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field tecbnique for measuring the starch content of leaves by de-
colourising, staining with iodine and compariag the colour developed
with a stardard tone sca.le. He showed that potassium sulphate
increased the mte oI starch production in potato leaves, while
muriate of potash and " potash salts " did not. The low rate of
starch production when the chlorides were given was associated
with a low rate oI starch removal. James(r) confirmed Maskell's
results. He also fouad that potassic fertilisers reduced the number
of leaves per plant, ard delayed their yellowing and death. The
chloride increased the area of individual leaflets, and this effect was
ascribable to an increased water-content. James(2) also studied the
changes with age in the distribution oI potassium in the plant. An
examilation(3) of the diumal changes of carbohydrate content
in the leaves of potato plants with varying supply of potassium
chloride showed that the absence of an effect of potassium chloride
on the rate of starch lol.mation was not due to the accumulation
of other products of photosyrrthesis. The sucrose content was
depressed in plants receiving potassium chloride, but only during
the mid<lle o{ the day. Reducing sugars were not affected. Some
evidence of a sudden shift in the starch, sugar balance at sunset
and sunrise was found, and this is being further investigated.

THE WORK OF THE FERMENTATION DEPARTMENT.
l9t3-r936.

E. HANNAToR-D Rrcn.r.nns

The name of this department is, perhaps, a little misleading.
Its work is not concerned with any of the fermentation industries,
such as brewing or the production of commercial solvents, although
agricultural science is directl_s interested in promoting the growth
of the raw materials of these industries. Rothamsted has, in fact,
made notable contributions in this field. Actua.llv the work of this
department has been mainlv directed toward.s tlie solution of two
distiact, but closely related, biochemical problems : (l) The making
and storing of farmyard manure both natural and artificial and
(2) the purification of the liquid wastes arisirg from certain indus-
rries diiectll' dependenr on agricuJture, such as beet-sugar and
milk factories.

The investigations on the latter problem have been carried out
for the Water Pollution Research Board of the Department of
Scientific and Industrial Research jointly with the Microbiolo$'
Department. They cover a period of ten vears (1927-1937) and are
not included in this report.

Several studies indirectly connected with one or other of the two
main divisions mentioned above will also be referred to in this
review.

The plots at Rothamsted receiting annual dressings of farmyard
manure retum in the crop onlv about one-third of the added nitro-
Sen. After allowing for loss bv drainage and the amount stored in

(1) w. O. Ja6-Am. Bot. XLIV, l?3-198, 1e30.
(2) \r-. O. Jd6-Ad. Bot. XLV,495-412, 1931.
(3) D. J. \trat o!-.{aa- Bot. L, 59-83, 1935.
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the soil, a considerable amount of nitrogen is still unaccounted ,or
and it was believed that part oI this, at any rate, might be evolved
as gas by biochemical changes ir the soil. As the quantities of nitro-
gen in soil are rather small for direct experiment a parallel case was
chosen where the biochemical decompositions are similar to those
in soil but the quantities ol nitrogen are relatively large. The
manure heap loses much nitrogen rmder certain conditions and
experiments on the nature and amomt of this loss might throw
Iitht on the soil problem. Farmyard manure is still by far the most
important fertiliser used in agriculture. Before the rvar the average
farmer made two tons of Iarmyard manure for every hundred-
weight of arti{icial manure purchased and he spent 2} times as much
on dung as on artificials. The position is not very diflerent to-day.
Accordingly the experiments were extended so as to give as much
information as possible on the storage and use of farmyard manure,
apart from the more academic enquiry arising from the loss o{
nitrogen in soil.

For a period oI Iive years a series of experiments was carried
out on several farms with different kinds of malure and in the
laboratory with its various constituents, both singly and in combina-
tion. The results of the practical trials confirmed the best farming
practice.

Shelter {rom rain and exclusion of air by compacting the heaP
gave the best yield of crops. Sunmer storage of manurc was always
wastelul and should be avoided if possible. (1)

The laboratory experiments were particularly concerned with the
charges in nitrogen content of the manure, or its constituents,
under aerobic and anaerobic conditions. The most imPortant
biochemical reaction when air was completely excluded was the
increase in ammonia derived from proteins. This change is Sreat\'
stimulated by a rise in temperature which must be supplied from
an external source since no heat is evolved under anaerobic condi
tions. No loss oI nitrogen was observed but there was a considerable
Ioss of dry matter as methane and carbon-dioxide.

