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obtained with the ordinary implements. It is, however, much looser,
and the methods for dealing with this new condition and turning it to
advantage are still being uorked out. In ttre early stages of groiyth a
rotary cultivation tilth is superior to the normal fi,pe : germination
and early growth are both better, and although ihe a"dvantase is
usually lost bv harvest time, tie iinal yields ari usually as so;d as
those given h}' normal cultivations. This rcsult is obtainid in ipite of
the extra weediness of rotary cultivated plots, which is probibly a
consequence of the action oI thc rotating tines. The wced seeds ire
distributed throughout ttre depth of cultivation whereas the normal
methods encourage germination only in the thin surface layer, where
hoeing can easily deal with tlrem.

If these technical &frculties of rotary cultivation can be overcome,
ttre way is clear for an appreciable reduction in the heavy costs of
cultilations that the arable farmer must {ace. The lield eioeriments
are therefore being actively continued.

THE CHEMISTRY OF SOIIS AND FERTILISERS
E. M. CnowrxBn

'The_ 
-general-object oI the work o{ the Chemistry Department

under Mr. H. J. Page, from lg20 to 1927, and sinie thin under
the nriter. has been t}le study of tbe chemical aspects of
soil fortility and soil Iormation. In recent years most of tle inves-
tigations have dealt with material provided bv field exoeriments at
Rottramsted, \\'obum and commcriial farms irn which lield exoeri-
meDts are conducted by the Rothamstcd staff or local asricdtual
oftcers. Several soil investigatlons have also been carri-ed out on
overseas soils, especially frr-rm the tropics.

One of the most urgent problems is to devise better methods of
obtaining precise agricultural information on soil fertiliw and. croD
nutntion. Much of the work oI the Department is, therefoie, devotei
to improving the methods of field experimentatron, esoeciallv on
fenilisers, and to supplementing the crude yields bv analvses oi the
crops. SoiJs from the cxperimental centres are analvsed bir a varietv
of chemical mettrods to ascertain how far the reiults oi chemica"l
analyres, agree with the agricultural experience expressed in the
results of the Iicld trials. The soils of the tone-continuld eneriments
at Rothamsted and Wobum are studied to measure the curnulative
secondary effccts oI fertilisers. Systematic samplings and analvses
on these classical plots and on those of some of the coriplex replicited
experiments are made Ior periods of a few years to fol6w the ieasonal
cycles in some of the main factors in soil ferti-titv. Itluch of ttre
laboratory work involves paratlel investigations rn tbe pot culture
house.

Sorr Corrotos AND IoNIc EXCEANGE
It is now generally recognised that the amormts and comtrnsition

of the soil colloids and the exchangeable ions associated wiih them
are vital factors in dctermining the physical and chemical properties
of soils and,the availability of plant nutrients.(r) The first invistiga-
tions on exchangeable bases were made on the soils of the Broadbilk

(r) H.J. Pase-" Tt. Natur. oI SorlAcidire." Trals. II Co6o- trt. sc- soit sci.. vot 
^CF!., 1926, Dp, ,lr-r/t{ ; C. E. IlaBharl r'Sou; Renr R.:grcts oo Soil Couoits. A iReviir-i,

Jo@. A8ri. Sci.,l0r?, VoL XVII, pp. !rt-35r,
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continuous wheat plots. a!S! oo 3-" 
"o"rrrf 

soils which had beenIlogled,by sea..wat'.er.(r)- The stuclv of the'Jii;;U"id" ;;;;".i;""
senes or rnvesttgltons between lg2l and lW, on the niture andorgrn ol t"he.humrc material. (3) Thb was shown tobe derived fr<.m ther€nrn constrtue l- o, planta by condensation with protein. Soits inwnrflr wrOely dtferent carbon contents had been iroduced bv cul_tural and manurial treatments had hnmic ;i"f.J. ;;h ;i;i;similar compositions and proDerties.

