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Syﬁtheﬁn Ferm Yard Manure.
By K. S. VISWANADHA AYYAR; BA.,
Assistani, Agricultural Chemist, Coimbatore.

- In this vast sub-continent, where agriculture ‘has been the
chief industry and the main stay of its millions, the cultivator from
time immemorial, veing conscious of the necessily of the use of
manure for raising a good crop, has been generally applying what
it known as Farm Yard Manure and occasionally leaf mould in
nlaces adjacent to forests. Bub on account of the increase of
sopulation, rising of general standard of life and other causes, not
only the area that was once under extensive cultivation had to be
3rought under intensive culture, but also new areas had to be
reclaimed and made to yield enough for the necessaries of man
and animal, Thus the quondam cheerful farmer was brought face
iio face with the problem of producing more and niore to minister
to the needs of the increasing population, That is, he was com-
welled by dire ciremustances actually to make two blades of grass
wrow where one grew before.

Undaunted by the situation, he began in right earnest and
cheerfully to find out ways and means for shouldering this
increased responsibility, As a good farmer he first fturned his
attention to his stock of manure and found to his surprise and
chagrin that he was surrounded by limitations. The forest areas
on which he depended had become wmostly depleted and the
remeining portion was closed against him.

Then he turned his attention to his livestock hoping for a
solution from that quarter. but alas! the village common was
no longer there and the quantity and quality of his stock had
already become hopelessly unsatisfactory.

When he was standing aghast at the situation and was
almost at his wits’ end, he was further alarmed as a result
of some soil surveys counducted by the chemical section of
this Institute by the fact that the soils in this Presidency are
almost exhausted and are further being depleled ot a rapid
rate of their organic matter which stands in the same relation
to a soil as the lifo principle is to-animals.. It was [uriher
shown that with the deficiency of _this organic matler like ready
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made and tinned foodr to man the inorganic fertilizers in. many
cases nob only dg not henefit the crop but adversely affect it..
When eueh o neeessity for inereased supply of organic matter to a
“goil 7 was established, plant doctors, in this instance,  two
chewists, Richards and Hutchinson of Rothassted looked round
for n proper reinedy and began their researches in about 1919
with the aid of a special grant given by the Food Production
Departiment in England.

Using in their first investigation - wheat straw as a basie
material and Ammonium sulphate as starter these chemists succes-
fully produced a fermented material, which ‘closely resembles the
ordinary Farm Yard Manure in colour and condition and quality.

Since the above manure is produced by -direct fermentation
without any intervention of cattle, this was named Artificial Farm
Yard Manure in contradistinetion to the Farm ¥Yard Manurc
which name is given to the manure which is obtained af the
Farmyard by fermenting the droppings of aniinals with or wifhoub
urine and litter and for the production of which the intervention
of cattle thus becomes necessary. Bui on account of its name
some confusion arose about composition of the arttificial Farmyard
manure aud the farmers thought it was an aitificial fertilizer.
With a view to remove this- misconception, the name Wi
subsequently changed to Synthetic Farm Yard Manure. In
1921, the manufacture -of Synthetic Farm Yard Manure was
patented by a Company known as the Agricultural Developient
Co., which marketed their product under the name of ““Adco.”

The question then arose, if the soil needs organic matter,
why not apply any available material in the raw Trather fhan in
Jermented condition?

About the same time, Hutchinson, the Imnperial Agriculfural
Bacteriologist, Pusa, started the study of fermentation of green
manure, in imitation of Indigo seeth, the organic refuse left after
the extraction of the dye.- He used sannhemp—fermented. and
unfermented—for his experiments and arrived at the conclusion

that fermented green manure was. better: than unfermented
material. | }
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Thus it is seen from the above experiments, that what is
alled Synthetic Farm Yard Manure or Adco is *simply organic
natter compostcd in a scientific way i. e., by keeping the decom-
Josifion under contsol.

- The auswer in favour of fermentation was given for the
lollowing reasons.

(1) Raw material when ploughed in unduly opens up the
iron on account of its bulk and this material if dry, also draws upon
Jx 1e goil mmsture for its own fermentation,

(2) For its thorough incorporation into the soil it offers
! tifficulty in ordinary doses, and this is increased where increased
i:eavy doses have to be applied.

(8) If it is dry or partly dry, it causes the nitrate of soil to
‘be reduced as the orgonisms responsible for its break down require
1\11;100'er1 for their energy. \

(4) The raw material forms a medium for the development
of white a.nts.

Previous fermentation of the material overcomes all these
difficulties and makes it more easily available to the crop.

