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SECTION

9.o

OF CROP PHYSIOLOGY
Bv D. J. \\'.$so s

FreLo Expgntvrxrs
The Section has continued to act as a link between the farm and

the laboratories, and has been responsible for the preparation of
detailed plans of field experiments, and the general supervisiort,
from the-Lrboratory side, oI the conduct of the experiments. The
problems investigtted in the field experiments are discussed on
page 23i1.- -New sumrnaries have been prepared (t, 2, 3) of the results of the
Broadbalk, Hoosfield and Barnfield classical experiments, including
the data accumulated since the last account of the experiments was
published in 1905, and the results of the many statistical investi-
gations rnade on the data in recent years.

PRoBLEVS ARlsrNc FRoM THE \vaR

(cl Domage ta crols b! @ar goses atd by ircendiary ecliut
On the outbreak of war, the possibility of damage to growing

crops by enemy action had to be faced. Deliberate attack on cr-oPs

seeired- improEable, but it was thought that serious losses might
occur in thi course of oPerations against other obiectives. -Of the
possible methods of attick, the one most likely to cause damage
iver large areas was considered to be the spraying of the persistent
vesicanigases, mustard gas and lewisite, from aircraft. Accordiagly
an invesiigation was begun in 1940 in collaboration with the
Chemical Defence Research Station, Porton, on the effect of these
substances on the more important agricultural crops' In connection
with this work, Sir John Russell and D. J. Watson served on the
Crop Sub-Committee oI the Chemical Board of the Ministry of
Supply.

The objects of the work were :

(I) to disr^oger the immediate visible effects of mustard-gas
and)ewisite spral' on growing plants, for the purpose of diagnosing
the Dresence of contamination ;

(21 to -e"tr." the loss of yield caused by contamination at
different stages of growth ;

(3) to determire how long toxic effects, which would render
crops unsafe for use as food, persist alter contamination ;

l4) to work out appropriate methods of treating contaminated
crops, and of utilising or disposing.of the produce.

A series of field experiments was carried out in 1940, in rvhich
mustard-gas and tewisite spray, simulating in drop size and con-
centration the sprav from high-flling aircraft, rvas deposited on a
variet't'of cropiat different stages of gro$th. Observations were
made on the immediate effects of contamination and on the effects
on subsequent growth and yield. The toxicity oI the contaminated
plants at interv-als after spraying was determined by feeding
6xperiments with rabbits. Tbe results varied greatll' with the crop,
ranging from complete destruction to the abserce of any permanent
iniirv-- Mustard eas usuallv caused onlv localised iniury at ttre site
of'mitact with siray drops-, and toxic eifects were ofshirrt duration
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excq)t when the t€mperature rras very lorp. Lewisite readily pene-
tBted into plant tissu€, and caused more exteosive scorchini of th€
foliage. It tended to spread along the vascular tissue, and-in this
way caused necrosis in underground parts of the plaat, such as
potato tubers ard the storage root of sugar beet. Affected tissues
were shown to have a high arsenic content and were permanently
toxic-

llustard-gas vapour caused proliferation of the tissue of the
above.8round lnrtion of the storage root of sugar beet, producing
tumour-like growths similar in appearance to those caused bv the
bacterial disease " crowngall." It also affected the apical bu-ds of
potalo stems, leading to deformation of the leaves subsequently
produced.

The germination of wheat and barley grain from contaminated
crops was only sligh y affected. Pot experiments in l94l showed
that such grain could safely be used for seed, and with very few
exceptions produced plants which were normal in grorth and yield.
It was also found that potato tub€rs affected by intemal necrosis
caused by contamination of the growing crop with lewisite were
sultable lor use as seed: they gaye a slightly higher yield than
tubers &om an uncontaminated crop grown froh the same stock of
seed, probably because the destruction of the haulms by lewisite
had reduced the spread of leaf-rou infection. Although the
necrotic tissue in these tubers was toxic to rabbits, only i small
part of tbe volume of each tuber was affected, and the tubers were
fed, either raw or boiled, to pigs, as part of a balanced ration without
causing iII effects.

A summary of the results and recommendations was issued to
Agricultural Advisory fficers and Civil Defence authorities in l94I
o).

