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PREFACE.

The following paper is an account of the operations carricd on at
the Experimental Sullage Farm at Lyallpur irom thé time of their com-
mencement at the end of 1917, by Mr. Wilsdon, the then Agricultural
(hemist, upto June 1924,

Full agricultural data and chemical data is given together with
criticisms, and finally conclusions are given which have been arrived
at atter six and a half years' work. The agricultural operations have
heen conducted with the assistance of the Professor of Agriculture,

Mr. IL R. Stewart, and the late Professor of Agriculture, Mr. Roberts.

P. E. T.ANDEE.






The Experimental Sullage Farm, Lyallpur.

(Received for publication on Ist Seplember 1924.)

The Experimental Sullage Farm at Lyallpur owes its origin to the
fact that the town drainage system is situated so close to the Lyallpur
Agricultural College that considerable nuisance from smell is expe-
rienced. In 1917, proposals were considered for removing the sullage
water from the city to a greater distance both {rom the city and college,
and it was decided, amongst the Director of Agriculture, the Agricul-
tural Chemist and the Sanitary Engineer to Government, that the Agri-
cultural Department should undertake experimental cultivation with
sullage diluted with canal water with the object of obtaining results
which might be useful not only in designing the Tyallpur drainage ex-
{cnsions but also have applieation to other towns. It was hoped to
obtain knowledge of the most economical dilution for the application
of sullage to agricultural lands. With a clearer knowledge of the fac-
tors influencing this figure it should be possible to decide the most suit-
able ares per thousand of population which should be taken up for
sullage disposal. It might also be possible to state the most profitable
conditions of working where a municipality can supply continuous de-
mand for irrigation water charged with sullage either from its own pump-
ing installations, or by arrangement with the Irrigation Department.
Besidesthe gaining of knowledge of these practical aspeets, it was hoped
to obtain valuable scientific data on the influence of concentration on
the biological processes involved in the nitrification of the organic subs-
tances contained in sullage. Unfortunately certain factors which will
he pointed out later have seriously mitigated the possibility of dedue-
ing accurate quantitative results, and only generalizations have been
possible owing to the varying strengths of the sullage water from time
to time.

Some very interesting results have nevertheless been obtained,
and further light thrown on the important subject of nitrification. The
Lyallpur Munjcipality agreed to place about two acresof uncultivated
land at the disposal of the Agricultural Department for the purpose,
bt it was soon discovered that this land had certain serious drawbacks
nwing to its great unevenness in fertility. This was in some measurc
due to the fact thata part of the land was the site of ar old slaughter
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house, which would naturally give a higher fertility in its immediate
nefghbourhood. In work of this kind a fairly even “basc line” of uni-
from fertility is to be desired if scourate conclusions are to be drawy
from the agricultural and chemical data obtained.

However, on the 29th November, 1917, the Sanitary Board gave »
grant of Rs. 1,350. A pair of tanks was constructed by the Agricul-
fural Chemist, the plan of which is shown in the accompanying
Fig. I. The tanks A and B were constructed as pair, each with

MIXING
Sutiace Tk J@f] e 1) CANAL WATER Tank

A B

SuiLaGe —— <——— CaANAL WATER

¥1e, 1. Sullage Tanks at Lyallpur.

splayed brick pitehed floor and sides. A brickwork mixing sump with
vertieal walls was built between the tanks and connected to them by
Dpipes controlled by valves. Sullage water was run into tank A and
canal water into tank B, and the two liquids were run into the mixing

tank in the proportions desired. Some trouble was cxperienced from
" the leakage of liquid from one tank to the other, tending to vitiate the
experimental value of work.

To lift the sullage from the tanks a hand-power chain-pump, made
by the Empire Engineering Company of Cawnpore, was fitted, With
this apparatus 7,000 cu. {t. were lifted an average height of 6 ft. in 19
net working hours by four men.  Including stoppages and rest for men
employed, the gross working period was 3} days. While working, the
pump lifted 59 cu. {t. per minute. Two men at a time were Tequired
to work the pump. The area hrigated in this manner was 0-45 acre
and the pump men were paid one rupee a day, so the cost of irrigation
worked at 4% 33X 1--0-45=Rs. 31 per acre for one watering about 4
inches deep.

As the working of the chain-pump proved laborious, expensive apd
slow, it was removed, and & second-hand direct-coupled Crossley peteci
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engine and centrifugal pump was fitted up in a shed by the Sanitary
Board in 1920 at a cost of Rs, 224-8,

This plant worked for about a year when it had to be discarded as
worn out, it was obsolete in design and spare parts were unobtainahle.
{t was sold by public auetion for Rs. 151 and was replaced in 1921 by
5 B.H.P. Petter Junior kerosine oil engine with belt drive to a 8"
« gtandard ¥ unchokable centrifugal pump, output 130 gallons per
minute at 1,350 revolutions per minute.

The Sanitary Board gave a grant of Rs. 3,461 {or this work,

The pump when first put to work gave a discharge of 196 gallons
per minute instead of only 130.  Rs. 3,063 were actually spent on the
pumping plant, and the balance was utilized by the Agricultural Chenist
in the purchase of seed.

