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PREFACE

Reports on the composition of agricultural products at times show
rlatively wide divergences, even when the analyses are carried out by
specialists, unless the same standard methods are adopted. In view of
s fact, the First Conference of Agricultural Chemists and Baeterio-
ogists, held at Pusa in 1919, adopted a resolution recognizing the neces-
sitv for the standardization of methods of analysis. A Standing Com-
uittee was appointed o investigate and report on methods applicable
to specific materials. Investigation of each of the fertilizer constituents
sas distributed to sets of workers chogen from among the members of
the Committee, of which Dr. W. H. Harrison, Imperial Agricultural
(‘heniist, was appointed Secretary. It was decided that reports on
critical studies of existing methods and of the new methods as they
appear were to be transmitted to the Secretary for circulation.

The reports were considered at the Sccond Conference ot Chemists
and Bacteriologists which met at Pusa in 1921, when certain methods
were accepbed as official, while certain others were temporarily adopted
as provisional. A Committee was formed to prepare and circulate
dutails of the proposed standard methods for analysis of fertilizers. It
was hoped that before the next meeting of the Conference, which was to
take place in 1923, it would be possible to thoroughly test thesc methods
in the different Agricultural Chemical Laboratories, and that it would
thus be possible to have all the standard methods in shape for final
acceptance at the Conference. As unfortunately no Conference of
Chemists and Bacteriologists has been held since 1921, the- Imperial
Agricnltural Chemist undertook to circulate the final report to agri-
eultural chemists and other seientists interested in the subject through-
out India. All the members of the postponed Conference of 1923 were
requested to furnish the Imperial Agricultural Chemist with their opinion
or any suggestions they wished to offer. Cordial thanks are due to the
members of the Committee most of whom have kindly responded to the
tequest. The consensus of opinion being in favour of publication of
Lhcjse methods, this is now being done, after considering the individual
points raised.

In conclusion, it may be pointed out that the methods are largely
based on the Official and Tentative Methods of Analysis published in
1926 by the Association of Official Agricultural Chemists of the United
Sﬁates of America. The value of this monumental work of the Associa-
Hon has been universally acknowledged. As, however, the conditions
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in Indis are somewhat different from those prevailing in Ameriey
has been necessary to modify the procedure in certain details. Ny,
to say, eage of manipulation together with quickness of operation hyy,
been taken into consideration along with aceuracy of the results obtaing

J. SEN.
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Standard Methods of Analysis of Fertilizers.

(Received for publication on 10th October, 1925.)
SAMPLING.

1 COLLECTION OF GROSS SAMPLE.

From a heap this is best done by the following procedure, Dig well
into the heap from several directions and take spade-fulls at regular
Jistances apart. When sampling has to be donc from sacks containing
naferial in a firm state, take complete sections from top to hottom by
seans of the sarupling tool (a eylinder of iron 1 inch in internal diameter,
sharpened ab one erfd and having a slit from the bottom to near the
top. where & handle is attached). In the case of manures in a powdered
condition, lay the sacks on their sides and take out samples with the
help of the above-mentioned tool. When sampling oil cake, see that the
samyle is uniform in appearance. If it is not uniform, collect the sample
only after carefully grading it. For this purpose select typical cakes,
break them in halves and cut off a section 2 inches wide from the middle
of cach. Break up the cake sections for further sampling.

2 SAMFPLING FOR ANALYSIS,

(@) 1f the gross sample is moist and cannot be air-dried without
danger of loss occurring to some of the ingredients to be determined,
rapidly mix and quarter the sample. When necessary, take such
special steps as are required to avoid changes of composition. For
exanple, if loss of ammonia is feared, add sulphuric acid to part of the
final sample. Tn such cases always enter in the report a full deserip-
tion of the state of the manure when sampled and the procedure adopted
to avoid loss.

(D) 1f the gross sample is not air-dry and if air-drying will not cause
loss of the ingredients to be determined, weigh the gross sample. Air-
dry it and reweigh.

Reduce the air-dry gross sample by quartering to an amount sufficient
for analytical purposes.® If a mechanical analysis has to be carried out,

* If the analysis is required in evidence before a court of law, the sampling as pres-
cribed must be carried out in the presence of a witness and at this stage three bottles of
sawple filled, closed and sealed. The bottles are to be distributed as follows :—one to
the seller, one to the analyst, one to the Dircctor of Agriculture, The analyst, on
receiving such & sample, will, before opening it, examine the label and scal and enter all
details regarding these in his sample register.



2 STANDARD METHODS OF ANALYSIS OF FERTILIZERS

as in the case of bone meal and rock phosphate, a part should be g
aside for this.

Transfer to a sieve having circular openings 1 mm. in diamete,
Sift, breaking up the lumps with a rubber pestle. Grind in a mortar g},
part remaining on the sieve until the particles pass through. Mix yy
and preserve in & stoppered bottle.

3 MECHANICAL ANALYSIS OF BONE MEAL, ROCK PHog
PITATE AND BASIC SLAG.

Transfer 100 grm. of the material to a sieve having circular holeg
0-5 mm. in diameter. Sift, breaking up the lumps with a soft rubher
pestle. Weigh the coarsc portion remaining on the sieve. Detcermine the
fime portion by difference.

4 MOTSTURE.

(e} Tf the sample cannob be air-dried, spocial steps should be taken
to determine the moisture in the gross sample and in the portions used
for analysis.

(b) In the case of air-dry samples, heat 2-5 grm. of the sample in a
water oven at the temperature of boiling water for five hours, or more,
till the weight is constant. For the determination of moisture in potash
salts, sodium nitrate and ammonium sulphate, heat at about 130°C. to
constant weight. The loss is considered to be moisture.

TOTAL PHOSPHORIC ACID.
Gravimetric Method.

5 REAGENTS,

(@) Molybdate reagent. Dissolve 133 grm. ammonium molybdate in
800 c.c. water. Add an amount of ammonia which is just sufficient to
dissolve the slight turbidity. Make up the solution to 1 litre. Dilute
487 ¢. ¢. of nitric acid (sp. gr. 1-416) to 1 litre. Just when required,
mix equal volumes of ammonium molybdate and nitric acid solutions,
always pouring the molybdate solution into the acid. This mixture
will be hereafter referred to as molybdate reagent.

(D) Ammonium nitrate solution. Dissolve 200 grm. of commertia
ammonium nitrate (phosphate-free) in water and dilute to 2 litres.
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) Magnesia mizture. Dissolve 22 grm, of recently ignited calcined
magnesia in dilute hydrochlorie acid avoiding an excess of acid, add a
little calcined magnesia in excess and boil for a few minutes to preci-
pitate iron, aluminium and phosphoric acid. Filter, add 280 grm,
of ammonium chloride, and 261 e. ¢. of ammonium hydrate (sp. gr.
0-90) and dilute to 2 litres. Instead of a solution of 92 arm. calcin?d
magensia in dilute hydrochloric acid,110 grm. of erystallized magnesinm
chloride, MgC1,-6H,0, dissolved in water may be substituted.

() Dilute ammonium hydrate for washing. Dilute 100 ce, of
ammonium hydrate of 0-90 sp. gr. to 1 litre,

8 PREPARATION OF SOLUTION.

Treat 2 grm. of the sample by one of the methods given below. In
the case of (d), 25 grm. may be used. Cool the solution, dilute to 200
e, ¢, or to 250 c. ¢. if a 2-5 grm. sample was used.  Mix and pour on a
dry filter. )

(*#) Ignite and dissolve in hydrochlorie acid.

(h) Evaporate with 5 ¢. ¢. of magnesinm nitrate, ignite and dis-
solve in hydrochloric acid.

Magresium nitrate solution. Dissolve 320 grm. of calcined
magnesia in nitric acid avoiding an excess of the latter,
then add a little calcined magnesia in excess, boil, filter
from the excess of magnesia, precipitated ferric oxide, ete.,
and dilute to 2 litres.