The admission of air to the ma.nure heap brings about quite a
dif{erent series of changes. Ammonia disappears, the loss oI drr-
matter as carbon-dioxide is relativelv high and up to 50 per cent.
of the nitrogen may be lost. One important transformation was
observed in all the aerobic experiments in the laboratory but on the
large scale in heaps of horse manure onlv. This change is- now
recognised as the lmmobilisation of available nitrogen, chiefly b,y
tungi. \,Vhen straw and urine were strongl]' aerated for a month,
praiticaltv the whole of the nitrogen in the u.rine was converted
into protiin without loss of nitrogin. The proportion o[ straw to
ammoniacal or urine nitrogen was high but the Ereat signiticance
of this experiment, as will be seetr later, was not aPpreciated at the
time. We norv k.now that the reason Ior this irrununity from loss is
directll' associated with the C/N ratio of the original substances.

,rr -e.ffih@Frow*Fr
-nd FIlv-sDrins." toum- Irjn. ,\!r(, l9l{. \'ol. XXl. Dp.800 807. E. l. Russellrod E. H.
Ri.hard\_- Oniar;E.nd Sro DiFarnrard\rdrr-.',Joun.Roy.&ric.Se.l9l7,Vol.XVIL.
pp.1-36.
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Diflerences in this ratio and the more aerobic conditions of horse
manure heaps explain why no increase in protein was observed in
bullock and cow manure.

No malure heap can be made either perfectly aerobic or anaero-
bic; some air gets into the best compacted heap arld little or no air
into the centre of a loose heap but the conditions change greatly as
rotting proceeds. Nitrate may be formed in mamrre but it was
only Iouad in a loose heap urder cover. Ammonia can, of course,
be lost by volatilisation or by leaching but it was also fourd that
nitrogen is lost under partially aerobic conditions in the lorm of
nitrogen gas. In one experiment l0 per cent. of the original nitrogen
was lost in this way.(')

When working with horse manure notable amounts oI nitrogen
were, apparently, fixed from the atmosphere when the solid drop-
pings were fermented aerobically for periods oI about 28 days-
The increase in the original nitrogen of the faeces was sometimes as
much as 45 per cent. A mixed culture oI Azoloba.cler and. B.laclis
eercgenes, obtained from the soil inoculum used, was found to fix
nitrogen in starch solution and in suspensions of grouad straw.
Azolobacter alone\rould not grow on these media. Verv little nitrogen
was fixed by bullock faeces and none by cow faeces. Evidently the
digestive power of the animal and its diet control the quantity of
nitrogen fixed. Droppings from bullocks fed on grass fixed none
but when fed with cake, some nitrogen was fixed but much less than
by the faeces of the corn-fed horse.(3)

These experiments and the growing scarcity of manure from
town stables, as the motor vehicle replaced the horse as a means
of traction, led to an attempt to convert straw into an organic
fertiliser by biochemical means. Using the mixed culture mentioned
above and suftcient grouad chalk to keep the reaction alkalne,
straw chaff was rotted until it had lost about 25 per cent. of its d5'
matter. Tested in pot cultrues, and later on field plots, this " man-
ure " was found to give little increase of crop. Controls with
unfermented straw gave much lower crop yields than the untreated
soll. Actually some nitrogen had been Iixed and the furlural
yielding fraction oJ the straw was much reduced. We now know
that at least three times as much nitrogen is required to decompose
the carbohydrates of the straw and produce a real " artificial
farmyard manure " as could be fixed from the atmosphere by the
r.ixed. A zotobacter i..j'lltrores.

Shortly before the war Hutchinson and Clavton working in the
Bacteriological Department had begun a study o{ the cellulose
decomposing bacteria. The discovery of Sfirochaeta cytofhaga alj.d
its food requirernents revealed that the supply of available nitrogen
was the most important factor controlling the amount of cellulose
decomposed. In farmyard manure the necessary nitrogen is supptied
by the urine, usually in great excess of the amount which can be
assimilated and retained by the organisms found on the straw.

{2) E. J. Rusell ad E. H, Richards-" T!. Chda6 takiq plae duitrs the Srohs€ of Fatu-
,?id Mature." Jolm. As c. Sci. 1917, Vol. VIII., pp. 495-563.