Following the lead of Rothamsted the first trial at the manu-
facture of Synthetic Farm Yard Manvre was made at Coimbatore
in 1922 in the Pot Culivre House of the chemical- section using
paddy straw and ecalcivm cypanamide. Though we could not
bhave any surplus paddy straw for conversion into manure, this
material was selected for the first experiment with a view to
under stand the technique of the method by using an easily fer-
mentable substance.

Since (1) optimum moisture, (2) frec aceess of air, (3) supply
of easily available Nitrogen in gsuitable concentration (4) neuntral
or slightly alkaline re-action and (5) suilable tewperature are
considered as & sine gua non for succeseiul fermentation for the
production of well rotted Artificial Farmyard Manure, 1500 b, of
air-dry straw was loosely put into a ctack the requ:red guantity of
caleinm cyanamide broadcasted on the top of the heap and
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waotered in. Termentation started in ahout 24 hours andin 4

days the heap began to sink in the middle with rise of temperature.

Almost daily the sides and top portien of fhe heap had to be
watered to keep them moist and even then fermentation in these
portions was scanty and unsatisfactory. On fccount of the high
and dry winds, the exposed portions of the heap could not be
kept moist enough for safisfactory fermentation. -After 6 wéeks
when the sinking and fermentation of the heap were found to
be uneven it was dismantled and the material was. thoroughily
mixed up and restacked. - After another 3 weeks, fermention
was found to have been uniform and a well roffen manure
was obtained, In the process however. a loss -of 47 per cent of
organic matter and about 14 percent of Nitrogen was observed.

The next set of experiments was carried oubl with guinen
grass stubble and caleium cyanamide under complete aerobic ané

semi-aerobic conditicns, the latter condition being obtained by

mud plastering the exposed surfaces. The object of semi-aerébic
condition was to see how far the difficully of having uniformn
moisture condifions could be overcome. Asin the previous ex-
periment the exposed heap had to be continously watered while
the mud plastered heap received no water  for six weeks. When
this was opened it was found to have had unpiform fermentation,
while in' the exposed heap only the central portion had fermented
satis factorily. In the laboratory experiment also, the same mois-
ture difficulty occurred. A reference fo the table below will
show the advantages of o, preliwinary sewmiaerobic fermentation
throughout. By the former method not only uniform fermenta-
tion is secured but the Nitrogen and Organic Maiter losses are
reduced.

Lia.boratory ,
Sxpetiment. Liarge scale.
o Organic 44, Organic
Nitrogen. matter. Nitrogen. matter,
Aerobic o 26°76% - 37°7% 59,97% 32°80%
Semi-aerobic e 9299 22'29% 35'28% - 82'83%

The results further show, that in -aerobic beaps on account
of unequal fermentation, added Nitrogen 'is not fixed to the same
ext&nt as in semi-aerobic heaps with almost uniform fermentation,
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In the light of these observations, the following experiments
were conducted in 1923 with Ragi straw both jn heaps and with
various amounts of Nitrogen. Nitrogen was added as Ammonium
sulphate or calecingn cyanamide respectively at 0°75 per cent and
0'5 per cent caleumtbed on dry matter. In the case of Ammonium
sulphate lime carbanate was also added to correct the acidity.

Ammonium sulphate Calcium Cyanamide.
series. - series,

Higher Liower Higher Liower
Nitrogen Nitrogen Nitrogen Nitrogen
per cenf of per cent of per cent of per cent of.
loss. loes. loss. loss.

N.  O.M. N. O.M. N. O.M. M. OM.

1. Heap 40°09 43'59 (3) 29'02 46°45 (5) 2568 36'34 (7) 33'46 38
2. Pit 384'66 35'30 (4) 26°46 23'85 (6) 22'99 2963 (8) 15°83 27
[Note.—N is Nitrogen. 0. M. is Organic Matter].

The loss of Nitrogen from pits experiments was less in every
case than that from heaps, In pits it ranged from 16 to 34 per
cent and in heaps, from 26 fo 40 per cent.

In all the experiments the loss of Nitrogen was very high. I
might be that the high per ceafiages of loss were due to the soak-
age of the liquid portion of the manure into the soil.

The following experiments were designed :—

(1) To prevent abzorption, if any, of the liquid portion of
manure by the soil.

(2) To find out the effect on fermentation and loss of Nifro-
cen of a lower amount of Nitregen than 0'75 per cent the standard
fixed at Rothamsted.