(£) Boil with 20-30 c. c. of strong sulphuric acid in a Kjeldahl flask
adding 2-4 grm. of sodium or potassium nitrate at the begin-
ning of the digestion and a small quansity after the solution
has become nearly colourless, or adding the nitrate in small
portions from time to time. After the solution is colourless,
add 150 c. c. of water and boil for a few minutes.

(r?) Digest in a Kjeldahl flask with strong sulphuric acid and such
other reagents as are used in either the plain or modified
Kjeldahl or Gunning method for estimating nitrogen. Do
not add potassium permanganate but, after the solution
has become colourless, add about 100 c. e. of water and boil
for a few minutes.

(2) Dissolve in 30 c. c. of concentrated nitric acid and a small
quantity of hydrochloric acid and boil until organic matter is
destroyed.

(f) Adad 30 c. ¢. of concentrated hydrochloric acid, heat and add
cautiously, in small quantities at a time, about 0-5 grm. of
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finely pulverized potassium chlorate to destroy orgar;.
matter.

() Dissolve in 15-30 c. ¢. of strong hydrochloric acid and 3.1
c. c. nitric acid. This method is recommended for fert;.
lizers containing much iron or aluminium phosphate.

7 DETERMINATION,

In case hydrochlorie or sulphuric acid has been used as a solvent, adg
about; 15 grm. of dry ammonium nitrate or a solution containing that
amount. To the hot solution add 70 e. ¢. of the molyhdate reagent fqr
overy decigram of phosphoric acid (P,05) present. Digest at about
65°C. for an hour, and determine if the phosphoric acid has been con.
pletely precipitated, by the addition of more molybdate reagent to the
clear supernatant liquid. Filter and wash with ammonium nitrate
solubion. Dissolve the precipitate on the filter with ammonium .
droxide and hot water and wash inbo a beaker to a bulk of not more than
100 c. ¢. Nearly neutralize with hydrochlotie acid, cool, and from a
hurette add slowly (about 1 drop per sccond) stirring vigorously, 15 ¢.c.
of magnesia mixture for each decigram ol phosphoric acid (P,0j) present.
After 15 minutes add 12 c. c. of ammonium hydroxide (sp. gr. 0-90),
Let stand till the supernatant liquid is clear (2 hours are uswally
enough), filter and wash with the dilnte ammonium hydroxide until the
washings are practically free from chlorides. Dry, ignite to whiteness
or to a greyish white, weigh and calculate to phosphoric acid (P,05).

8 Volumetric method,

A series of tests has been carried out at Pusa, on the strength of
which the Committec recommend the following procedure.

9 REAGENTS.

(1) Molybdaie solution. Shake 200 grm. of powdered ammonina
molyhdate with about 800 c. e, water in a stoppered cylinder. The
salt dissolves at firgt but the solution soon tums milky. Then cautiously
add a solution of ammonia (sp. gr. 0:91) to the molybidate solution i}
this turns elear.  The solution should smell only very faintly of ammenia.
Make up volume to 1 litre with distilled water. 1 c. c. of this solution
is equivalent to (-005 grm. phosphoric acid (Py0;).

The precipitating molybdate acid mixture is prepared immediately
before nse, by pouring a quantity of the ahove ammonium molybdate
solution into an equal volume of strong nitric acid (sp. gr. 1-416).

(D) Standard eaustic soda solution. Use N/T or N/10 solution.
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{c) Standard witric acid solution. Use N/T or N/10 solution,

() Potussivm mitrate solution. Prepare o solotion containing 3
rm. of potassium nitrate in 100 ¢. c. of water.

(e) Phenol-phthalein solution. Dissolve 1 grm. plienol-phihalein in
100 e. ¢. of 90 per cent. alcohol.

(f) Blue litmus paper.

10 PREPARATION OF SOLUTION,

Proceed as directed under 6.

11 DETERMINATION,

Tvaporate an aliquot part of the solution, containing from 5 to 40
mg. phosphoric acid (I’;0;), down to dryness on the waterbatl.  Add
a fow drops of hydrochloric acid and a fittle water and again evaporate
the solution to dryness. Treat the residue with dilute nitrie acid and
filter. Collect the filtrate and washings in & 100 e. c. heaker, make up to
about 50 . ¢. and pour 20 c. ¢. of the freshly prepared molybdic acid
mixture into solution, Vigorously stiv the contents of the beaker with
a ulass rod, taking carc not to touch the sides. Koep the beaker in a
warm place, where the temperature is maintained at about 35°C. Stir
the contents at least 4 times, at intervals of about Iialf an hour. A the
end of 24 hours, filter off the supernatant liquid through paper contained
i 2 small poreclain Gooch crucible and wash the precipitate 3 times by
decantation with dilute nitric acid, using 3 c. ¢. cach tine, and passing
the deeanted liquid through the crucible. Continue the washing with
the potassium nitrate solution, till the contents of the beaker are frev
of acid (as tested by litmus paper).  Carefully wash the filter paper and
the erucible with the nitrate solution il they are also {ree of nitric acid,
Transfer the paper and the precipitate adhering to the crucible to the
beaker with the help of a little distilled water.  Add a measured volume
of standard caustie soda solution till the phospho-molybdate preeipitate
is dissolved, and titrate back the excess of alkali with standard nitric acid,
using phenol-phthalein as indicator.

Kach cubic centimeter ol Nj7 alkali used =0-000411 grm. phosphoric
acid (P05},

12 WATER-SOLUBLE PHOSPHORIC ACID.

Flace 2 grm. of the sample on 2 9 cm. filter.  Wash wiih suceessive
small portions of water, allowing cach portion to pass through neiore
a‘%diﬁg more, until the filtrate measures nearly 250 e. e 1f the filirate i
slightly turbid, cloar with a little nitric acid. Malke up to 250 ¢. e Mix
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thoroughly and determine the phosplieric acid (P,0;) in an aliquol
portion of the solution by one of the methods deseribed at 7 and 13
above.

CITRATE-INSOLUBLE PIIOSPHORIC ACID.

13 PREPARATION OF AMMONIUM CITRATE SOLUTION,

Dissolve 370 grmi. of citric acid in 1,500 c.c. of water and 1egyly
neutralize with amwonia. Cool.  Add ammonia until exactly nety,)
to corallin (saturated alcoholic solution). Dilute sufficiently to maj,
the specific gravity 1-09 at 20°C.

11 DETERMINATION.

Heat 100 ¢. . of ammoniunycitrate solution in a loosely stoppered
flask o 65°C. by placing it in a warm water bath: When the solution
s attained this temperature, introduee 2 grm. of sample which must by
free ofacid, Close the flask, shake and replace in the water-bath,  Main.
tain at 65°C. mixing the contents vigorously every 5 minutes. At the
expiration of exactly 30 minutes, remove the flask from the bath, filta
the contents rapidly through a quick-acting filber, and wash repeatcdly
with water ab 65°C. allowing the filter to drain completely cach tiwe,
Stop the washing when about 350 ¢. c. of filtrate have passed througl,
Transfer the filter and its contepts to a crucible ignite and digest with
10-15 ¢. ¢. strong hydrochloricacid until the phosphate is dissolved,
If there is fear of loss of phosphoric acid during ignition, treat the
filter paper and its contents with 30-35 c. c. strong nitric acid and 5-10
¢. ¢. hydrochloric acid and boil until all the phosphate is dissolved.
Dilute, filber, make up to 250 ¢. ¢, and determine the phosphoric acid
by one of the methods deseribed previously at 7 and 11.

If the sample is acidulated (e.g. superphosphate) craploy the residue
obtained from the determination of the water-soluble phosphoric acid.
I this instance, drop the filter and residue from this treatment into the
citrate solution, close the flask and shake until the filter is reduced to
pulp. Then proceed as above.

15 CITRATE-SOLUBLE PHOSPHORIC ACID,

The citrate-soluble phosphoric aeid is determined by difference.
Subtract the sun of water-soluble snd eitrate-insoluble from the total
phosphoric acid to get the citrate-soluble phosphoric acid.
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ORGANIC AND AMMONTACAL NITROGEN ONLY,
Kjeldahl Method.