(3) E. H. Ricbards-" ah€ Fix.tion of Nitros€n in Fae6." Jo@. Asric. Sci. 1917, vol.
VIII. pp. ,99-;11.
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Many forms of nitrogen were tested and all were found capable oI
rottint straw but some were less suitable than others. Besides
nitrogen the other factors necessary to secure a rapid breakdown
of the strav/ are (I) a moisture content of about 75 per cent. (2) air
supply and (3) alkaline or neutral reaction. It was observed that
ammonium carbonate was the best form of nitrogen for the purpose.
Ammonium sulphate quickly developed an acid reaction which
checked Iurther action. Sodium nitrate promoted vigorous decom-
position but much nitrogen was always lost.(r)

By far the most important information gained in this work,
carried out jointly with the Bacteriological Department, was the
discovery of the quantitative relationship between the cellulosic
substance e.9., straw, and the amount of nitrogen which can be
immobilised as organic nitrogen and held without loss, not only in
bottles in the laboratory, but in marure heaps exposed to the
weather. The amount ol nitrogen held by 100 parts oI plant material
varies from 0.1 to 1.3 parts. This figure, or " nitrogen factor," has
proved useful in many ways. For cereal straws it is close to 0.75
part. By using the information obtained in these experiments the
dung-making capacity of a given number oI stock can be consider-
ably increased and the loss of nitrogen in making and storing manure
reduced to a minimum.

The quantitative relation of available nitrogen to carbohydrate
decomposed was first disclosed in 1919, and a definition of the com-
position of the plant material if it is to make a satisfactory manure
in 1924.(5) The latter problem has been the subject of much subse-
quent investigation.

The only serious obstacle to the production of well-rotted com-
post on the large scale rvas the reluctance oI straw to take up the
essential amount of rvater. In the early trials many partial failures
were due to this cause. Even today when long experience has made
the process as reliable as most other Iam! operations, the water
problem remains a difficulty in many cases.

Directions for the making of compost are found in the earliest
writings on agricultural practice. The Chinese in particular lvere
experts in this branch long before the beginning of European
cMlisation. The value of materials rich in nitrogen e.g., animal or
fish waste and canal mud, as accelerators of cellulose decomposition,
ras well known. Onlv the absence of control by chemical analysis
and supplies of artificial nitrogen and other compounds prevented
these ancient farmers {rom making artificial Iarmyard manure as
known to-day. The modern interest in this subject dates from the
publication oI the Rothamsted work in 1921. Since then a con-
siderable literature, comprising rnany hundreds of papers on the
theoretical or practical aspects of cellulose decomposition, has grown
up. Some of the more important references will be found in the
bulletin on " Organic Manures " published b5.'the Imperial Bureau
o{ Soil Science at Rothamsted. (6)

(4) H- B. Hutcbi@D ard E. H. Fjchard.-'' A.titici.l Faru,zrd U&@." JoEfu lO!.
Agric. 1911, Vol. XXVIIL, pp. 3S8-4U-

(5) B.P. N6. rt887.ad ,rgt84.
(6) S. H. J.!LiB-" Oiruic lt Dur6 ". T@tdc.l CoEDoicatio! No- 3t. lop.dal Bullr! oi

Soil Scier@. 1935.
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One interesting application of the study oI the Iermentative
changes of nitrogen arrd carbon is the possibility of recovering for
use as manure the very dilute ammonia in domestic seuage. A trial
on the practical scale at Wainfleet, Lincs., for a period of one vear
proved very successful. When 2 lbs. oI straw per head oI population
per day can be supplied to the filter plant about 80 p€r cent. of the
nitrogen in solution in the seurage can be recovered. The resulting
manure was of the highest quality and gave crops as good as the
best farmyard manure. Unfortunately strarv is rarely available in
quartity near sewage disposal works so that little use has been made
of this modification of the process.(?)

-A.s a result oI the widespread interest in the discoven', often
exaggerated, that waste materials of many kinds could be converted
into artificial farmyard manure, rrranl. enquiries and samples of
vegetable residues were received from ilt Ejrts of the world-par-
ticularly from the Tropics. Failing any proved method of decidinR
by chemical analysis whether these materials were likeiy ro bi
siitable or not, eich sample was tested by experimental r&ting in
al incubator {or one month. Observation of its behaviour and analv-
sis of the end product enabled an answer to be sent to the enquirtr
which must have saved manv useless trials on the large scale.