.--^Y^rlk,:l^_tr:._.gmposiiiou. of .the ilorganic soil colloids or ctayrracuon Degan wtn an examination of earlier American data.({) Iiwas 
-shown that the ratio of silica to atumina in the ;iaiI;;;,I"X

a-s- the rainfall increased and rose as t"-p";il;l;;;;,' il;relative _rates were such that for similar p&*i _-.t"riA-. iJ"iti itsilica: alumina ratios are for:ad when .ri *;";;;-;;;;;;;
temperature of l"C. is accompanied ty an increase oi i;;. ;r;;annual ramtal. -t or constant clmatic colditions the silica : aluminaratio w-as greater on soils from parent materials wfriifr fraa
been subjected to repeated reworki"g i" *.1"-A .i;#;;ild;f
statstrcal analysis was also applied to problems of soil distributionrn contrnental areas. More recently the chemical analysis o{ clavs
ha-q been simplitied by a method for the direci a"t"iri""ti.n-,"f
alumnrum. (i) lnvestigations of soils from Burma, I{alay, Nvasaland
ano other countnes have given ample additionat evidenci foi the mlethat hot wet.regions tend to have clays rich in iron and aluminium
whrle tbosc in -arid regions are rich-in silica_ It ha. b";'i;;;
howeve.r, that although soils oI the sarne type have similat clavs, thelauo ot_srllca to ajumtna or scsquioxides is not in itself a suificient
119* ol tl.: .9*ry.rition and, properties oI the soil. Thus, a pa.ir ofcontrasted but adjacent soils in a cotton experiment itation in
Nyasatand (an acid red loam and a neutral grey-brown soil withcarbonate accumulations in the lower horizdnsj had clavs withclosely similar silica-sesquioxide ratios. Furthci'fra;i";;i;"';;
cnaractensatlon o, clay fractions are required, and we are usiae a
senes oI physicochemical, mineralogicai and X_ray methods %r
these purposes.

flfl ffiflffi1i$i{ffilft tr$#*ffiTrery,ffi ',#"i

(t) S. P. Aiy.r-Ph.D. Th6i3, UDiveBity of rrulo!, lssl.

(2) H. J. Pase
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A serious error was detected in the standard quinhydrone method

for measuring soil reaction, and traced to the effects of readrty

il;il";;e* of manganese. (c) This was followed- up by- a study
of the amount and rate of solution oI tle excbangeable imd re:r(ury

reducible manEanese in soils on which oats in this couatry and tea rD

C,evlon showed-st'rnptoms of deficiency diseases. The work suggested

fh;;;ii;i"ith i.tidvely large t-ounts of manganes€ oxides may
vet contain verv little readily soluble manganese'
' Methods foi the determhation of the exchangeable bases atrd

aciditv (unsaturation) are being developed in suitable forms for
combi.'naiion with routine analyses for readily soluble plant nutrients'

CHANGES tN rur Sorrs oF LoNG CoNTTNUED FrELD TRIALS

The olots of Stackvard Field at Wobum were samp'led fully in
t92i on 'the completi<',n of fifty years of continuous experimentatiou
with fertilisers and crop rotations. The sampling was rePeated rn

igag, and samples weie available for a number of other years,

il-"f"ainn a few'of the earlier ones. Soil sa.mples from these plots
*"i" initl*d for (l) carbon, (2) nitrogen, (3) exchangeable bases,
(4,t soil riaction, i5l composition of clay fractions, to study the

ih'.ng.r on this ligLd and poorly buffered soil under a wide Yariety
of triatmmts.f)

Under coniinuous wheat and barley without farmyard manue'
orr"-ihird of th" soil organic matter was lost in fifty years ; farmlard
manure at the rate oi about 7 tons per acre Per annum merely

sufficed to maintain the original organic matter content' SuPer-

ohosDhate had no appreciable effect on the soil reaction or base

Ii"i*, uu* after fifty annual applications. From plots which had

been iendered almost infertile by sulphate of ammonia and then

subdivided for varying tlressings of lime, it was possible to show.that
tfie iate of loss of lime-tetl oft ripidty a-s the soil became progressively

more acid. An attempt was mide to assess the effects of nitrate of
ioa" and sulphate of ammonia on the lime status of the soil,

*a it **t concluded that, if lime were to be added periodically
to Leo tbe composition of thc soil and the crops with sulphate of
.--rii" similai to those with nitrate of soda, the amouat of
lime needed would be equivalent to both the nitric and the sulphuric

""ias 
oroduced bv the 6xidation of the sulphate of ammonia The

.or"pi.i.on rs compltcated, however, by the 
-cucumstance, 

which
is w;U iuustrated in recent pot exPeriments at Wobum, that Ditrate
of aod" h.. a much more potent effect on plants gro$n in v-ery acid

iori ttr." can be accounted for by the mere reduction of loss -of
calcium bv leaching. These Woburn data and similar ones on the
i"".iion, irit.og.n -and phosphoric acid contents of Rothamsted