16 REAGENTS.

(a) Standard sulphuric acid. Dilate pure sulphuric acid with about
half ths volume of water, cool and determine its specitic gravity.  From
the specific gravity the percentage of sulphuric acid (11,80 ) is caleulated
by Marshall’s formula.

© p==8 (85874005 T—0-0004 $3)—69-82 where P=percentage of
11,80, by weight, S=specific gravity at 7°C. compared with water at
#(, The formula holds good between 0°C. and 10°C. for acids con-
saining 62—82 per cent. H,80 . Caleulate the weight of acid required
to make up a standard solution [rom the formula ¥ =n .1x 10_1?’ where
1 =the weight of acid to be used, A=the number of grams of 11,80,
per litre in the required standard solution, and »--the nuniber of litres
of solution required. Weigh out W grams of acid and make upto »
litees. N/7 acid is convenient for most fertilizers.  Where simall amounts
of nitrogen have to be determined, N/10 acid may Le used instead.

The strength ot this acid is checked as follows :—

(1) Precipitate 25 c.c. of acid with barium chloride solution and
weigh the barium sulphate formed,

(2) Weigh out accurately about 0-4 grm. of pure recrvstallized
ammonium chloride into a flask, add a slight excess of sodium
or potassium hydrate and distill off the ammonia into 25
c.c. of the new standard acid. Titrate Dack the excess of
acid by means of standard alkali and caleulate the strength
of the acid by noting the amount which is neutralized by
the known weight of anmonia, evolved from the ammonium
chloride taken.

(D) Standard alkali. Prepare a solution of caustic soda exactly
eual in strength to the standard acid.

(€) Sulphuric acid. Use acid of speeifie gravity 184, free from
ntrogen,

(eb) Potassium sulphate. Pure, free {rom nitrogen.

(6) Copper sulphate. Crystallized. .

(1) Mercuric oside. Pure, free from nitrate.

(@) Sodiwm sulphide. Take a 30 per cent. solution of caustic soda
wd pass sulphuretted hydrogen until it is saturated.

(R) Sodium hydroside. A solution of specific gravity 1263 at
WG, t.e., approximately of 30 per cent. strength.
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(?) Methyl ved solution. Dissolve 1 grm. of methyl red in 10y
of 95 per cent. alcohol. :

() Methyl orange solution. Dissolve 0-3 grm. in 500 c.c. of digj.
led water.

17 DETERMINATION,

(@) Pusa Method. Plage 0-7—35 grm. of substanee, according f,
the nitrogen content of material to be analysed, in a Kjeldahl flyg
and add 1 grm. of copper sulphate and a suitable quantity (20— e.c)
of sulphuric acid. Apply heat, taking care that the preliminary heating
is not forced. After the organic matter has gone into solution anﬁ
the liberated water has heen expelled, cool somewhat and add 10 gny
of anhydrous potassium sulphate, a little at a time. Heat the mixture
until pure green in colour. Continue the boiling for 15 minutes after
the liquid has become clear. Transfer the acid liquid to a 1-5 litres flask,
together with the washings and make up the volume to about 500 c..
Add the necessary quantity of soda solution, taking care to pour it down
the side of the flask so as to avold admixture of the two liquids at this
stuge. The alkali sinks to the bottom and the surface remains acid,
When all conneetions have been made, wix the liquids and, by adwmit-
ting sbeam, carry out the distillation ina fairly rapid manner.  Colle
300 c.c. of the distillate in a measured excess of standard acid to which
nwethyl red or methyl orange has been added to serve as indieutor.
Pitrate the excess of acid with standard alkali.

Previous to use, the reagents should be tested by a blank experimens
with sagar or filber paper.

(D) Dyers method. This method has been found satisfactory for
the determination of organic nitrogen in refractory substances. Dlace
0-7—3-5 grin. of substance, according to its nitrogen content, inu Kjel
dahl flask. Add 0-7 grm. of mercuric oxide and then 25 e.e. of sulphuric
acid and mix. Ieat up gently. After the organic matber has gone
into solution and the liberated water expelled, cool gomewhat, add
10 grm, powdered potassinm sulphate and proceed as directed under
(er) above, except that when procecding to distil off the ammonia, 2
c.c. of sodium sulphide solution aze to be added to the soda solution.

TOTAL NITROGEN.
Kjldahl Method modified to include the Nitrogen of Nitrales.

18 REAGENTS,

In addition to those specified under 16, the following reagents at?
required.
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Sulphurie acid containing salicylic acid. Add 1 gram s
to every 30 c.c. of nitrogen-frec strong sulphuric acid.
Sodium thiosulphate. Recrystallized.

alicylic acid

19 DETERMINATION.,

Place 0-7—3-5 grm. according to the nitrogen content of the material,
in a Kjeldahl flask. Add 30--40 c.c. of the sulphuric acid containing
salieylic acid, shake until thoroughly mixed, and allow to stand § or at
loast 30 minutes. Add 5 grm. of crystallized sodium thiosulphate, mix.
place in the heating stand and heat over a low flame until all danger of
frothing has passed. Increase the flame until the acid boils briskly and
continue the boiling until white fumes no longer escape from the flask.
This requires about 10 minutes. Add approximately 1 grm. of copper
sulphate and continuc the boiling until the organic matter has gone
into solution. Next add 10 grm. of potassium sulphate, a little at a
time. Boil and continue the boiling for at feast 15 minutes after the
liquid in the flask is quite clear. The distiltation and titration are then
carried out as usual.

20 AMMONTACAL NITROGEN.

Place 0-7—3-5 grm. according to the nitrogen content of the material,
along with 200 c.c. of water and 5 grm. or more ot magnesinm oxide
{free from carhonate), in a flask connected to a condenser. Distil 100

e.c. of the liquid into a measured quantity of standard acid and titrate
back with standard alkali. ’

pi NITRIC AND AMMONIACAT, NITROCGEN.

Place 1 grm. of the samyle, containing not more nitrate than the
equivalent of 0-25 grm. potassinm nitrate, in a 500 c.c. Kjeldahl flask.
Add 30 c.c. of water and then introduce 5 grm. of reduced iron in small
portions at a time. Mix to ensure complete solution of the soluble
nitrate and ammoninm salts.  Add 10 c.c. of 2 mixture of equal volumes
of silphuric acid and water. Place a long-stemmed funnel in the neck
of the flask to prevent mechanical loss and gently mix.  Allow to stand
itil the vielence of the reaction is over. Next apply heat slowly and
boll for 5 minutes. Cool and transter the contents nibo a distillation
flask of 1-5 litres capacity. Add 30 c.e. of a 20 per cent. solution of
caustic soda and distil with steam throngh a condenser into standard
acd.  The titration figures give the total nitrogen present as ammoninom
salts and nitrates.
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POTASH.
Platinum Method,

22 REAGENTS.

(u) Ammonium chloride solution. Dissolve 100 grm, of ammoniny,
chloride in 500 c.c. of water, add from 5--10 grm. of pulverized potasgiuy,
platinic chloride and shake at intervals for 6—8 hours. Alloy the
mixture to settle overnight and filter just before use. The residy,
may be used for the preparation of a fresh supply.

(D) Platinum solution. Use a solution containing the equivalent
of 1 grm. of metallic platinum (2-1 grm. H,PtClg) in every 10 c.c.

(€) 7359 per cent. aleohol. Sp. gr. 0-8639 at 60°F.J60°F.
0-8593 at 20°C./4°C.  This strengbh is equal to 80 per cent. by volume.

23 PREPARATION OF SOLUTION.

(a.) Mired fertilizers ; miztures containing potash sall, superphos.
phate, wood ashes, ele.  Weigh out 5 grm. of the sample on o 125 e,
filter paper and wash with successive small amounts of boiling water
until the filtrate amounts to about 400 c.c. Add to the hot solution
a slight excess of ammonium hydroxide and then sufficient ammonium
oxalate to precipitate all the lime present. Cool, dilute to 500 c.c.,
mix and pass through a dry filter before analysis.

