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.i
ior to 1936, no conÐlete systenatic @xamination of tiì'e-:rþLzL#nshira

betve the carbohyd.rate fractions of grasses hao been underta.Zen, -nor 'ne.õ'

the¡r en consid-e:'ed. in rela'rion to the ve.rious nitrogen fractions.

rr (1) reporte* tþat a¿l¿¡-tion of arnnonium sul¡hate as fertil izer io

a fiela crop led. to a ciecrea'se in the sucrose content of sugar cane

(Sa.ccharum' officina.run). . Orcut'r, and- r.lilson (2), working vrith. soy beans,

reporteC that a roed-iun nitrogen supply i"esults i.n an increase of soluble

sugars, b'hereas a high or 1or.¡ nitro:::en level red.uces the soluble suga.r conóent.

Gregory and. Baptiste (3) first stud.ieô, the effect of nutrient êeficienc¡'

on the hexcse anC- sucrose concentrations in barley. the:.¡ gre',r their plants in
I

pot cultures'and. subsequently estirnat'ed- sucrose and- hexose by the cl-¡¡ssical

¡:ethod. of Eaged-orn and- Jensen. !he;' concl:d-ed. that nitrogen d.efieiency had- no

consisient effec'L on free reduciag sugar, b.rt increasecl total- sugar. lheir

results, hor,rever, for tl'ro reasons lea.ve r¡mch to be d.esired.. tr'irst.ly, tire

slrcrose and. total reducing sugar concentrations d.o not provid-e sufficient

en
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1n fne

e on vhich to base e. theory of the eorrrse of carbohyd-rate netabol-isrc

plant, anù second-ly, the non-sugar reducing su'ostances, vhich na;r

a::roun',, to as:uuch a.s JC';¡ of tite toia]- reducing subs'r,ances a.s estime.ied- b.r'tjre

lÍageoo rn iensen .inethod-, have not been taken into account.

11 a furiher stud-y, Gz':gory anci Sen ({) concLud.ed- that, in the les-ves of

barley; rtater content r,ras recluced., res_oiration rate '*as greatly red-uced., anC-

increase in stlgar concentration occured. und-er cond.itions of nitrogen d.eficiency.

.ê- schene \'ra.s proìlosed. for the ínterrel-ationships between the vario'us carboÌry-

d.rate anù nitrogén fractions,'out the objeciions outlined. above ap.oly to thei¡

anal-yses as to their rrrevious resul'us (J).

Àrcirbol-d- (5), realizi4g that earlier carbohyd.rate analyses rvere neither

-1

I t-
I
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neia.bol1sn in p1-snts, re-e]:ê,isineq. the rl^¿inoùt oî esiltrø.tion of the va:'ìt',rs

fractions r.,rhich hed. been previously e-mployed-. She a1 so tez\izeð- +"he z?ee!!"'-y
i

for constructing a compleie ea.rbohyd-rate balance sheet,, ancÌ tlne ínnotLa.tne cf

the rvatér - soluble, labile fnrctisan, prevÍoasly ezannined- by her In LTi {5).

In a further,contri'oution, Arcbbolc (7) estinated- srrc:'ose, reclucing.s'ar-ar aú-

fruetosan, over the conplete groluing periocl ofbariey, an'J- noted- the seasoæ'1

variation i-n these substances.

lhe rel-ationshi.ps between the various nitrogen fractions of grasses have

been corjrsiC.ered. by Peirie a¡d- 'ûood- in a series of. contributlons (8, 9, IC, ),

an¿ their experirnental- raeihocl has been acl-opted. in this research. Ihe alro of

the e4periraent r,¡as.to constrrrct å" 
"oopl-"te 

a carbohydra.te balance sheet as

posslble'and- to consid-er its reiationship to the t+¡o nitrogen fractions,

amino an¿ pÍoteLn nitrogen. lhe foLlo,aing fractions v¡ere estinated'! glucose

fruchose, Sucrose, fr.rctosan, heniCeJ-IU1Ose, starCh, vatel , aCiôity o! eZ-

pressed sap, respi.ration rate, protein - nitrogen and amino - nitrogen, thtts,

conpiling a lncre cornprehensive record- tiran bas hltherto been attenpted' in the

one set of plants.

