, by J. A, Huppack, 1.c.6. TFrice, As. 7 or 94,

No. 167. A Scheme of Classification of the Varieties of Rice Found in Burma, by R. A. Bratz
Price, As. 6 or 8d.

No, 168. List of Publicatione on Indian Entomology. 1928 (compiled by the Offg. Imperial Ento.
mologist and the Tmperial Entomologist;. Price, As 10 er le,

No. 169. The Stem-bleeding Disease of Arecanut (Arecs catechu) caused by Thiclaviopeis paradeze
Voo Hon., by S. SUNDARARAMAN, M.4., C. KR1sBExNa¥ Navas snd T. 8. Ramarmisawas,
u.a, Price, As. Yor ls.

No. 150. Seaeonal Variations in the Germ Content of Milk at Pusa, by J. H. WALTORN, M.A,, M.s0,
Price, As. 6 or 8d.

No. 171, The Improvement of Indian Wheat. A Brief § -y of the Investigations carried ot
at Pusa from 1905 to 1924, including an sccount of the new Pusa Hybrids, by Atseer
Howagp, C.I.E., K.4., and GasrizLrE L. C. Howarp, a4, Price, As. 8 or 104,

Ne. 172, The Mechanical Apalysis of Tropical Soils, by J. CEARLTON, ¥.5¢ , F.1.C. Price, As. 3 or 4d.

No. 173. Occurrence of Trichomonad Flagel'atee in the blood stream of Fowls, by Huer Cooreg,
M.R.C.V.5., and Amar Nata Gonati, mse  Price, As. 3 or 44

No. 174.  Unit System for Farm Buildings, by G. 8. HENDERSON, N.D.A,, K.D.D. Price, As. 5 or €d.

No. 175. A Comparative Study of the methods of preparation of the Soil for the Mechanical Ana-
Iysis, with a Note on the Pipette Method, by Axar Nate Pusl, Ph.D., and B, M. Awmx,
B.A. Price, As, 4 or 5d,

No. 176. A Method of increasing the Manurial Value of Mohua Cake, by N, D. Vvas, r.ag. Price,
As. 4 or 6d,

No. 177, Root-rot and Sclerotial Diseases of Wheat, by L. 8. SUBRrAMANITN, F.L.S. Price, As 4

or .
No. 198. A Study of the Lecular Composition in Cambodia Cotton, by V. RAMANATHAN, Lag
Price, As, 7 or 9d.
Ko, 179. A Leaf Spot and Blight Disease of Onions, caused by Alternaria palandui nov. sp., by
C. RANGASWAMI AYvanear, Price, Ax. 8 or 8/,
No. 180, Stem.rot of Berscem, caused by Rhdzocionia Solani Kihn, by Mp, Tasiid, Price, As. §
or 4d. .
No. 181, Life History, Bionomics and Control of Myllocerus maculosus, Desb. (Curculionide:
Coleoptera), by Kipag Narn Trinax, mse. (In the press.)
No. 182, Investigations in the Bactericlogy of Silage (1026-27), by J. H, Wartox, .4, Mse
Price, As. 5 or 6d,
No. 163. A Milk Fermenting Yeast, by C. S. Ram Avyar, B.A, Price As. 5 or 6d.
No. 184. List of Publications on Indian Entomology, 1927 (Compiled by the Tmperial Entomologist),
Price, As, U or 9d.
No. 185. The cultivation of Lac in the plains of India, Laccifera lacca, Kerr, by C, 8, Misea, B
(Revized Edition). (In the gress.)
Ko. 186, A preliminary note on the rice crop in the United Provinces, by R. L. SETEL  Price, As. 7
or 9d.

Books

Wkeat in India, by Atserr HOWARD, M.4., 4.R.C.8., F.L.5., and GABRIELLE L. C. HowagrD, u.a. Frice
s, 5 or Ts. 6d.

A Detcription of the Imperial Bactericlogical Laboratory, Muktesar : Its Work and Products, by
Masor J. D. E. Hormys, M.A., D.Se,, MRCV.S. Price, As. 8 or 9d. Hindi and Urde
Editions, Re. 2-4 each.

Agriculture in Indis, by JamES MACEENNA, M.a., 1.0.8. Price, As; 4 or 5d.

Some Diseases of Cattle in India. A Handbook for Stock-ownere. (Revised in 1927).  Price
Re. I-4 or 2s.

Repurt on the Diseaces of Silkworms in India, by A. PEIX61E JAMESOX, D.S¢, Price, Rs. 3.

The Importance of Bacterial Action in Indigo Menufacture, by C. M. HUTCHINSON, B.a.  Price, As. 2

Notice

All new publications are included in the above list and are regularly posted to all on the mailing

fist o8 soon as issued. Unless eomplaints of non-receipt of any publication are received by the Mans-

er, Government of India Centra} Publication Branch, Imperial Secretariat Building, 3, Government

lace, West, Calcutta, within six months of the date of issue, dupkicate copies can be supplied only or
payment of cost and postage.
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