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Department at the disposal of the weiber.,

The work was carried oub under the direction and
supervision of Dr. George Bondy to whom the weiter wishes to
express his most gincero thanks nob only for the keew
interost and continvous suggestions regerdings his research
but also for the btrouble which he took in procuring the
moterial end tools for the work at o btime when everything
was in acube ghortage, and for the opening of his private
library to the wriber.

The writer apologises for the fach that the thesis is
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GENERAL  IHIBODUCTION,

In spite of the remavkoble progress that the sclence
of Chemistry hes made in the synthesis of organic subsbonges,
man is 9till absolutely dependont on the vegetable production
of tho soil for his own Pooll and Lor the food of domesbtic
animals. Any inprovement im'ﬁh@ produetion of the soil is a
now Yictory sgalngt the disasbrous resulis of sbtarvetion
from the effeets of which the worldd is eblll &mfie&i&g BEVOre-
1y bo=day,oven threo vears after bthe end of the 1930«1845 Wawr

one of the grostest selentifiec schilevements in the
pagt century in this field was undoubbedly the discovery of
the mesning end the upe of fertilizers, Nitrogenous fertils
izers ave parbioularly lmportant as most culbivabed solls
are short of mitrogen, and the inereese of bhe crop dus to
ihe application ils always comgidepsble. This is the resson
why the digscovery of metheds fop the synbhesis of ammonia
was accepbed with relief by the world as o meang of cheapern
and move abundent production of food, More than thirty
voaps after the general use of synbheble nitrogen it is
almost wnbellevable that despibe the evergrowing lncrease in
the manufﬁature off aynthebic miﬁﬁa@am@ production is exbtremes
1y small,corresponding to an insignificant percenbage of the
total nitrogen roturned yearly to the soil, The main supplies
of this Tundamental element are sbill provided by the gyme
biotic and nom~symblotie nitrogen-fixing micro-organisms,

Gongidering the foct that the activibties of the nitrogen
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fixin@ m&ﬁraa&rgmﬂisma are thus integrabed with all terre-
gtrial life it ls eanslly unlorstood why so much thought hop
bheon devoted bto their sbudy over the past gixby yearss

A erestor wnderstending of the Life and the mechanism
by which these microworgenisns flx the free altrogen of the
atmoaphere, spart fron the theopetical polint of view, will
evenbually bring by Lbs eppllecabtion to agriculbture s nobable
inerease dn the production of the soil, thereby glving into
the hands of men a formidable weapon to use in his struggle
againet the menaces of famiﬂﬁ_aag ghorvation, which according
o the warhinge of eminent scientists are not only bLeumporary
but are bound to be move permanent and acute in the neer
future due to the continuous ingrcage of tho humen population
and to the simulbaneous malireatment end deteriovation of the
soil producbivity,

Sinose the discovery by Hellyiegel end Wilfaprth {inl88s)
of the funetion of the nodules in leguwies,y and the subsequent
izolation of the miero-organiom by Bed jerink {in 1868}y oxw
tensive work has been done on the Life and the needs of the
miero=orgonism outside and inside the nodule ag well as on
the conditions under which nltrofen fixetion cccurs and a
hrdef review of the mogt oubtsbanding achievenents in this
field ig consideored ap useful. o

The root nodule bacterda have heen placed in a special
genug Rbhdzoblum, which is generally held to ocoupy o gystomam
tic position elvse to Pacillus wradiobacter, snd further the

bacteris have been separated in groups (specles)each one of
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which 18 able to dpfech and produce nedules on a lindted |
punbor of hogt legunes~ legumes of tho gamne crogs- inoculat-
jon groups (I'rel, Daldwing and MeQoy 1UBE),

Hhe 1ife eyele of the orgonism oubside the hopt plont
and in the nodulo has bheen sbudied and the way by which the
opgenden onbers the »oot haly and cauaes the Rommedlon of
nodules ls quite well knowit.

Different gbrains of thoe nmaﬁ1m~éw@aniﬁm have boon
clogeificd aco efficlent or luelfficient according 4o their
ability to £ix altrogen when they are ln nolulabed logumes,
snd although at the beginning the inefficient strains wore
shought te be wable to fix nitrogen, recent studies ( ¢hen
and Thornton 1940 ) showed that the so-colled dnefficlent
gbrains are equally good Pixers of nitrogen por wilt of time
andl acbive basterisl mass, bub duc to bthe small size of the
active beetoriel mass ln the nodule snd o the ghort life nb
this stege end the rapid dlsinbegrebiony the guantiby of
nitrogen actually fixed Ly them iln elumost nogligibles

Sidnce o the soll s legume orop usually obbalng ibs
nodules from a migef population of legume bactorise vawying in
thely effectivencss bowerds the production of modules in tho
nost plenb, as Wﬁiggin'thmiw offlieiency o Lix gitvogen, the

relebive offeotiveness of the nodule bacberia hag been sbtudle

-6 and sone straing hove been found as dominenty when they

compote with other ones. By igolabion of shrains combining
gominant effectivencas and efficlenoy,bho problam of provid-

ing the cvltlivateld legmes with efficiont nodules in golil
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lacking such efficient mioro<organisns greably progressed by

the inooculation of the scoeds with these @ﬁfi@ienﬁ-ana effect=
ive gtraingy { Thomnton 1936 )

Ag soon as the nodule baobtoria enber the poobs through
the root-hairg, bhe cells of the ool corvex become meristens
atie and by divieion produce the young nodule, Cell division
exbonds beoyvond the cells that are actually infected and is
perhaps due to the s@araﬁiﬁnlaf gome diffusible gbilmulont by
the basheria

Nowr the way by which the bactoria are distribubed
shrough bhe colls of the young nodules divfers in various
degumes bub bho result is that scon bthe oytoplegn of the ins
Peoted cells Iin the conbtyre of the nodule becomes clogoly poachks
60 with bacheriay usually in swollen branched fowmy the so
called bactercidsy ond this bacberlel tissue is presumed o
be the seat of %ﬁ@ nitrogen Tixations { Yhornton 1066 )«

IA0ble propross hag boen mofe toverds solving the pros
hlam of how the nibrogen is fized in the nodules, The nodule
organism ig nobt able to Dix aitrogen owbelide the host glant;
and sivee the Dixetlon of altrogen In the nodules is closely
connected with the active vhotosynihesis of the host, and
evidently with the econtinucus supply of carbohydrates bo the
nodule tisgue, obbenpis have been mede to debermine the
provided ond cousumed encrgy Lor the prooess of fixation of
the wnit of albtrogens Relablve Ligures for the resplratlon of
the Wit of mass of nodule~tlssue, and non=nodulated voobay

( Bond 1941, srevesled that the respiratlion of the nodule



%&@ﬁﬂ@xiﬁ ﬁigﬁiﬁiéaﬁtﬁy highor than vhe aﬁrrﬁﬁﬁamﬁing respin~
atloa of the nonsnodulated mess of roots;end gross figures
for the pequived onexgy for the fixeblon of one ng: of nivreg-
en are reported os high as 19 mgs of carbohydvetes im Hoya
plants growing in waber eulbures,

As vegards now the primary and inbermediste products
shoough which the nitrogen fixatlon talies place; bthe ocourye
erice of exoretion of ndtrogenous gubsbtances by nodulabed
1eEunes @%@Wﬁﬁ@ in sbeprile culbures in some environments
enabled tihe Helsinkl workers o pub forxward the theory thab
the fixablion tekes place probebly thyough hydroxylamines
osime of oxalegebic acld +~and finelly through aspartic and
glubamic acids ( Tirtonon L938,1047 )i

Whatever the peimery aud intormediate products of the
nitrogon fixabtion may be the question sriges in which way are
he Pixed nitrogenous auﬁstaneas veleaged bo Bhe host oybo-
plasme Whereas eavlier theories gupported the hypobhesis that
the peleage took place ag a result of o digestion of bacterie
through the enzymes action of the host cyboplasiy the pro-
valent %hegfy now ig that the bacteria exerate the fixed
nitrogen o the host eyboplasm as soon ap ﬁh@y'ﬁtéxt Lixing
nlirogen, and that this cycrebion keeps pace with the fixatiov
amounvlng o abouh 90 per cenb of the Pixed #ibrogen. { Bond
1986, densen 1944, ). |

Apart from the nltrogenous subgtonces bhet bhe bagberi-
6 roloase to the host oyboplasm, under specisl condibious

{(propably when the fixel nitrogen exeeeds the guenbitics theb
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can be ubilised by the gynthesised carbohydrates of the hosth

plont )} a quantity of the fimed nitrogen is emerebed Lrom the
voung healthy nodules o the surrounding rooting mediuwn and
the phenomenon of such exerebtion hos been sbudied exbonsively
in on abbtempt to olucidate the proper conditions of the
environment for bthe occurrence of ibt. (See gection IT of
Thesis ).

The symbiosis of bacberia and legunes 19 a delicate
sguilibrium and with a slight change of the environmental
sonditions the equilibriun is disburbed end the bactoeria soon
pecone paragitic @rgaﬁi&mﬁ, Two fectors to which speelal
smportance has been given for the maintenance of this equile
1brium ape the total or soluble cerbohydrates synthesised by
the plant, (Allison 1935h), end the ratio of the total or
goluble carbohydrates to the total or soluble nitrogen of the
plant, (Wilson 1940} . Fixatlon according to the lawgb theony
tolkos place only when this ratio le within a nerrow range
andl any deviation from bhis narrow renge giving as a result
rolative excesg or shortness of carbohydrates, soon npsets
the eguilibriun,

The discovery of the red pigment In the healthy nodules
ond the identification of 1t as haemoglobin, (Keilin and Wang
1945) , is one of the latest achiovements in this £leold, and
the suggestlon about the probsble connectlon of the red plg-
ment with the process of fixation is very interesting. (Vir-
tanen ob ol 1947). Plnally the finding that nodulabed legumes

reguire ospecially the presence of Molybdenum for the funebioy



@&?H
of nitrogen Lixatlon (Anderson and Thomag 1040 jmust be

mentioned s
Alvhoush as o resulb of erbenelve work many sapects
of the complex problowm heve been clucidaked, much stlll
pemelns o he done; and in tle presceut thesis a small cone
Leibntion to some agpetts of the problen hag been avbenpbed.
ghe thesls moy Be 4ivided into thres mections presenbeod
separebely wnder the following titles:
Te Bifech of chapcosl on growbh of legunes in sand
culbure with obgervabions on exereblion of Dixed
niteopen fron noduless

& nitrogen

3

3

3

Tis Tupthse exporinents of oxorebdion of flue
from noduleg,
TELs Witwogen nwhplbion of non-nodulated olover
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Bffect off chareoal on growth of legumes 1n sand
culture with observabions on exoreblon of fime

nitrogen Leom aodules,

o © GLASGOW UNIVERSITY
- DEPF=CR-BACTERIOEGG Y
6@""‘"’7@] LIBRARY




INTRODUGT IO

The practice of cultlvating mixed gulbures of l@guméa
and non-legumes is a very old sysbem applied in primitive
agriculture all over tho world ﬁi@ﬁ@ ancient bimes and the
opinion that the non-legume benefits from the edjacent legunp
18 supporbed by fexmers in most countries. Phere ig an axion
in scionee that the oxperience aﬁ the rece mush never be &is;
pegarded unloss expoyiments prove their. bases 0 he unsound.