The biochemical studies irl the laboratory as well as the practical
trials on farms have received substantial financial suooon from
Lord Iveagh throughout the Friod of 23 vears.nrr"r'& by thi.
review. His p€rsonal interest in the laboratory studies and the
facilities he provided for large scale experiment have ensured the
success of the work. In order to prove the possibilit), of making
artificial farmyard manure on the large scale, Lord Elveden, as hi
then was, founded the organisation now loronn as Adco Ltd., for
the commercial development of the process. (8)

The difrculties referred to above have prevented its general
adoption on_arable Iarms but in horticulture and tropical agriculture
the name -\dco is now well known all over the world_ Thecomnanr.
does not trade for private profit : anv surplus is usert for the bdn"fit
of agricultural research.

Th€ fact that a high proportion of digestible carbohydrate and
a- small amount of lignin were favourable to rapid rotting was dis-
closed in the seco,nd Adco specification, as alreidy mentioned, but
it $'as not untii later that the composition of piant materials in
relation to their resistance to decomposition was siriously studied.
- The claim that in ripe plant malerials pentosans (hemicellulose)
lorm the most important food for micro-organisms has not been
entirely upheld by subsequent work.(e) It is however, true that this
fraction is among the first to be attacked and is a vert. suitable food
for fungi which are particularly acti\.e in the earlier stages of break-
down. Bacteria alone. unaided by furgi, were shown to be relativeh
slow rotting agents. Fungi alone, in fact, did practicalh. all that
could be done in this wal'bv a complete soil flora.

_ (_7)_B. H:.E!c!ird! !!4 U. c. w*r*., su"l rirtu- r- s"*[ p*u;ioL, p.-. r*
C@J. IElt. Civll EDa. resr, Scc. VL

(E) JoEm. Uir. A8ric. r9rr, Vol. XxvIII., pp. 961,e62.
(s) R,D. R.gF" Bidh.mi.at DecoDpo6ition oI Calutci. MalrnJtr.. Aho.Appt.Biot.r92;

Vol. XIV., pD. l-,13,
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In a series oI papers by a specially qualified bio-chemist who
worked for a time h the Fermentation and Mycology Departments
the whole field of biological decomposition of plant materials uader
aerobic conditions has been envisaged. (10) Cellulose is now shown to
be the chiel source of carbonaceous food or energy material for the
organisms- Lignin was found to be the resistant factor, thus con-
{irming the earlier views on this point. An improved formula or
ratio for predicting the " decomposability" of plant materials was
put forward and found to agree well with experimental results.

Since the amount of nitrogen required to convert waste vegeta-
tion into artificial farmyard manure is of considerable economic
importance, a quick method of calculating the " nitrogen factor " is
much io be desired. Unfonunately it has not been Ibund possible
to suggest a formula in terms of the constituents ofthe plant material.
Each value must be determined bv experirnent. A new term, "nitro-
gen equivalent", is suggested as i mlasute of the efficienc]' of the
organism or mixed flora effecting the decomposition. This figure
relates the amount of organic matter removed to nitrogen immo-
bilised. fr;

The anatltical dificulties associated with these studies have led
to seyeral improvements in the methods of estimating the various
constituents of plant materials. Cellulose and lignin have received
much attention. The former can norv be determined accwatelv bt'
a comparativeiy simple method. (rr)

The determination of lignin is subject to disturbance by the
presence of certain carbohydrates and proteins in the plant material
under examination. Methods for reducing the errors so caused have
been described.(13)

These improved methods of analysis have been used to examine
the cornposition of the growing crop. The changes in the structural
constituents of the barley plant during growth have been followed
from the seedling stage to maturity. Follou'ing an initia.l increase
both ash and protein showed a steady fall with the age of the plant.
Cellulose increased from 30 to 53 per cent. while ligrin also increascd
steadily until the last week of growth. (1a)

The biochemistry of certain constituents of plant materials not
concerned directly with their agricultural importance, especiallv

(I0) A. G. Norme-_ The Bioloeical Deompositionof Platrt Uaterials." I...'theltatureard
O@tilr ol tbe Fufualdebyde yielditrs subsran.E nr Srd6." Biohem. lourD. 1929, \'ol.
XXIIL, pp. 1353-t366, II. 'Tbe Rolp of lnp Futturrld.h!.de rieldios Subliato6 io rh? Dr
composirion of Stras." Bi@h@. Journ. 1929, Vol. XXIII., pp. 1367-1384.