By the aid of this installation the eficet of various methods of appli-
calion could be tested by cropping and at the sanie time some degree
of control exercised over the biological and chemical reactions taking
place in the soil by methods already worked out,

The original laying out of the fand is shown in Fig. 1L with 29
plots. The work was started at the end of 1917 and owing to the very
uneven fertility of the land three crops were grown on it, in order, if
possible, to reduce the margin of unevenness. Table I shows the yields
from cach erop from which it will be scen that the land was still by
no neans of even fertility. The variation of the yields is indicated for
each plot, with fertility contours drawn in as shown on the diagram.
It will be seen that the fertility rises to an extraordinary extent in the
direction of the old slaughter house, at the spot marked “ X 7.

It did not appear possible at this time to level up the fertility of the
ground by exhaustive cropping, and consequently the experiments were
started in the raby of 1919 with the application of sullage in
various stages of dilution. It has sinee transpired that there are
some crrors in Table I giving average vields and in the contours
of average cropping power of the plots. The arca of plots Nos. 25
to 29 should have been 0:15 acre instead of 0-2274 acre, and in
the contour map the figures for plots 11 and 28 should have been 1.76
and 1-13 instead of 170 and 1-47 respectively even when the correction
for the area of plots 25 to 29 is not applied. The general trend of
contours, however, remains wnaltered after the correction of error
for axca. It has been considered hest to give the original table as it
hias appeared in the annnal report for the year in question (1918-19)
and ulso to recalculate the table for the correction mentioned.
Table II (revised) also shows the rearrangement of the plots
from 1 to 94 which were originally too small for carrying on
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the agricultural operations, as well as introducing an error due to
percolation. The rearrangement was made in the beginning of 1922

(Fig. 1ID).

1 2 3 4 5 [
3 T ) w In) g
i £ % o 8 @ Iy
b = 3
LA S 3 3 =~ 8
Mixing Tank >
= [ 7] [
318 4 H ¢ § £ i
32 = ~ N -~ 5 ~
- 3 3 3 : S :
b £
3 5 b
s A
3 2 N
5 hl

Full Sullage wafen
~

Canal Walep ®

509 Su}lagev/ahv' ln)
(1]

Canal water

o!

25 Sullage waler

Fig. 11, The Lyalipur Sallage Farm,
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Table II thus shows us the particulars of the old plots, with their
relative fertilities and the manner in whichi they were rearranged for
the new series.

It may be permitted to anticipate here and refer to Table VIII
compiled as a result of growing a wheat crop under canal water alone
in the years 1923-24, in which the fertilities of these same plots are cal-
culated from the relative yields of total grain and straw of the crop
after several years' treatment, and can readily be compared with the
originals. Comment will be made on these later,

Inspite of the aforesaid irregularities, work was started in accordance
with the original raison d'etre of the farm. Wheat was sown on all
the plots in October 1919 and the application of sullage was commenced
in various stages of dilution with the canal water. The crop suffered
considerably from lodging especially in smaller plots with full sullage
and this tended to make the results of the yields less satisfactory.
Wheat treated with sullage of any marked strength seems particularly
prone to lodging, although there was no particular correlation between
the degree of lodging and the treatment received.

The total nitrogen so added has been recorded and the changes of
total and available nitrogen in the soil periodically examined. Three
concentrations of sullage were employed, »iz., “full 7 50 per cent. and
25 pet cent. on one set of plots in addition to the canal water used on
the control plots and ou the other 73 per cent. sullage was applied also.
Tubles {1 and 111{a) show the yiclds of wheat ohtained, which have been
compared with those obtained in the last season. It will be seen that
there is no marked difference in the yields so far, and the land is still far
trom even. The amounts of the yields in the similarly trcated plots
compared with those obtamed in the previous year afford some
indication of the results of the treatment of sullage. This is shown m
Table III(«) from which it will be secn that the lowest yields are
ohtained in all cases from the plots treated with full sullage. The
figures were not sufliciently reliable to justify us in forming any opinion
of the most efective concentration of sullage so far, but the results
indicate that a concentration of 75 per cent. sullage gives the best
results, :

Table 1V gives the results for the fluctuations in nitrogen and these
are reproduced graphically in Figs. IV and V.

The explanation of the diagrams is as follows :—The nitrous and
nitrie-nitrogen curves show the absolute amount in 1b. per acre in the
tup 18 inches at any particular date, while the thick black total nitrogen
diference cwrve is the excess of total nitrogen over the minimum figure
in any month and simply shows the fluctuation of total nitrogen. The
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I the same table is given the concentration of total nitrogen i
mg. per WO grin. of soil. 16 will be seen that there is no  corr-
spnm'iing nerease in the total nitrogen in {hoge plots which reecive the
heaviest applications of sullage.  The figures for available nitrogen
are. however, move instruetive. Tt will be seen from the diagram that
after the point where a second application of manure was given in Feh-
ruary rapid denifrification has tuken Place, this being 1nosE rapid in the
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plots receiving full and half sullage. Thete is 1o corresponding fall
in the nitric-nitrogen in the plots treated with weaker solutions. It
appeats probable therefore that the excess ol organic matter applied
with sullage at this point in the growth of the crop brings about
denitrification which is probably responsible for the diminished yields.

The wheat crop from which these conclusions were drawn was fol-
lowed by cune sown in March 1921, Sugurcane was sclected because
cane takes a greater number of waterings than wheat and thus was ex-
pected to bring into prominence the difference i the effect of sullage
and its dilution. But the engine and the water lifting pump broke
down in May thus preventing any mixing operations, and consequently
only canal water was able to be applied to the crop, which was therefore
a non-experimental one. At this peried also the supply of canal water
to the experimental farm was most unsatisfactory, just at the dry and
hot period when it required it most. and the crop suffered severely on
that account. No attempt was thercfore made to tabulate data and
the erop was handed over to the Professor of Agriculture in November.