Lipmen (1912)is probably the first investigator whe
trled to demongbrate with experimente that non~logumes bene~
Piited gﬁ@@ﬂgly‘ﬁram7aﬁsaqiatiam with a legume aud among the
othor earlier lnvestigations on this subjeet that of
atallings (1920)mast be menbioned. Bub to Virtanen and his
agsoolates goes the credit for a thorough investigation of
the problem snd for obbtaining the oxplaenation of the bene=
ficlal on the non~legume ln mixed oculbures. |

Virtenen and hig cosworkers in a geries of papers
(Virtanen 19358, 1947) proved deflnitely that in Helsinki
nealthy nodulated logumes exerete a conglderable amount of
the fized nitrogen very eawly snd et o bHlme vwhen no guestion
of digintegration ol nodules may arise, bhisg amount boeing
gomebimes a8 layge op 80% of the total Lized nitrogen,

Soon after this many workers all ovoer the world btried
o confirm Vibbanents resulis and although they Tollowed his
methods almost exactly and somebimes oven uged the samne
mediun, the ssme veriebles of sceds ond tho some straing of

hacteria, most of then falled to devect eny oxeretion abt ell,
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or only succeeded in debocbing a very smpll Qna, far bolow

the exeoretion reported by the Helginkl invaabigwtnru.

| Liverature is full of pepers reporting negobive resulbg and
5 mumber of theories have been devised trying to explain why
under one environment the excretion is almost a common phenos=
menon, whereas under another, exactly the oppogite is the
ule,

The present writer working in Greeceo ab the Instltute
of Plant Broeeding, Thessaloniki, has had the opportunity of
geeing experiments with mixed oculbtures in pots and fiélaa'
ecarried oub by Pepadokis (1939,1940), and although these
gxperiments were cerried out in pots with soll instead of
the gond nsuelly usel snd thelr final resultds may be question-
ed, nevertheless early observatlons on the appeavance of the
plonts suggested the acceptance of probable exorotions !Aﬂ
experiment carried out by the writer in 1940-43 ab the lowe
nibrogen flelds of the Institute, showed that in thesge fields
at leagt with some of the small-seeded legumes,especlally
1entils, wheat growlng in alzture strongly benefited Lfyon
the adjacent legumes. The appesrance of wheat in all the
plots with lentils was fapr bebter than that Qf the whea£
growing alone and this superlority was already clear from
almost the Tirst weeks when no guestion of disintegration of
nodules gould have arisens

The War gtopped Lfurther expordments and in 1945 soon
afbter the Peasoce, the writer, with the confidence that apart
from Helsinkl the phenomenon of exerebiosn could algo be %
detected in Greece, reached Glosgow as a gcholar of the
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fBritish Council snd starbed vesearch under Dr Hond's super-

. yision in the Botany Dopartment of Glasgow University.

Since Bond (1938,1939,194la)during geveral years worl
in the lasgow environment failed to deteet any appreciable
exeretion, further work on the problem in Glasgow was considet-
ed as ugeful only with the modificabion of the pooting medium’
and in general, of the environment. The paper waﬁbrting
‘experiments by the Russlans, Gukova end Butkeviboh (1941)
with o wizture of pand end charcoal was the starbing point
for the cxperiments deseribed holow, | |

Gukove and Bubtkeviteh, using mixture of a gond with 6
por cent granulated charcesl (type not abaﬁeﬁ)in pot cultures
{tvpe of pot -~ glazed or wglazed nob inﬁiaabeﬂ)gézﬁérte&
phat inoculated Soye beans wabtered with Hellricgol®g solution
containing only one tenth of the normal quantity of nitrogen,
produced twloe ag much tetal yield as Soye beans grown in‘
gend without chareoaljthe weight of nodules being nearly
goubled, gnd the yield of beans being neerly brlpledq

In non=inoculabed soya besns supplled with the full
felriegel®s solubion, the presence of chergoal produced a
conglderable deerecase in the yield, probably (the aubhors
suggested} because the nubrient selts were Introduced in
gmounts caleulated with roference to the welght of the sand,
Yhus since the wolght of the ﬂand'aloae.wms 74 ke pEr POty
whoreas the weight of the send plug charecoal was only 5.0 kg
the smounbs of evaillable nubrient salts were considerably

less in the pots with charcosl. The advanbage of heving more
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muﬁriaﬁt salts when there wes no charcoal in the sand could
not be turned o profiteble account by the inoculated plants,
wocause bhey were lacking nilbrogeny

The effeet of the charcoal on nodulated plants was
abtribated bo the loosening of the subsbratum end to bettoer
acration, and the fact that thls change hed no Lavourable
affeot on the eulbures withoub inoculation; was interprebed
ap mesning that the effeot of inereased aoration was connecte
ol with the Influencs on the bacteria in the nodules, rather,
ghan on the petivity of the root systen iteell,

In the same pepoy. the authors by changing the btemper-
ature of the rooting mediun from 50° @, to 24° ¢, obtained
oyer o DO% ineresse in the total yield of lnoculated soyu
peans. and sinco the non-nedulated soyebenns gave similor
vields ab both tempervotures, the Lfavourable influence of the
alberablon in the bemperebure wos abbributed molaly to pro-
daueing bebver conditions for anlirogen fixations blgcusging
Bhese resulls the authors pab forward the hypothesls thot the
discrepancy in presults of nitrogen exorebtion e
Heloinlki imvéﬁﬁigaﬁ@ma and the other invesbigabtors oll over
the world, might be explaincd by the assumpbion that the
gonditions of aceation and temperature in the Helsinki
exporinents were more congeniel for nitrogen fixation; the
excoss of Pixed nitrogen belng exercbed. l l

Although the use of chercoal maialy s a meons for -
improvement of acrablon end drainege is mope or 1@sa-aaﬁman
in horbleulture very fow selentific invesbigatlons ave
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v b
-~ availlable. Pincker in unpublished exp@rim@ntaz‘wiﬁh Lilies
eound bhat sddition of charconl bo a clay medivm had a
romarkebly favourable influence on the formation of new
pulbss The charcoal used smouwnted o 10 ~ 20 per eend of the
clay and dbts favourable influence wag atbributed to a mechan-
joal improvement of aerabion and drainnge.

Prianitohnikow and Domontoviteh (L926) veported the
results of an wapublished exporiment condueted during 1916
by TeVaoTanughkin on the influence of finely~ground charcoal
(type and percentage nobt gbtated)on the yield mf:aiffer@nﬁ
plants grovn in send cultures supplied with wvarious nutrient
golutions. According to these results the yield éf barley,
pab and rye in pobs with charocoal was increaged by 100 to
700 per cent over the yield in pots withoub charconl. The
pxplonation given for these sbriking resulbs was that the
charcoalsthrough ibs adsorbing capacity for hydrogen and
hydroxyl lonsgprevenbed the iﬂjmriqng influence of a ﬁhifﬁ of
reaction elther towards acidity or éLhalinityi

Popadalis (1940a,1941) reporbed experiments with added
chaveoal with whealt and corn and +the same author referred to
gxperiments carried out by Zinzaudre (19%2)and Holynoki
(1928) acecording to whieh oddition of aativaﬁé& charcoal
either to wabor culbures or to the soil, luocreased the yield

of the eropas -

" -
The writer wishes to exproegs his grabibude Por the supply

and the permisslon Pfor the use of the unpublished dobo,
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There are in commerce LWo GOMOON ﬁy@@ﬁ;af éhaxa@al;
animal end woodynemely according to thely origin. Activated
charcoal is ususlly prepaved from common wood charconl by
gpocial treabtment invoelving heabing for lang\haurg at high
| senporabure (926° 0.) with a Linibed access of alr. The proces
of sebtivebion is sccomponied by a docreage of th@}bulk dengs
ityy incrense of porogiby and probably by some méﬁificmﬁian
“on bthe carbon molecules %R@W&@l?@ﬁq=&ﬁﬂﬂﬁﬁﬁiﬁ@;yé%#f io
greatly increassel. The efficiency of a pa@ﬁiculaﬁghirch-wwa&
chareoal as regards ibts adsorbing capaoiby f@r mi%aiaenaua
gas was tested bePfore onmd after the process of aé%ivatign and
it was found that with the activebion the a&s&rﬁiﬁg capacity
for the gas was incressed 580 per cent (British Fneyolopaedia),

A mixbure of gand with activated ehmramal'aﬁﬁéare& ]
vory promising reoting medium combining twe epssential facbors
gbrogsed by Viptanon and hié associatos (1088,1940) o
indispensoble for the accurrence of ewerebion,. vomely,
1} bhigh sdsorbing capscity of the medlum and
2) good aspablon..
The combinstion of those twe factors in o mediuwn would obher-
wise have been very Qificuid since hy uging a Liner and fLiner
gand ond even more by mizing 4% with clay ox kaolin as was
done by Imdwig and Allison (1940} with the increasing ad~
gorphion of bhe medivm, the Pirst factor was fulfilled bub at
pho same time the acration of the medium was worsened, In the
other way by use of coarge sand the aerabtion of the medium

was promobed bub this was obbtalned ob the éxpence of the
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i pdgorbing copacity.

x T was deelded congeguently, on the basis of the papor
by Gulkova and Butkevibeh, {a) to atbempb to confirm end ine
yosbigoate further the benefiecial eoifect of eharcoal on the
erowbh of legumes sud th determine how gpecific any such
oftect ip for nodulated plaunts in paritioular, and (b) t0‘i§F
v&aﬁi@aﬁe vhethey any such increcged growbh of nodulabed

plants ig in feoob abbended by oxcrebion.
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MEBETHOD Bs

Open pob culbures were used with glazed or unglaged
sorthenware potgy the labber type beolng always new and
unused: the capacity of the containers varied from two to
eight Libres. Sand of two types hes beon employed; namely o
polatively coarse hortleulbural send (Bedfordshire);and a
Piner industrial silver send kindly supplied by General Bew
rrachories Lhd. from the guarry at Glenbolg, Lonarkshires
fwo deliveries of Bedfordshiro sand differed somewhat in
coargencss and colour and are digtinguished ag Yellow and
white Bedfordshire send,

The moehanioal analysis of the pands was es follows!