(11) A. C. NoM-rV. " Ihe Bi@bemical Activiti6 on Stra{s or eme (,euulce{eoDp6ins
FuBl." AD, Appli, Biol. 193t, \'ol. Xl'llI, pp.244-259. E. H, kr.hardr and .{. (,.:t{odufu .\'.
" Sooe FactoB Dft.minitrg ti. Ol@tity o, Nirrosea lEmobitiscd duritrA DecoDD6iuon. '
Bi@ieo, Jo@. 1931, Vol. XXV,, pp. 1769.I;78, IV. " Tle EIIFt ol H!d,os.h ton Coo.pnlrr-
riotroo tbe Rate of Imobitisatio! oI Nitrose! bySrras." Bi*hu, lou'n. t93t.\'ot, \Xl.. oD,
1779-1737. VII. " Tle :\ilue of lbe Reidual Hrmi(cUd6 oI Rored Srrarv " Bidi;n,
Jorr. tgA2, 1ol. XXVI., pp.57t-571.

l12l S.H. lFDtiIr_ The DeterDiurion ot l!l|dc itr SiraE- " BrfrIetu lotrrD l!:lu \,ol
\XlV.,pp, l418-113r. A. G.liormaD dd S. H, Jeokir" A lieq ltp&od ror tlie Drr"rmin,rio,,
of C€Xulos., ba:€d upoD obsMtioDs oD th. removJ of Usnro ad orher EDctulins Matprials. '
BieD@. Jom. 1933, vol. XXVIL, pp. rti-S3r. " LisniD Contctrr ot Celtut6a Produrt(.'
Nat@ 1933, !'ol. CXXXI.,p. ?29.

113) A.G.NoddadS. H.J{LiE-'TheDct rDinatioD ot LiBDin_ I. ErorsiDrrodued
by ibe p@ce of enair Carbotrdral6," Biqheo.Jom.l93{,1ol,XX!tll,pp.?I{i,2t59
lI. 'EtuE itrtrodu@d bvrhepr*n,.ol ProteE," Bicbem. Joum. 193t, 1ol,XX\'tt.pp,
,160-?168_

{U) A. G. No@n-' PrcliEidr lov6riHruon oI rbe D.wtoDDeDt of Stmrurat (onsti-
rurDh in th. Aa.ley Plur. ' Joun. {grj.. S.j. 19t3, Vol. XXIIL, pD.2tG-r3?.
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$ms-Ambic and Tragacaath, has been
Biochemistry Departrnent, Birmingham

The Iate of 6reen manures in soil is a problem of special interest
in view of the anomalous results obtained for many years past in the
classical experiments at Woburn. One aspect of this problem was
studied by determining the changes in the various plant constituents
when buried in Woburn soil. Young tares, youag and mature mustard
and sugar-beet tops were all tested b1, methods similar to those
used Ior decomposition studies lz ullzo. The order oI deomposition
of the constituents was also similar; hemi-cellulose ald cellulose
accounted Ior most of the loss of organic matter obsewed. The
speed of rotting varies directly with the C/N ratio so lhat ]'oung
materials with abundance o{ nitrogen decay more quickly than
mature tissue. For the same reason young tissues are liable to lose
nitrogen; in the absence of sufficient carbohydrate to immobilise
the excess, nitrates accumulate and are washed out of the soil unless
they are utilised immediately by a growing crop. A method of
determining cellulose in soil rvas devised to suit the conditions o{
these experiments. The fertilisirg value of the three young plant
materials was also tested both by pot cultures and by the use of beet
tops in field plots. AII three manures gave increases of both Srain
and straw in a barley crop. The best yield was obtained when the
beet tops were buried at once in the soil. If composted or allowed to
lie on the soil surface before digging in, the yield wasreduced. In other
words the crop is controlled by the amount of nitrogen in the green
manure as turned under.(16) These results are in agreement with
the well established mles for the makirg of compost from mixed
refuse first put forward by W. Auton after considerable experience
in the making of artificial farmyard manure as described earlier in
this review. If straw or leaves had been mixed with the composted
sugar-beet tops there would almost certainly have been little or no
loss of nitrogen.