A cropping schente was now drawn up which would ensure an alter-
nation of crops and also enable the land to lic fallow for certain periods.
Fie. VIIT shows the actual sequence Jollowed.

We may now proceed to consider the results from these erops, which
followed on the installation of the new pumping engine.  Dealing fivst
with the crops in the first half of the scheme taking us up to the end of
June 1923, [ull details as to yields and waterings are shown in Table V,
and Figs. VI and VII show the details of the total nitrogen in the
soil during the course ol the trials, the nitrogen of the canal and sullage
irrigations, the nitric-nitrogen in the soil and the yield of green fodder
in waunds per acre. From this table we note that the highest yields
are given by plots receiving full sullage water, after taking into con-
sideration the relative fertilities of the plots. It will be noted that the
relative fertility rises from plot 1 to 6, but the yiclds, nevertheless, run
in the opposite direction in the order of thestrength of the sullage water.,
Plot 6 was non-cxperimental.

In the second erop grown in Block A the 50 per cent. sullage, how-
ever, did not give so high & yield as the 25 per eent. This may be ex-
plained by the varying strength of the sullage from time to time, as we
note that the total nitrogen added to the soil in the case of first crop
was at the rate of 24 Th. per acre with the 50 per cent. sullage and 13-63
with the 25 per cent., whereas with the second crop the corresponding
fignres are 27-1 and 227 although the actual yields do not run strictly
Parallel with these figures. On the whole the various yields in the
second were lower than in the first, in spite of a somewhat greater total
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nitrogen content in the irrigations with the exception of the full

sullage.
Tt is interesting in this connection to note, however, that the total
nitrogen content of the soil steadily rises from August to September

as seen in Figs. YI and VIL

Fig, VITT Showing sequence of crops, May 1922 to October 1923,
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These nitrogen content curves are very interesting as showing in all
the plots a certain unmiformity of rise and fall as the season progresses,
and it is mstruetive to note that the increase or decrease of the total
nitrogen content of the soil is out of all proportion to that contained
in the irrigation water, there being flnctuations in the total nitrogen con-
tent of the soil from 650 to 1,300 [b. per acre. A reference to the curves
also shows that the lowest figure for the total nitrogen is proportionate-
ly higher on these plots which had received sullage and the difference
runs more or less parallel to the concentrations.  In view of these wide
variations in the natural fluctuations of the nitrogen in the soil, it
is extrenely difficult to definitely correlate vields with the concentra-
tion of the sullage itself which varies within such wide limits. It
would appear that conclusions as to the use of sullage water can best
be drawn from the yields of much larger plots, and of & greater degree
of uniformity than this land presents, but the general indication
from the maize fodder crops is that full sullage is best in this
case.

As this crop, however, is a short time crop, and is ready for use alter
about 2 months alter only three irrigations, a too hasty conclusion must
not be drawn.

Block B. Maize and vegetubles. A maize crop was sown on this plot
on 3rd May and was gathered on 6th July, 1922, Full details are given
in Table V and Figs. VI and VIL.

In this case the full sullage was given to the richest plot, heing the
reverse of the applications in Block A. where the full sullage was given
to the plots of lowest fertihity, and wo still find that the vields run
larallel with the strength of the sullage added. The curves show much
the same general features, with thu exception of the fact that, while
in plots 7. 8 and 10 the total nitrogen in the soil rises in August and falls
n September, the reverse oceurs in plots 9 and 11, Tt is difficult to
explain this anomaly, and again the natural fluctuation of the total
nitrogen content of the soil is out of all proportion to that added in the
irrigation water. In trials on other Lyallpur soils the same fluctuations
in the total nitrogen content have also been noted from month to month.
and at Rothamsted extremely large fluctuations have also been noted
from day to day and even from hour to hour.

These variations hence render an accurate interpretation of the effect
of sullage water a matter of great difficulty.

Trials on vegetables. After this malze crop was gathered, the land
was prepared for vegetables which were sown carly in September.

The vegetables grown were:—Cauliflower, turnips, raddishes, spi-
nach and carrots. '
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It is not easy to compile accurate results from small pieces of land
of the yield of such erops as these, especially as they are not all gathered
at the same time. As far as has been possible, however, Table VI
shows the results caleulated to the acre, in yields, relotive fertility and
total nitrogen added.

It is practically impossible to draw any conclusions or correlation
hetween the yields and the analytical figures for the added nitrogen.
It was noted, however, that full sullage water was detrimental to car-
rots and turnips, causing them to rot, burst and acquire a bitter taste.
Full sullage water appeared to suit the other vegetables quite well.

The curves of nitrogen contents are shown in Figs. VI and VIII
(September to November) and the same remarks hold good as were
mentioned for the maize crop.

We have seen that maize is a crop which is perhaps best suited to
receive applications of full sullage water, and it would be interesting at
this point to consider, from the number of waterings and the amount
applied at each irrigation, the volume of sullage water required per acre
ol maize, and also, basing our figures on those obtained from the Lyall-
pur water, to caleulate the total nitrogen figure.