(I)) Soluble potash salts ; sulphate or muriate of potash kainite, sul-
phate of potash and magnesia.  Weigh out 5 grm. of the sample, trangfer
to a 12:5 em. filter paper and wash with successive small quantities of
hoiling water until the volume is about 400 c.c. Cool, and make np to
500 c.c.

(€) Ovganic substances ; oileakes, tobacco stems, ete. To determine
the total potash in organic fertilizers, saturate 10 grm. with strong sul-
phuric acid, and ignite in a muffle at a low red heat to destroy organic
matter. Cool. Add a little strong hydrochloric acid, warm slightly
to loosen the mass from the dish, dissolve in water and wash with hot
water into a 500 c.c. graduated flask until the volume is about 400 c.r.
Add to the hot solution ammonia and ammonium oxalate as in{@), cool
and finally dilute to 500 e.c. Mix and pass through a dry filter hefore
analysis.

24 DETERMINATION,

(@) Mized fertilizers. Hvaporate 50 c.c. of the solution, made
according to (@) above, corresponding to 0-5 grm. of the samiple
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pearly to deyness, add 1 c.o. of dilute sulphuric acid (1 to 1), cvaporate
o dryness and ignite to w}-u.ten(?ss‘ As all the potash is inthe form of
qulphate no lossl by vola.t,lhz‘atlon need be apprehended and a full 1ed
neat must be maintained until the residue is perfectly white. Dissolve
the residue in hot water using at least 20 c.c. for each decigram of
potash (K20). Add afew drops of hydrochloric acid and then platinum
golution in excess. Evaporate on water-bath to a thick paste and treat,
the residue with 80 per cent. alcohel, avoiding exposure to ammoni.
Wash the precipitate thoroughly with 80 per cent. alcohol both hy
Jecantation and on the filter, continuing the washing after the fltrate
is colourless. Next wash with 10 c.c. of the ammoninm chloride
solution, to remove impurities from the precipitate and repeat 5 or 6
times. Wash again thoroughly with 80 per cent. alcohol and dry the
precipitate for 30 minutes at 100°C.  The precipitate should be perfeetly
soluble in water.

) w ater-soluble polash in wood ashes, eic. Prepare the solution
as directed in 23 (@), and determine the potash as in () above,
paying special attention to the last sentence of (¢1).

(€) Muriate of potash. Take B0 c.c. of the solution prepared as
directed under 23 (b), acidify with a few drops of hydrochloric
acid, 2dd 10 c.c. of the platinum solution and evaporate to thick paste.
Then proceed as under (@) above.

¢l) Sulphate of potash, sulphate of potash and magnesic and kaiwite.
Take 50 c.c. of solution prepared as under 23 (D). Acidify with a
few drops of hydrochloric acid and add 15 c.c. of platinum solution.
Evaporate the solution and proceed as under (€t} above, except that
95 c.c. portions of ammonium chloride solution should be used.

(€) Organic compounds ; oil cakes, tobacco stems, cte. Prepare
the solution as directed in @3 {(¢) and determine the potash as in (¢r)
above, paying special attention to the last sentence of (a).

For the conversion of potassium platinic chloride (K,PtClg) to potas-

_ sium chloride (K€1) use the factor 0-3067 ; to potassium sulphate (K,50),
(-3585 ; to potassium oxide (Ky0), 0-1938. (Calculations based on
atomic weight of platinum=195-2).

Perchlorate method.
25 REAGENTS,

(@) Perohioric acid. A solution of 20 per cent. strength (sp. gr. 112)
is required, Care should be taken to ascertain that the perchloric acid
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used is free from chloric acid [Page, “ On the Perchlorate Method ¢,
the Estimation of Potassinm in Soils, Fertilizers, ete.,” Jour. Agy;, Sei
14, (1924), 133).  Some samples of perchloric acid on the market r’ontai;
traces of potash salts and also traccs of sulphuric acid or sulphateg
In view of this fact, it is necessary to make blank determinations, \\vhi(.};
should be carried out as follows :—
(1) Potash salts. TFvaporate 10 c.c. of the 20 per cent. perchlo,
acid nearly to dryness. Take up with 20 c.c. of 95 per ey
alcohol and after letting it stand for one hour filter the j,.
soluble matter, if any, on a weighed Gooch crucible. Ty,
with b c.c. of 98 per cent. alcohol to remove traces of per-
chloric acid and then with 100 c.c. of aleohol saturated wig,
potassium perchlorate. Dry to constant weight. Ty,
amonnt of potassium perchlorate, if any, found in this hlan
determination with 10 c.c. of perchloric acid used, shoylg
be deducted from the weight of the perchlorate found in tl,
analysis. “ Pure ” perchloric acid has been known ¢
contain 0-0010—0-0015 grm. potassium perchlomie per
10 c.c., and sometimes cven larger amounts have been noted,
(2) Sulphuric acid or sulphates. If the perchloric acid containg
a trace of sulphuric acid, a turbidity due to barium sulphate
appears on adding 5 e.c. of perchloric acid to the solution
filtered from the baryta treatment and evaporating. Traces
of sulphuric acid, formed by the combustion of coal gas
from the burners used to heat the sand-bath, may also pro-
duce a slight precipitate of barium sulphate during the
evaporation. The crror from these causes is most simply
obviated as follows. After drying and weighing the per-
chlorate in the Gooch crucible, dissolve the precipitate by
washing with 300 c.c. of boiling water. Weigh the Gooch
crucible after drying it at 120° C., and compare its weight
with that before collecting the precipitate. If there is any
inerease in welght, due to insoluble barium sulphate, the
second weight (after the washing with boiling water) should
be used to calculate the weight of the perchlorate. This
procedure does not waste any time in practical working. as
the perchlorate in a series of analyses is weighed in the sure
Gooch crucible, each lot of perchlorate after weighing being
washed away with boiling water.
(b) Baryta solution. Prepare a solution of 3 per cent. strength.
() 95 per cent. alcohol. N
(d) 98 per cent. alcohol.
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(e) Alcokol saturated with potassium perchlorate. Put ordinary 05
per cent. alcohol into a Winchester quart, along with about 2- 3 é, .
of finely powdered pure potassium perchlorate, obtained from Previous
analyses. Shake the mixture several times during 48 hours so as to
fully saturate it. The solution is then ready for use. Every time the
aloohol is wanted for washing purposcs, thoroughly shake the contents
of the bottle and filter the alcohol into a wash bottle. This cnsures
the washing liquid being saturated at the actual temsperature of working.
The alcohol should be perfectly clear, The test for proper saturation
s that when 100 c.c. of it is used to wash a precipitate of pure potassium
perchlorate, the loss of weight is less than 0-0001 grm,

26 PREPARATION OF SOLUTION.
Troceed as directed under 23.

o DETERMINATION.