It has long been observed that straw in some manure heaps
becomes sticky as it rots ; in other heaps no adhesive properties are
apparent. The production of mucus in artificiallv rotted straw was
investigated and the degree of stickiness measured by a physical
test similar to that used for testing the sarne property in soils. If the
straw is rotted with a mixed natural flora, the stickiness is controlled
by the reaction of the final product. An alkalinity as high as y'H
9.5-10.0 and the presence of much furgal tissue gave the maximum
adhesion values. The addition of alkali to a neutral end product
increased the stickiness. Biological control of the decomposition of
sterile straw with cultures of various fungi and bacteria singly and
in various combinations was also attempted. Most mucus was

{15r A.C-\oman. 'Tbe(heDi.alConstilurio! o, the Cums. I. The\rlureofCuhArabic
dod th; Bicbrmndl ( lNfr alroD oi lhc Cuns" Bimhcm. Jouro, lg2g, Vol. XX I I I., pp.5:{-535.
ll. 'Tr"s4drbio Tbp Solubl€ CotrsLiruedr ol Cum T,csacanLb. Aiobem. Jouro, 1931. Vol,
XX\',, Dp.200 201. "The Biqheoistry of P{trD.i $rcnie ProBrs 1929,91.,pp.26r-2t9;
A,C,NoimanaDdJ,T.rlarlin .'Srudidoo Peti!. V. Tb.HydrolvsisofPtulin.' Br@IcE,
JoM. 1930, Vol. XXll:., pp. 6{9-660.

(16, l. A. Dari-" Tle DecoDpGiliotr ol Creo MdurB itr Soil," JourD. Asri., S.i. 1931
Vol:XXlV..DD. I5-r?, "Tbe Ferrilisitre Valu" oI Grd llanurB Rotted under Drf,FreDt C.o-
dirio6.'JourD,Am,s6.furon-I93{,vol.XXlv.,pp,,1G6-,lTS, " Ihe DeleriDalior ol ceuu.
r.ein Soil." BieheE. Jouro.l912, Vol, XXVL,pp. 1275-1r80.
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produced by the action of fungus fo[owed bv bacteria. (1?)
When strawy unrotted farmyard manure is apptied to a ioii

containing a reserve of nitrate the organisms have i choice of using
either the ammoniacal nitrogen in tf,e urine-saturated straw or o"I
cauint on the soil nitrate. In order ro see if any preference was
shown for either form of nitrogen exp€riments wdre made witb
various combinations of ammoniacal and nitric nitrosen in contact
with moist straw. With equal initial concentrations un'der conditions
favourable for decomposition there is a definite preference in the
earlier stages of breakdovm for ammonia rather ihan for nitrate.
\{hen.nitrate is present, even in small proportion, there is always
some loss of nitrogen. (u)

\\hen the nitrogen changes durins the anaerobic decomDosition
of farmvard m_anure were belng studi-ed small amounts of hirdrosen
ga< were found as well as much larger quantities of carbon "dioxlde
arrd metbane. Subsequently Rothamsled was asked bv a Govern-
ment Department to report on the @ssibilitv of oroducins hvdroeen
by fermentation on a large scale in- the Troiics ri,here walte"veei"-
tion was abundant but facililies for the maiufacture of hvdroee; bv
chemical processes were lacking. Accordinelr exoeririents" werl
carried out with wheat straw and Nile Sudd fe"rmented anaerobicalh.
at different temlxratures under both acid and neutral or alkalin"e
conditions. The ma-ximum yield of gas, -1,4O0 cubic feet Der ton of
straw and 9,360 cubic feet per ton of Sudd, were obtained ai temoera-
tures of bet\yeen 35" and 40'C., in the presence ol some avai'lable
nitrogen compound under slightly alkatine conditions. Little or no
hydrogen was produced in thii wav. Bv makins the medium
definitelv acid the proportion of hydrogen was sreatli increased but
the total.yield of g_as was so reduced that no coirmeriial application
was Ieasible. (r0) Gas derived from cow manure was, howiver, used
on the large _scale at P5,'rford Court, Woking, wheie the kitchens
were supplied with gas for cooking Irom this iource for many years
in the absence of any public supply at that time. Unfortunaielv the
yield of gas depends on the miinienance of the optimum temiera-
ture so that in winter it is necessary to heat the digesters by coke
or other fuel thus making the procesi uneconomic.