In our experiments the number of waterings given per maize fod-
der crop was four representing 189,699 gailons per acre, spread over
two monthg. and in this sullage water the concentration of total nitro-
gen varied from 0-019 grm. of total nitrogen to 0-059 grm. per 1,000
c.¢. of water, giving us a manurial value of from 9 to 28 Ib. of nitrogen
per acre per irrigation in the case of the maize crop, these being the
average figures obtained from the Lyallpur full sullage.

For wheat this is too high a concentration as lodging is the result,
and the best concentration as far as one has been able to judge is ones
ynarter of the above figures valoulated on three or four waterings.

In the case of vegetables full sullage was beneficial to eauliflower
and spinach which received eight waterings and consequently double
the above figures apply in this case.

TFor underground vegetables full sullage is not suitable in the
strengths as recorded, and 25 per cent. appears to produce the best re-
sults.

Tt is regretied that no reliable figures have yet heen obtained trom
cane owing to the faflure of the erop ahont which further comment will
he made lafer.

Following the vegetable crop on Block B, another maize crop was
sown in April and gathered in Jone 1923, The results showing the cal-
nn.hfed yield per acre and amount of nitrogen added in the various ap-
plications of sullage are shown in Table VII. We note that the plot
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receiving {ull sullage water gives by far the greatest yield, thus con-
fiming previous observations. The total nitrogen added during the
course of the trial corresponded to 8905 [b. per acre. The figures for
the nitrogen added to the two canal water plots are considerably lower,
but the yields from the control plots show no consisteney with the yields
{rom 25 per cent. and 50 per cent. sullage water plots where nitrogen added
works out to 31-28 and 4718 lb. per acre respectively. These facts,
as pointed out before, render a quantitative interpretation very diffi-
cult, and almost prohibit conclusions being drawn. Having dealt with
the erops on the first half of the scheme as above mentioned during which
sullage water was applied, the second half deals with a cane crop sown
on Block A in March 1923 and gathered in October 1923, and a succeed-
ing wheat crop sown in November 1923 and gathered in May 1924.
This latter crop was grown on the whole farm. In Block B one maize
crop preceded wheat but was spoiled by heavy rains and declared non-
oxperimental, :

The cane crop unfortunately did not germinate well and later on was
badly attacked by white ants, vitiating the crop trials from an experi-
mental point of view to such an extent that it was not considered worth
while to keep any records. The crop was accordingly handed over to
the Professor of Agriculture to be fed as fodder.

The wheat crop.  Only canal water was applied, as at this stage
it was thought adviseble to obtain some knowledge of the state of the
relative fertilities of the various plots, after their treatment with sul-
lage. Tull details are given in Table VIIT which gives the calculated
yields per acre from the various plots both for grain, straw and total
produce. If we examine this table the residual effeet of previous ap-
plications of full sullage does not manifest itself in & pronounced in-
crease of grain, The highest yield of grain shows itsell on the 25 per
cent. and 50 per cent. plots, the fuil sullage plots come next, while those
plots which had received canal water throughout come lowest with an
average yield of from 18 to 20 mds. per acre. Turning to the vields
of straw the highest yields are again given by the 50 per cent. and 25
per cent. plots in Block A, but hy full sullage plot in Block B, where the
richest plot hiad been receiving the full sullage. The canal water plots
come last,

The conclusion that might possibly be drawn from these figures,
taking into consideration the previous lodging cffects noticed with full
sullage water and considering that these figures are the result of the
tesidual effect of previous applications, is that 25 per cent. or at most
i0 per cent. sullage as represented by the concentrations ot the Lyall-
pur water should be applied to a wheat crop.
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Fertility figures.  On the basis of these yields an attempt has heen
made to plot the relative fertilities of the varions plots, and compare
them with those given for the plots before the experiment was staried,
In Table IX are given the old and new fertilities of the plots derived
from the vield of grain and straw conibined and for grain and straw
separately. Taking the plots which have throughout received caual
water only, there is a general tendeney for the land to become poorer
with the exeeption of two cases, but it must be remembered that no
manure of any sort has been applied to these plots during the course
of the experiment.

The two plots which have received full sullage water show opposit:
results similarly the two 50 per cent. plots. The two 25 per cent.
plots show a slight increase of fertility in each case, but it will be ob-
vious that the figures are of such a nature as to preclude the possihi
lity of drawing sny hard and fast conclusions.

CONCLUSTONS.

For reasons which have been recounted, the present sullage farm is
not entirely satisfactory, its uncven fertility and small size tending to
militate against obtaining as aceurate resnlis as might be wished.

Some very interesting results have, nevertheless, been abtained on
crop Tesults, and also in conncetion with the phenomenon of nitrogen
fixation. It has been found that the natural fluctuations in the total
nitrogen content of the soil even over short perieds of time are out of all
proportion o the nitrogen which has been applied in the sullage water.
Tmproved crop yields would, therefore, not appear to be the result merely
of an increased application of nitrogen over that contained in the canal
water, bt might also be eonsidered to depend on certain accessory fac-
tors which the sullage water furnishes and which with a little stretch
of the imagination could be placed in the same category as the well-
known accessory food factors so important to animal life. So far po
detailed investigations have been made on the micro-organisms of the
soil of the sullage versus canal water treatment, but it is hoped with
the extension of the Bacteviological Department that work in this
connection may be carried out.