(@) Sulphate of potash, kainite, sulphate of potash and magncsia, and
wized fertilizers. Transfer 50 c.c. of the solution, prepared as directed
under 23(b) and representing 0-5 grm. of the original sample, to a 7 em,
porcelain dish, add 15 c.c. of barium hydroxide solution, warm, add
ammonium carbonate solution to precipitate the excess of harium, filter
and evaporate the filtrate to dryness on o steam bath. Jgnite the resi-
due over & Bunsen burner below a red heat for 15 minutes. Extract
the residue with boiling water, breaking up the material with a small
glass pestle made from a piece of } inch glass rod, filter into an evaporat-
ing dish (preferably of Jena or Resistance glass) of about. 175 c.c. capacity
and wash with boiling water until the filtrate amounts to about 150
c.c.  Add 5 c.c. of 20 per cent. perchloric acid (sp. gr. 1-12) and evaporate
on steam or sand bath until it fumes strongly. Take up the residuc
with 10 c.c. of water, add a second 5 c.c. of perchloric acid and again
evaporate the solution on the sand bath until all free hydrochloric acid
is driven off and dense white fumes of perchloric acid appear. Cool,
add 20 c.c. of 95 per cent. aleohol, stir, allow to stand half an hour, and
decant the whole of the alcohol through a weighed filter paper, or pre-
ferably a Gooch crucible, draining as thoroughly as possible. Wash
the precipitate on to the filter paper or Gooch erucible with the help of
5 ¢.c. of 98 per cent. alcohol in order o remove traces of perchloric acid.
Thoroughly wash withabout 125 c.c. of 95 per cent. alcohol previously
saturated with pure potassium perchlorate at the temperature of
working, Dry to constant weight at 120°C. and weigh. Wash again
with another 50 e.c. of saturated alcohol and again weigh. If the loss



14 STANDARD METHODS OF ANALYSIS OF FERTILIZERS

in weight exceeds 0-0005 grm., rewash the precipitate until constay
in weight. After weighing, dissolve the precipitate from the eruciby,
in hot water and again weigh for the next analysis. There should g
this stage be no insoluble residue. If such is present, it is due to ),
oceurrence of sulphates or sulphuric acid as an impurity in the perchlor,
acid used giving rise to barium sulphate [sec 25 {@) (2) shove]. I,
such cases the weight of the insoluble residue should be deducted t,
obtain the weight of true perchlorate.

Note.— Care must be taken not to evaporate the solutions to which baryta has beey,
added, in the s2me hood as those in which the final solution containing perchloric acig
are being evaporated. If ammonium salts are present in the former solutions, they give
off ammuonia yvhmh is takcn' up by the‘perchlune acid solutions, forming ammonium U
chlorate, which behaves like potassium perchlorate.

For the conversion of potassium perchlorate (KC10,) to potassium
chloride (KC1) use the factor 0-5381 ; to potassium sulphate (K80,
0-6289 ; to potassium oxide (K,0), 0-3400.

(b) Muriate of potash. Proceed as directed under (@) above, but
the treatment with baryta can be omitted.

(c) Organic fertilizers. Take 50 c.c. of the solution prepared us
in 23 (€) and proceed as directed under (@) above.



pUBLICATIONS OF THE IMPERIAL DEPARTMENT
OF AGRICULTURE IN INDIA

TO BE HAD FROM

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

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

AND

ALL, AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS.

A complete list of the publications of the Imperial Department of Agriculture in India can be
obiained on application from the abo tioned

These publications are :—

\. The Agricullural Journal of India. A Journal dealing with subject: ted with agricultural
economics, field and garden crops, economic plants and fruits, soils, manures, methods of cultiva-
tion, irrigation, climatic conditions, insect pests, fungus diseases, co-operative credit, agricultural
cattle, farm implements, and other agricultural matters in India. Tllustrations, including coloured
plates, form s prominent feature of the Journal. It is edited by the Agricultural Adviser to the
Government of India, and is issued once every two months or six times a year. Annual Subserip-
fion, Ra. 6 or 94. 6d., including postage. Single copy, R. 1-8 or 2s.

. Scientific Reports of the Agricultural Research Institute, Pusa.

, Annual Review of Agricultural Operations in India.

Proceedings of the Board of Agriculture in India.
. Proceedings of Sectional Meetings of the Board of Agriculture.
. Memoirs of the Imperial Department of Agriculture in India.

[

{a) Botanical Series,

() Chemical Series,

(¢} Entomological Series.
{4) Baoteriological Series.
(e) Veterinary Series,

7. Bulletins isaned by the Agricultural Research Institute, Pusa,
4. Indign Publications.
4. Books,

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

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imverial
Dairy Expert, the Physiological Chemist, and Secretary, Sugar Burean), for the year 1923-24.
_ Price, R, [ or 1a. 8d.
) Swennﬁ‘c Reports of the Agricultural Research Institute, Pusa (including the Reporis of the Imperial
Dairy Kxpert, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar
2 Burean), for the year 1924-25, Price, Rs. 2-4 or 4s,
“e"{ew of Agricultural Operations in India, 1922-23. Price, R. 1-10.
PeV‘EW of Agricultural Operations in India, 1923-24. Price, R. 1-9 or 22 9d. .
Toecedings of the Board of Agriculture in India, held 2t Bangalore on 21st January, 1924, and following
d*‘)’? {with appendices), Price, R. 1. .
eedings of the Cattle Conference, held at Bangalore on 22nd and 23rd January, 1924 (with appen-
dioes), Price, As, 9,

Iroe



MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA

Botanical Series

Vol. XII, No. 1V. Studies in Indian Oil Seeds. No. 2. Linseed, by GasrIELLE L. . Hy,

.4, and ABDUR Ramvax Kuax, Price, R. 1-4 or 2s. Wi,

Vol. XII, No. V. Studics in Gujarat Cottons, Part I, by Macaxcan L. Parsr, BAg Prigs
R. 112 or 3a . il
Vol. XIIT, No. 1. Studies in Indisn Tobaccos. No.4.—Parth py and Parth i

varieties of Nicotiana Tebacum L, var. Cuba and var, Mirodato, by GABE;‘:ZIt.Lh‘
L. C. HowarD, M.A., and Kasgx Ram.  No, 5.—The Inheritance of Chmm,:
in Nicotiana rustica L., by GABRIELLE L. C. HOWARD, M.A. Price, Ry, 3,
24, 9d.
vol. XIII, No. IL. The Wilt Disease of Safflower, by S. D. Josur, B.se. Price, R. 1 or 1. g,
Vol. XIII, No. III. Studics in Indian Fibre Plants, No. 3. On the Inheritance of Characters iy
Hibiscus Sabdariffa L., by ALsErr Howasp, 0.LE., and GaBmieLig L,
Howagp, m.A. Price, Rs. 2 or 3. )
Vol. XIII, No. IV. The Mahali Disease of Coconuts in Malabar, by 8. SUNDARARAMAR, w4, ang
T, S. RAMARRISHNAN, B.A. Price, As. 12 or ls.

Vol. XIII, No. V. The Eradication of Cyperus rolundus L. A Study in Pure and Applied Botayy,
by S. B. RANADE, B.8¢., and arranged and written by W. BURNS, D.sc. Price,
Rs. 2-4 or 3s.

Vol, XIII, No. VI Studies in Diseascs of the Jute Plant. (2) Macrophoma Corchori Saw., by
F. J. F. SHAW, D.Sc., A.R.C.8., T.L.5, Price, As. § or 9d. ’

vol. XIV,No. L A Study of Some Indian Grasses and Grasslands, by W. Bogxs, nse, L. B,

KULKARNI, M.4g., and S. B. GODBOLE, B.3C., B.Ag. Price, As. 12 o1 1o,

Chemical Series

Vol VI[ No. IV, Some Digestibility Trials on Indian Feediog Stuffs, by P. E. Laxpia ua,
D.8¢., A.L0., and PANDIT LT, CRAND DHARMANL, L.AZ. Price, As. 12or le
Vol. VII,No. V. The Buffor Action of Some Burma Soils, by J. CHARLTON, M.8¢. Price, A5 12

or ls.

. VII,No. VI. Studies in the Chemistry of Sugareane, II. Some Factors that determine the
ripeness of Sugarcane, by B, VISWANATH, F.I1.C., and S. KASHINATEA AYYiR,
B.A. Price, As. 8 or 9.

I. The Phosphatic Nodales of Trichinopoly and the availability of Flour Phosphate
as a Manure for Paddy, by Rao Samrs M. R. Ramaswams SIvax, .4, i
agri.  Prico, R. 1-4 or 2s.