Altough the decomposition of plant residues in the soil occurs
normally rmder conditions which ara mainly aerobic, in the cultiva-
tion of swamp rice in India and China many changes in the soil are
brought about by micro-organisms acting in the lresence of small
amount of air. Under anaerobic conditions rice siraw decomooses
in two stages: (I) the formation of organic acids, acetic and britwic
acid.ard (2) the conversion oI these into gaseous products, car"bon
dioxide a-nd methane, The nitrogen re(uirement {or anaerobic
digestion is low, only about one seventh of the aerobic nitrosen factor
for the same material. Just as with aerobic experiments in"oculation
proved no advantage. The organisms are presint on the straw and

(17) J. G. ShlikrlaodF" The Production ot Mucus duiE rtrr Deconcirion 6r pr.n,
xalEials." Biocte@. Joum. te33, v"t. xxvrr.. ;D. l'oj-riil_--rr. o-?-ir-ii#rrii,riiliIuufts e@or.d by lbe ue ol HydrogFtr Perorida.', Soil*i. r95t, Voi XXXV., De. ttt-229,
. .(18) 8.. H..Richarals aEdJ. c. sbrikba!d.-.. Tb. prererdrial UrjtisatioD ot Ditf.rr FolcolMrguicNitrogEiathcDqoopcirrotrofPl&rMat.riels.,,SoilSli4cel0g6,Vot.XXXfX.,

,D.l-8.
(19) Richar& and Am@r. (rcro). Uopubrisbed dara.

F
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srov, vieorouslv at a temperature oI 30-35'C., 1H 7. 80, and a

iioh *"i"..orrt"nt of aboui t0 to I of straw. The loss of dry matter
isieduced bv exclusion of air and much of the linal organic nitrogen
is soluble in'water. The irdividual Ioss of the constituents of a wide
range of plant materials was found to depend. on their. nitrogen
conient. Materials rich in nitrogen, as grass cuttlngs, produce more
butvric acid and methane than iipe cereal straws or bracken. Cellu-
lose" and bemiceUulose are the main constituents to suffer loss'
Lierin is onlv slowlv fermented and a large proportion of lhis com-
po"und in thjorigin;l material inhibits the decomPosition of proteir
lnd other constiiuents. A new method for determining carbon and
ni{rosen in the same sample of solid residue or extract was de1'lsecl

ana t"esreO on a number bf soils, plant materials and proteils' In
the course of this work it was found that the decomposition of
nitrosen comDourds bv chromic acid is closelv related to their
;il;il;.'il;;;uitai.". i,",ri"g d'eir nitrogen"atoms attached 1o

di{ferent carbon atoms yield a theoretical recovery of,nitrogen, while
at the other extreme 

-compounds like hldrazine derivatives lost

almost the whole of their nifrogen as elementary nitrogen. (2o)

Se@ase disbosal and agricullute.
Fir rhdfirst fourtein vears of this cent ury the problems of sewage

rlisoosal were under consiart investigation by the Iddesleigh Royal
Coirmission. Field trials on ihe fertilising value o{ various kinds of
sewage sludge were carried out for the Commission at Rothamsted.
amoi'e otheicentres, on two occasions. The anaerobically produced

sludeJs of those days were of little value as plant food although
the;dded some organic matter to the soil.

in 1934 an enquiry by the Ministry of Agricutture lrom 85 local
authorities indicaied-thit the position has cbanged little in this
resoect during the oast thirtV Veis. There are signs, bowever, that the
coriroostine o"f sewige sludge with selected garbage from dustbins is
bein's tried" bv som6 enterprising towns. There is no doubt that a
poodorearic iertiliser can be made in this way. (rr)" Furtier experiments were made at Rothamsted {or the Ministry
of Aericulture'in I9l9-I920 to see it the newer aerobic process for
mlrif"vine sewage bv activated sludge recovered more of the nitrogen
ihan'the"otber"meihods; what was the source of the high nitrogen
content of activated sludge and was this nitrogen in a form available
as olant {ood ? The results showed that much more nitrogen was

rec6vered in activated sludge than in either Precipitation or sePtic

tank sludses. that I his extrinitrogen came from the ammonia in the
sewase. n"ot from the atmosphere as had been suggested by some

work"eri, and that the availabilily of the nitrogen in tbe dried sJudge

was comparable with that in niirate of soda. Field trials with wet

t?01 c N- Achdrvd-_ studiE oo the Anarcbi" D-oDpciLion oI Pla^t Materials --I---Th"
e".l"1i,li d-i,ii'-'iii- .i-nli:sr."* toir- *ri"") " qi(heo Jo@ rc35 