Wheat appears to be unsuited fov treatment with sullage owing
to its great tendency to lodge when growth is forced, as the sullage
water always tendsto fucrease vegetative growth, and is thus most suit-
able for those crops where a heavy vegetative growth is required, such
as in fodder crops. Whenever Leavy dressings of manure, both arti-
ficial and oreakes, are applied to wheat the crop generally lodges and
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yields are accordingly lowered, and only very weak applications of sul-
lage can be applied without producing this effect.

The crops best suited for treatment with sullage are green fodders,
vegetables and sugarcane, where a forced vegetative growth is required,

Maize does very well and ean occupy the ground from April 1il}
October during which time three heavy crops can be obtained. It can
then be followed by winter oats. This would appear to be onc of the
best rotations for the use of sullage water,

Underground vegetables tend to erack and burst when grown on too
rich a soil, or with too heavy an application of manure, and this eflect
is brought about with sullage water cxcept when in great dilution.
This was particularly noticed 1t carrots and turnips, which moreover

‘,acquired a somewhal unpleasant taste. On the other hand, those vege-
tables such as cauliflower and spinach whose edible portion is above
ground are improved both in condition and yield by sullage water.

Thick sugarcane has not so far done well on the farm, one of the
main difficulties being that this crop must be grown where a plenty
supply of water is available in order to apply water every six days ov
50 which is not practicable on the present site except for the full sul-
lage, bub with care and attention there is no reason why it should net
be grownsuccessfully.  Very good crops are grown on sullage at Amrit-
sar. It requires heavy manurial treatment and frequent waterings,
and further trials are being carried out with full sullage water.

The sequence of rotation which is being followed at the present
time is maize, oats and thick cane. These are always in great demand
in the neighbourhood of large towns and are good paying crops.

In conclusion, I would record my appreciation of the valuahle advice
and assistance given by Mr. Stewart who has heen in charge of the agri-
cultural part of the work and to Pandit Lal Chand Dharmani who has
been largely responsible for the chemical part.
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Tasre III.
Comparison of this year's yeld with last year’s produce.
Yield in sr. "
Nisof Area - _| Increase I?ﬁf_r:;z:' Rati R
N o Treatment | VR st or or atio | REMARRs
¥ acres Al perease T
lat " year's deerease | georense
1918-19
. R — e —_—
sanal only 05 169 ol 277
1| ot A ¥4 210 53 306
3 . a5 - o0 353
4 - 005 62 305
5 v 065 S0
¢ s 0113 a7
H 3 sewage, § | 00425 [ 17525 0
Canal. e
] N 005 184 53
py s 005 230 75
10 oo 005 230 70
11 ooom IR0 217 42
1 s o5 1655 86
1 p osewage, 1| 00425 | 1882 66
Canal.
14 Yy o 005 210 b1 288:9
15 nooe n0g 222 57 -+208-5
1 PR 005 234 50 2966
17 wow 005 252 95 +1653
18 v 005 217 132 a4
19 | Sewageonly. | 003 171 65 +163°1
20 W 05 206 13 L2670
21 ARSI I H 923, 89 41405
o2 .o 015 1046 9% +10%'5
23 "o - 213 124 + 118
2 o wig 177 188 — 58
Taere 11 {«).
Yield (in r:r”)d ljli\‘ma were Relative yields
Treatment g REMARKS
Grain Girain Txﬁfrﬁi‘:
and Gsain | Straw [ and Grain | Straw Ralio | 0 "q,7
straw straw rl’naée
$mall plots—
vanal  drris | 184 653 | 121016 | 108 1 108 302 | -+u0105
gated.
i Canalrd Se-| 108762 69 15478 oo 1-09 12 297 +108-53
wage
} Canal i § 8¢ 645 ) 1360 1zl 1019 | 14 315 | +21408
wage.
¢ .
Sewage only PR 5721 | 14020 1083 09 124 226 +1258
Rig plots
vanal . irri- 18745 | 665 | 12218 | 103 1054 [ 109 2:205 | +100°3
gated.
t Conal+{ Se-p 1035 7575 1 11775 N8 119 195 145 +1350
wage.
b oCanalid Sed) 1820 | 695 | 1125 | 1 109 | 1 165 | +653
wage.
Sowsgoonly | 19823 | 720 | 12625 | 100 11 112 145 1428
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TapLe VIIL,

Maize fodder crop sown on 4tk April and gathered on 19-28th June, 1923.

; Yg‘;l(fi ;’f Total nitrogen add-
No. o o g 1inirrigation Remanxs
Treatment . £d i
plots e fodder water 1b. per acre
per acre
M, sr. ch.
1 Tull sullage . L2326 11 R9:05
62
8 | Canal . oot s A QST
82,
9 50 per cent, sullage . | 158 23 5 47-18
10 Canal . . 125 20 € 348
11 25 per ceat. sullage . 157 16 11
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Tase VIIL
Wheat 1923-24—grown on canal water. Yields per acre.