^,,).;j.':l,.ii, iiii,J 'i i-"s- s... coD6. lDt.r. se. soil sci-, BudaF.t, 1e?e. Pt. 4., pD. t02_u 1i

"E$-..*E:r er*;' i"H:i? "J A"#L:*:" ff"'itrS3l"?f fr:'69ifi :1l3"fi:&J
II*11+.h: F,:. lt*tr;-i1'i*1"' gT 

^'11h"'9i""0"3x;,ii;li'"lJl;il'*,i;3i'i;;;;'.-."*i' ioh. ^gri 
sci., 1e3., vol. xxlv, Pp' 

'8-11

mqfiIi;#x*,ffi$rffi':$"ffiF'#,Fi{'tr-{*ffi 
.**
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cl,assical fields show wide irregularities between comparable olots
3-u9 empDasEe.. t-he darger of basing conclusions dn difierin;Derween unreplrcated plots. The ma.in diJferences in the carboncontents of tle Wobum plots prot.ed to be due to c"A f"afre-#and not to normal soil oiganic'matter.

" Ava[esre,, NurRrENrs; pEospEATE .Lxl poresn
In _spite of a vast output lrom many cou[tries of f)aDers onmethods for th-e estimation of fertilisei ;"q;r;;."b.j:il;;i

analysis oI sorls, comparatively Iitfle real'fiogress-ii{ il..t,t;made., mainly. because it has 
-rarely 

been idi6i; ;;r,rd#';sumclenr number o, precise field experiments to standardise themethods8. The factors involved are necessarilv so.or"rt* [ri fr.most that can be expected is to estabtish 
"rJ'Wi;i lililiilj;;rlPes oI tiumrn€_ and- soil conditions. proposed methods "must

con$anfly-be subJccted to critical trials and, irp to the present. theproDrcm. ot orgarusutg tlre necessarJr trials hai not bein seriouslvattacked. At Rothamsted, our rnain contribution to the suhieci
l,.s 9"9n l attempt 10 develop and, at the same time. to simo,lifurne recnnlque ot lreld. experimentation. Our current scheme bf "a

27 plot test embodrrng ail combinations 
"i 

*.o'.i"*f" ,.d't""iltl
oressrngs oi nrtrqlenous, phospbatic and potassic fertlisers oromisesro meer.the general requirements, It piovides a general s.urvev ofrne nurnent requrements of a given crop and soil;-it shows how,theresponse vanes wth the rate of dressing, tests the masnitude of
interactions. be-tween fertilisers, 

""d 
prouiter;.li' *tlffii,l ri fiierors ol a ot the pornts tested. The crop responses required toeslablish statistical significance are of aboutihe ;;; o;;I;;t.;whicb would be prolitabte to the grower. 

-- 
fi-;";.*;*d"i;;

recnnlque ,or a number of potato expariments, especiallv in fenlanrtsous, and tor. sugar- beet experiments in I9M and 1g35. We havealso arranged a senes of such experiments on over 1,000 acres ofcommercia.l rubber trees in Malaiua. rhe resurts 
-so-iii""""iilui"

ur tttis country have no,t merely'provided usefJ ;;G"i;; ,Arnvestgattons, but-, in addition, have brought out some rrnex*.i"a
results ot pracucat-lmportance. Thus on some black fenland soils-commonly beltcved only to require sulxrphosphate, we have hadrarte respon_ses to.both nitroten and potash. On the other hand-ln.a senesol expe_nments on sugar beet on farms normaltv rcceivinerelauvely healy dressings of fertilisers, we have obtained verv feri
responses to phosphate or potash. In selectine sitesioi;.h;i;;:
ments, lt has been our common experience that soils. choseri h.,farmers and beet Jactory agriculturists * p.";, ;;; il;";tiiprove ro De acrct and not necessarily deficient in nutrients bv cliemicilres6. lbe ,ew expenments already conducted suggest ihat therers room tor consrderable rmprovements in fertiliser Dractice hv
economy on some soils, and by more liberal manurins'on oth;rs. 

