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SCIENTIFIC PAPERS
Published 1933 and in the Press

PLANT GROWTH, PLANT PRODUCTS AND ACTION OF
MANURES

(Deoartments of Bacteriology, Botany, Chemistry, Fermentation
and Statistics)

(a) PreNt Gnowrx'
r. E. I. Russrrr. " Thc Rothamstd Exietimettts ot the Grout'h-' - it Wlr"ot- 1843-1933. Ninelv vears of cotttittuous uheat on

h. fie)d.1' Proceedings of 
-the 

World's Grain Exhibition

-a' Co"f"t*"", Re-gina, Canada, 1933' -- 
Vol' --II

lalso Mezogaztlasagi 
- Xutatasok' 1933' Vol' VI'

pp. 522-54j.\

The broad conclusion from these exlrrimen-ts is that wheat can

h. ;;; ,;; Ji.t v"* oo the sam6 hnd, but even with good

J,irtirliir^' itt" yield ieteriorated. Bettel letcls are.obtained by

.i*ii* tt" *Ul.i in alternate years with'falJow-i"- between and

t";;;?.6; i. th"" slower to set-in, but it comes all the same' Still
tretter vields are obtained by growing wheat only once T t9ur y.ears

and ha-ving other crops in between ; here also there may be detenora-
+ion but it takes very much longer to set rn a'nd rs,easlly av.olo-e9'

et Rothamsted the iontinuously cropped w49at lell-ott rn Jneld m

iir; filt tt v""*, from 17 bushals do\4'n to lI bushels per acre but
il." iil;';i 6t;"* th"t" has been onlv little furtbe-r fall .The
iilrn"tJ *t J-i'"Uow also fell to 1l bushels Per Scre but took 60

r-ears to do it instead o{ 25. The four-year rotation has been Eomg on

ior SS vears and the yields of u heat are as Sood as trey.were. /u years

ll,o;r',h;;;tfioris llots, so that we mist apparently wait a good

i?it-t.,nn"t b"tot" the iI bushel level is rea'ched'-1t'13;il;i;d ii seems impossible to obtain an average of .less
.r'"" tli t *+"L per acre bv mere exhaustion of the land and so long

ii-*""a. "t" t 
""i 

Aown. Ii, however, weeds are allowed to-grolY' the

I-i"ia" ."oiatv f'au to low levels. We know of no way- ot reducmg

I'i. 
"i"titt 

,tior" 
"ffective 

than permittinB the comp€trtron ol weeos'

'Tie continuous growth of wheat at Rothamsted has not' aPPa-

rently, led to increased tendency to disease'

rr. H. H. M^NN. " Rerorl o" Tea Cultiualiott in lfu Tatga4iht'' " il)ril-n and ii Dewtol'ttz"L " Crown Ageuts for the

Colonie6, London, 1933, PP' l-54'
This reDort was t}le result of a visit to t}le Tanganyika Territory

i" til';,i;I;"; ;"Igii. - 
At a result the opinion is erPressed that

i["'ti"aiti"ri *i ir"o*"ui" tot the extension of tea cultivation to

;";;;;5d0oo ,cres. The areas suitable lie both in tle U-sarntara

il;;il1i'il-ir..tt .t tle Territory, and in the south€rtr

Highlan& in the south.
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ru. H. H. MANN. " Reiolt on Tea C|ltit)dtiofi awl its Dewlobrflcfit
it^ 

-Nyasaland." Crown Agents for the Colonies, Lo'ndon,
r933, pp. r-41.

^_The 
aqth91 visited Nyasaland in lg32 on behalf of the Coloniat

gttrce, _and_ this report is based on obscn.ations made durins thatvisit. In this colony there is a welldeveloped tea ar"a,lvins]rihe
extreme south, and the cultivation already extends to a"litt'ie over
12,000 acres. It lies on soils derived from i series ot g.*it"i-s"",
and.has proved itself very. favourable to the crop. fnE report maies
a cntlcral examlnatron of the present position of the indEstry lyith
suggestrons lor lts lmprovement, esp€cially h the matter of incieasiag
the yreld and improving the quality of the tea.

rv. H. H. MANN. " The Climatic and Soil Requirements of Tea-,,
Empire Journal of Experimental Agricuiture, tffi;'V;.'i,
pp.245-252.

..This paper summarises the information at present available oD the
soil and climatic needs of tea culture, especi'ally 

", tf,"v f,.ue 
-U"u"

revealed by the recent work done in Indijand Ctylon.

v. R. 
-J. Kereuxe*- " The InJhrence ol Rainlall ot the yield of
Yferllt r! \r@msted.;, Jotmh ot e[.icuft*rr S.i""cL,
1933, Vol. XXIII, pp. 57I_879.