Sirze-of poy- Yollow Bedford VWhite Bedfs Glenboig
ticless shire cotrso. COUPBG. Piney

Larger thon 2.4 mm 1.6 0ed 040
l*f?» w Bedh tom Bel '33:(53 0e0
Qgﬁﬁ w La&B mm B0 34:-;8 08
043 = 0.6 mm 5% o3 a7 803
O4lGe 045 1um BeB 2% 6840

Smaller than 0.15mm 08 1.6 845

The tobal nitrogen of the sand,although amownting to
1l - 17 mg He por kge dvy sandyapart from one conslgnment
cuployed in one experimenty was unavailable for the plantsy
as is ghown by the faet that the growth of barloy,oats, and
non~inoculated legumes iv the sand woag exbranely poOr.

Four kinds of ahaﬁﬁu&#hRV@ 5@&3 testedordinary animnl
and wood charcosl with porticles 0.545.0 mm in diomebery as
well ag powdered aniwal charcoal and two Iinds of activabed
charcoal namelyyn granular dype and o powdered bype {(manufacth
urer®s numbers 195 and 189 respectively)s The activetbed
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charcoals were sunplied by SubeliffeySpodliman & 0o. Lbd,,
with the kind cmnfiﬁantial'iuféﬁmaﬁiqn that the raw material
was coale. Different conplguments of the two Lypes of aotive
aﬁ@d chareoal aorce distinguighed in the Following aecount by
the letters a,bge,oto. The samples of charcosl amployed
contained from Q.4 ;”i.@ % nitrogen bk ag the growbth of |
barley showed an&.aﬁ anélyaiﬂ of the charcoal at the begian-
ing end the close of the experiments confirmed, the nitrogen
was in a form unavallable for the plents.

The ary gand and the appropriate kind and emount of
chareoal {the smount of charcoal being exprossed as a pore
eentage of bhe dry ﬁ%@hﬁwaf the sand}, were thoroughly mixed
prior to filling the pots. '

Thﬁ.pﬂtﬂ and bhe roobing medium were usually employod
without previous auboelaving, but in certoin cxperiments .
yots’wifh the medium were autoelaved for 5 hours at 15 lb;l
pmeaéur@ and addibvional precaubions were taken to ovold the
chance of infection of the legume with the nodule ovgenism,
Thugy as soon as the seceds were germinated, the surface of
the éam& was govered with 1«8 kg of shberilised gravel 0.8« 1
em in diametor,and the wabering of the medium, with sterile
polubion oy wator, was carried out through 8 or 3 glags
eylinders, 1" by 3", luserted into the medium and projected
through the graveli the glass aylin&e#a bheing ologed with
corks, (Tige N@i}; |

Iﬁml*im@r’ﬁ (Virtanen and V.Hausen,1935), or Rothamgted

(Thornton 1929) ;mutrient solution free from nitrogen,
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Figure 1,

The photograph shows

the applied arranganent
-oorerlng the surfaoe
with gravel and watering
through glass ovUnders-
In order to avoid ohanoe
nodulation¥*
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gbrengbhened with the addition of 1 ce per litre of A~%
minor olements golution (Yempleman 1941 with wr‘withauﬁ‘
Molybdenun Oxide, was added, briaging the molsture of the
pond Lo aboubt 86% of lts water holding capacltys the moislbe
ape was kept near. to this peint throughout the time of the
growthh by ﬁéi@hing‘th@‘pﬁﬁﬁ every two or three deys and |
restoring the trenspired and evaporabed wabemy alternately,
with added nutrient solutlon or distilled water, Siagé the
 DPH of the Rathamat@&'aﬁlutian with the sutoeclaving dropped
0 §, in order to provide all bthe ezperiments with nutrlent
golution with pil approximabely 6e5ythe formule of the Rothams
ghed golution, when it was autooclaved, it was slighbly
alberel,by substibubing the 0.% ga per litre of mono and
dipotassium phosphate with 07 gn per litre Gf dipotassium
phosphaltie, and reducing the content in potaseium chloride
from 047 gn per Litre o 0.96 gu.

New Zealand Maple pea (Pisuwn epvence) has been used in
ell experiments as the leguninous planty with barley (Spratt
Arecher variecty) as debector plant for excrotion.

Macroscopleally wdanaged seeds of definibe weight
were gselected from a semples The seeds were sterllised on the
gupfade by Tirst immersing them in absolute aloohol for &%
minutes and sfterwards in 0,1% solution of mercuric chloride
for 6 minutes for the peas, or 2% minutes for the barley,
with conbinvousg shalking. 8iz rinses with sterile wabter follow
ed and tha seeds were left sosking overnlght in the water of

the last rinse. Prlor 10 sowing, the surfaoce-sterile secds of
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peas were inoculated by immorsion in a suspension in sterile
woater, of young subculbures of the effecbive éﬁﬁéin X Virtes
none The numbor of soeds sown was slways in excess of the
agtually vequired plents, to allow for poor germinablon. .

Ag goon ag sufficient seedlings of the leogwae were
germinated,the excess of seedlings oy non-gorminabted seeds
wore carefully romoved and the seme day; surface-sterilised
bariey seeds were sown among the leogumes and in the control
pots; the mumber of barley plents belng always double in the
econbrol pots. In exporiments carricd oub in 1947 and 1948
thig technique wag slightly modifled, the geeds of lepume
aud debecbor plant helng sown simulbencouslys Whis results
in addivional aifficalty in the progess of thisning, but it
was congidered preferable in order to give bthe opportunity
4o the young logume end debector plents bo begin their life
ander conditions wore like those exisbing with mixed culbures
in natures

Immedlately afber thinnlogybhe pobs were transferred
o an open situation in the Universily pordens,where they
wepe protected on rainy days with frames of wood ana glass
gubgtitube {£ig.2;%). In this way the plants were grown
ander aluost natuwral oubsdoor conditionse The precanbion wasg
saken to ehange the place of the pobs Lrequently,in order to
egualise exposure bo 1lghb and wind.

To aveld any relesse of nibtropen from decaying cobylew
dong the shrlvelled cobtyledons of the peas were carefully

pomnoveld abt the ond of the Dourbth woek.
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Figure 3

pliotograpbe 2 and 5 elunr
the site of the erperlmeate
and the method of paroteotlon
againet rain, (eovere removed
In Fig. 2).



GG
Full records were kept during all the grawth period
and the pleanbs were usually harvestod afber LO-LB weeks, szen\ 'A
the first pods were fomed. The ghoobs of lepume and barley
were harvested separately snd so were dried ob %Ez‘%ﬁ e b0
pracbicelly eonstant welghta.

- Who pooting mediuvm was allowed to booome alr-dry and
phe roots of bhe two kinde of plonbe wers cavefully separote
of and the number of noduleg counted, The fine parbicles of
gend obbached to the roobs wore rapoved with the help of a
hrush and wabsr «md the roobs were gubseguenbly dried as
with shoots; the dricd maberial wes keph in gir-~btight jors
with veasgelined stoppers Bill the tine of analysis

The tobad nitrogee of the ploaab was deberained wilth
the Kjoldahl mebhiod ag modificd by Ragker {1985, 1926).

- Por the deborminetion of dhe tobal nitrogen in dry
aomples of gaudy pracbioally feeed from poots, the prosedure
deseribed by Hond (1938) wag followeds
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EXPIRIMENT X« Two kinds of charcoaljordinary animal {granul-

o typeland éa@&va%eﬁ charcoal 1n a mimbure of H parte
grammlar sample No l@ﬁa;ﬁ@lan& partrpmwﬁere& §am@le o 189a,
were bested. Twelve earthenware glazed pobs 845" in dlameter
by 11" in helght with o tubulure in the gide near the bmttam,"
wore nsed and in each pot ab the bottom and sround the
pubulure four pounds of weshed coarse gravel weye added for
the promebion of aerabions The pots were divided in 3 lots
of 4 pots cuchyand whilst eamch pot of the first lot was
filled with 24 pounds of Glenbolg sand,each pet of the other
pwo lots wes £illed with 24 pounds of unixture of the gome
sond plus 6% (the amount used by Gukova and Bubkeviteh) of
animal or activated chareoal.

Three pots of each lob were sown with nelxed cultures,
8 peas plug 8 barley, whilst the fouvrth pob was used as
conbtrol with 16 barley alones

Hiltner?s solubion free from nihrmgemgwitu the additiow
of 1% ealeium carbonato,; as was roconmmended by Hausen(1958),
was added to all pots, bringing thelry molsbture to 167, of the
ﬁpy welsht of the mediuwngond the plante were wabered during
the first month with this solulbion or with diebilled water;
bub gince at the end of the Dirst month the pH of the media
waa alkaline {V&&*?i%)gfﬂ?ﬁﬁﬁr addition of caleium carbonate
was omlivted Lrow the beginmning of thoe second month till
hoarvest times

Aftber B weeks growbh,the peas in the lob with animal

choreoal had a remarkebly different appearance from the peas



in the other lobg,thely leaves being smaller and showlng
marked marginal reddeunlnge Roots from these peas examdined
maeroseopically appeared perfectly healthy, With the progress
of time the differences in top-growth bebween the peawy in the
pots with onimal charcoal and the peas in the other lots was
gradually accentuated,the growth of the peas in enimal char-
gool being FTar behind the growbh of the'pmaﬁ of the other
lobsythe size of their leaves being only one third of the
asizo of the leaves of the other lots and bthe reddish marginel
colour with spots on all the leaves being more and more
intence, (fig 4},

A regards the peag in the two other lots,; bhey were
more or less gimilar in growth snd appearence with o possibil-
ity thabt the peas in the potas with acbivated charcoal were
slighbly greener (£ig. 4).