Vol. VIII, No. I The Quality and Yield of Tobacco as influenced by Manurjal and other Opers-

tions, by J. N, MURERJI, B.A., B.Se, Drice, As. 8 or 0d.
Vol. VIII, Nos. IT— Investigations on Indian Opium. No. 4. —Further Experiments on the Infu
1v. ence of Manures on the Yield and Morphine Content of the Latex of the
Opium  Poppy, by Haroup E. ANNEIT, D.Sc, FIC, MSEAC
and Harpavar SiNes, s.se. No. 5.—Experiments on Qil-content of the
Seed of the Opium Poppy ; and No. 6.—Studies on the Ash Constituents of
Indian Opium, by HaroLp E. ANNETT, D.sc., F.LC., M.S.E.4.0, and M. 5
Bosk, M., Price, As. 8 or 104,
Vol. VIIL, No. V. Nitrogen Recuperation in the Soils of the Bombay Deccan, Part I, by DL
SAHASRABUDDHF, M.Ag., M.30,, and J. A. DaJ1, B.Ag., B.8c. Price, As. 4or id
Yol. VIII, No. VI The Determination of available Phosphoric Acid of Calcareous Soils, b
SuRENDRALAL Das, m.sc. (In the press.)
Vol. VIII, No. VIL Deterioration of Sugarcane during its Storage by Windrowing, by PEAxI Brossy
SaNyar, m.se. Prico, As. 6 or 84, bt
Vol. VII, No. VIIT. Drainago Waters at Cawnpore, by H. N. Batuan, m.4., F.LC.s. (In the prest!)
Vol. VIII, No.TX. Mutrients required for Milk Production with Indian Foodstuits, by ¥, J. Wantt
M.gc., LABR SINGH, LAg., B.se.(ag), and 8. M. Husary, B.sc.  (In the press)
Vol. VIII, No. X. Silage Iixperiments at Nagpur, by JIarowD E. ANNETT, D.se., ELC, MSEAC
and A. R. PADMANABUA ATYER, B.A.  {In the press.)

Vol

Vol. VII,No. V.

=

Entomological Series

Vol. VIIL Nos. V— Papers on Indian Tubanide, by P. V. IsiA¢, B.A., D.LC., M.§0., RES Tve
1 Drosophitide from Coimbatore and a New Aphidiphagouns Fly, by J- B
MaLLocr ; Notes on Indian Odonata in the Pusa Collection, by Masos I [

Frasge, r.x.8.; On New and Old Ori ol i Dr. Wavrasd
Horxy, Price, R. -4 or 25, riental Cieindelidin, by D

Vol. VIIL, Nos. X & Papers on Indian Tabanidwm, by P. V.Isac, B.a,, D.L0., M.Sc., FES i 820

XI. Some Indian Species of the Dipt R R
MALLOCH. Prilée, R. 18 or 2;_? erous Genus Atherigona, Rondani, by



Entomological Series-—contd.

. , No. XII. The Nim Mealy Scals (Pulvinaria mazima, Green , by T.V.
o Vil AYYAR, B.A., F.E.8. Price, R. 1-4 or 2a. b by RACLIRRISANA
. , Nos. I— A Contribution towards a Monograph of the Indian Coniopterygids {Neurop
o I3 TiL tera), by C. L. WiTHYCOMBE, Ph.p., M.50,, D.1.0.  Papers og Inydgixn ’lgabamdl;e
anfl Some Qbservahoqs on the Life-history and Habits of Phycus brunncus,

Wied. (Family Therevids), by P. V. Isaso, p.a., M.5c., D.1.0., F.ES. Price,
Ras. 2-2 or 4a, ’

el 1X, No. IV. The Red 1’pmpkm Beetle, Aulacophora obdominalis, Th. (Colcoptera:
wl 1 Chrysomelidee) and its Control ; with a short Note on 4. utn‘pénnia, Xh)‘l‘).l;ml.)y
M. Arzat BUSAIN, M.$¢., M.4., and 8. ARDULLAR SHAH, LaAg. (In fhe press.)
vl 1%, No. V. XExperiments on the Transmission of Rinderpest 1 y means of Insects, by 8. K.
¢ Sex, B.Sc., P.E.S, (In the press). -

Bacteriological Series
W 1L No. L Nitrogen Fixation in the Punjab, by P. E. LaxpEr, m.a., D.50., A.1LC., and
¢ BARKAT ALL L.Ag. Price, As. 8 or'10d.

Veterinary Series
v, I, No. VI Nasal Granuloma in  Caltle, by V. KRISHNAMURTI AYYAR, LV.8.

Price,
R. 1 or Js. Gd.

Bulletins issued by the Agricultural Research Institute, Pusa

g 1560, The Improvement of Fodder and Forage in bidia (Papers read before o Joint Meeting of

: the Sect'ons of Agriculturc and Botany, Indian Svience Congress, Lucknow, 1923),
edited by GaBRIELLE L. (. Howarp, aM.a. Price, As. 6.

yo, 151, A mothod for the Accurate Determination of Carbonic Acid present as Carbonate In Soils

: by Prant Brusay Saxvar, mse.  Price, As. 2.

¥o. 152, The External Morphology and Bionomics of the Commonest Indian Tick (Hyalomma
egyptium), by MOHAMMAD SHARIY, M.A., F.R.M.S. DPrice, R. 1.

No. 153.  Tamarind as a source of Aleohol and Tartaric Acid, by II. N, Batuay, m.4., and L. 8. Nigau,
L.og. Price, As. 3 or 44,

¥o, 154, The Bionomics of the Sarcopic Mange Parasite of the Buffelo with some observations con-
cerning the relative power of resistance to adverse conditions of the different stages of
the Acarus and of its cgg, by T. M. TiMoNey, M.R.C.V.8. Price, As, 2,

%o, 165. List of Publications on Indian Entomology, 1923 {compiled by the Imperial Entoniologist).
Price, Aa. 11 or ls.

No. 156. Bud and Bell Shedding in Cotton, by G. R. HiLsoN, B.sc., V. RAMANATIA AYYAR, L.Ag
and R. CHOREALINGAM PILLAL, L.Ag. Price, As. 14 or ls. 6d.

No. 157. The Experimental Sullege Farm, Lyallpur, by P. E. LoNDER, M.A., D.sc., &.1.0. Price.
As. 12 or 14, 3d.

No. 168. A New Fodder (Siloed Shisham Leaves) for Dairy Cows, by P. K. LANDER, m.4.. D.8C., ALC.,
and Lsn CHAND DHARMANI, L.ag. Price, As. 6 or 84,

So. 158, Preliminary Investigations in the Bacteriology of Milk, by J. H. WALTOX, M.4., M.80. Price,

As. 6 or 8d.
No. 160, Bot Flies of the Punjab, by H. E. Cross, M.x.C.V.8., D.V.IL, A.80, {In the pi:za.v.) i
Xo. 161, Publications on Indian Entomology, 1624 (compiled by the Imperial Entomologist). I'rice,
As, Bor 9d.

%o, 162, Tentative Keys to the Orders and Families of Indian Insccts, by T. BaINBRIGGE FLETCHER,
R.N., P.L.8., F.E.8,, P..8. Price, R. 1-4 or 2s. 3. . . .

Yo. 163. Loss of Sugar by inversion in Sugar Factories in Northern India and its prevention by
Antiseptic Mensures, by C. M. HurcuiNsoN, C.LE, B.A, &nd C. 8. Ramayvar, B.a.
Price, As. 2 or 3d. i

Y0164, Standard Methods of Analysis of Fertilizers, edited by J. SE¥, a4, Ph.D. Price, As 4 orgd.

Books

Fheat in India, by ALBERT HOWARD, M.A., A.R.C.S., F.LS., and GABRIELLE L. C. Howarp, a.4. Price,
Rs. 5 or 7s. 6d.

4 Description of the Imperial Bacteriological Laboratory, Muktesar ; Its Work and Products, by Masor

. . D. E. HoLmxs, M.A., D.8c., MR.C.V.S. Price, As. 8 or 9d.

AE"cult.\lre in Indis, by JamEs MACKENNs, m.4., 1.0.8. Price, As. 4 or 5d.

Some Diseasea of Cattle in India. A Handbook for Stock-owners. Price, As. 8 or 0d.

Beport on the Discases of Silkworms in India, by A. PRINGLE JaMesox, p.se.  Price, Rs. 3.