Analysis shows that the variatioo in the yield d.ue to annuat
causes cannot be accounted Ior by a single weaiher element, rain. 

-

An additional irlch of rain above the normal, durine the period
extending from the ;iddle of Uarch to 

"uo"i it "-eni 
Ji-Uli,.t

harmful, possibly because of the difficulty in """;d;;;;;, 'tit'h
and delay ia sowins. r.hich resutts i" 

" 
in".t"ni"g ii-tilfiffi;;

preriod.

. The-yield appears to be benefited by an adtlitional inch of rain
above the normat, particutarly during t[" -;th";i J,;;.;;l,rly.

vr. K. WARTNGToN. ,, The bflueace oJ Len*th of Dat, on thc
Resfonse_.of _pta s ta Eom." 'A"r-E ,f'il;r. igtjtVol. XLVIII, pp. 480-482.

The delay in appearance both of flowers and of boron deliciencvsymptoms observed in spring and autumn compaiJ *tth ;;;r"
gro\trrr pEnts rs due to the reduction in lengttr of 

-day 
rather than thelowered temperature, bul no special ass*6tirr-b"d";;ti; H"ltffior Doron :uld Ilower production has beeu found except in so far as allmensretnatrc processes are aflected by a lack of this itement. Withfuia-range of 7-16 hours, the length ot a.y nas no G"._!-iri-tt" iria'of rle plaut for boron and theiharacteristl" aeii"lencv SnrrrlGrn" 

-^-,I

similar under tong or short aay conaitioni, irroueii-i;," i6il iiL*
ress pronounced ln the latter iastance. shortenin! t.he iav does notresult in deteneration effects a, ,r" *a""ea Uv--.j*k ;tr;; ilL;
ttre influence of the two factors may bd;;ild;;;;b1d;;
to each otier as where floweriag is-prevented. 'Th" ;.*;;;;;factor modifies the eflect of the" other, but the lack'of Uoron 

"x-"f,the more fundamental influence on th; d""t-
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(r) PLANr PRoDUcrs.
ut. E. J. RUSSELLardL. R. BIsEop. " InaesliEations o, Ba qt.

Re?ort on lha Tefl yeals of Er|eriftatLs utder tfu ltstitulz
of Bwlbtg Research Schemc. 1922-193f." Joumal of ttre
Institute of Brewing, 1933, Vol. XXXIX, pp. 2U-421.

A summary report which brings together tle results of laboratory
and field experiments over ten years on the effects of soil, season,
manuring, variety and cultivation on the yield and quality of barley
and on the relationship of the chemical composition of t}re barley
to tle properties of the malt and beer prepared from it-

!1II. L. R. BIssop and F. E. DAy. " Prcdiclion of Ertfa{r, II.
Thc ElJect oJ V ariely ott lhz Relalior behoecn Nit/ogen
Conlenl and. Ertruct." JotxTlal of the Institute of Brewing,
1933, Vol. XXXIX, pp. &,S551.

The effects of nitr(Een content and thousaad cora weight on
extract yield proved to be similar for all varieties of barley tested.
For constant values oI nitrogen content and thousand corD weight
ttrere are constant diflerences between varieties. A list of these
varietal constants is given.

rx. L. R. BrsHop and D. MA.RX. " Reguhities in th. Cafiolrydrate
Composilion of Ba ay Gruia." lovral of the Institute oi
Brewing, 1934, Vol. XL, pp. 62-73.

Ia each variety the individual carbohydrates oi barley grai:r
iacrease regularly wittr the total carbohydrate. There are small
differences between individual varieties vhich are more markd in
the general distinction betweeD. two- and six-row barleys. The
carbohydrates of extract (" reserve carbohydrates ") ircrease more
rapidly tha.E the remainiag carbohydrates (" cell carbohydrates ")
with increase of tota.l carbohydrate. The unit on rvhich these relations
show most accurately is for quantities calculiated at so much l)er corn
(or per thousand coms).

In each of the above reslxcts the behaviour of the carbohydrates
paraUels that of tle proteiDs. BotI suggest the regularities result
Irom equilibria oI a mass action t)rpe duriag development of ttre grain.

The similarity between the proteins and carbohl'drates also holds
in malting, durirg which tle proteins are broken down to give
asparagine and tle carbohydmtes to sucrose.

x. L. R. BIsHop. " Predictiofi oJ Extrod, IIl." Journal of the
Institute of Brewing, 1934, Vol. XL, pp. 749I.

The carbohydrate re$rlarity principle has been applied to giv_e

practical resulis in the form of a.n extract prediction equation, which
can be used where tle variety of the barley is unknown-a common
position in practice. It ap-pears to be frarticu.larty accurate and
uselul wittr Califomian barleys.