(8) Semi-aerobic fermentation from start to finish of the
experiment as it was-considered likely that the huge loss of Nitro-
zen and Organic matter occurred wheun the heaps were changed
{rom semiaerobic to full aerobic conditions. These experiments
were therefore conducted in  cemented pucea Dbrick tabs,
with a drainage pipe attached so as fto enable the collection
of any liguid portion that might flow out and eadditions of such
effluent to the ferinenting material again from time to time.

2
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The material used in these experiments was aleo Ragi straw
with Ammonium gulphaefe as starter ab the rate of 0.5 percent on
dry matter. Two ocxperiments wore storted.  In: No. 1 the
material wne covered with galvanised gheets and in No. 2 it was
mud-plastered. The following resulis were ohfained.

Percent loss of
Nitrogen. Organic matter,

No. 1 Pit covered with galvanised sheet 54.05 66.88
No. 2 Pit mudplastered e - 44,12 83.77

Here too the losses of Nilrogen and organic malter were more
in the open tub.than in the one whichiwas mud-plastered. In both
fermentation was not uniforn, part of the material (about half}
in the open pit, and {about 1/8) in the mud plastered pit remaining
unfermented. To o depth of 4 inchs from fhe top surface the
.material in the unplastered pit was so fresh as af start, owing to
the fach that any moisture added evaporated away quickly. With
all the care in watering unmoist patches ocenrred here and there
under both the systems, but this was more in No. 1. The greafer
fermentation in No. 2 shows the advantage. of mudplastering the
material so as to prevent loss of moisture in the early stages when
the material is dry and incapable of refaining any moisture.
When once hydration of the material takes place and fermenta-
tion starts the material becomes more and more retentive of
moisture,

_ The next set of experiments was carried out in ordinary
earthen flower pots, (japanned inside) to find out (1) the optimum
starter nitrogen required for active and = maximum fermentation
and also (2) the rate of loss of nitrogen, when the necessary starier
Nitrogen is added (a) in one lof at the beginning and (b) when
added ot infervals in divided doses.

The materials were air dry Ragi straw and canetrash with
calcium cyanamide as starter.

The following results were obtained:—
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Fermentation was quite satisfactory in all, higher or lower
oncentration of Nitrogen having the same effect on fermen-
ation, Nitrogen loss occurred even with the lowdst concentration
025 per cent Nitrogen) and this loss was greater with ragi straw
han with cane-trash, Though Nitrogen is necessary for fermen-
ation, the above experiments point to the fact that addition of
snsily available Nitrogen results in loss of nitrogen indépendent
o concentration, but to a certain extent such loss depends upon
itie nature of the basic material.

In the pots that were buried fermentation was complete and
poiform without any water except what was added initially, where
r3 the pots that were kept on surface had to be watered every
row and then to keep up the moisture necessary for active fer-
mentation. This indicates the necessity and advantage of mud
plastering the material in the beginning so that the necessary
ioisture for normal fermentation may be retained without resort-
lug to constant watering thas reducing the total amount of water
iequired for complete disintegration of the material.

- The next set of experiments was done in pots with “Adco
complete mixture” and ““Adco Accelerator” two patented chemi-
cal starters supplied by Messrs. Shaw Wallace and Co., Caleutta.
These were compared with similar mixtures made up in the
laboratory which included a phosphate in the form of tricalecic
phosphate since the patented mixtures contained also a phosphate.
Algo the influence of fermentation on Ragi staw of dried and
powdered Farm Yard Manure when added in quantity necessary to
supply the same rate of Nitrogen as the above mixfures was also

tested.

The results are below:—
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Though there was slight fermentation in the control pots the
tesultant product did not attain the plastic copdition of Farm
Yard Manure. DBut there was little or no loss of Nitrogen. In
the case of treated pots fermentation was thorough and umform,
thus pointing to themecessity of starter Nitrogen. The patented
starters were in no way superior to the mlxtures similarly made
up, either in accelerating fermentation or in lessening Nitrogen
loss.  Even with an almost inert material as Farm Yard Manure,
b’ltroaen loss occurred, though fermentation was equally satisfac-
vy, These losses m:ght be due to the higher concentrations of
tlitrogen (.75 percent) in the case of day ragi straw whereas green

mtem.l did not require even 0.22 percent Nitrogen on dry

..atter. In the case of air-dry straw with 0.75 percent Nxtroo'en
-,s Farm Yard Manure the loss is only about 13 percent Whereas
with green material, a Nitrogen supply of 0.22 percent has
sesulted almost doubling the loss (25.48 percent),

The general conclusions from all the alove big scale and pot
gXperiments seem to show that

(1) semi-aerobic fermentation for a time in pits, mud plas-
tered for a month in case of straws and for a longer period in case
of tougher materials followed “by aerobic fexmentatlon, helps in
inducing uniforw disintegration of material by preventing loss of
moisture and reducing loss of Nitrogen by making the dry stiff
material more plactic and capable of fixing the added nitrogen.