Avea of Weight of
X sach . Vundles, | Weight of | Weight of ARKS
‘:}:}:l p‘m in Creatment straw i grain struw REMARKS
' acres grain
Md. sr. ¢h. | Md. st eh. | Md. sr. ch. | Figires in italies <how
the relative  yields
1 02 | Tull 7537 5 | 2412 8 | 5125 @ in cach  column.
144 128 155 The crop was grown
an canul water alone.
2 02 | Canal 37 8§ 28 8 Wheat suwn on 16th
133 118 Nov. 1923 in plots
3 62 |30 pee cent. & 60 2800 0 7-11. Wheat sown on
162 153 st Nov. 1923 in
. plots 16, Wheat
3 02 | Canal a0 0 | 2235 0 harvesteid in the 1st
142 121 week of May 1924
5 02 | 25 per cont. $917 % | 2335 0 in o plets 11,
179 15 toigation given on
¢ 0:2 | (‘anal TR ] 18 28 E 1924,
12y I
sth Aprl 1
T o | v 5611 Loes oo o | 0w -
1-46 Ll 15
8 015 | Cannd s220 00 [ 1010 0 | 32161
100 1R o0
9 015 | 50 per cent. 7220 0 | 203611 § 472 5
133 131 142
10 015 | Canal 3523 5 1016 11 56611
106 142 108
11 | 015 | 25per cent. 0w 0 | 208 6 [ 4525 0
134 131 157
TaLe IX,

Comparison of the relative yiekds of wheat crop 1923-24 from different
plots with original relative fertdlity yidlds of the plofs.

No. of
plots

— S W 0y =3 Ty O W D D —

i

Treatment

Tull .
Canal . .
50 per cent., .
Canal . .
25 per cent, .
Canal . .
Tull

Canal . .
50 per cent. .
Canal . .
25 per cent. .

Original

relative
vields
1918-19

{grain and
straw)
average

af 3 erops

Relative yield of wheat
1923-24 crop

Tatal crop

106
1-34

{irain Bhusa
1.2 135
119 1-45
1-33 168
121 1:55
152 1-83
100 147
1-21 132
1.02 100
131 142
102 1-08
1-31 137







PUBLICATIONS OF THE IMPERIAL DEPARTMENT
OF AGRICULTURE IN INDIA

TO BE BAD KFROM

THE MANAGER, GOVERNMENT OF INDIA CENTRAL PUBLICATION BRANCH,
8, HASTINGS STREET, CALCUTTA ;

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF
INDIA, PUSA, BIHAR;

AND

ALL AGENTS FOR SALE OF GOVERNMENT FUBLICATIONS.

A complete list of the publications of the Imperial Department of Agriculture in India
can he obtained on application from the ahove-mentioned.

These publications are :—

1. The dgricultural Journal of Indie. A Journal dealing with subjects conuccted with agricultural
conomics, field and garden erops, economic plants and fruits, soils, manures, methods of cultiva-
tion, irrigation, climatic conditions, inscet pests, fungus discases, co-operative eredit, agricultural
., cattle, farm implements, and other agricultural matters in India. Ilustrations, including coloured
3 lates, form & prominent feature of the Juurnal. It is edited by the Agricultural Adviser to the
Government of Tndia, and is issued once every two months orsix times a year. Annual Subscrip.
tion, Ra. 6 or 9s, 6., including postage.  Single copy, R. 1-8 or 25,

Scicntific Reports of the Agricultural Research Institute, Pusa.
Anuual Review of Agricultural Operations in India,
Proceedings of the Board of Agriculture in India.
Praceedings of Sectional Meetings of the Board of Agriculture.
Manoirs of the Tmperial Department of Agriculture in India,

(a) Botanical Series.

(4) Chemical Series.

(¢) Entomological Series.

(@) Bacteriological Series.

(e} Veterinary Series.
Bulleting issued by the Agricultural Research Institute, Pusa.
Indigo Publications.
Bouks,

o

E]

The following are the publications of the last two years :—

Seieutific Reports of the Agricultural Rescarch Institute, Pusa (including the Reports of the Imperial
]):nry Expert and Secretary, Sugar Bureau), for the year 1922-23. Price, R. 1.

‘“ﬁ,‘*‘ Reports of the Agricultural Research Institute, Puss (including the Reports of the Imperial

Uairy Tixpert, the Physiological Cliemist, and Sceretary, Sugar Burean), for the year 1923-24,

Lrice, R, 1ot 1. 84,

Review of Agrioultural Operations in Indie, 1921-22, Price, R. 1-4.

poow vl Agrieultural Operations in Tndia, 192223, Price, R, 1-10.

Meeedingr pf the Board of Agriculture in India, held st Bangalore ou 21st January, 1924, and following

duys (with appendioes). Price, R,

Seley

b



Agricultural Publications—contd.

Proceedings of the Cattle Conference, held at Bangalore on 22nd and 23rd January, 1924 (with appes:

ces).

Price, As. 9.

Report of the Proceedings of the Fifth Entomological Meeting, held at Pusa, 5th to 10th Feliry,

Yol

Vol
Val.
Yol
Vol

Yol
Yol
Vol
Yol

Vul.
Vol
Yol
Vol
Vil
Vol.
Val.

Vol

Vol

1923. Price
Proceedings of bh;; Second Meeting of Veterinary Officers in India, held at Calcutte from 26th Fely,
to 2nd March, 1923 (with appendices). Price, R. 1-12.

Rs, 9-8.

Uer

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA.

XM, No. IL
XII, No. IIL
X{I, No. IV.
XIEL No. V.
XJ, No. L
XU Xo. T1L
X1, No. 11L
XIII, No. 1V,
XL No V.
X1, No. VL
VI, No. VIL
V1, No. VIIL
VLYo, L
VI, No. IL
V1L No. 110
VI, No. 1V,
VILNo V.
VI, No. VI
VIL,No VIL

Botanical Series.

I—History of the operations against Bud-Rot of Palms in South fndi,

TT--Inoculation Experiments with Phytophthora palmivora Butl. on A,
flabellifer Linn. and Cocos nucifera Linn., by W. McRAE, M., B.SC. [,
R. 1-4 or 2s.