The size of tie protein factor iD this equation demonstrates the
incompleteness oI the original hypothesis of Haase, that Proteil
simply replaces carbohydrate and so exerts a corresponding r4ucttgn
oI ex[raci. While this is respoDsible for hau ttre obseri,ed eflect tie
other half is due to a " sealhg up " oI carbohydrate by protein,

t:
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which becomes more marked in high nitrogen barleys. This applies
to the Institute of Brewing Standard Method of Extract Determina-
tion ; with fine grindiag " sealing up " does not occur.

The success of the insoluble carbohvdrate factor over a lride
ran6e oI barleys affords strong support to the " carbohvdrate
regularity " hypothesis.

xr. A. G. NonuaN . " A Ptelimina4t Inoestigatirm oJ the Dnelap-
med ol Sttuctural Conslituents in the Ba el Pl,ant." Jolurn;al
o{ Agricultural Science, 1933, Vol. XXIII, pp.216-227.

Barley plants rere sampled weekly during tle season and various
analyses, especially for structural constituents were carried out.
The natural cellulose fractiou increased from 30 to 35 per cent. The
amount of cellulosan in this fraction increased with development
and markedly so after tle point at $hich gro$ th increments lessened.
In the later stages the quantity remained consta.nt. LigDin hcreased
steadily till the last week or so. In tie young plant the major portiou
of the total pentose material is ia the polyuronide hemicellulose, while
irr the mature plant it is accounted for by ttre cellulosan.

xrr. (a) A. G. Nonxer and S. H. Juxms. " A Ne,o Melhod for the
Determhtatiott oJ Cellulose Bosed. ulon Obserualions qn lh.e
Reuotal oJ Lipin ard Olhcr Etcrusling Materials."
Biochemical Journal, 1933, Vol. XXVII, pp. 818-$r.

lrrl. (D) A. G. NonueN and S. H. Jrxxrxs. " Liguir Contcw
of Cellulnse Prcdtds." Nature, 1033, Yo). CXXXI, p. 729.

In any metlod for the estiqration of cellulose, ttre cellulosa.u
fraction should remain intact. Many metlods heretofore proposed
involve some pre-treatment, either alkaline or acid or both, whicb
attacks or removes the fraction in part. A new metlod is proposed
suitable for all classes oI material, employing neutml and acidified
sodium hypochlorite followed by sodiunr sulphite and avoiding the
use of gaseous chlorine.

The products obtained from cereal strars are found to be not
quite lignin-Iree, even after allowance is made for an error in tiat
determination. The error is due to the production of some resistant
material Irom pentosan groupings in the presence of 72"/" H,SO..
The ma€ tude oI the error in lignin content of natural matedals
such as woods, due to this disturbing factor, is very considerable,
and there is reason for believing ttrat the figures hittrerto quoted for
straw and hardwoods are as much a-s 25-30"/. too high, but for soft
woods rattrer less, owing to their lower pentose content.

(c) AcrroN or Marun:s.
XIII. H. G. TsonxroN and HucH Ntcol. " Thz EfJat oJ Sodiun

Nitrate on the Gtoroth and Nilroget Content oJ a Lucerte atd
Cruss Mirture." Journal of Agricultural Science, 1934,
Vol. XXIV, W. 265-282.

IDoculated lucerae was grown a.lone and in association with
Italian rye graas, in pots of sand watered witl food solution and
given three different doses of sodium nitrate. The dose oI nitrate
did not affect the dry weight or nitrogen conte[t of luceme when
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grown alone, save that the highest dose checked t}re root growth
somewhat.

\&-hen lucerne and Italian rye grass were grown in association, the
growth of ttre grass varied directly with ttre dose of nitrate applied,
and the gowth of the luceme varied inversely to it. Checkiug of the
luceme gronth was probably due to root competition with the grass.
The nitrogen contents of the combhed luceme and grass tops and that
of the combined roots were also inversely related to the quantit-v
of nitrate applied. There was evidence that witiin 3 months of
sowilg the grass had obtained nitrogen fixed by tle luceme nodules.

xw. J. A. DAJI. " The Decomposition of Greea Ma*urx in Soil-"
Journal of Agricultural Scietrce, 1934, Vol. XXIV, pp.
t5-27 -

The followiag four materials were used as green manures and their
decomposition ia admixture with soil was studied under laboratory
conditions : sugar beet tops, yolug mustard, young tares and matue
mustard. Soluble carbohydrates, hemicellulose as measued by the
furluraldehyde field, and cellulose are chiefly responsible for the
total loss of orgaaic matter duriag decomposition. The ratio of
available carbohydrate to available dtrogen determines tle rate
of decomposition, this being rapid lvhen the ratio is low and slower
when the ratio is high. Young plant materials used as green mauure
decompose so quickly ti.at nitrogen may be lost either by very
rapid nitrification or by some process as yet urknown.

xv. E. M, CRoWII]ER and H. H. MAIN. " Green Manuring and
Shee! Folding on Light Land-An Accoun of the Greett
Mau.oing Experhnents at the 14 oAurn Expeimenld Station
1893-1S33," Journal oI the Royal Agicultural Society of
England, 1933, Vol. XCIV, pp. 128-151.