Compared with the peas, the reaction of the barley
plant b0 the charcosl was enbirely different; although all
the barley in bthe control pots and in the mized culbures
ghowed the symptoms of anibrogen hunger; the barley in the pobs
with enimel ehareoal were definitely lavger and groener plents
{fige 5, 6),whilst the growth of the barley in the pots with
acblvated echarcoal was the poorest of all (£ige7)s

It ds considered necesgary to mention a few words about
the pif of the vooting medis. The measurements for this oxpe-
viment were carried out with colorimetric methods,not parte
ieularly aeccuratesbut since the differences were persistent,

the rogults can be considered brustworthy enoughe When the



Figure |4

Cultures of peas and barley from Kxperlmeot I»
Pots I and VIII in sand alone, pots H and VH
with 6 per sent unlmwl and activated oharooal
respeetlvcly.
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FIGURE 5,

Growth of barley In control pot (barley alone) on
the left, and In mixed cultures (peas plus barley,
peas renoved tar purposes of photograph) on the
rWit. Rooting medium sand alone. ( From exyart. I.)

FIGURE 6.

Growth of barley in control pot (barley alone) on
the left, and in mixed cultures (peas plus barley)

on the right. Rooting madivm sand plus 6* anlmni
charcoal.



“S20**

Figure 7»

Growth of barley in
control pot (barley
alone) on the left,
and in mixed cultures
(peas plus barley) on
the right. Rooting me-
dium sand plus 6$
activated charcoal.
(From exprt. I.).
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- poas wore 4 weeks oldythe pil of the sand with enimpl char-
gonl was m@xa'alxalinaCyﬁ,Vaﬁ) than the P of the ﬁﬁn& in the
other lobs (vl %e4). Thoe pd remained in the above levels
$111 harvest blme.

Pable To mives the harvest date for bhe poase It can
be seen bhat thoe growbth in dthe pots with sand alone and send
plug aotivabed Qhamaaal wes very good,the nitrogen fixed per
plant Deing about 90100 mgs opr 700-840 mg per pob. There is
o Slight Inerease in the &ry“mgxter and the btobal nitrogen in
the peas In the pobs with send plus setivated chayeond, in
compazison with the pens in sand aloneybubt ginee the inereuse |
is statistically inslegnificent,the experiment falled to show
ineresse in the growsh with the added soblvated choreoel. The

dyy matber of the poas 1n send plus animal charcoal was only
1/6th and the nitrogen fixed only 1/15th of the corresponding g
figures for the peas in the other two media. The enimnl |
charaoal acted ag a very stirong depressing fagteor on the
growth of peas.

The flgures for the number of noduleg are of some
interest. The nunber of nofules in peasg with activabed cher~
eoal was only 1/95rd of the number of nedules in peas in sand
alone, They wero,however,of grosber average sime;as is indi-
pated by conglderation of the dry welght dabajyend were
concentroted near the tap roobts.

Wable Ih givea the regults for the horley,
Unforbunately,due to shorbage of pots the control pots (

bariey alone)werc without replicabes, end the resulits can bhe



Dae, of expepiment Xe Growbh pordlod &nd May «66h August 1046,
8 pegy ducculated with HEX gbrain aond & bavley por glazed pot
containing 24 lbg, vooting medium. Bopd (lenbols fine.
Data shown in table are per pot and fov the peas onlys

S rou R
fiwed Dry whe Fumbor
¥o op Dry woe  nitrog- nodulew, Of"
Roobing mediwis POt ot By DSe Mese nodules,

£545Y v BEG B210
20454 5805 B16 S
259 SIey) 896 REBAO

HSand aloune

1 't
11 i

o
L

oo

LR

Mean for & C
potse 88485 781 HL6 2880

Hand plug 6% active o ,

abed charcoal, & - B7a78 8553 2By 840
oo 3t 2 B 83409 ’?EJ:L B98¢ 533.3
., #© 1t 9 4 19459 641 200 -

Meon foxr B o | s
PObLe 83267 V5& 860 OB

B R v iy T W R W e

Bend plus 6% andme | - | |
al ohareouls 7 4415 61 54, 1080
1 T 2 # £ &P BB - L70 2150

Meon Tor 8 ' .
potys 5490 Gy 158 1580

* ' L
The columm tobel fixed nitrogen indicabtes the boveld
nitrogen in the plants minus the nlbrogen in the seeds.



Table Ib,
Date of ekperiment I, for the barleys Mimed cultures 8 peap
and 8 bavley per pot, 16 barley alone in the contrel pots.
Dato ape per pot Por mized enlbures, ,,um the hall of the yleld

for the combiol 3@@*&&, norresponding 4 a *I:azm grmvmh of 8 barley

\.

. y Hitrogen
N\ minug M -
o of by vt pfiwz%m of geeds
}mﬂb},z £ *‘1@&2311:&4. Gulture,;  poabs ohe \ L ‘/a mg;‘
-‘Jﬁétﬁm alone Mixed culd. 1 ;é'l 18.7
" i o i 2 2408 3.::1.63
i 1 1 *t 3 :uml 1740
S Moon Ror )
— , S pobgy 285 2G5
i " gonbyol, hais ' '
| , ley alono. 45 - BelD 1640
gand plus 6% aobiv- N E
ated chareoals mme@ eu},m & %08 526
f 1 " W 8 B 3450 BaR
" “ n LI -t“t G 0489 09
Mean, fox ;
5 potg. m@j@? i
L woou " Gm‘t;ml,bw« o |
Lley alone, M Lal6 540 *
Soedru e - .
Sand plug 6% anw | , | ,
:lm&l &h“zmoa:i.. Mixed oult. YV LBl 1488 29 ¢ 8
W 24 o1 8 4600 Leds BLa0
ﬂ N ﬁ ] © " ¥ Dabl 1«8 485 o4
Moan fow : .
5 pobt« S«91 KRWLE 3¢ L.
1] 4] $1 ¥ gqn'@rei ’bmm _ .
loy alones 18 © 1,588 LG8 2441
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pongldered as having some gignificence only bocause they can
he conneubed with previouns exporiments ceprried oub in a
aimilar envivonment and conditions by Bond (1888,19059,1941a), f
- A8 in those previous a&pexim@ntﬁghéwe also it is guite clear
that there was not the slightest galn in dry matber or in
nitrogen in barley grown in nixed culbures wivh peap in
either of the btwo medis sand or send plug actlvated eharaaal, f
in comparison with the fdry matber and the botal nitrogen of
vhe barley in‘ﬁhﬂvgﬁmraapan&in@,a@m&ra& potss Assuming that
any exereted nitrogenous substance could be used by tho |
parley,elther ﬁim@atgy-éw indirectly, aftoer ﬁiaiaﬁegratian
to o more avalloble form through the existing Qiéramaxganisma
in the rooting mediwn, the conclusion ig é&awn that in those
ﬁm@ mﬁa;a there was no evidence of exoretion . ab oll(fig 5,70«

There wag a considerable decrease in grawtn (both:ary
mabtber and total nitrogen)in barley grown in .send plug acblve
abed charconl in compardson with the growbth of barley in sand
alone (£ig.?)yand this deorease can prahably'bé explained
with the hypothesis that the activabted charcoal adsorbing
part of the avalleble nitrogen in the send, left tho medium
poorer in nitrogen then in the send alones - |

The rosults of the pobts with animel charcoal were .
enbirely different, Both the barley in mixed culbuvres and in
she control pot geve a higher dry mabter and tobal nitragén
phan baél@y grown in send slone, sugpesting that the animal
charcoal ibself provided vhe medium with o small quantity of
avalleble nitrogen (figs 6)« AL the same time since the
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barley in the mixed cultures execeeded the barley in the )
control not by 84 mg niﬁfagen;ﬁh@re'wms the posslbility vhat
under the Gﬁﬂeiﬂl conditions ereated by the addltion of
andmal charcoal,the phenomenon of exoretion probably occurred
(Pigs 6)e A Durther experiment wiith the addition of animal
charcoal is deseribed laber.

EXPERMENY II, In this @xp@rim@nﬁﬁ which overlapped with the

first onesthe offect of wood ¢harconl and again of activated

chareoal. was tested under somewhat different conditlons as
rogards pobsy send and quantities of chaycoal.

Twelve unglazed garthenware pots, 99 in diemeter were
aivided into three lots, the pots of the Pirst lot being
Pilled with yellow Dedfordshire send alonegzthe pots of the
gecond with mixtures of gend with 2,4,06,and 8 per cent aétiv~
ased charcoal (mixbure three pavits to one granulsr charceoal
No 195b and powdered chareoal Mo 189b), and hhe»pmua of the
third lot with mixtures of send with similay percenteges of
ordinary gronular wood charooal s

Owing to different specific welght of the charcoal
and the sand, in this experiment, all the pobts were Tilled
with the pame volume of wmediwm, and Tthe Tollowing table gives

the exact welght of the r@mting,meﬁium.in each pob:

Rooting mediun wa¢gﬁt gme | Rooving medivm Wit o e

Sand alone & 500 | Sand plus 2% wood

Sand plus }3?@ actival J 400 chareoal 8,050
§ _ # .d. kL @ ,339 ¥t 4 &% # 7’ 660
" " 6 " ' 8,200 W Moogsh m 2 ;_1_:50
i L1 &3 it ’ &\;}350 57 i &‘3% 1] G ¥ &306

Rothangted solubion Pree from nitrogen with the adde~



. O ,
ibion of 1 eéy per litwve of A«% minoy elements solublon plus
molvbdenum oxide waes usged,bringing the molsture all the pots
so aboub 115 of the dwy welghbt of the medivm, This 115 molst-
ure wags neay the waber~holding capaciity of the coarse sand
bub was only a smaller percentege of bthe water holding capa~
eiby of the medlun with chardoalyand this dliference intros
duced an wadepirabio leck of uniformity; this mebbor is
congidored in the diseussion below. The molsture wes restored
wo this polnt every two ox thiee days by adding alteraately
she above solubion or disbilled wabor. -

Hine of the bwelve pots were used ag mirxed cultures
with © ﬁaaﬁ end 6 barley in esch pob,and the remaining 3,
conbalolng respecbively send alenegsand plus 4% acbivated
ghargoul mnd gond plus 4% wood charcoaly were used as control
pobs with bwelve barley plents In each.