The problem of how to ded with grain stored in bulk, in the
event of its becoming contaminated by a gas-bomb burst, was
raised by the Ministry of Food, and an investigation was made oI
the particular case of barley and malt, Iarge stocks of which are
held at maltings (8, 9). It was suggested that the contaminants
might be removed by volatilisation, by heating the Brain in a malting
kiln. An experimental kiln was constructed to provide conditioni
of temperature a,nd vetrtilation similar to tlose used in a malting
kiln. It \Mas found that heat treatment followed by a period of storage
was successful in removing all but a trace of mustard gas from both
malt and barley, and fully restored the ability of the barley to
germinate. The method failed when the contaminant was lewisite.

Precautions also had to be taken during the war against loss oI
standing corn crops by fire, started either by incendiary bombs
?irr1ed at built-up areas, or possibly by agents specially designed for
igniting crops. Warnings to farmers were broadcast on nights when
fire hazard wa-s ttrought to be especially geat, owing to favourable
weather conditions. In the summer of lg4l experiments were
utrdertakea at the request of the Ministry of Home Security to
investigate the change in \yater content of cereal straws during
ripening and its relation to $'eather factors, and to determine the
critical water content at rvhich ripening straw becomes iqflam-
mable, s,ith the object of assessing the fire-hazard accurately from
a knowledge oI the progress of ripening and the weather forecast.
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The season was very unlavourable for the worL, for there was
frequent rain during Jtrly and August, and the corn harvest was
muih delayed. Laboratory tests showed that wheat and barley
straws become inllarnmable, in the sense that a flame is propagated
indefinitely along the straw, when the water content falls below
about 30 per cent. As it was found that the water conteDt of the
straw, esfudly near to the ground, when the grain was lit for
harvest, was not greatly below and sometimes much atnve 30 per
cent., it was concluded that the danger from fire had been over-
estimated. This was confirmed by direct tests on field crops and
the work was not continued.

(bl The slfla4e ol lotalnes in clarn?s

At the beginning of the war, potatoc became one oI our most
important staple crop, and produrction was greatly increased by
expanaing the acreage grown. The proportion of the harvested
crop whiCh becomes ivailable for human consumption depends on
how much is lost during storage, and it was soon found that the
rrast€e wa,s high, especially as potatoes had to be held in storage
until much later in lhe season than in peace time, oY,ing to tle
cutting-off of supplies of imported nev/ Potatoes. It was recognised
that the main causes of loss of weight during clamp storage were
tuber diseases (especially blight), frost damage, loss of water-and
loss of drv matter-bv respiration and sprouting, but there was little
information on the rilatiie magrrituded oI the losses due to diflerent
causes or on the rate of increase of lsastate with time ol storage.
In 1942 the Agricultural Research Council set uP a Conference on
Dotato wasta.qe to discuss these problems and arrange for experi-
-mental 

work 
-on the causes of wastage, and its prevention. The

Section was coucerned with part of this work, in collaboration with
the Biochemical Section, the Plant Pathology Department and
members of the staff of the Midland Agricultual College.

In 194.2 and 1943 experimental clamps divided into weiSled
sections were set up. Af monthly intervals from January to July
one section of each clamp was opened, the $,eights oI sound tubers
remaining and of sprouts, damaged tubers and debris were deter-
mined, aid an exanination of thirotted tubers was made to identiflr
the patlogens causint rotting. It was found that the losses due
to eiaporition and ripiration $eady exce€ded the sprouting loss.
The loss of weight inireased slowly until April, ald then much
more rapidly duling May and June: it was Sreatly increased in
clamps fiorn which the soil cover was removed in April.

Eitimations of dry matter, sugars, starch, total nitrogen and
ascorbic acid were niade on samples taken at each occasion of
opening the clamps. It was found that the maior part of the
cirangiof fresh weight during storage was due to water loss. - Abo-ut
16 o6r <ent. of th; drv maiter was a.lso lost from the tubers bj'
e.rt]v.July, almost entiiely at the expense of starch, and 6 per cenl.
was-ricoiered in the spriruts. The additional fresh weight lost in
the clamp from which the soil cover was removed in April consisted
entirelv'oI water. Sugar content fluctuated, apparently in
accord-ance with temperaiure changes, until the onset oI sprouting
when it tended to rise. Total nitrogen content per cent. ot dry
matter l'aried little: hv the end of Julv about l0 per cent' of the
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nitrog,en originally present in the tubers had passed into the sprouts.
Ascorbic acid rose to a maximum at the time when sprouting-began,
subsequently falling to very low values at the end of thJstoiage
period-

A study of the micro-climate of a potato cla.mp was begur;
continuous records of the temperature at various 

-points iri the
potatoes and in the clamp coverings were obtained, arid anatyses of
the internal atmosphere were made at intervals. Both temp;rature
and CO" recorG gave evidence that in some conditions tliere was
mass flow of air through the soil cor-er of the clamp caused by
wind pressure on the clamp face.