The agricultural details and the rrheat yields of the two series of
green manuring e.xperiments at the Woburn Experimentai Station
are summarised and discussed i:r relation to the composition of the
soil and the green crops, and to the results of recert pot cultule and
laboratory expriments on the manurial value of green manure
material. It is concluded that a Iarge mustard crop rapidly growu in
soil of moderate to high fertility provides a means ol avoiding loss
bv carryi:rg over some of the nitrogen arrd ottrer nutrients to a later
rriod uhen they may be util.ised by some more valuable crop. A
iood crop oI tares provides a direct addition of nitrogen in a form
iuhich betomes arr"ijable at once. Whether it is used oi tost depends
on the immediately Iollowiag crop a.nd the weather. The whole art of
successful green manuriag on light laud lies in careJul adjustment _of
tle cropping so tlat the nutrients in tle green manures will be
efiiciently used by the following crop.

xvr. Hucrl Nlcol, . " Rothamsted ErPeiments on Residual, Vahrcs
of Leguminous Crofs." Tbe Empire Journal of Experi-
mental Agriculture, 1933, Vol. I, pp. 22-32.

The results of cropping exPerimeuts lastir:g Irom 1899 to 1922
showed that tle ettecd irt p,"receiLng crops of legirmes could be traced
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by increased yields o{ grain Ior several years after legumes had ceased
to be grown. The residual value of lucerne was markedly suJrerior to
ttrat of red clover and six other legurnes.

xur. E. M. Cnowrsen axn W. E. BRENcHLEY. " The Fertilising
Val.ue ard NitriJiab ittt oJ Humic Materials Prepared from
CoaJ." Jovrnal of Agricultural Science, 1934, Vol. XXIV,
pp. 156-176.

Hunic acids artd arrmonium humates prepared b1' a patented
process of gentle oxida.ticn of coal nere exa.mined as fertilisers by
laboratory nitrification e;rperiments and pot-culture tests on four
soils and by a number oi {ield experiments on a ratrge of soils and
crops during a single season. In all tests the effects of ammonium
humate could not be distinguished from those of ammonium sulphate
of equal ammoniua content. The nitrilication tests arrd the Pot
cultures afforded some evidence oI a slow production oI aittate or
available nitrogen {rom the humic acid. In the field experiments, as
in the pots, there was no clear evidence of aly Iertiliser value apart
from that due to tle ammonium present. The close aSreement
betrveen laboratory measurements on nitrate accumulation alxd
yields and nitrogen contents of barley for seven trcatments in four
soils shows that the laboratory technique a-Iforded an adequate
measure of the availability of the fertiliser nitrogea.

xrnrr. E. M. Cnowrr$n eNo R. G. WARIEN. " The Fertiliser
Yalue oJ Basic Slags and Oth.er Phosfhales." Agricultural
Progrers, 1934, Vol. XI, pp. 99-f05.

The results of recent field and pot experiments carried out under
the aegis of the Ministry of Agriculture Perma.nent Committee on
Basic Slag are reviewed. Most of the field experiments were on land
mown for hay for four seasoDs, but a fey/ experiments were also made
on frequently-moua young grass. In all of the. experiments the
phosphoric acid percentage in the produce was corsiderably increased
by the more active fertilisers, and in several o{ them the proteir
conte[t of the hay was also increased. The percentage recovery in
the crop of three or four y'ears of the phosphoric acid added gave
consistent results throughout the series of experiments. The mean
recoveries v'ere: for superphosphate, 2l per cent. ; Ior high soluble
slag, 20 per cent. ; for low soluble slag, 6 per cent. Basic sla6s with
from 20 to 35 per cent. of tleir phosphoric acid soluble in the con-
ventional 2 per cent. citric acid are much less effective as sources of
available phosJhate than those with more than 80 per cent. of ttreir
phosphoric acid soluble in this reagent. A sharp distinction must be
dra\r-n between acid soiJs (pH about 5) and neutral soils in considering
tle value of mineral phosphate. On the acid soils it was as eflective
as the more solubie phospbates (I7 per cent. recovery), but on the
neutral soils it was as ineffective as the low soluble slag (6 per cent.
recovery).

In an qxperiment on grassland which was grazed for most of the
year tle effects of the phosphatic fertilisers were similar to those on
repeatedly mown young grass
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