,
rhe sugar bee_t s€ries of experiments has so far faiied to provide

good corretatrons-between field respons€s and analyticat data. 6"""rI."rnere were very lew responses in the Iield. Duriig tle last two drysrunmers, the success- of sugar teet, wtreat La-"8;.";;;li
,,rlll"t. It!ili$i:';r rh' Pre'ot Po6iti@ o! trc u*'-;,!.;;J;;;=-;
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rooting crops emphasised the importance oI the deep subsoil, and
suggested that these crops obtain nutrients as well as *'ater from the
deeper soil horizons. Unfortunately, comparatively little is known
about the ellective root rante of our culti ted crops. During the
summer drcught of 1934, we sampled the soils of our sugar beet
experiments to four Ieet, and were able to divide them into groups
with and without subsoil water supplies, by comparing the Iield
moisture contents with those obtained when all soils were brought
artificially to comparabl.c degrees of moistnq<s in the laboratory.
The beets grown on moist subsoils gave much higher weights of tops
per unit of roots and less pure juices ; they also appeared to show
more response to superphosphate than those gronn on drier subsoils.
At Wobum, during 1934, the rate and depth of penetration of beet
roots were followed by automatic soil moisture manometers. The
roots descended from about 12 inches to 42 inches during July.
Towards the end of the season, Dr. Mann excavated and washed
out beet roots to a depth oI five feet in the soil.

SorL ORGANTc Marrrn eNo Cnop Rorerrox
The decomposition of crop residues, orgalic maaures and soil

organic matter has been followed in several series of field experi-
ments with the object of trying to relate the availability of soil
nitrogen to the nature of the readily oxidisable organic matter, and
to the gcneral soil conditions dul.int the interval between the forma-
tion and the utilisation oI the inorganic nitrogen.(r) The lirst problem
was the paradox of the Wobum green manure plots on which wheat
grown repeatedly after summer green manures deterioraied rapidly,
especially after tares.(10) It was shown t}rat the conditions in this
liglt soil favoured rapid decomposition of the crop residues and loss
of nitrate by leaching b.'fore it could be utilised by the wheat Plants
in the following spring. Subsequent work by Dr. Mann showed that
there are other, as yet unexplained,losses of nitrogen whenever green
manures are added to the soil long before the croP can utilise the
nitrate produced. Efficient green manuring requires the careful
timing of operations so that the absorPtion of available nitrogen
occuri soon after the incorporation of STeen manure material,

In a ley and fallow experiment at Rothamsted, the changes in
readily oxidisable organic matter were Iollowed by measuring the
end products of oxidation-{Or, NHr, NO"--rcn incubating soil
samples under optimal conditions in the laboratory.(u) Fallow
caused rapid losses of oxidisable carbon, and clover ley increased
nitri{iable nitrogen. Nitrates accumulated in the field during fallow
in summer and autumn, but were lost {rom t}te surface soil during
winter. In spite of this, the following wheat crops showed wide
yield differences (wheat after fallow being twice that after ryegrass).
These dilferences were correlated with the nitrate contents oI the

r 0 , E. ll. f row!b€r-' Soil Ors.lic Matler .Dd Crop Rol.tiotr." S@!d CoDlcr€le oo (.ttoD
crcFios Proble@, EDPir Cottoo GrcsilA CorPoratioD, r${, pp.3l$1r9.

Ir0r T. I- l,irctratrd&i-" Tt. Efldt of Su,@er Gr@ M.!Dt.o! ttr. All@nn.od NilBt
cdni.nts ol soil (.oDD€d lor \,lrnler Wb..t." JdE. Asti. Sci., !03l, Vol. XXI, pp,45&468i
E- rL Crcrttrrr atrd'L l, MlrchaDd&F ' Wilt.r rt china d th. U.trurial val@ of Gttd
\t,DllE .od Cr@ Rr.i.tu6 for \ i!t.r \iael." Jolm. A8ti. ScL, 1931, vol xxl, pD. {93_!16
E. lt{. Clorrler ;d H. H. M.m-" GreD MaDUiDA .trd ShFp FoldiEg oD Ligbt Lnd"-A!
Aa@ut of !h. Gr€D MaoutiDs ErDeritoll et th. WoblE E4.drEDizr ShdoD. l8e3'1033.
Joun. Roy. .{gri. So. B!4., r$3, Vol. XCIV, 9p. rt&16r.

(rr) E. R. Orclard-Ph.D. Th6is, Ultv.Eity oI LliloE, 1013.
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soil irl the previous summer. It seem.s necessary to conclude that inthe heary Rot}-amsted soil the nitrate wa;[il;;i;h;;ff; i"rne aurlunn and earty wrnter is stored in the structural units of the
!I9io,,: ll"ly ralls drai! away through the main cracks andcnanners, t ut the nrtrate is Iost much more slowly, and presumably
much of ij remains available to deeply .ooti"t .r-,i*; til i"if":iriisspring. It. seems -possible that UilJ t vp.ifr'""i. it "ti"'.t.i.." 