^vor' 4XIII'
;; i;a-;tl 1r. r so@ Facrore lnlueocing rrre An#.obic DFobp6jriotr or Kie-suaI (utyz.
I;ri""\ " Bi* h"m. Iom. 1935. vol. XXlx pp. 953_960. III. " coDparrco or lbJ @llr or
n;^;*r,r"".1 Ri.. straE ioder A@ro6ic. Ac.obil d Particll( Aerobrc ('e!uoos'
fiil&?fililjil'.. isiif "i. 

iilx.;;.i t6- a'ro. rv rbe DecomPciiio! o' Prut subst@'6
;ii;;'1ili6;;;,G"." biiJ"niljou-. rsra.vot. xxrx Pp r4ti'r{c7 ' Dete@iDarion"ol
Laiiii,iaiiii,ii:i ulu",i'Liooor ti--i"e"ia -dPr redudd pesule," BiGt@ Joum re36
'-o ""-x;:;;-i;i.tt I - s t ructuF i n relalio! ro chr omic ot idatioD o' N i (oseDous substecB ' '

ii,lj-ii,'ii-i'"i,1"- lse6. vol. xxx.. De 1026'1032. 'stru'Lue dd otidaGo! ol Niltosetoc
SEbsra.6: Naluc, 1935, Vol. CXXXVI., p. 614

".,!*Lfi: 
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activated sludge on tne Rothamsted farm gave good yields with hay,
potatoes and barley but the eflects were less uniform than v/ith the
dried sludge testedin pots. (rr)

Rqinuater and Drai aee Water.

- In the early hi.torir of Rotharnsted much alrention was paid to
the composition of rainwater as a source of nitrogen for plant liIe.
Frorn 1877 to 1916 the aaalytical work was done fiist by Warington
and then by Miller. The latter lelt many years of accurnulated data
for rainlall and draiaage water from the famous drain gauges at
Rothamsted. These figures were collected and published shortly
after Dr. Ililler's death which prevent ed the completion of his pro-
jected monograph on this subiect. Besides the beterminarion3 of
nitrogen as ammonia and nitrate and also of chloride made renrlarlv
for many years, the content of dissolved oxygen in rainwatir wai
measured in l9l5 and 1918. No great changes were noted in the
average composition oI the rairr falling at Rothamsted. The tend-
ency for both nitrate ard chlorine to rise has continued over the last
period of these observations. It was suggested that changes ill
domestic and industrial consumption of fuels might put more nitric
and less ammoniacal nitrogen into the atmosphere. Dissolved
oxvgen plays a leading part in lhe biological actMties of the soii
ard is essential for the root aeration of grolving crops. In winter,
rain is nearly saturated vrith ox:Fgen but in summer, when its tem-
perature is above l5'C., the dissolved oxvgen is always below satura-
tion, sometimes as much as 25 per cent.

The loss of nitrogen from uncropped soil by the action oI rain was
studied simultaneously with the composition of rain so that a
balance could be struck after a period ol47 years. The accuracy of
the data was checked by the chloride Iigures {or rain and drainage
water. The slow loss of nitrogen as nitrate ranges from 40 lbs, at
the start to 2l lbs. per acre at the end of the 47 year period. At this
rate it would take about 20O years to exhaust all the nitrogen from
uncropped and unmanured soil. There was no evidence of either
fixation or loss of gaseous nitrogen.(8)

(22j W. E, Br6chl.y dd E, H, Richar.ls JTbe Fdtilisinc Value of Sewase Slul86,''
Joum. Sd. Cbem, Iqd. 1920, Vol, XXXlX., pp. 1??T.182T; E. H. Rictreds dd G. C. Sacyer-
" Furte! Erp.ri,fuls wiln 

^cdvated 
Slu&e.' Jo!m. Sq. Che@. lnd. 192r, Vol. XLl., Dp.

62T-17T.
(rr) E. J. Rusll ed E. H. RichudF" Tbe do@i &d CooDGiti@ ol Rain Falliis at

RotbaGtcd." lourD. A.qric. Sci. l919,Vol, 1X.,DD,309-33?.'TheWaslitrsoutotNirrlt.t"
DrajnagF lvaler froE Uncropped tud Uooeu.d lad. ' Jo@. Asiri.. Sci. 1919., Vol, X.
pp.22.{3', E. H. tuclartl"- Di$lved Orygtn in Raiavater." Iom. Agric. Sci 19t7, Vol
VUI., pp. 331-33?.
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