Studies in Inheritance in Cotton, T. History of a cross between G, kerbec usi o
G. Neglectum, by G. L. KorTTur, Mg, Price, R. 1-4 or 1s. 04,

Studies in Indian Oil Seeds. No. 2. Linseed, by Gasrirris L. C. Howyz,
M.A., and ABDUR RABMAY KHAN, Price, R. 1.4 or 2s

Studies in Gujarat Cottons, Part 11, by Macasean L. PaTer, Bag Iy,
R. 112 or 3s.

Studies in Indian Tobaccos. No. 4, —Parthenoearpy and Parthenogenesis iy
varieties of Nicotiane Tabacum 1, var. Cuba and var. Miredulo, by (any
L. C. Howarp, M.4., and Kasm Ray.  No. 5.—Tax Inheritance of Chag
in Nieotiana rustica L., by Gaprisirg L, C. Howrap, M.A,  Price, By 3
2s. 9d.

The Wilt Disease of Safflower, by S. D. Josm1, B.sc.  Price, R. 1 or Ts. tid.

Studies in Indiau Fibre Plants. No. 3. On the Inhcritance of Characfr
Hibiscus Sabdariffa L., by ALsexr Howarn, 0.LE, and GaBRikLL: Lo
Howarp, ma. DPrice, Rs. 2 or 3s.

The Mahali Disease of Coconuts in Malabar, by 8. SUNDARARAMAY, 3,4
T. S RaMAKRISHNAN, B.a.  Price, As. 12 or 1s,

The Eradication of Cyperus rotundus L. : A Study in Pure and Applicd Bt
by 8. B. RAWADE, B.5c,, and arranged and written by W, Burxs, n.se,
the press.)

Studies in Diseases of the Jute Plant.  (2) Macrophoma Corchori Sa., by FJE
Siaw, D.sc., AR.C.8, F.L8. Price, As, 8 or 0d.

Chemical Series.

Chemical Studies on Saflower Seed and its Germination, by V.A. Tavnsi
M.sv., Mag. DPrice, As. 10 or 1s.

Note on the Permanent Manurial Plots, Coimbatore, by Roraxp V. Noixs
D.se. Price, R 14 or 1a 94 :

A Note on Hydrocyanic Arid in the Burma Bean (Phaseolus lunatus, sp.), b
I J, Wagrh, ., B.Se.  Price, As. 12 or 1s,

Stadies of an Acid Soil in Assam, 11, by A. A. MEGGITT, B.Sc.  Price, As. 120715

A Preliminary Note on the Decom position of Calciam Cyanamide in South ludis.
Soils, by RoLaND V. NORRIS, D.S¢., F.1.C,, B, ViswaNatHand . V. R
AYYAR, L.ac.  Price, Ag. 12 0r s,

Some Digestibility Trials on Indian Feeding Stufls, by P. K. LANDEg, .4, D&
A..0, and Paxprr Lan CHAND DEARMANT, L.Ag. Price, As. 12 o 1w

The Buffer Action of Some Burma Soils, by J. CHARLTON, W.Se. Price, As !
orls

Studies in the Chemistry of Sugarcane, 1l Sowe Factory thut determine the
ripeness of Sugarcane, by B. VISWANATH, F.LC, and 8. KasumwaTaa Avis.
B.A. Price, As, 8 or 94,

The Phosphatic Nodnles of Trichinopoly and the availability of ¥lour PLosphat
23 & Manure for Paddy, by Rao Samre M, R, RaMaswanr S1vaN, 5.4, Up
Agr.  (In the press.)




ol

Entomological Series.

V1T, No. X[, Studies in Indian Dermaptera, by Morcax HEBARD, Price, R. 1-4 or 12 8d.
VN‘ No. XIL. Further Notes on Pempheres affinis, Fst. (The Cotton Stem Weevil), Ly

E. BALLARD, B.A., F.E.S. Price, R. 1 or 1s. 4d.

(I, No. XIIL. An ‘Account of Experiments on the Control of Sigu (Schenobius) incerteilus in the

Godavari Delta, by . BALLARD, B.a., R.ES. Price, Ag, 14 or ls. 4d.

v, Nos. 111 Hydrophilide of India, by A. »'OrcHYMONT; An Apnotated List of Ichneu-
"L

monids in the Pusa Colleetion, by G. R, Dy, B.A. ; A Second Note on Qdo-
nata in the Pusa Collection, by Masor F. C. Frassr. Price, R. 1 or 1s. 6d.

(i, No. IV, Notes on Indian Museide, by R. Sentok-Wane, r.es. Price, As. 12 or ls.

V111, Nog, V— Papers on Indian Tabanide, by P. V. Isaac, B.A., D.LC, M.86, LES.; Two

Drosophilide, from Coimbaforc and a New Aphidiphagous Yly, by J. R.
MaLLooH ; Notes on Indian Odonata in the Pusa Collection, by Masor F. C.
FrASER, LM.8. ; On New and O1d Oriental Cicindelide, by Dr, WaLtaER HORN.
Price, R. 1-4 or 2s.

VL, Nos. X & Papers on Indian Tahanide, by P. V. Isaac, B.A., D.LC., M.Sc., P.ES ; and
' X1

Some Indian Species of the Dipterous Genus Atkerigone, Rondani, by J. R.
MarLoctt.  (In the press.)