Exoerimeotal l¡etHod. .

Plants lrere subrnitted. to an envirorunent as near constant as possible wlth

regard. ilo ternperature, Iight, anC. r.¡ater supply, and. certain factors, the effeet

of which 1t was d.esired- to investigate, were varied.. As tn tbe experiments of

petriejanô lliocd. (8, !, and- J-0), cond.itions h'ere such th¿.t a siead-y state vras

approaehed. i-n the Leaves r¡:eh'nore closeJ-y than had. the plants been subjected-

to a flucir:atirg environment. 3,1-so, "" ,n""" lnvest,igators pointed out, a

sonstant stead-y state is not to be eryected. in tbis t¡le of er-cerirnent, the

d-rift in the coinposition of the extern¿l r¡rtrient sglution alone being

sufficlent io prevent it. Eor,tever, it r'ras hoped. that an ap-oroach to a

drif i;ing, steaôy
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stete, r¡here the effeci of the var;rin¿ ía"c'r,ors is grea+" in coin¡-,ariscn l+ith¿

ihe ôr.ift in the factor-s vhich de',,errnine. tite steaùy sla.te, r'roul1 be e',+'e'11:?'J.

,å.t ca.ily j.,nter.vals, à cÐtLv?-in num.ber of p] ants 'rtêtè êlíD"mineo- to ó"eternine

tire various ca.r.bohydrate antj. nitrogen fra-ctions. water con+,ent, respfu'atlorr

rate, and. pll of the ex-oressed sap.

IrfATIi.I,{iS.

ation of Ì'laterial .

Seed.s of a gure line of lfj.mmera 'r.ye Grass (Sottr:Jc subula.tun) v¡ere ¡rl-anteô

out in seed. boxeS containing r¡¡¿s¡sd- santi. Äfter germination , and- uhen tile

cotyled-on r.¡as about I| inehes high, ti.r-e seeålings r'rere transferred. to glass

pots. Iach pot contejned- J.! kllos. of sand.. '!v¡o sanlol-es of the san¿ uere

taken, anri- i;he anount of r,vater reouired for saturation d.etermined-.

Xight even seedlings were chosen frors tire seedbor-es a.nd- transplanted- in

ea.ch poi, Sufficient. ais'uil-Ied- r"¡ater r,¡a.s acided. to maintain l0'þ saturation

of the sând.. I8O such pots were ore,oared.. i',rhen tbe plants haô beeoroe

estaÞlished., the pots were thinned. out to four even plants per pot, and the

surface lrras covel.e¿ wittr loose gravel . 7O1L saturation was main'"ained. by

weighing the pots .iwice per vreek, ane lrioging up to a previously determined

constant rveight r,¡ith ôistilled- ,tater. Xach pot r+as covered. vrith opaque

paper blaclceneô on one sid-e, so th.a.'u onl-y the ulper surface r.ras e)çcosed. to

.,,he light. the pots ruere placed- in a glasshouse anò were evenl¡r spacad. to

a.void- s[a¿e and. 1-ighting'effects. rlhe follcvin¿ applicatlons of nutrient

soiutlons were added at the times incl-icated-: firsi d.ppllcation (ad.d-ed. at the

enci of the first week after transpla,nting).
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Iourth appl-icatioa (two weeks later)
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lhe use of caustic sod.a tn the third- and, fourth applications was to

neutralize acids formed- due to therapiù u¡taÌre of the a¡omonLun ion.

Stock solutions were rnad.e up in inlinchesters, and- aprrropriate aliquois used..

A. 1 litre containing 1! grns.. Ca(äreO,,), per 1itre.,

20 ml. d.il-uted- to 200 nI. for each pot.