A search was made lor volatile chemical substances which would
inhibit the sprouting of potato€s, without damaging or tainting the
tissues of the tuber. Loss of weight and deteriorition ot qu_-ality
due to sprouting after prolonged s-torage migbt be reduced 6v the
use of such substances in clamps. Some 50 domlnu-rrds were tisted
and a number gave promising rcults in lab,oratory tests, but
attempts to use them il cla.mps met with little success, possibly
because the permeabi.lity of the clamp covers to wind, noted above,
prevented the maintenance of an effective concentration of vapour.

Pnysrorccrc.tr stuntns
Studies on the growth oI field crops have been in progress for

several 5rears, with the object of relating variations in yieta to
physiological- attributes of the crop, particularly net a.ssi; ation
rate and leal area. The work continued in f9i9 u,ith studies of
the effect of varfng nutrient supply over a wide range, using
material from tie assical 

"*p"iiin"*ts, 
and of the 

"'ff""tr 

-;i
sodium and potassium salts on the growth of sugar beet in lg42
and l94il. Pressure of work on the more ursent droblems alreadv
discussed has delayed the statistical analysii of t'he laree amouni
of data collected, but this is now being 

-completed. ihe results
showed that differences in dry-matter aicumu.lation in a range of
crops, seasons and nutritional conditions were usuallv the result of
variation in leaf area; variation in net assimilation rate played a
mjTo-r pert. It follows that a knowledge of the internai fictors
which affect leaf growth and determine leal size is essential for the
further analysis of agricultural yield.

\\'ork on one aspect of this problem rvas begun in 1g44, on
excised stem tips of rye ernbr-r'os, grorvn in sterile-culture in dark-
ness (li;. This form of culture makes possible a srud\- ofthe chemical
{actors concerned in Ieaf growth, independently oi their effect on
root trowth. It was found tlat limited gowth of the firct leaf
occurred, by extension of previously Iormed cells, if sucrose and
mineral salts were supplied, A large number oI substances, known
or claimed to have growth-promoting effects on plant tissues were
tested, but none of these increased tlie grorth of the first leaf, and
some had inhibiting effects.

During 1945 work has been done, in collaboration with the
Botanical Department, on the effect of sodium salts on sugar beet
at varying levels of potassium supply in sand culture,"and in
collaboration with the Plant Patho6gy- Dqartment, on the effect
ol inlection with Yellows virus on ihe growttr ot sugar beet in
field conditions.
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PUBLICATIONS
SCIE\TIFIC PAPERS

l. RussELL. E J. and WArsoN, D. J. 1930. The Rothansled fi.A
crlcrtments on ba ry, la52-1937, Pt. III. Thz anpositioi dnd qtlrlit1'
ol thc barle! Cruii. Emp. J. Exp. .\tric., 7, 193-920.

,. RussELL, E. J- aod WArsolr, D. J. 1940. Thc RorhatLttd lield
cr?eri,nents on the g'outh of rheat. ImP. Bur. Soil Sci., Tech Commun.
l1{,.

:1. W^rso-*, D. J. and RussELr., Ii. J. l$43 5. -fhe Rolhemsted .r|e/i'
,neflls on rlarryolds, 1876 1940-

Pa I. 1913. The elfctt.rf nanlres on the yi.ld of roots. Emp.J.ExP.
-{gric., lr, 49-64.
P;i 11. l0rr. El?tt ol 

'nanules 
on the grcrl,th of the ptant. ibid. tl,

6177.
Part III. 1915. Caus.s ol twiation of yted. ibid. 13,61-79,
W^rsoN, D. J. 1946.
Pa IV- Th; cornqosition ol thbnatgolds gouln on Bdr'rtica.lbid. 11,
4$.70.