From the fourth weel ony there was 4 conspleuous @iffew
egnce in the growth of the peas in the various wediayand with
the progress of Lime the growth in the pobs with miztures of
gharcoal. boceamoy every dayy bovber than vhe growth of the
peas in send alones As regerds the berley, apart Trom the fact
that the barley in the pots with tho activated chorcoal was
whe poorest of allyand the harley in the wood chayconl slight~
iy bebber vhen the barley in the sand alone,there was no
trace of any superloriby of bapley living in mized culbures,
in comparigson with the corresponding bapley inithe conbrol
pobas |

The pH of the fresh nubyrient solubion was aboub 645
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and the bable below glves bhe pH of the medium; sixn weelks

afber the beginning of the experimenbie

Jeoting medium | pH  Bootlng welddwm Dl
BSond alone Bud Band plus 8% wood :
gand plus 8% acbivated GaB3 ehaycoal. 740

iy LA W B o3 il 1 A% W 71

€ L 1 B840 " L 6k 75

$ LI = W 5 B %2 B% 7.5
TGS CHOPS Was 8 BLLoHT Anorenst COVhras OGLROLInLty
in the pi of the medium wlth the lcevensiang guenbliles of

ehmrcwal,ﬁh& wood chareoal béimg MOre @ff@aﬁiva‘in cousing
this change bhan the ackivated.

Table Ilo glves the hovvesd daba FTor the peass The
pavourable offect of ¢harconl on the growbh aud the Tlzabtion
of ﬁiﬁrcﬁen i well markeds The best growth and Lizabvion
gacur dn pots with amell pervcentages of asctivated charcoel,
nomely £ and 4 per cenlt, vhile The opposite holds for the
mixbures with wood charcoalybhe begt growth being ob 85
mixbures{figs8)s An inerense in fixed nibtrogen can be geen
up bo 8d%h. It is wforbtunate that duo to the ghortoge of pots
and matorialythere was only one poet with sand slone mnd mixed
cultures. o any caseythose resultas can be consldered truste
worthy,eluce they were confipwed by furbher exporiments with
peplleates, It nust be polnved oub thet albthough the stimulatb-
ing effect of charcoal on bthe growth is exerted to hoth tops
and roobas,the increase in dry mabbeor is more pronounced in
the bops then in the roots, - aund treatment with both charsoals
had es effect an onlaprgement of the rablo vop/root from 9.5 .
in peas grown in sond alone to 1l.d in peas grown in nixbupe

with charcoal.
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Figure 8.

Experiment H. Ulzed
oultures peas plus
barley. Left pot sand
alone, middle pot sand
plus 2# activated ohar-
ooal, right pot sand
plus 8# wood oharooal*



Table Iﬁ?ﬁ&‘g

Dabte of experiment L&, June 15 -~ Sepbeuber BE, 1940.
5ix peag lnoculabed with X sbtrain and six barley
per unglazed pot conbtaining 0.8-8.5 ke medium,

gand Bedfordshire coarse yollow. Data ghown in table
ore per pob & are for the peas oulye

TovaL o -
| C Pimed Dy e Humber
No of Dry whe aitrog- nodules, of
Rooting mediumn, 2ot Eln. Gy M TN nodules,
Sond alone _ al 1755 594 BHH 5700
Semd plus 2P act. - o |
charcoal. 28 GE#66 1020 evea 4640
it veoooggon 24 ol P Lo07 548 5130
LA R 26 27 884, 955 458 1680
" noogh . p2Ts) BLe78 715 200 810
Bend plug BH - - .
wood charcoals 2% B4 0% way 6318 7140
L 25 £ 52 843 567 5050
" R av 18492 616 G682 B890
" S 5 29 8910 vl 467 4850

*
The columm toteld fized nitrogen indicates the bobal nlirogen
in the plant mioug the nitrogen in the scedss
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Albhoush & striet comporison of the mwesults of this
exporiment with the vesults of the first one is not possible,
since there were many differences in the conditions unden
which the two expseiments were caryled oub;iveluding the %
employment of difporents seumples of acbiveted charconl (though é
with the seme code mmmb@y),n&vwmthalagé it must be emphasised ?
%maﬁ in this expeviment vellow conrse Bedfordshire sand was
cuployed,whereas in the Pipat one tho mueh Finer Glenboig |
pand Waﬂlﬁﬁﬁﬁ@&nﬂgaﬁvﬁﬁ$&lﬁﬁ of gubsequent experiments augg@sbi
phe hénéf&aial effect of vharcoal on the growth of pens may
probably be connecbed with the coarsoness of the saud
euployed s

It will be observed that the effect of activeted char-
¢onl on the nuber end gize of nodules is vhe somo se iu the
Piret experiments With inoreasing gquentities in the medium,
the number of nodules decveases congliderably while thelr gize
jnoveases,and in the 8 mimbure the nwiber of nodules amounbs
so 3/96h only of the number of vodules in the sand alones
e effest of wood eharcoal on bthe nodulatlion is not quite
alearyalthough 1&@@@ guantities of wood charcoal in the
mixbure tend bo decrscase %ﬁ@ avmber of nodules.

Table EIb gives the havvesh results for the barley.
in epite of inocreased growhh and nlbregen fizatlon by peas
troabed with chapocal;thore le no slgn of exoreblon;since Y
harley growa in mixed culburves falled to exceed the corvespond
ing barleoy in the control povs in dey mebber or tobal nibtrogs

ene (Lig 103:Whe activated charcoal had a depressing affooub,
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Figure 9

Experiment H* Effect of ohar-
ooal on the growth of barley.
Barley grown alone in oontrol
pots. Left sand alone, middle
sand plus 4% aotiv. oharooal,
right sand plus 4$ wood oharo.

Figure 10.

Experiment H. Left barley alone
with 4)& aotiv, oharo, , middle
barley with peas in 2% , and
right barley with peas in 8&
aotivated oharooal.



Pable IIbe

bate of experiment IT, for the barley. 6 pess and 6
barley per pot, in mixed cultures, 18 barley alone
in the control pots. The daba ave pey pob oxcept for
the eontrol pobts Por vwhieh thoe half of the yield of
the pot is recorded.
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i voad Gontrol yhape B
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as it had in the Pirst experimentysuggesting thot with its }
shrvong odsorbing cepaciby it compebted with the barley for the
available nlbrogen inthe sandgwhereas the wood charcoal nob
having strong adsorbing capaeity,lefd the barley Lo use all
$he available nitrogen in bthe sand,and fuvthermore, added a

fowr mg.of avallable nitrogen bo the medlwn (L1g.9,11),

Eﬁggﬁxmﬁﬁf'ixxﬁ I 1947 a nanber of exporisents were seb up
madnly to study further the effect of sctlvated charcoal on
poas nud on excreblon.the effect of acbivabed charcoal on the
growth of peas was olear in experiment II,which wos corried
out- with yvellow coarse Bedfordshire sand. In order to Invedi-
~ dgabe vhether the influence of chawcoal on the growth of the
peas was dependent or independent of the coavseness of the
gend,two kinds of send were now used, il.c. yalléw elofek s 1o
Bedfordshire and fine Glenboig. “

Inthis experiment gramular acbivabed ohaveoal semple
No l9Bcwas usoed alone f.e.withoub mimbure with powdered bypey
a8 was done in bthe previous expeviments. Yhree percentages of
of the activabed charcoal were uged:l, £, and %%,slnce in
expoerinent II the best resulbs were glven by percentages of
this orders ‘

Since Virtenen end Torniaiuen(1940) stressed the
luportance of the porosgity of the pobts for the acreblon and
the ocourrence of exevetion, B2 oxtiremnely porous unglamed
earbhenwere pota were selected from a number of uwnused potg,
using the vegbt off the above invegtigatarﬂ. This best consiste
in placing the pobs in wabteyr up Lo the rim and meaguring the
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Figure 11

Experiment II# Left
barley alone with

wood oharooal, middle
barley with peas in 21
and right barley with
peas in 8% wood oharooal
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time balen Tor dhe waber Lo peneirabe Vo the innor gurlacé.
the Hime Por bhe penetration of water ab g¢ G wog 80 to 40
minntes,; a bime compapable with that reported by Virbanen sud
Torniainen for their mogd porous. pohss By using these porous
pobo,it was boped thab ony existing spall exeretion could
b promotoed.. ' ,

8ix peas and six barley were sown bthe same dday in each
pot with mixed culbures,whoreas twelve borley were soun in
eooh of the contirol pobtgs Rothamsted solubtion, fres from
nitrogen, plus 1 eds. per litre A-Z ninor elements solublon
piue molybdenun oxide was agalsn useds

Gontrary to oxpecbations, simest from the beginning
the growth of the peas in mixtures of goarse saud plug eobiv-
abed charcoal, cspecially in the pobs with the large percont-
ages of chareoal, wasg inferiodor %o that in the pobs with sand
alones Ay vegards the peas in the pots with Glenbolg sand,the
growbh was similar both with chareoal and without,

Meagupenente of the pH of the medium again showed thab
ﬁh@ efffect of the presence of chorcoal in the medivn wag a
glight increspe of the pH (o fow decimals of one wnit of the
pH scale) towards the alkeline side.

Peble IXI gives the analybical results, It is oclear
that the chapcoal addeld dn peorcenbages of 2 and % had a
deprenging offfeet on the pees grown in the Bedfordshire sand,
due possibly to gome boxie subshbance present in the charcoal.
Thue although the charecoal employed in this experiment was-

gupplied under the seme code fumber ag the granuler sanple



Pable III

Dabe of czperiment IIX, May B « August 14 1947,

6 peas inoculated with HX gtrain end © bavrley per
unglogzed pob contalning 8 kgs of rodting nedivm,

18 barley alone in the control polge Tho daba are
per pob oxcept for the conbrols in whieh the helf

of the yvield of the pobt ig recorded.
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used in 1946, Lis effech on poas was Aifferent fvom that in
oxperiment T, The fach that bhe chaweoal had no depressing
effoot on the peas geown in the Glenboig sand might be exe
plained with the hypothesis that since the fine sand had w
taeger adgorbing capacdty than Bhe coarse sand, ag a roesuld
15 afdsorbed the boxic substonce and thus prevenbed its
fajurious effonb.