Notice
All new publications are included in the above list and are regularly posted to all on the mailing list
'(fsoon a3 issmed. Huleas complaints of non-receipt of any publication are receiyed by the Manager,
vernment, of India Central Publication Branch, 8, Hastings Strect, Caleutta, within six months of
¢ date of isswe, duplicate copies can be suppkied onlv on payment of cost and postage.






pUBLICATIONS OF THE IMPERIAL DEPARTMENT
OF AGRICULTURE IN INDIA

TO BE HAD FROM

(g% HANAGER, GOVERNMENT OF INDIA CENTRAL PUBLICATION BRANCH, IMPERTAL
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALCUTTA ;

7HE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF
INDIA, PUSA, BIHAR;

AND

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS.

mplete list of the publications of the Imperial Department of Agriculture in Indi:
4 mcbfained on application from the above-mentioned. ndia can be

These puhlicat,ions are :—

1. The Agricultural Journal of India. A Journal dealing with subjects counceted with agricuitural
cconomies, field and garden crops, economic plunts and fruits, soils, manures, methods of
cultivation, irrigation, climatic conditions, insect pests, fungus diseases, co-operative credit,
fyrm implements, and other agricultural matters in India. Illustrations, including ecoloured
plates, form & prominent feature of the Journal. It isedited by the Agricultural Adviser to the
Government of India, and is issued once every two months or six times a year. dnnual Subscrip-
tion, Rs. 6 or 9s. 6d., including postage. Single copy, . 1-8 or 2a, :

3, The Journal of the Central Bureau for Animal Husbardry and Dairying in India. A quarterly dealing
ith cattle breeding, dairying, enltivation and storage of fodder crops, animal nutrition, and other

is of animal husbandry, It is edited by the Agricultural Adviser to the Government of
Jodis. Annual subscription, Rs. 2.8, Single copy, As. 10,

3, Scientific Reports of the Agricultural Research Institute, Pusa,

4 Annual Review of Agricultural Operations in India.

5 Proceedings of the Board of Agriculture in India.

§ Procesdings of Sectional Meetings of the Board of Agriculture.

1 Memoirs of the Imperial Department of Agriculture in India.

{a) Botanical Series.

(b) Chemical Series.

(¢} Entomological Series.

(4) Bacteriological Series.

(e) Veterinary Series.

8 gulletins issued by the Agricultural Research Institute, Pusa.
9. Books,

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

Scientific Reports of the Agricultural Research Iustitute, Pusa (including the Reports of the Imperial
Dairy Expert, the Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar

) Bureau), for the year 1924-20. Price, Rs, 2.4 or 4a.

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial
Dairy Expert, Physiological Chemist, Government Sugarcane Expert, and Secretars, Sugar
Bureau), for the year 1925-28. Price, Ra. 2-8 or 4a. 6d.

P‘evlrew of Agricultural Operations in India, 1923-24. Price, R. 1-9 or 2a, 9d.

Review of Agricultural Operations in Indis, 1924-25. Price, Ba. 2-2 or 4s. .

Proceedings of the Baard of Agriculture in Tndia, held at Pusa on 7th December, 1925, and following

days (with appendices). Price, R. 3-1% or 2s. 3d.

1 .



MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INpps

Vol. XIV, No.

Vol. X1V, No.

Vol. XIV, No.
Vol. XIV, No.

Vol. XIV, No,
Val. XIV, No.

VL

Vol. XIV, No. VIL
Vol. XIV, No. VIIL

Vol. VIII, No.

Vol. VIII, Nos.

Val, VIII, Na,
Vol. VIII, No.

L
I

V.
VI

Val. V111, No. VIL

Vol. VIIL, No. VIIL

Vol. VIII, No.

Voi. VIII, No.

X,

X

Vol. VIII, No. XIL

Vol. VIII, No. XTI.

Vol. IX, Ne.
Vol IX, N

I
1L

Botanical Series

.A Study of Some Indian Grasses and Grasslands, by W. Bozxs, p s 1 -
KULEARNL, M.48., and 8. R. GOBBOLE, B.5¢., 8.A8.  Price, As, 12 0;1" Ly,
Stadies in Gujarat Cottons, Part TIL. The Wagad Cotton af Upper (.3
Kathiawad and Kuteh, by Magaxnan L. PATEL, M.ag,and D, p, “ Uy,
Price, R. 1-4 or 25, 3d. g,
Sugarcane DBreeding—Indications of Imheritance, by Rio g BT
VENRATBAMAYN, B. A, Pries, As, 8 or 104, B
Studies in Gujarat Cottons, Part IV : Hybrids between Broacl.deg; ,
Gnghari varietics of gossypium herbaceum, by M. L. ParTEr, 3. aid‘\am
PATEL, B.Ag. Price, As. 14 or ls. 64. . >y
The Indigenous Cotton Types of Burma, by T. D. Stock, B.se., pyg, B
(Ia the press.) ARy,
A Study of Fusaris common to cotton plants and cotton soils in ¢he Cens
Provinces, by Jivan Singh, w. sc.  (In the press). Rina}
The Kolamba Rice of the North Konkan and its Improvement by Selsg;
by R. K. Bhide and 8. G. Bhalerao, B, ag. (In the press.) “oton,
Pennisclum typhoidewm : Studies on the Fajri crop. 1. The Moy

holp:
Pennisetum typhoidewn, by 8. V. Godbole, . se., B, Ag. (In the Pchsy

ress,)

Chemical Series

The Quality and Yicld of Tobaccv as influenced by Manurial and othey
tions, by J. N. MURERJL, B.A., B.8¢, Price, As. 8 or 9d.

Investigations on Indian Opium. No. 4.—Further Experiments on the Infy.
ence of Manures on the Yield and Morphine Content of the Latex of th
Opium Poppy, by HaroLd E. ANNETT, D-5¢., F.1.C., M.&.E.A.0., and Hanpaya
SingH, B.sc. No. 5,—Experiments on Qil-content of tho Seed of the Opinn
Poppy; and No. 6.—Studics on tho Ash Constibuents of Indian Opiuu,
by Harord E, AXNETT, D.8¢., T.L.C., M.8.E.A.C., and M., N. Bose, aa. Price,
As. 8 or 10d.

Nitrogen Recuperation in the Soils of the Bombay Deccan, Part I, by D. 1.,
SAHASRABUDDHE, M.Ag,, M.Sc., and J. A, DAJI, B.Ag., B.Se.  Price, As. % ar54,

The Determination of available Phosphoric Acid of Caloarcous Soils, by
SuRERDEALAL Das, m.5¢.  Price, As. 12 or 1, 3. :

Deterioration of Sugarcane during its Storage by Windrowing, by Puaxt Brvssy
SaNyar, mse. Price, As. 6 or 84.

Drainage Waters at Cawnpore, by H. N. BATaAM, M.A., F.1.C.8. Price, As.10orls

Nutrients required for Milkk Production with Indian Foodstafis, by F. J. Wik,
M.80., LanH SINGH, L.4g., B.8c. {4g.), and 8. M, Husain, B.sc. Price, ds. 14
or 1s. 6d.

Silage Experiments at Nagpur, by HaroLp E. ANNETT, D.So., .10, MSE L0,
and A, R, PADMANABHA ATYER, B.A, Price, As. 10 or 1s.

Nutrionts required for Growth Production with Indian Foodstuffs, by F. J.
Wagra, .80, and Izas Auwap, B.se. (g} Price, Az 3 ordd,

A Btady of Absorption of Moisture by Soils by J. SEN, »r.4., ph.D., and Brs-
AL M. Ammy, B.A. Price, As. 6or 9d.

The Selection of Burma Beans ( Phaseolus lunatus) for Low Prussic Acid Content,
by J. CHaRLTON, M.se., F.LO. Priee, As. 10 or 1s.

Bangalore Maintenance Experiments, Firss Series, by F. J. Warms, s
Price, As, 11 or L, 2d,

Opers.