The abore three palxrs are critical sumBEries oI the results ol three ol
the classical experiru;tts, started by I-all,es and Gitbert, aDd still continqirg.
The last previo'us ,rccouot ot these experiments was givetr by A. D. Hall itr
l9O5 in his " Book oI the Rothamsted ExperirneBts," aad the pr8eot papers
briag tiis up to date. They also ioclude, Ior comparisoa, discussioDs ot the
resuits of siailar expenEerts at WoborD, atd of experimelts carried out by
modern methods at Rothernsted atrd other cetrkes in Ecetrt yeats.

Much oI tbe iDloroatioo is dras! fiom pap€f,s published duriog the IEst
25 vears oo the lesults oI statisticel itrvestigatio[s oI thc data Aom thc
clasiical experiments, but tbe results of studies otr other aspccts o, the dete,
hitherto utrpublished, are also iqclEded.

Tbe fotldwi[g are aDoDB the maay topics discuss€d : the €ffect olEasurial
lieatmeot otr tle growth aad yield ot the crop, includiEt comparild5 ol
diff€rent {orms ol nitroeeDous l6tili!€r, the effect ol ,armyard ltatrune aaal
rape cake, tbe effect oI potassium 3!d sodiuE salts and ttreit intcmctioo sith
triiroceaous Iertilis€rs; saasotral variation ot yield, aud its rcletioo to goil
deterioration, weather coodrhoDs, plant population, ard date o, sowiog;
s€43oDal variatiotr itr tbe respoose to lertilisers, atrd it3 ,€Iatioo to yield and to
s€atber tractors ; the edect bI manurial treatmetrt on the coEpGitio! oI thc
barvested ctop ; s€asotral variatioo itr compGitjon atrd tte idluotrce o, diEatic
conditioos ; tlie efiect ol {alLowi-oA on crop yield and weed id€statio, ; discaaas
.od pests; the eflect oI culti tion tx€atmetrts oo ctop yield.

,1. \YArsoN, D. J.aodNoRr.^N,A.G. lg39. Pholo.rrilh.ris ir lhc.or-o|
ba .y, arail li. ,iatcrn.nt of nirrog.rt ir.ta t,,. cdr. J. Agric. Sci., 29,
321-46.

Experimetrts *ere Eade itr 1936 atrd 1937 on barley pla,trt! growo i[ Irct
culture, to detemiBe the effect of shaditrS the ear or the shoot alter ear
emergerce on dry weiSht and Eitrogen contetrt.

It *?-s foutrd t}lat after ear emergerce ttre ear and the shoot 0eav€s atrd
steE) make approxiEately equal coatributioBs to the assiDilatioD o, tbc
whole pla.nt. lD the 1936 expcriment 28 per cent. of the {inal dry weiSht ol thc
e3r ul"; accoutrted for by asaimiation in thc ear itselr, atrd iD the t937 exp€ri-
meDt, l9 per ceot. Thes€ are midmum estimates, Ior assiEilatiotr must have
beetr proceeding in tbe €ts duriDg emergeoce, before the shadiEg treatmetrts
were ipplied. The results agree well with similar estimates ot the ertetrt of
assinrilation in the ear madc oa wheat by other worker:i.

The effects 01 shading oB the arnoutrt of oitroge! preseot in i.he Pl,atrt 3t
harvest we.e somewhat variable, but they were alu-.ys smell comPared witl
th€ effects otr dry rveight. Shading terded to reduce ttre amount o, Oitrogcn
in the ear, but as the diy weiSht ol the ear was teduced to a much tr€ater
extent, litrogen as perceDtagc o{ drJ, Eatte! iD the ear was ilaf,eas€d. It is
coocluded from thia result tbat translocatioo oI aitrogeo comPounds to thc
cer is Dot closely depetrdent oo the amount o{ the coDcurrelt incr4ge iD dry
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\leight of the ea(. lt appears that the approxrmate coEtatrcy oI oihogetr per-
cetrtage iD the ear atrd graitr throughout development is a consequenca ol tbe
particular codlitions prevailitrg duritrg oormal growth itr the Iield.
. The-expedmetrts sbowed that 20 to 30 per aeat. of the dry weight of theyhole plant rf,a-s added after e3'r edergence, suggesting that cliiatic conditioE

furirg this ta_te stage of groMh is of coDsideable importance itr determining
the fitral leld.