(2) Active and soluble forms of starter Nitrogen-such as
Annmonium sulphate, Calecium cyanamide Urine ete., always end in
loss of nitrogen, whereas a slowly available starter such as frash
cattle dung, or good farm vard manure considerably reduces such
loss.

(3) With green material no starter Niirogen is necessary,

It was found from the last set of experiments that addition of
phosphates is helpful in bringing out quicker fermentation by
stimulating the fermentative organisms to greater nctivily, This
increased activity again enables them to fix the Nitrogen faster
and thus Nifrogen lose is much reduced: *
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The following expeﬂmata wore done with ‘a view to  test
whether an addition of insoluble phosphate with caleium. cyana-
mide would increase fermentation and reduce Nitrozen loss

Two sets of experiments were conducted 'for this purpose one
in cemert tubs on the Central Farm using paddy straw and the
other at the Groundnut Rxperiment: St&tmn, Palakupparm with
cumbu straw. On the Central Farm calcéium cyanamide and
Trichy phosphate were used as starters and at Palakuppan
Awmmonium Sulphate and bonemeal. The following results werr:
obtained.

- Paddy-straw ‘Trichy pho=phate
Central Farm. ca.lemm Gj’ﬂ.l’.‘lﬁ.ﬂ]]dﬂ percent percent loss of
loss orgain of Nitrogen. Organic watter, .
Heap Tub (one) open ~5.81 68.32
.+ Tub (two)} mud plastered 17.24 59.52
18.62 68.74
Palakuppam® Cumbn straw — Ammo, sulphate-Bonemeal,
Pit I 26.4 86.9
Pit 1T 20.2 31.8

As the cambu straw used was old the organic matfer losgs s
about half of that of previous experiments. The nitrogen loss '
also is much less than what happened in some previous experi-
ments i.e., 50.75 percent, :

In the case of paddy straw, there is a decided gain in Nitrogen.
In all the previous experiments also carried out with this material
the loss of nitrogen was nof great. Ibappears that paddy straw
fixes up the nitrogen more quickly and to & higher degree than
other materials awd that the softer the material, the lesser is the
loss of Nitrogen.

When all the ‘above experiments . indicated Nitrogen loss
in .& lesser or greater degree, it was thought that such losses
might be due to the aoctive and easily &vallmbla nature of the
starters. To test this point the following 3 sets 'of experiments
using cane trash and varagn straw with and without cactus as
ba,mc material and bunameml as stavter ‘were conducted in Palur
wd in the Chunampet Zanindary with the following results.
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PALUR.
Uane — trash ‘Cant trash |- cactus
percenf loss  percent loss percent loss percent loss
Iy of N. of 0. M. of N. of O. M.
it 1 15.08 69.44 Pit3 3.60 52.98
Pit 2 10,69 63.88 Pit'd 5.23 55.08
CHUNAMPE.
percent loss of N, percent loss of O. M,
?&ra-gu straw -+ cactus (pit.) 53.18 73.90
Oane trash-+-cactus (pit.) 80.72 73.40

The Chunawpet experimenis show a big loss, probably due
0 over fermentation. In the Palur esperiment with trash and
cactus the organic matter loss is within limits and the loss of
nitrogen is negligible. With cane trash alone fermentation had
gone beyond the limit and the loss of nitrogen is more.

_ In Chunampet the sample was like a lump of clay. The
Palur samples. were in condition, showing here and there the
original structure of the material but breaking to pieces when
handled and the material was plastic and soft.

The above experiments lead to the following conclusions :

(1) . The loss of Nitrogen can be reduced by substituting
tsonemeal and Farm Yard Manure or fresh cattle dung for the
quick acting Nitrogenous starters used in earlier experiwnents.

(2) This loss of Nitrogen depends upon the nature of the
basic material (soft or tough) and on the nature of the starter
(active or slow).

(8) When the organic matter is reduced by 50 percent of
it3 original weight optiuum fermentation is reached.

(4) . Depending upon the nature of the koftness or foughness
of original waterial the resulting material is either plastic like Farn
Yard Manure or rewiains fibrous and soft.