Vol IX, No. III. SomeiDigestibility Trials on Indian Feading Stuffs IT, by P. 1. LANDER, ¥4

D.Se., ALG, and PAXpIT Lar CHAND DHARMANL, L.Ag, B.se (ag). Dity
Ag. 10 or 1s.

Vol IX, No. IV. 'The Effect of Manuring & Crop on the Vegetative and Reproduetive Capacity

of the Secd, by B. VISWANATH, FI0, and M. SURIANARAYANA, B.So. Frich
4s, 14 or ls. 6d.



Entomological Series

v11L, Nos. X. Papers on Indian Tabanidwm, by P. V. Istac, 8.4, Do, S0, E08 ; and
3 X Some Indiwn speoies of the Dipterous Genus - Londani, by
& XL e o Prl[ce, e 23‘1 rous Cenug Atherigona, Rondani, by J, R,
L g, Mo XIL The Nim Mealy Scale (Rulviuar{a marimg, Gresn),
R AYVAR, B.A, .ES, Price, R. 1-4 or 2y,
¢ Nos. I— A Contribution towards a Monograph of the Indian Conio terygi e
o 13 11 tera), by C. L. WIT2YoOMBE, PL.D., M.5c., D.1.0.; Papers En IZ?};:: ’Jgi\l{:r:i(;i};a
and Some Observations on the Life-history and Habits of Phycus brunneus,
Wied. (Family Therevida), by P. V. Isadc, .4, d.SC, DLO., R.ES. Price,
by Rol Puapkin Hootle, 4 Lacopho
¢ Yo, IV. The 0! umpkin Beetle, dulacophora abdominalis, Fb. (Ccleapicra;
i 1% Chrysomelidm) and its Control ; with a short Note on A, atn'per(m{s, ka.p {';\'
%1. gfzu Husarx, m.sc., M.4., and S, AspyLLan Snas, L.sg. Price, R lor
8. 9.
. IS, Yo V. Experiments on the Transmission of Rinderpest by means of Insents, by &, K.
i SEN, B.3C., I.E.S, Price, Rs. 2-4 or 4. 2d. :
o 1%, No. VL Studies on Indian T@ysanopters.s, by De. H. H. Kagxy, Price, R, 1-§ or 2s. Gt
o L%, Nos VII— New Species of Indian Gali Midges ({tonididae), by E. P. FELT; New Indian
IX.  Geometridae, by LEwis B. Prout, v.18. : Description of Laspeyresia atirpi-
¢ola, n. sp. (Lepidopters), by E. MEYRICR, F.R.8, with  short Noto on the
Life-history and Status, by C. 5. Misea, B.a.  Price, As. 5 or 64,
o X X% 1 Four New Indian Gall Midges, by Dr. F. P. FELt ; The Citrus Psylla { Didaphorin
g & 1L citri, _kuw.\, 'b,v M. Arzan Husals, Msc., dLA. (In the prese)
% No. IIL. Braconide Vipioning of South India, by T. V. Ramakrishna Ayysr, B.A.,
i .S., F.Z8. (In the press.)
w5 Yo 1V. Some New Indian Mirida (Capsidez), by E. Ballard, B.A, F.ES.  (In the press).

fal

by T.V.aMagrisuya

Bacteriological Series

o 11, No. 1. Nitrogen Fixation in the Punjab, by P, E. LasDER, .4, D.8c., A.LC., and
BAREAT ALY, L.Ag. Price, As, § or 10d.

Veterinary Series

o 111, No. VI, Nasel Granuloma in Cattle, by V. KRISExAMURTI AYYAR, 1.v.8. Price, R. 1
or 1s 6d.
‘o Iil, No. VIL Experiments on the treatment of Hookworm Infection in Doge, by Avanxatu
Gorati, M.se. {Punjab). Price, As. 11 or 1. 34,
‘ol LT, Nox VIII & On the ocoarrence of & Lung Fluke Paragmimus cdwardss, n, sp, ina Palm
X Civet (Paradosurus grayi} in Kumarn Hills, by Avarnari Gurati u.80,
(Punjab) ; On the accurrence of [svspora and Balandidium in Cattle by H.
CooPER, M.B,C.V.5., and Auarnars GuraTi, M.8c, (Punjab). Price, As 4
or 6d.
v, Ne. I. The Chemotherapy of Surra (Trypanosoma Evansi Infections) of Horses and
Cattle in India, by J. T. EDWARDS, D.s0., MR.C (In the press)
L1V, No. I Studies in Bovine Lymphanaitis, by V. KRISEXAMURTT AYYAR. (In the press.)

@

Bulleting issued by the Agricultural Research Institute, Pusa

fo. 156. Bud and Boll Shedding in Cotton, by G. R. Hizsox, B.sc.,, V. RAMANATHA AYYAR, LAg,

. and B, CHOERRALINGAM PILiax, L.ag.  Price, As. 14 or 1s. 6d.

%. 157 The Experimental Sullage Farm, Lyallpur, by P. E. LAXDER, M.A., D.Sc., A.LC. Price,
As.12o0rls. 3d. .

fo. 138, A New Fodder (Siloed Shisham Leaves) for Deiry Cows, by P. E. LANDER, 1.4, D.Se., ALC,,

. and Lar Caanp DHARMANI, L.ag. Price, 4s. 6 or 84.

%. 138, Preliminary Investigations in the Bacteriology of Milk, by J. H, WALTON, M.4.,M.5¢, Prics,

i As. 6 or 8d.

§0‘ 160, Bot Flies of the Punjab, by H, E. Cross, M.B.C.V.8., D.V.H., A.5¢. Price, ds. 14'01- ls. 6r{

Yo, 161, Publications on Indian Entomology, 1924 (compiled by the Imperial Entomologist). I'rice,
As. 8 or9d.

Vo 182, Tentative Keys to the Orders aud Families of Indian Insects, by T. BarNsrios Freromer,

. R.N., F.L.S., F.E.8,, F.2.8, Price, Re, 1-4 or 25, 34. . X

" 183, Loss of Sugar by inversion in Sugar Factories in Northern India and its prevention by
Antiseptic Measures, by C. M. HUTCHINSON, C.LE., B.A, and C. S. RAMAYYAR, B.A.

N Price, 4s. 2 or 3d. i .

t 164. Standard Methods of Analygis of Fertilizers, by J. SEN, ¥.4., ph.p. Price, s, 4 or od



Bulleting issued by the Agrieultural Ressarch Institute, Puga—con;

No. 165, List of Publications on Indian E; logy, 1925 (compiled by the Tmperis; Etto,
and the offg, Imperial Entomologist, Pusa). Frice, As, 12 or 14, 3d, ooy

No. 166. Sampling for Rice Yield in Bibhr and Orissa, by J. A. HUEBACE, L.C.8. Price, A, » 1

No. 167. A Scheme of Olassification of the Varietics of Rice Found in Burma, Ly g, i+ chrs,'
Price, As. 6 or 84, By,

Books

Wheat in India, by ALBERT HOWARD, M.A., A.R.C.8., F.L.8., and GABRIELLE L. C. Howarp, y, A By
Ra. § or 7s, 6d. 4 Prigg

A Description of the Imperisl Bacteriological Laboratory, Muktesar; Its Work and Py
MaJog J. D. E. HOLMES, ¥.4., D.Sc., M.R.O.V.8. Price, As. 8 or 0d. ets, by

Agricultore in India, by JAMES MACKENNA, M.A., 1.0.8, Price, As. 4 or 5d.

Some Diseases of Cattle in India. A Handbook for Stock-owners. Price, As. 8 or 84,

Report on the Disenses of Silkworms in India, by A. PRINGLE JAMESON, D.gc, Price, Bs. g,

Notice

All pew publications are included in the above listand are regularly posted to all
ligt a8 scon as issued. Unless complaints of non-receipt of any publication are received
ger, Government of India Central Publication Branch, Tmperial fecretariat Euilding,
Place, West, Caloutta, within six months of the date of issue, dvplicate copies can beg
payment of cost and postage.
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