A8 pegerds the barloy, that grown in mixed ouliures
- had the same 4wy mabiep mad bobal aitvosen or even slighbly
Less nitrogen thon the bayley in the Q@Mﬂ&ﬁp@ﬁ@iﬁ@~@ﬂﬁﬁrﬁ%
poboe Phus, sy is perhaps nob guprising since the chargoal
hod fadled bo stimulabe fixation, onee mope the experiment
falled to show puy exeretions The hypothesls of Virtanen and
porndainen o the effect thabt by usling vory porous pobs we
could promote the oxerectiony failed to be verified. |

Ag vogards the pyowth of barley grown in mixtures with
ineressiog, qbenbtities of actlvabeld charcosl, the growth
aeereaged wivh increaged quantivies of charcoal in the
mizbuare in bobth sands, suvggesting once more that théaaétiﬁatﬁ
el charcoal sched ag o coupetibor for the smell avallable
quantities of nlbrogen in the medlum, |

The effent of The charcoal amployed on ﬁh@inmaulaﬁﬁan
was in accordance with the provious experiments, and this
wime even more gbrikings Lenving aside the number of nmaules.
in the layge percentages whevre, for the conrse gend, bthe
podules were limited Yo o few layge oneg near the tap root,

and donsidering only the muwber of nodules in the pobs with
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one per cent mixtures 4t can be geea that vhe number of
nofules 1ln 1F mizbture of both sands wes Limited b0 one tenbh
of the nmumber of nofules in sond alonee LU bhus appears that
the beneficlad effeot of activated charcoal on genuine growih
o shown in experdment Ilyls unconnected with the redustion
in nurber and increase in size of nedulog.

EEPIRIMERD  IVe This oxperiment wes seb up in the oxpegtiats

jon that the strikingly bencficlal effeet of actlvated
shavecal on growvh of poas dumonsbrated in experinent II,
would be reproducible in the Pollowing years Lxperdments IV
was intendad Yo investigate Wh@ﬁhar*ﬁne'héuéﬁiaiél'effaat of
chorcont was menifesied only on nodulaved 1@gumma_&eriv%n§
fhelr nitrogen from the abuogplere as was ﬁﬁp@ﬁ%ﬁ&‘hy'%ukuva
and Butkevitoh (1941), o vwhethor bhe elfect was oxtended
#ls0 to non-nodulated peas grown in combined ﬁiﬁ@@gena The
exporinengt Losos some of lts point siuee the charcoal used
in experiment IET and in the present experiment falled bo
henefit lnotulabed peage The rogults are however of gone
inbereste

Pwenby-Lour uwaglawed earthenvere pobs 8" in dlancter,
were filled with V5 ko of medlun congleting of yellow
Bedfordghilre semd o nixtures of the gand with 1 48 yond 85
pronular activated charcoalsample Ho 1986« Special provaute
icus by auboelaving bthe mediums eavéring the gurface ¢f the
mediun with sterdiised gravel, and webering ell the time with
gborile solution were emploved Por oll povs, in opder to

avold chenee inoculation of the peas suppiled with combianed
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nlbrogen, The arrangement employed proved &a@igf&aﬁ@fy;&ﬁﬂae
most OFf the plonts were, ab the end of the experlment, free
from nodules, though océaglonal planbs showed o few pmalld
nOduLeg.

Witrogen In the dom of swmoniuvn nibrete wes edded
perdodically every 8«10 doys %o 20 of the pots in bwo levels
{total sdded nitrogen 1100 and 1650 mg. altrogen por potl,
whereas the reateiving 4 ﬁm@sg‘ﬁ'wiﬁh gand eud 2 with sand
plus B acbivabel oheareoal, were sown with inoculabel peas
and were uwsed ns control pode reseiving the pame gterile
nothansted aitrogen~free golubion sbrenpbhened with 1 cte
por litre A% minor elemcnits golublon plys molybdenum oxides

Table IV gives the anelybieal resulbss The peas in
hobtk levels of nitropen ghowed very good prowth in pand alone,
Unfortumebely, the chorvoal baé the boxle effect on the pens
su wixtures £ ood 5% as in ewperdment ITX, deoreasing the
gunowth of the peag considereblys. ¥his btoxic effect wag
mendfested in both peas growing 1o combined nitvogen ond
jnoculaned peag Lixing nitrogen Trom the atmosphere, snd the
vesulte ghow that the depvesding offoet 1 not exeried
ppecificnily oo nodules

IXPERIMENT Yy  Since Vhe activebed cbharvcoal ugsed in the

serly experimenbe in 19497 proved %o bey, in lte effect on the

peaty Alfferent Lrom the one uged in the experiments in 1946,
gegplte the faet theb it wap provided by the seme Pagtory and
had the some trade nunber, an experinend wag earpled out with

four Glfferent samples, in order to Tind ouv I any of these
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Pata of exporiment IV, May 18 ~ August 8L 194¥.
6 peas por unglazed pob contpining 7.5 kow of
pooting medium,. The planbs treated with N NOg
recoived in tobtal 1100 and 1650 mge nltrogen

in weekly dosess The inoculated poas wereo
watored with the same nubrlent solubion minug
nitrogen, The gend enployed was BDedfordshire
TeLllow Goarso.

. Mesn dry Mean boboal.
Ho of weilght nitrogen .

o | ' ropli~ per pov per pob

Rooting medium,  Troatments cates. Gk g
Sond aloneo. 1100 my Ne added., 1 2816 849
" % ColeBo v oW 1 8 82459 609
send plus 1% ohere.lloo ® # @ 3 26488 78
o "o LB 715 To B W g B 65 969{
" LA - S B X Ts B " 8 18.82 58, -
1 (LR | s lagg v o " 1 15,08 5971
Woomogh o ovooal00¢ v w1 16,90 557
# T ¥ 4 1aBp N w " 1 12498 HLL
sand alone,  Inoguls No Neadde 2 17458 549

Sand plus 8% charcs M L U & 15,76 &B7
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gamples had the beneflelal effecl demonsbrated in 1946 and
posglbly 1 16 could Induce any omereblon. Small pevcenbages
of the charveoal were uged end the chawycoal was always a
mizbure Bil of differeund semples of greanular charcosl Mo 195
ond of the same semple of powdered eoblvabed ehereoanl Ho l&@a,f
apart fvom one lot of pots in which powdered chapcoal alone
was employved dn mixbure with sands, The sand omployed wag
yollow coarse Bedfopdshire againe |

Siwbeen wglazold earthonwere pobs 8% In dlameber, wore
pilled with 7 kge of medium, and six peous and iz bovley were
gowa in each ot for mimed culiures, the seme day, vhereas
12 berley were sown alone in the corresponding conbtrol potss
Witrogon-Troe Rothamabed golubion, plus 1 COAPOR Litwe A-D
minoy elaenents golublon with molybienun oxide was used for
warering altornobely with disbilled wabors

Table Va gilves the analybical resulbs Cor the poas.

L% will be nobed that all the charcosls used geve o connpider~
able increamse in the dry mabber "end the fiﬁe& altrogen of vhe
peagy tho iunerease Lor the Lixed nitrogen éeing £rom 60% to
1804 of the niﬁrogankfixaﬂvby peas grown In gand aleone. Thie
expepiment was ﬁ@ﬁﬁaxma@ with dublioaboes aﬁ@ triplicates pots
and the dilferences are shbatistleslly slsuificent.

b dg dnveresting to point oul thol wheress the granuls
ar sample No 193¢ in %hé expeoriments IIE and IV had no offect
on the growth of peas in mimbure of 1 oLin experinents IUL
and IV the granular chorcoal was employed alone, i.os withe

out previous mizing with smell queunbibles of powdered chareoal)



' Table Vo
{

Daba of expeyinmept ¥y Fuly 8 » Bepienber 13 ZL&?J

B peas l.wcnlmmﬂ widh HE gbrain smﬁi 8 bapley pm:*
unglaged pot cssmmm.m{g 7 kow voobing mediuge
Hand Bedfordshive yellow coavaes ‘Ma dsﬁf’& are per
pot, ond for the peas onlys

P
atyoin

yxopartn .ﬁry~w%g- Total®  Dry whe Number

ion of per pot  Llwed of of
chm'*ami &*unpz.e,ahqmwl. ity e wige nodymgs nodulos.
ﬁamd a&mn@ - Gyl? 195 970
" | “w o Hads - B6Q 1090
R n. s ..;vgﬁ? 268 370
195h 1890 l*ﬁﬁ 8;?3 267 507 1080
LA zf»qf@u’ ~ Sad9 a200 B 450
1986 1890 0u5% 20495 BEE Lgy 550
" "o Le0% 8464 265 BOS 220
# # 145% Q2 gn@‘@: Bo4 ' 268 155
1950 189 0 5% 8al? 255 B3O 410
W 1405 9420 516 By 580
" " L5 H.87 BHY QOB o820
189¢, 0457k 8489 238 288 8ne
" 1409 Da77 285 aus 880

X
The colunn bobal :&mm nitrogen indleates the bobtal nitroge
en in the plants minug the nitrogen in tho socdss
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the seme sambdle
i1 vhe progsent omperinent emploved in mixture with small

guanbilbies of powdered charecoal had a marked beneficial
gftects Thug abt least fop this lob of ehavooal the beneficlal
gffoot of bthe chareonl on the ¢ anowhh of poas might hp |
abbribubed Ho the added swmall gquantlbies of powdered @etlvaba :
ed chavenel in the medivme

The effect of aha@aﬁal on nodule numbers and size was as
Leloro.