(5) The composition of the resulting manure varies a good
deal depending upon the nature of the stirting inaterial and
the time ol the year in which the experiment is done. Thus
duringsheavy rains, certain amount of leaching of soluble consti-
tuents is bound to oceur.

-8
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The combined action of eattle dung and bonemeal was lested
qualitntively on a Jarge scale on very refractory. malerials, such as
eactus leaves, dry stalles of eotton, of chillies and Bengal gram :
and ik is -'rmtlfxmﬂ to nobte that all these fermented “quite ratis-
factorily in 6 to 8 months ; duving this period ‘even the hard spines
of cactus becane soff euou{,h to be handled without fear of . prick-
ing. After several trials with various materials in different parts
of the Presidency the following fechnique of menufacture has
been envolved.

A pit of convenient size say 192 feet X 6 feet X 3 {eet . should
be dug on high ground. The basic material 1s uniformly sand
loosely pub to a depth of 9 to 12 inches, and water iz avenly
sprinked till the whole of the material getsmoist, every part of the
heap should be carefully watered so that no portion remains
unmoist. This is the most important point in tha construction of
the heap. On wany occasions dry patches here and there are noted
as a result of imperfect watering, the nan:oist and untreated por-
tions rewain unaffected, while the moist and treated portion ros.

When the whole ‘material is thus moistened. 1 to 2 Ib of
fine bonemieal is evenly broadcasted and over fhis a very thin
suspension of cattle dung say 10 to 20 lbs. moist dung in 5
to 10 gallons of water is applied, taking care that this gets
into every part of the material. A second layer of the basic
material is now put on the first layer, moistened and treated
&5 before. Thus the wholé of the material is disposed of ll a
depth of 6 to 9 feet is reached when the heap is mud pIastered
After fermentation has proceeded semi aerobically for 4 to 6 weeks
depending upon the nature of the material, the plaster is removed
s0 that serobic fermentation may proceed. If at the fime the heap
is found fo have sunk unevenly, it indicates that in the unsunk
portions there has been non-fermentafion due to lack of moisture.
To correct the defect fermmenting material may be forked once,
pecessary water added and the heap left fo ferment. Forking is
done with a view to loosen the material and thus to secure almost
free entry of air. Moreovera thorough wixing of the material by
forking helps quicker fernientation of the unfermented portion
by supplying the necessary woisture; for fermented inaterial is
capmhle of retaining more moisture than unfermented material and
gives it up when needed. . After memg, the material may be
thickly mulched with straw : to prevent rapid loss of woisttre due
bo evagoration, In about 3 o 4 wonths, the raw material reaches



418

g stage when it conld be used as manure. 'This is so with soft
matberials buf tongher stuff requires 6 months to one year to reach
the proper stage. Thus the time of fermentation required for
complete disinteggation depends solely on the nature of the basic
material used.

All the weeds collected from fields could be used for theabove
purpose and almost any fermentable organic matter dry or green
which is otherwise unfit for use barring the highly lignified tissues

| 2an with advantage he converted into the much needed organic
ivanure with very little cost, since the process of manufacture
needs no materials that are not ordinarily obtained on an ordinary
farm. Thus the enltivator is able to increase his stock of organic
manure and by its application envich his fields.

#*Summary.

The sources of natural supply of manures having been gefting
less and less with the increase 'of population and exiension of
cultivation. the necessity for making good the deficiency arose.

Richards and Hutchinson of Rothamsted began researches in
-thig direction and came to the conclusion that all organic matter
laigely being wasted on farme could be converted into good
manure similar in qualities to the farm yard manure by the adop-
tion of certain processes chiefly by confrolling decomposition of
orzanic matter. '

Hutchinson, making parellal experiments in India concluded
that fermented organic matter proved a better substitute for farm
vard manure than unfermented waterial.

Following the lead thns given by the invesiigations at
Rothamsted and by Mr. Hutchinson, o series of experiments were
conducted in Madras, using cane trash and prickly pear {cactus) as
maberial and cowdung as starber with the addition of a phosphate
o & invigorator in the process,

And the processes evolved as suited {o local conditions have
been found out to.be to snbject the winterial lo zewi-aerobic con-
difions in the beginning end [all aerobie {i 0. permilting ol perlect
aeration) conditions later #¥o as to secure optiviunn fermentation
resulting In o good well rotlen manure possessing all the qualities
of farin yard manure. '

Any fermentable organic matter can be used barring snbsi-
ances which have highly woody (liznecus) tissue,

®Paper read at the M, A, 8, U. Conlerence in July 1928,