"rnitrate, artd possibly of other nutrients, li'"rU.oit, *itt *"X;;;?'i";
eo structures Tay :ewe to bridge the gulf between the pedologij,s
concem q_th. thc deeper horizons and the analyst,s usd of su"rface
:3mqres... .rt rs atmost impossible to determine bv direct exDeriment
the. deptl trom which plants absorb nutrients, bui it mav bj oossibleto.tnterpret the.elfects of changes in surlace nukients in ternl of t}leextent 01 subsorl storage.

Experiments on a slmthetic humic acid prepared from coal bv apatented process showed that the orgaric niiro[.en present had liitlenutritive value for crops. (rr) p..ilt"t 
"*xriln"n't.";,iilJ;;ro-ur solls rn pot cultures on barley and also in incubators in thelaboratory, gave closely concordait ,"rdt"; ;-rrss;;;;;-il; ;il"

11!ll!T ""* employed to compare tle rates oi-<lecomlposition of
organtc manures is satisfactorv

, . 
Up to the present, we have touna only inappreciable differences

between-tle rates of nitrilicatiou of tne st6w_affns-oirair;;;;;;"
favo 'led by market gardeners. and it seems -pr?U"tsr."it 

"iii"l.essentral -ment lles in tlleir physical state. Lumps and sranules
auow- onty stow attack, diffusion, a-nd leachiag, ina tn""y m.y,therefore, maintain moderate nitiate .on"u"diion. tii&*irlt
surf,ace and subsoil with less loss by leaching than occil?;;
readily soluble and diftusible salts.

Short period experiments on repeatedly mown gr:rss ard svste_
matic analSrses on t}Ie park Grass piors foi three v"'".r-.f,o*ua-if,"t
more- nitrqgen is present as ammonia ttran as iiirate i; ;;;l
gra-ssland sofu.(r!) Evidence was obtained to 

"ortir- an ofd__aa
somehm€s lorgotten-view that gmsses assimilate arnmonia directlvaod wrt-bout pnor nitrification. The rate of nitrification depend!in part 

-on thc soil reaction, but some p*t Cr*, .rii"-*iriif,'t "irecerved neither sulphate of ammonia nor lime have verv feeblenrtntymg powers. Low nitrification means that tbe ;vailable
nrtrogen- and, presumably, the gra.ss roots, tend to concentrate nearthe surlace.

. The decomposition of organic matter under the extreme conditionsol waterlogging, as in nce soils, was investigated. (r.) A deaminase was
extracted which r,rzs capatrle of splitting 

"if .r"rnoili. l, *.i"ilogt"J
solls ln the absence of liying organlsms.

T

^"Jll'}t.,"irrt9"il3l;i#i6i't'u@r 
or Nitrcseno* F 'tiri*B in cr.srr&d so,'"

m

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 8

&
TsE AVAILABILITY oF FERTILISERS

Studies on the behaviour of fertilisers may have immediate
practical walue and, in addition, may reveal important factors in
ioil fertility. Among the nitrogenous Iertilisers we have made
detailed studies on the decomposition of calcium cyanamide, which
undergoes a complex series of changes before its nitrogen becomes
available to plants. (16) It is commonly said to act more slowly than
sulphate of amrnonia, but the delay, especially in nitrification, occurs
after the cyanamide nitrogen has been converted into arnmonia.
This is not necessarily a disadv-antage, for arnmonia is less liable to
loss by leachiog, and, in addition, may be more rapidly available
than nitrate. In some pot culture experiments with barley on a
rich acid soil we invariably got better results Irom cyanamide, which
stopped nitrification, than from sulphate of arnmonia. The barley
plants with cyanamide tillered more rapidly, and appeared to utilise
ammonia nitrogen more rapidly than nitrate nitrogen. In field
practice the diflerences between nitrates and ammonia are often
ha-sked by the more rapid diffusion of the nitate through the soil.
\l'e havc obtained some evidence that cyanamide or dicyanodtamide
may be preferable to sulphate of ammonia for autumn dressings of
winter whe?t on heavy soil.