Table Tb gives the @aﬁu&ﬁﬁ for the barley. There is an
tadrease in the dey welight and %hm total nibrogen of barley
SOV 0 mized. cultuves. ln comperison with the barloy plants
in the corresponding conbrol pobts (figs 12, 14, 14). The in-
eroase in tobal nitmag@ﬁ amounved to an average of 1444 mo.
por pob, gmggﬁétiﬁg~m@eﬁrf@mce off exerebion, Unfortunately,

as the appeapsnce of bapley in the conbrol pob with sand %
alone, as well ag the Figures in dry matber and tobal
nitrogen showed, the particular sawmple of Bedfordshire sond
ﬁfmveﬂ to be richer in available pitrogen than in preovious
cxperiments aud this makes the interppetabion of the romilts
nors conplex, o mabbor oomsidered in tho digcussion.
M LR Vs  Since, in the firet exporiment with the use

of 6% animal cherxcoal in mizbube with €lenboig sand, the
rosults puggestod popsible oxerobion, another experiment was
carpied ouh with siniier sand and verious mixbures of gnimal
charcoal from B Lo & in glozed apd wglazed earthenware pots,
wath the objeot of conPirming provious resulbs. ﬂﬂuayﬁunately

the now sanple of animal @hawaaal {obtained Prom the same
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Figure 12.

Jjerpaplmenl; T. Pots oontnining
sand alone. 2 barley to laixed
oultures with peas, 4 barley
alone.

experiment T. Barley grown in

send with 1 imixture of granular
anft powdered aotiy. obaro. 3 barley
in sdxed oultures with peas, 5 bar-
ley alone.
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Figure 14.

FxperlnMDt T. Barley grown In
Band with 1> powdered aotivated
obaroocal. 6 barley In mixed
cultures with pea# , 8 barley
alone.



"3?{-‘5!333.@ Vha

Date of oxperiment Ve 8iX peas incculated and gix barley
per pot of mixed culbures, twelve barley alone in conbrol

otss The data are per pot for the barley only, cxcept Tor
%he econtrol potg for whieh half the aﬁbua;.yi@ia of the
pot ig recordeds

Tobal

Proporte- Hoe Dy whe nitrogen
y lon of o of in minus Ne
GCharcoal samples choreonl. Culbure, Pote e BECAS 18 .

Send alone “ uized cult, B2 5,03 5045
eoon - v 826 D45 6149

n 1t 4 " 11 251 3, s 9;3 84:48
418

n W " Gontrol,bhaprs
: loy alone 254 2208

195h  189¢ 1.5%4  Mixed culbs 882 4.4V
T 1 2¢0% ] " 23ty

1930 1890 0.5  IMizmed oults 825 .60 3645
10 ‘ | ' '

L 1.5% wooon 258 1449 116

1050 18%¢ 045% Miked cults B8R4 6546
W " 1..0% v " 859 4548
" " 1.5% " " BE3 Ve

" u L« 0% Control, bars
ley alone 855 §a10 Blal

189¢, 0u5%  Mimed culb. 825  4.03 5041
L :L# " " J e 5

ley alone = B30 2,80 25e3
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supplier as previously) provell exbtremely toxic for hoth peas
snd barleys The plants in the high percenbages o charcoal
daded enrly in 1ife as laber on 4id most of thoge In the low
pawaeﬂté@@ﬁﬁ As vweory fow planbts survived, bhe exporiment was
ahondoned .

Another experiment was ¢oryiled oub, this time with the |
pame animal ohareoal that was weed in the firgt experiment in
1946 alrendy described. The only difference was thet whilst
in the 1946 experiment, granular snimal charcosl wasg useﬂ, o
the charcoal used in this experiment was powdored prior to
uge ond insbead of glamed pobs, unglazed earthenware yoha
o in diemeter were useds The percentoges of the eniwal
chareoal used, were 8, B, and 4 per cenb,

Tables Via, and VIb , conbaln the resulibs. Albhough
the results were not 8o regular and the growdth of poap variaa
more bhan usual in the dublicabes, it is quite clear that the
animal‘gh&rﬁaai enployed, acted depressingly on the peag at
the 46 @@x@an%mgaw The peas did nobt, however,display the ;
congpicuous symptoms {very poor growbth with pmoll leaves red
in morgin and epots) es in 1946 experimonts The peas appoared
normal with green leaves ag did the peas in the pobs with
gand alonaﬁ'wh@r@ was a desreage in size of planté huﬁ:mwdh
gmoller than in the 1946 exporiment.

The effect of the anilmel charcoal on the barley were
unexpected, The barley grown with peas in pots eontaining
animal charcoal showed siniler growbh and nitrogen conbent
to the barley grown alone in sandywhereas the barley which




Table Vie.

Daba of experiment VI, July 12 - September 14 1947,

6 peas inoculated and 6 barley per waslared pob conw
baining 846 loge rooting medium, Send Glenboig fine.

The daba are per pobt and for pons only.

~dhiom

Day Total,  Dry whe Hunber
, h Whe fdxed™ of of
Rooting medivi. ol We mZe  nodung. nodules.

$ond. alone 7407 £5% 529 aigp
i 0545 552 299 5760
@ N 0,65 559 491 BOGO

Mean £498 508 497 D850,

Sand plus 2% enimal choke 7468 246 875 B840
" - S " 0.8y 517 566 @540
1 w4 w L P4 : 168 &90 260
" 649 ow U BlAf 156 258 1700

% | 4_ . ..
The column bobal fized nitrogen indicabos the Lobtal
nitrogen In the plants minug the nitrogen in the sceds.




wabhle Vibe

Dabta of oxperiment ¥le 6 Inopulebed poas and 6 barley por
pot dn mixed dultures, 18 harley alone in conbrold pobsms
The dabo. gre pey pob and ©Lor the barley only oxcepnt for the

conbrol pobts Tor which the half of the yield is recorded.

.
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was grown alone in a pot with 3ﬁ aninel Qh@?%Oﬂl expeeded
the amound ne growbh and La&&l natfaggm bonbent of *ha

vorley grown iv sand by &ﬁaﬂmlr¢ 15, LS, 17} e Th is

vvvvv

diftiounlt o explain why the charcoal hall sueh o favourable

influence on the barley in the conbrol yﬁt’ana@ ab the sane
bimoy had no Infiuence on the corvesponding ba*?my grown with
peage Ab any rate the experiment failod to show eny oxerebion.
ot ally (Pige 153 16}, so that the result of oxperiment I wag
not confimmels As poinbed oub;howvever,bhere wore ceriain
aifferences in the two experiments (percentage of charcoal,
pobe, 0bce)s

IXPERIVENT VLI,  9he position in Spring 1948 was that a

woll-narked beneficial effect of activated charsosl on the

growbh of pess had been demonstrated in two experdments

(IL and V) &b was decifed o atbempt some investigation of
the reagons for the beneficial effect on peass 4 corbain
glmilarity seaned to exist botween the observatbtionsg of
Anderson end Qeptbol (1946) on vhe effect of wood-ash on
iegune growth and thoge of the welber on activabed charcoal.s
In both casng growbh smd Lixation are premobed vhile the
number of nodules is reduced and their size increased. Since
the effect of wood~osh laber wag shown to be due o molybdew
nuiy 2 posibility sroso that the offect of charconl was due
also to molybdonune Molybdenum in the form of oxide was
gupplied to all plants in ozperiments IL end V, but since in
thig form 1% is only slightly soluble, it was decided to

caryy oub an experiment with o soluble form {Sodium molybiate)
N
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Figure 15.

XzperSnent VI. Barloy grown In
sand alone. 12 barley In mixed
oultures with peas* 13 barley alone.

Figure 16.

f£n>erlment VI. Barley grown In
3" animal powdered obarooal.

16 barley In mixed oultures, 18
barley alone.
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Figure 17.

ZKperlment VZ. Xffeot of

ehareoal on barley. 10 barley alone
In sand plus 3’ «nlmmi ebaroocal. IS
barley alone In sand without ehareocal.
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In order %0 olarify further the guestlon whebher the effect
off activated chaveoal on nodulated peas i due Yo any addltiom
of molvbhdeawnm by bhe Ghmﬂaaa&g

Twro kinds of sand wore employed, Bedfordshire white
coerse and Gleonbolg fine sand, in order Lo obbtain clesrey
resulbs a8 regarlds any oxlsting connogtion betwoen the offech-
jvenose of the chavecal on the growvh end tho coovsencss of
the mediun, Forty new wnglazed corbhienwaye potay 10" in
dismetor, were P1ted with 8¢5 kue sond or sond plus 19
activated charcoal (mimbure one part Ho one part gronular
acbivated chorcoal semple No 1904 and powdered ssmple Mo 1&9&17
pothamobed soluwtion, Free from niltrogen, with A-% minor
plements golution, was agaln employed ond Go each of the pots
preabed with molybdenum was added a guantiby of 8 mg Sodium
Molyhdabe corresponding to a little more than 1/2 1b. 2ddib-
ton of Podium Molybdate per acre,suggested by Anﬂé&aan and
vhomas (1946} . Six inoculated peas were loft in each pot and
no ceresd was ineluded.

Unfortunately the planbs, wihioh wore goown oubeoi-
doorps on the ugual sibte, were poverely damaged by gales in
early Julys. The plants 4id not recover properily, and only the
obeervations nade by eye on the growth will be presented.