B. l- litre ccntaining 1! grns. ?ieÈ.

3a r' (\), so,

L5 i"Îg S0r. 7"20.

t
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I
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10 ¡rl. d-iluted. to L00 nl. for each not.
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I litre containing I.! g::rns. ÏeCè -l)
.03 rf idn so 4 4i.2o

t\ilo

oi d_ri i er

10 ml. d-il-uted. to 100 ¡nI f or each oot.

cabine'r, painted. r.rhite insiCe and- with a cleal glass roof. Tour powgrfui

eleciric light globes r,rith reflectors attacned. r¡r'êTe süslend.ed- above the

glass rojof, and- the heat generated- v¡as absorbed- b.y a constant streaq of

cold- l¡atler flowing over the plate glass; The air in the cabinet was cir-

culated- icontltruously:'b:¡ an electric fan. Although :irost of the hea.t froio
I

ti:e lanps rvas absorbe,J. by the r¡ater stream, sufficlent passes through to

act as a source of heat, r.lhich, in co¡nbination r¡rith an automatic refriger-

ating system enableC. the telperature to be naintained eonstanti-y at

(24 x. .5)o A. lhe refrigerator was automatically bror:ghi into operation

by means of a binetallic strip make and. break in the refrigerator circuit,

large cabinets l^rere prep'".red. for hoJ-d-in6 the oots oeer the oeriod-

ential treat¡pent. Fach consisteù of a double .'iacketed. wooùen

irculatinþ air pa.ssed. over it and. the circulating air ¡assed. over

the tenperature had- fallen io aporoxinately TJ.Boc. To prevent

and- the

it unti

c

\

the hurnid-ity íron rising ercessively and to ensr:re a sufficient supply of

carbon d-ioxide, tl:.e nozzle of a blr-ouer v¡a.s introduced- into each cabinet,

'uhus raainiaining a ccastant supply of nel air. A shelf was arranged. in

each cabinet to proviòe tr,'o light intensity 'leve1s, the.nots receiving

lower lighi intensiiy resting on the floor of the cabinet. .å.fter allowj,ng

for tÌre height of ihe -rots, the intensity at each level l¡as ô.e'r,errnineo,

and- althorrgll not constant at eithèr level, the tor"", value àt the higher

Iight level rvas greater than the hi-ghest value at the lolver leve1.

inualCont observation r¡.'as fa,cil-itated- by d.ouble d-oors, the lnner ones being

i

of d-ouble sheets of glass.
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A orelihinêry r1¡1 showed- tì:at the te,nperature could.'be na.iniai-ned'

constantly al 24o e,. v¡ith a variation not greater than tÈo". ?he¡e uas

no tenperatifre graaient bettleen 'r,he tvo ì-i.tht le'¡eis. Cabineis vete

aLlor.¡eC to i¿n for a full- d.a¡'under experir:rental conclitions before the plants

r+ere pl-aceô i.n

nal treaiueni of

then.

inental S

lots r^¡hich contained- four even plants t'¡ere chosen f or experinental

treatnent. Iire trea-tment to be received- was v¡fitien on \tood-en label-s, vrhich

ed., and- allotted- to ihe Pots.

lne treatrcents were a.s foilows.
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Ðay 2.

Ðay 1.

Dav 4.
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Same a.s for d.ay 1.

Sane as f or C.ay 1.

tI(11
tzxll

l.i{.,
.C

lli{2

-îor each trea'r,4ent { pots, each containing l- pLa-nts were used.

1,1 = high light intensity ( - fpa . -.netre cand'Ies)

= 1-or,r ligìet intensiiy (. . ff a. . . .rne?re cand-l-es)

= no ad.d-iti'onal nitrogen.

= 2 grms, ad.di',iona.f (iil:i4)Z S04 per oot.