Basic slags have received detailed study in the Chemistry Depart-
ment, partly because the English slag problern is r:nique in the low
solubility of some of the materials, and partly because the proper
evaluation of slags called for an improved experimental technique,
especially on grassland. (lt Basic slags of less tlan 35 per cent.solu-
bility by the conventional Wagner citric acid test were shown to be
deiinitely less effective as sources of available phosphorus than those
of more than 75 per cent. citric solubiltlv. In a senes of six hay
trials and three repeated mowing trials at centres throughout En8-
land for four yea.rs, v/e measured the total lields of dry matter,
protein and phosphoric acid in the herbage from four phosphatic
fertilisers. Atl of the experiments Bave consistent results for the
recovery of the added phosphoric acid. High-soluble slags and
superphosphate gave similar recoveries : low-soluble sl€s provided
only iboui one-third as much phosphoric acid to the crops : on acid
soili mrnera.l phosphate was as good as hrgh-soluble slag, and on
neutral so s as bad as low soluble slag. In a limited number of
trials, it is difficult to distinguish sotl from climatic conditions.

116' strdies on C.LiuD CraMo,rdr." L E. lt. Crosther aod H- L Rrchads- 1'b.
D..;m;ir.on ol c ciu cdaDide in th. So .!d rrs Efr.crs otr GrmnarioD, liirrirl@tion .od
soil R;acrion." tom. Ari. scj.. 1932, vol. xxII, pp.300.3r{; II. B. K. $ut.rJi-" !tucrc
btoloEiol Asecra ot l{ilrifi@liotr iD Soils ud.r \.aried Enviro@rDlal CoDdirioDE. ' Jom. Agn.
s"i.is32-!;L XXII.oD.336-34;:III. H, L. Richardsotr, "Stor.se.Dd lti:irawith StrFrphos_
Dhai."l;uh.A6i.s.i.'.!,32\'ol.xxl.DD.3'{&367:lv.H.LRich.r.l5oD-"Theu*olC.LiuD
tvanaDid€ .nd brher }.b,G or NilloEti_oD Graes!.nd.' J Asri sci., 1934, vol. XxIv. PP.
ail-510 : H. L. Richardeo aDd E. v. Crcrrh.t- 'Th. Utiliqlioo oI Calci@ CEndid. io Pol
ii,it.-.i e"ii,ii'i"i'. t"*;. As;i. sci:. re3i. vol- xxv. pD. r3r-r60; H. L. &lci.rdso-"Field
Eftrim€nis on tb. ActioD ot CildEB CED.midG oD Citoiratiaa s{ds ed oo Cbarl6)< iq
Beil.v-" EmD-IourD- EDt. Arri.Vol.Iil. No.9.DD, 

'rl-,19, 
t936. E. M. CrcrthE- ' CobtEt._

tiw Ffuld lrials-of C.lciuni Cv.;.hide aad oih.r Nitro36ou F6tiliet! c Anble CFF". EEP.
Jour'Etpt. &ii., 1935, Vol, lll, pp, lzs-143.

116l R. G. W.r.E. C. T- cidiDqh.E .Dd H. J. Pes.-'Ttc ch.mi.trv of E.3ic Slas I. Th.
rr.d';in'iih ol Flm;n. in Bsi Slap." louE. A.r Sci.. 1925, Vol. XV. DD. 5l&5r8: A. w.
GrE -hill-" Ttte Avail.btlitv of PhGD,-bau. Feftrri*E .s shom bv aD E@ilatlotr oI tte So\
gi;htioa dd Pl5nt GrcFtlt."- Iouh. &ri. Sf,i,. 1130. Vol. XX, pD 559'6?ri E. M. Crctthcr.!d
R- c. wed.E-" Tb. F6ruis; v.le aI B.s!c sLs! sDd Ot.r Phcpbai6 " A€ric. Prog. rl3{'
i;1. xI- -. eo-r06, E. M. C. trr.r -" Besic Sleas .d Mh.'.I PhGPh.t!s." Jo!E. Rov.