The oxperiment began on the 8th of May and already on
the 28nd of June the growbh of peas in the Bedfordshire sand
pius choreosl was markedly superior Lo thal of the peoss in
the sand alone. With Glenbolg sand bthe charceal showed a

agmaller offect. Now g regerds the effeeb of the molybienum
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on bhe peas, there was no sign of any peeponge in olbhey of
phe sanls, Hhe apposrance of the plonts being the sane both
in pobs with, or withoul molybdenun. In aunother inspection of
yho plents on the Spd of July similar conclusions wivh the
ahove wore dravn. PTesbs of the pi of the media showed &

glight incroese of the pi bowards alkelinity in media wibth
ehorcopl added, bthe inorease being smeller wibth ¢lenbolg Tine
gends Thus the pi of the Delfordshirve sand incrooscd from 6.8
in sand plone bo 740-748 in mixture with charcoal, wherens the
pl of the Glenboig sand wag locreaged Lrom 6.4 Lo B47 «

Troa the above obgervabicns on the growth of peag it
ctn he coneluded crmifb& pafely bthat the benefieinl effect of
charcoald, vag mnore pronouncet in g mediun with coarse sand and
that the effect wag not due to anyJaéﬁiﬁi@n of molybdenuwn by
the chapeoaly slace the plants did not respond to added
molybdanie
EXPERID VELLy Now thab the beneflclel effeet of activated

ol

eharoesld ha® bosodemongbrated in a nunber of experiments with

inoeulabed plants, it was doeided o oxemine again the guestioy
whebther the beneficinl effect of chaveoal was limised Ho
anocuiabed logumes or 1f salso oxbonded be nonsnoiulated
lepuaes growa In inoygenie nitrogone An exporiment for vhis
purpese was seb uwp almost conewreently with ﬁxymﬁmmeﬁﬁ'V$xg
with the seme white Bedfordshire sand and bthe seme mizbure

apd perconbage of aotlvated chareesl, caployed in bhe said
exporimente Sinece fyowm the eppeapance of the plaats, in a

preliminary experinent ;euspleions were born thot swboclaving
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canged such alberobions in the medium as prevented Lhe
manifestation of the h@neﬁiaial offeet of chaveonl on the
grovthy the ozperdment was caprried oub with both auboelaved
and non~autoclaved modias

fthirty-two uvnglozed enythenware pobs 9" in dlametor
with 7 Lee medium wereo eémployved eud while 16 pots were sown
wibh inoculabed peas, the romalning ones were gown with
gurface sterilliszed peay and reoceived wedldly dopes of ammonium
nibrate to the btobal amount of 1500 mge nitrogon voch.
rothansbed solubion, free from nibrogen,plus ﬁwﬁ‘minar elems
cenbs solubion, albernately with distilled water wos employed
for the wabering of all the pots and Por the golke of wniforme
1Ly, avvoeloved and nensavtoglaved pots were covered with
gboriliced geavel and the solutlon ameaya@ for all the pots
was aubvelaved..

When tho plents wore oune monbh old, the growbh in the
pots with chareoal wWas sunudEx  conppicuously superior than
phat in sand aiﬂn@, aag@eially In the non=ingculabed peas
whiech receivoed ammmnium.nimrmﬁa. At thig t&m@ the growbh in
she inpoulated pobs was about half of the growth in the pots
with amuoniwa nltretey and ﬁher@ was N0 apparent ﬁiff@r@naa
hetween the poas growlng in send or in sand plus chareoals A
difference however was obvious a Qmaﬁ labers

Three out of the 82 pa g proved Ho be ax%ramely porous
and bthe zrowth in yyeﬂs pobs wag far behind of the growbh in
bhe othoy aﬁr&&spaﬁéing PObs,. partly because the plants ia

These porous pots were Kept acbually in o lower percentage of

L
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moisbure and parbly probably because the rooting medium was
kept in a lower bemperabure due to greater evaporation
throush the pobt. The three pobts were discarded snd this
incident is merely reported in order to dvaw atbenbion to
the error that unglazed pots can Introduce in an experiment
when some of them aiffer subsbanblally frow the others ag
regards porosity. “

The pH of the medium at the close of the experiment
was as in the provious experiment gbout 0.5 of a wnlb of the
pil seale more alkaline in podse witk charcoal bthan in sand
nlone,.

The roobs of the non=inoculobed peas had ab the close
of the experiment a congiderable number of very small nodules
geatbered over the roots, but bearing in mind that the nod-
ules were very small and that the ylanﬁalﬁéxe kept all the
time in on abundance of ammonium nitrate, it appeors reason-
able %o ignore the presence of these nodules.

Table VIII® gives the harvest daba. From the table it
is clear bhat the peas in all the lots with charcosl oxceeded
in growth the corresponding peas in sand alone Lo sn amount
of & = 25 per cent. This excess in growbth although net so
inpressive mslin previous experiments is still donsiderable
and significaent sbabletically above to point 0,01 .

The writer is Indebbed 10 Dr. R. Ae Robb for his sdvise in

connection with the statistical analysis of some of the
experiments.



Table VIIT.

Date of experiment VIIL; Way lo~August B 1048, N ‘
Silx New Zoaland Mople peag per unglaszed pot contalning 7.8
kge Pooting medium,. Bedfopdshire whito coorse sand with or
without 1% mixture of activated charconls The nodulated
reag inoewlabed with HX sbrain, the non inoculubed received -
500 mg. nlbtrogen in the form Of NHNOs in weekly dogess

TNOCULATED HON INOGULATED

O Ne ADDEDRD 7 N ADDID

No. Dry wha Ko. Dry whe

| ) ool per pot of per pot
Roobing medium and treabmbs pobs ke POl LN

BLH 85 4 &

Sand alone 205 ;
1 o HHL 286

515

1" i ﬁi‘?ﬁl

neooow 529
Mean

Mean B89

Send plus 1% apote chare. 506
1] 114 14 1t 14 3‘1&
0 " " 13 13 13233
n 1 i " [ {] 5555&;

Mean

308 a7 «%
Bl6 318
S H 27 o4

Mean - 2849

Send slone, aubtoclaved. 501 1840 500 2700 A
" " " 209 19,7 a1l 26 o5

" " " a7 1840 319 el

" " 1 B85 107 aav 2540
Mean 134 Mean 82449

Sand plus Ih acls ohaYCes , '
- auwboclaved. le 8447 GO4 87«1
wen woown " 310 8449 318 82948
vowoowoon “ 518 250 - 520 a7
LA “’ 326 815 SRS 2041
‘ Meon 2 10 Mean 3048

NobeiStenddrd eryor of a glugle pot L.75 gm. o
‘ . Repli-~ Signifs o poiut
Required ‘cabes 0405 o.o1

Minimin difference bhetween 4 & 255 S.e40
the meaus of the yields of & ? 2770 5474
L GO
9

breatments in opder the 4425
difLy to De regorded sign-
Lidicant sbatistically.
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The beneficlel effeet of thee chareoel on the growbh of peas |
was alightly stronger opn the inoculated peas than on the peas
provided with smmonium nitrate (25 and 82 per cent corresponds |
ingly), and the resulbts were bub little affected by auboclave
ing.

From the results 1t can be coneluded that the bene-
ficial effect of charcoal on ish@ growth of the peas is exert=
ed on both inoculated peas end moneinoculated peas suppliod
with smmonium nibrato.



NISCUSBITON,
Tn tho £iret place it will be helpful to swuyriso
vhe reomulbs presenbed in the precseding seotion on thgﬁgf
charcoals on the growth of peas, This may be done as Follows.

Animal chareoal.. In proportions of 4 - 6% markedly roduced

growbh and nitrogen Lixabion bY peass

wood echarcoals In proportions 2 « 8% markedly increased

ATOVED ond nitrogen fixation by peas but had Little effect
on tho number of nodulos.

pobivated chaveoal, The effeot vorled with aifforent samples,

Tihon The semple employed wag froe from injurious substonces
por Bhe peas, bhe effeet wag a marked inoreege in growth and
nitrogen fixaﬁiodby poass Thus in experiments IT and Vi with
addition of 0,85=2% charcoal the increase amounted to from

80 40 1B0%, while in sxperiment VIIT it was 85he It might be
juborsuting to hoint out that In all the three mentioned
erporinents that powdercd or mixbture of powdered and granulaid
chargoal, was caployed, the resulbs thug giving the lapression
that Lrom bthe tested pamples, powedered chercoal had more
heneficial effect thean gronular ones It appoared algo as !
though tho beneficlal offect was more marked with couise

pand then with fines The effeet on nodulation was always the
sone, lageydrostle reductlon in the number of nodules and en
inerease I their siwe and concentrabtlon npar the btap rootas
Finally the effeet of actlvated chareosl, conbtrary to the
findings of the Ruselens Gukova ond Butkeviteh, was also

‘oxbended bo nonw-inceulabed peag provided with an abundance
of comblned nitrogen,




| Having now well esbobliblished the benelficliol effect
on the growbth and the fixebtion of nitwogen of peas, by the
introduction in the sand of small quentibies of special
kinds of chapcoal, the question arises os bo from what sourse
thig begeficial effect is duos

gongidering that the addition o the medium of guch a
complex pubstance as charcoal cauges changes in the physical,
mechanical and chemical properties of the modlun, it is
easily wderabood '&hy the onswer to the quogtion ig veny
aifficult. An approach Ho the solution of the problem may be
achleved by isolating one by one the possible factors by
modification of which the chareoal may possibly ach,; discard-
ing the apparently less imporbaubt and giving more atbention
o others. It m&s{s be admlitted that with this procedure the
answer will pot be necessarily elenr sinee it is possible
+hat the eombined action, even of factors individually
insignificant, might be enbtirely different from thet which
could be expechbed from the so-called additlonal elfects

_ - Froceeding however in ﬁma way the firet guestion is
now much significance oan be given to the probable chanpe of
the confitions of aewabion of the mediumn.

Gukova ond Bubtkeviteh (1941), in cxplaining the effect
of the use of 6 per cont chareoal in mixbure 'wi’bh fine cquarts
sand on inoculabed soye bean, glve gpeclial signiflcance bo
the loosening ‘af the subsbratun ond to bé%@_r aeration. The
above workers found that tho effect of chareoal was limited
only to inoculated beans Qeriving their nitrogen from the
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pumosphere and laver dozeribed this change as producing
patber conditlons especially for the nitrogen Lixation and
nob Just Por the growhih of tho roobi.

Albthough the Rusalans reported thabt the gand ueed by
Hhem wag “a rather dense substratum® and 6% mixbure of
peanulated chaveoal could be expected Yo improve the acrabion.
gbill 4% is @ificult wo atbtribube the eoffect of chargosl in
chelrn exporiments to the improvement of serabtion, silnce the
perabion of a mand pmediwn in quite sebisfoctory in comparison
with the acrablon of a soll glving o good ¢rop, oven when
the pand 1s fine sands

Ag regerds bhe present experiments the aygument that
tho offect of chaveoal is due bo better aeration is further
wenkoned when we have iu mind thut the best effect of chape
coal was manifested in mixbures of small porcentaoges (1 » 24)
of notivabeld charcoal wibth coarse gand and vhen the plants
were Lrown &&-uﬂgi&%@@g rolabiveiy small, porous carthenware
potss Under these conditlons the acration of the medium
jteelf withoub chareoal was elwogh ideal, mpd 1t 18 very
gifficult to attach gignificance to eny further small change
jn ibe Sincs the aevation of tho coarse send is bebber then
the aeorabion of a Pine sand and gince the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>