5. W^rsoN, D. J. 1930. FieU czperirncnk on tho eff.ct of dbbtiu .
N;-ttogenors feriitiser to whedt d! dijIcftn, stlrges of grioth. J'. A'gha. S"ci,,
29, 37G98.

An accoutrt is given of the results ol two series of field expe.iments carried
out at Rothamsted and Wobum in the yeaE IgrB to 1936 oo tbe effect of
nitrogenous lertilis€ts oa wheat. In the first series a comparisotr rx-as made oI
the effects of early (March) and late (May) topdressiog6, and io the s€cond
scnes- a ra[te of times oI applicatiotr Aoo sowi[g to the etrd of May were
te9ted.

At Rotiamst€d, the itrcrea,ses oI yield ofEr4iu Droduced bv the tritroseDous
fcrtiUser were small atrd rarely sigoilicant, 6ut th_ey were griater at W;burh.
oll t]te average of all expfiiEetrts, the effect of the fertilis;f, otr yield of Erai.r
s?s iqdependeot of the time of applicatioD. Iq individual years: ra,riati;o iE
effectivetress betwee! times of applicatiotr wa9 fouqd, and tlis was mrrelated
wittr the amoutrt of raitr Iallitrg itr a short period arter the tioe of aDDlicatiotr.
.q.t Wobum. the eflectiveness of the lertiliser decreased with ircri;e in the
eoouot of raio lalliag immediately after the applicatiotr ol ttre fertilis€f,, bot
at Rotbamsted the effects were less clear alrd iipeared to be ia the oppooite
dircctiotr.
- The effects oo stra,w yield were relatively greater, aod more consisteat,

than thGe otr graia Jaield. A greater iocre3,se'ofstraw yield was Eodocrd bv
early _topdressrtrg (Jatruary-March) thatr by appticatiolat the tirie of sowi.rd,
aqd tie increase dccliqed steedily tbe later thc tiEe oI toDjr€sins. Shodt
hcight \r&s iocreased by the nitrogenous fertiliser, and vatea witf, time of
applicatiol io a similar me!trer to strrw feld.

Atr atralysis of the yield of graitr i,r terms oI ear truDb€r, trurnber oI sraios
pcr ear atrd l,fiXlcortr weight gave r€su.tts which v-aried Ereatly rroE viar tovear. The widety hcld view ttrat early appticatiotrs of litrositr incr&e the
yield of grain by increasioc ttre numb€i ol'ears. while late aDD-licatioDs heinrv
af(ecl. ear size, rres not cotrIirmed itr +he tretd experimeri&. tboueh it hi
previously bcetr fould to be kue tor Dot cultlres. _

The effect oI the !,ikogetrous ferdlser otr the quality of the grail as ae6s-
ut€{t Dy lts lutrogetr cotrtetrt atrd 1,000-cord veisht a,lso varied with the seasor
Thc l;ooo-com "weiSht 

w-as usuiiy d"p;"*.d" by-th" ;i;.e;;;;ffit";
whatever the time oI aDolication

Tte nikogetrous le'riliset incrased ttre susceptibiliw of the croD to
lodgilg, and early topdresgitrgs had a greater effeci thao'tate top-&essitrss.

The usual practice of applfing tbe nitrogetrous ,ertilfu€r as a 6p-dr.ssinsrn February- 6r Varch is-ju;tif;ble on tf,e grounds or 
"oo"u"t!"c., ""3oecS-use apptrcatrcns ol Ditrogeo at tbis tiDe give as great aa increase itr the

yield of grain as later spriug top-dressings, ind a grlater increase of strarryreld. tsut in circuEstatrces where a high yield of straw is not Darticularlv
desirable, it would be adrztrtageous to ditay the top-arerstng uDtil May,;;a
so to mrormise ttre risk of lodgiog. Applicatio[g at the time of sowing ippear
to have no special advaotage.