^Ert- 
soa'E@.. lgtr: VoL XCv.. r,D. 3+63: E. lt. Crcttlcr dd R. o. w.ru-APP.trdir! to

ir-tctn nepofu ot rira"lcit Cdirinitt . oir B-ic Slrg, Mililirt ot AlrlcErtuE .a!.Uv 5iDe
l0r7-
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There is evidence from practical experience and also from some oI
our recetrt pot experiments that mineral phosphate may give much
better results in moist soils than in drier ones. Swede trials in
Scotland in 1934 showed that low-soluble slags, though inferior to
tbe more soluble ones, were capable of greatly inqeasing the yields.
Pot experiments on perenniil .yogd"" gio"a in sind<itcium
beltonite mixtures at constant moiiture iontents showed extra-
ordinarily clos€ agreement between tle yrelds or tle uptake of
phosphoric acid, and the citric acid solubilities of a dozen basic slags.

Our experience oI field and pot experiments on phosphatic
fertilisers suggests that much of the conflict and confusion in the
results oI the older field experiments lvas due to tle inevitable
uncertainties from unreplicated experiments, reliance on yields alone
and failure to group the experimental soils. In recent years, each
new series of field or pot experiments has confirmed or extended the
conclusions from earlier ones.

THE CoMposrrroN oF CRops

From t}le beginning of the Rothamsted experimenls ninety
years ago, it has been the rule to prepare and store samples of the
produce from most of the experinental plots. Such samples are
examined to determine the eflect of soil, seasou and treatrnent on the
composition of the crops. In many comparative experiments on
fertilisers the total contents or percent€e recoveries of a given
nutrient give better measurements of availability than the yieltls
alone. For many crops it is necessary to consider how far changes
in composition affect the qualilv of the product as a food, feeding
stuff or industrial rarv material. Sometimes, as in sugar beet, the
methods of analysis and valuation are either relatively simple or
based on well recognised conventions. For other crops it has been
necessary to carry out experiments or ambiuous programme,s of
research in conjunction v/ith the industry concerned. (1] Thus, in
our work on the e{ect of soils and fertilisers on the composition of
potatoes we had the collaboration of the tesearch stail o{ Messrs.
Lyons. For over ten years members of the staff of the Institute of
Brewin5l Research Scheme worked in the Chemistry Department on
the composition of barley. It was shown (18) that soil and se?Lson were
tie most imPortant factors goveming qn,lity of barley lor malting
aud brewing ; variety and fertilisers had much less effect. The most
important soil tactor appeared to be the presence or absence of
nitrogenous organic matter. Nitrification late in the lile of the
barley plant tended to give grain with high nitrogen and low malting
quality.

(17) E. M. crcitb.i " Ioflu.tre of Fertili*E oD rh. Yield aDd CoEDciti@ olrPor.tG."
B!it,A5s., R.pr. o, Brisrol trtedDA, 1930, p. a20 ; E. M,CroElber-. R6Elr. of Redt F.!tili*r
EtFrio.Dls." ProbleEs ol Pot ro CrcFila, Ro&a@ted Cooler.trG, l93l, Vol. XVI, pp, 3,!r0.

(r8) E, J. Rlel! a.d L R. BishorF' Itrv6ttarioDs oo B.rley. R.Don o! the T.a Y.c ol
EtDfrireDts ud.r rh. Ictitut of Brrwila R6arc! Sch.E.. 192r-1931." JourE. IEt. BEw
1931, Vol. XXXIX,pp. t87-4:ll; L. R, Bishop- ThG Nitros.o Coatat.od' O@lity 'oI Bsby,.'
Journ. IDst. Arrw,, 1930, Vol, XXXVI, pp, 862-35.t.
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GrNgRAt
Much time bas necessarily been devoted to the improvement

and standardisation of analytical methods. (re)

The Department has talen an active part in the cooperative
investigations on soil ana\rcis by Committees of the Agricultural
Education Association(m), and of the International Society of Soil
Science (Mechanical Analysis and Soil Reaction Committees for the
Second Congress in I-eningrad in 1930, and Organic Carbon and Soil
Reaction Committees for the Third Congress in Oxford in 1935.)

Since l92l the Head of the Chemistry Department has prepared
an annual report on the progress of investigations on soils and
fertilisers for t}le Society of Chemical Industry's " Reports on the
Progress oI Applied Chemistry."

REVIEW OF WORK OF THE BACTERIOLOGY
DEPART}IENT
H. G. THoRNToN

The work that has been carried out in this deparhnent can be
divided into three sections :-

The quantitative study of the bacterial population oI the
soil: investigation of l'arious specific bacterial activities ttrat
occur in soil; investigations concerning the nodule organism
and its relatior to leguminous crop plants.