91 VIIL, No. XLI. The Nim Mealy Scale (Pulvinaria maxima, Green), by T. V. RAMAKRISHNA

ol.

AYYAR, B.A., F.ES. {In the press.)

Bacteriological Series.

If, No. 1. Nitrogen Vization in _the Punjab, by P. E. LANDER, M.4, DS¢, ALC, and

BARRAT ALL, L.ag. Price As. 8 or 10d.

Veterinary Series.

L, No. VI Nasal Granuloms In Cattle, by V. KRISUNAMURTT AYYAR, LV.5. (/. the press.)

12

s L4E

Bulletins issued by the Agricultural Research Institute, Pusa.

Comparative Manurial Value of the whole plants and the different parts of Green Manures,
by N. V. JoSHL, B.A., M.5C., L-Ag. Price, As. 6.

The Cultivation of Lac in the Plains of India, by C. 8. Misra, R.A. Price, R. 1-8.

Ber (Zizyphus jujuba) Fruit and its Fly Pest, by J. L. KiraRE, res.  Price, As, 6,

Observations on the Morphology and Tife-cycle of Filaria recondila Grassi, by M. ANaxt
Naravay Rao. Price, As. 6.

Some Obscrvations on the Barren Soils of Lower Bari Doab Colony in the Punjab, by 8. M.
Nasir. Price, As. 3.

The Prevention of Nuisances caused by the Tarboiling of Paddy, by J. CHirrrow,
B.Se., A.LC. Price, As. 5.

List of Publications on Indian Entomology, 1922 {eompiled by the Imperial Entomologist).
Price, As, 7.

The Relative Responsibility of Physical Heat and Micro-organisms for the Hot Weather
Rotting of Potatoes in Western India, by 8. L. ATRERAR, B.a., and J. D. Raxap1ve, B.ag.
Price, As. §.

A Study of the Factors Operative in the value of Green Manure, by B. H. WiLsvox, B.a.,
LES., P, 1. LANDER, M4, D.5¢., A L.¢., and M, MUKaND LAL, L. Ag. Price, As. 5.

The Improvement of Fodder and Forage in India (Papers read before a Joint Meeting of the
Seotions of Agriculture and Botany, Tndian Science Congress, Lucknow, 1923), cdited by
Gasrigrre L. ¢, Howarn, d A, Lrice, As. 6.

A method for the Accurate Determination of Carbouic Acid present as Carbonate in Soils,
by Praxt Bausax Saxvar, mge.  Price, As. 2.

The Externzl Morphology and Bionomies of the Commonest Indian Tick (Hyalomma
@gyptium), by MOHAMMAD STUARTF, M.A., FRM.S. Price, R. 1

Tamarind as a source of Aleohol and Tartarie Acid, by 1T. N. BaTuan, .4, and L. 8. N1cax,
L.ag. Price, As. 3 or 4d.



Bulletins issned by the Agricultural Research Institute, Pusa—concld,

No. 154, The Bionomics of the Sarcopic Mange Parasite of the Buffalo with some observation
cerning the relative power of resistance to adverse conditions of the different stay
the Acarus and of its egg, by T. M. TIMOXEY, M.R.C.v.s. Price, As. 2.

No. 135, List of Publications on Indian Entomology, 1923 (compiled hy the Tmperial Eutomulqg‘m
Price, As. 11 or 1s.

No. 156, Bud and Boll Shedding in Cotton, by (1. R. Hitsox, m.sec., V. RamaraTha Ayyap
and R, CitoRKALINGaM Prirar, L.ag.  Price As. 14 or ls. 64,

No. 137, The Experimeatal Sullage Farm, Lyalipur, by P. K. LANDER, M.A, D.sc, Ly
Prico As. 12 or 1s. 3d.

No. 158. A New Fodder (Siloed Shiskam Leaves) for Dairy Cows, by P. E. LANDER, M.A., D.SC, 4y
and Lar CuaNp DHARMANI, L.Ag. Prioe, As. 6 or 8d.

h Ly

Indigo Publication,

No. 12, Indigo Experiments, 1922. (1) The effect on produce when vatliquor is allowed fo sy
in the beating vat and beating is delayed ; (2) The effect of neutralizing the liquor v
cauctic soda before beating by J. H. WALTON, M.A., M.S¢.  Price, As. 4.

Books.

Wheat in Tudia, by ALBERT HOWARD, M.A., A.R.C.S., F.L8., and GaBRIELLE L. C. Howarp, 1.4, Pry
Ra. 5 or 78, 6d.

A Description of the Imperial Bacteriologieal Laboratory, Muktesar ; Its Work and Products, by Mu
J. D, E. HoLuEs, M.4., .50, M.R.C.V.5. Price, As. 8 or 9d.

Agricalture in India, by James MackunNs, M.A, Les.  Price, As, 4 or 5d.

Some Hgeases of Cattle in India. A Handbook for Stock-owners. Price, As. 8 or d.

Report on the Diseases of Silkworms in India, by A. PRINGLY JAMESON, D.sc. Price, Rs, 3.

Notice.

All new publications are included in the above tist and are regularly posted o all on the mailinglis
as soon ag issued. Unless complaints of non-receipt of any publication are received by the Manags
Government of India Contral Publication Branch, 8, Hastings Street, Calcutta, within six month
of the date of issue, duplicate copies can be supplied only on payment of cost and postage.
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