TECHNICAL PAPERS
0. DERopp,R.S. 1946. St{di.s in,ho phtsiotogy oj lccf glouttt. I.Th.

clf.cts of raious dccessory g,outh factiti ot th7'n6uth'o| th. t;tst tcaf oI
isolakd skm ,ibs of rya. Ann. Bof., 9, 369-81. -

Excised stem tips oI rye were gro*.tr in sterile culture io darkness. lt tllas
louad- that oo a medium contaitring 2 per ceot, sucrose iuld mitreral salts,
growth was confined to the first leaf. The growth oI tbis leaf was less rhatr iq
excised whole eEbryos or in itrtact greiDs: In the absetrce of mineral salG
grorstb $'as Euch reduced, and u.hen sucrose was withheld no sro*.th occurred_
Occa-siooally, for re3sons oot yet uoderstood, some of the;teE-tiDs resen_
erAted roobaod when this happeoed, the entire erowinqDoiot beean t6 ae"e]""-
and produced leaves normal in size and form -
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Extracts o{ rye-gra.in, sprouted or unsprouted. ol rvc endosrDerm or o{
qried yast added to thc culture mediun h-ad oo efJect o; the grdwth of ttre
first leat. AEericatr workEs have cl,aimed that a diffusate obtai;ed froD D€as
inGeascs the growth of idoature leaves growo in ErEthetic Eedia, but'this
\[as not coatirmed.

The Iollowing vit^nin. and other substalces which have, or are clairned
to have, elfects oo the growth of plant tissues, were also testrd: thiamin_
oicotiEic acid, calcium p.trtotheEate, pl.ridoxine. biotin. a-seorbic acia
vitaEiBs E aod K, i[dole acetic and naphthalefle acetic acids. aad the ourine
derivatives, adedne, guanine, uiic acid-and caffeio. Nooe ol ttrese inci?a_s€d
the grorrth ol tbe tirst leaf itr stem-tip cuttures, but soDe had itrbibtting elfects
at the higher concetrtr"atiotrs tested.

7. A{oN. lg4l. Conlarninafian ol .lois by ual gos.s : .ll..ls and tftaf-
2nl. MiD. Agric. Fish., Tech. CoEmun., ,1. -

A short accouat is giveo o{ the differeat types o{ w"at aases aqd oI ihc
aethods available for their dispersat. Tbe eificts oI thei sases on a6i-
cultural crops are discus,sed. The most probable method o, c"ootamiuati'oa.
atrd the one likely to bave most serious efiects, was coosidered to be bv tli
peFisteBt vcsicatrt gas€s, mustard gas atrd lewisite, sprayed from aircrait. A
detailed descriptioE is given iD tabular rorm oI the imhediate visible ellects oI
coBtamiration with mustard gas or Iewisitd on coDr.mon acricultural croDs at
dirfereqt states of gro*th, atra of the eJfect on subsequeni qrowth and iield.It is pohted out tiat toxicity arising fro6 contahinati-on with mukard
8as is rapidly removed by weatheritrg, but crops cotrtaEiDated with lewisite
Eay cotrtilue to be poisotrous Ior long periods oI tjme. The codditions ol con-
tamination with lewisite which would rinder a crop ur$ale ,or use as lood arc
Eoted.

The procedure to be followed in haodliqg aad disposi-ng ol conbminated
crops is described.

8. WArsoN, D. J. aad WrLLr^Ms, C. l9{,l. Thc sdoaq. and d.crrramiia-
tion ofba ey @n arlinal?d uliri p.rsist nt aar gases. 1.Inst. BrewiDt,
t9. m3-6.

e. .wA,!soN, 
D. J. and W'rLLraMs, C. 1941. Th. saloagc and d...t irarnar{,-

lgn _ot. aA conlarnina!.d arirh f.*is,?nl uar gas.s. J. Itrst. BrerPilg,
50.252-1.

. These two pape6 discuss tbe prcbable ellects oI a gas-bomb bursting in a
ltorcd- bolk ot barley o, malt, atrd suggest a procdure to b€ followed itr
lalv'i8ina 8!t disposing oI the co[tamitrated grain. It is showa that cotr-Fmin.tion is litely to be restricted to a verv t[irl surface laver oI the bulk ol
grain. Il this is rimoved by carerul shoveliiag, the underl!.ing grair catr b€
&rovemd utr@nt-min-+ed. If the cotrtaEilant is mustard pas, the heavilt
coltaoinated trail i[ the surrace layer can b€ decontaE-itrated bv heit
ttestdent iE a laaltiEg kiltr, i.tr cotrdjtiotrs deterEined bv qDeriments whict
.re described, followed by a period oI storage f,,ith godt vAt atio!" Atk
ttris tre4teelt the grain is no loEger todc and the a6ility ol barley to *ef,E-ilate ia restored. Graitr heavily cortaoitrated with lewisite canoot be daoq-
tatninated by this method, atrd should be destroyed.
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