Tnr Querrrterrvr Sruoy or rHE BACTERTAL FLoBA
The study of ecology of the soil micro-population at Rothamsted

was initiated by the work of Russell and Hutchinson on partially
sterilised soil, which led to the conclusion that an antagouism existed
between certain groups oI the populatioo, particularty between soil
bacteria and protozoa. Some results obtained by Russell and
Appleyard at the same time indicated that ttre numbers of bacteria
in soil were far from constant. It was there{ore decided further to
investigate these fluctuations in numbers, particularly to discoyer
whether they were related in any way with the uumbers oI soil
protozoa. Before this could be done, however, it wil:i necessary to
imFove the existing technique qf plate counting, which \ras clearly

(19) T. EdcE-" A Nor. on rh. Colorioetric EsriE.tior ol Huhic Matt.r ia Min€rat Sotb."
JourD. ABn-:*i,,192r, \ol. XlV, pp. a69-.r?9; H.J. Pag. r.Otr rh. p.rchlorar. Mdtod ror lhc
Elri@rio! o! Por.s.siuE i! Soib, Feniri*r!, er.. ' jouh . Asri. Sci., to2{, vot. x ! v, pp. r33-l i8 ,E. M. Crcrrbtr aDd w. s. Mania-.The Votreitic oete"-iqti,ro of Tot l &rir;;,ic Acid i!
Dilot. Solurio.s oI C.lci@ Biaibotr.re." JoM. CbeD. Sd., 19r4, \'ot, CXXV, pD, t93i,1939,
E. M. Crowrhd- ' Th. Det.mi!.!i@ ot rlFroseE roD CoDeEintid.,, The cheliiaG, y.rr B@r.,
1924, Dp, 610-629 : E, y. Crorrlcr aDd I- X. Basu i NotG o! a Si@Dle leodmErtDeDt
Electrc<lialFi5 CeU for rte DGrcrEiD.tioD oi[rchalr.ibt. B:se6. TED!. i!d. Co@.Iitet. So..
Soil S!i., Budep€sr, 1929, Pt,A.,p!,. 100-102; V, Subrat@try&. .. Deremi@ti@ of Sulublr(arbobydral6, t:.lic Acid.!d Volatil. Fetry A.idsio Soils.!it Bioloric.l Medi..', Ioum. Asri.
Sci,, 1929, \'ol. XIX, Pr. IV, pp.619-666i V. Subreho.DyaD- -AD-I@prokd M.ihod tor -Lbc

D.t.mimtio! 9! Dslr.d otrs.b iD warcr." Jouh. 
^gh. 

Sci-, rst?, Iot. XVII. Pr. tv, pp.
463.{76iR.C.\4ar.DaldA,J.Ftsh--rbeCotoriDplricltre.eriniDatiobofp[GoLoricAcidia
HydrehloricAcidaDdCitricAcidLrrractsoisoils."louE.Aari.&i..t9tO.\'ot.XX.DD.itr.5{O.
J. K. B.su-" studiG oa Soil Rerion vII. A! Lteitodirreais ADDjEiE rot rh. D;;snin.tiorol R.pla@blc Ba36iD soil6, Jour!. Ast!, sci., ts3l. vol. xxI, rjD.,r8,H9r: E. T@u-,.T!.U* ol Sodie HrDobmDir. foi ![e Otja.UoD ot Oreeic tu.r!e;i' rh. .cieiet Anar*is ot
Soils."Joua,A€ii,fti.,1931,\'ol.XXI,pp.1;6-r83;-E.y.(roMh.raEdK,TrcU--Ori&lioE
ol OE.oic M.tter i! lb. h.rrqrEat or a; s lor M.ah&ic.r Ar.lyEir" Pr@. ,tr<I. (19:rc) lar.h.
CoEgt. Soil Scj,. Co!u. I, rglr, pp. a8-61, pp. 263-155, A. Wa[l.y isd I. ArE trcls.Blact-- A!
EBEr-rdo! o, !h. Derti.mfl'M.thod l;,i D.r@ioi4 Soil dReic Marld...--d r eoE.d
xodi.ricadoE of the cLb-siic Acjd Tirr.tioo Mer[o<l" s; sci., l-eri, voL X)IXVII, pp. ,r.38.

(r0l E. lL CEwtbei lritlr R. St.-an)-" Rlbrt ol rhe AlalrRis of Soil, SuMobeiri* or
tb. AattdtuEl Edqd(a Asi.tio!.,' istic. Fros., l9!., Vot. kl, pp.l OGrl..
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