I
!ô ()

'N
o

r'j 2
lt6 lr illl

All oots were transferreô fron'rhe glasshouse, anô tlo of each treatrnent

rcere placec in eitLen cabinet to eliminate errors du-e to slight d-ifferences in

ihe cabinets. lrior to placin_q the pots i-n the ca.binets ihey were ad.jusied-

to -'l}ià saturation.
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ìfext ncrning th.e adòitional treairnen't r"I3s adûed to the àpnroy.¡)-e1'e ,to"s'

theNlSeriesreceiving'tr.ro,anð'theli,seriessixgransofarniircniu'nSu1Ðhate

in'solution.

ProceÊrnre,

lhefirstharvest.rfascondueted.c.uring+"b'efol]-orlingd.ay.

¡ots for each treatnent rvere 'uaken separately fron the cabinet'

cabinei beinq used. for resoira.t,ion rate d'eterrnina'tions' the otb'ers for aralysi-s'

Each al ant v¡as cut ofi at the base, and- aÌl fron one Ðot l'Iere transferled to

atingontaining,alayerofoanpabsorbentDa"Oer.Íhetinsv:ererapiàly

transferred' io the laboraiory "'''¡rere 
the leaves were cut off at the l-i3rle' and'

allfromoneDoibvrerewei,.gheôseparately.Âllr¿erethenbulkeò,chaffed.and-

rnixeô. I,¡o lo,ts of lC p::ßs. each were then aod-eõ' fo lJ nl' bolliîe 95þ

arcohol in a ZJO rnI., Efler.¡neyer flask to d.estroy enzymes. A pinch of

cal-clum carbonâ+,e rgas atlöeù to neutralize'orant acids. [he samples were

! -^----l ^-

ad-d.ed. a little ia.l, a time so t}:at the boiling 1{as not interr':ptet' Ihe boiling

r,ras all-owed to continue for 20 roinutes Und-er reflr:'x' the flasks then being

removed.and.labelleôclearlyforsubseouentcarbohyùrate.ahalysis.

Fivetotengramsoftlrechaffed-máiterialweretakentoaSuchnerpress'

the sap r¿a,s exi¡.acteù, a::d the pã was deterroined by means of a Cambrid-ge glass-

electrode PE rneter'.

About2!grns,r^¡ereciriedinanairovenforth'eåeterrnirlationoftireory

weight
e¿-oL

At the conclusion of ile Ìr-arvest' wirich ,/,ras repeateù on fou¡ consecutive

C.ays, the renaining pots in the ca'binets lrere brought up to /O/ saturation'

and blank= o,"r" substituted_ for -vrre pots used- during the day.

I

(

Ehe four

one plant from eacb
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ison of l'(ethod.s.

Ehere are'tr.ro nethods in gener'al u-*e for tlie deterrnination of reduclt4

sugars, one d-e?end-ing on ihe reciuctíon cf tire cupric tq t..e cuprcus ion

(11, lZ,1!) ani. tlr" otH.r o"i.* concerneC, r,¡j.th' the oxioation of the reriucing

group rvith pota.ssiurr ferris¡'¿ni,i-e in alkal-ine solution (f¡). If, hoi,rever',

both of these nettroàs are apnlied- to t!.r.'e sa"rne plent extract, Ìrigher figures

are obtained. using ihe alical-ine fêrricyanide rnetho<i tnan v¡ith the coooer

reC.uction. This was foundr. to be d.,;e to the presence of non-sug¿-r reduclng

substa.nces, since or 
'r""rn"otation 

of the c'1 eared. 1olant exttact with r.rashe<i

yeast, and. subsequently oeterrnining the reciucing capa-city of the solution, it is

found- that uo to'JO"n of ihe reducing caoacity of the orip,ina.l extract, as

d.eter.mi.nect by the alkaline ferricyanid-e roethod-, is ôue io these r¡-niôentified

substances. ,The copper method- is not so sensitive. l,fnen yeast fernenta.tions

a.re performeô on the grass leaf extra.cts; ana the final reduction of the

solution is substraptéd. from the original, both ¡oethods give almost id.entical

results. (faofe f. )

TASll ,.

reducing $igar in r¡re-grass cut frorn the fleld..al¡fo

Ì'1I[IiOD 0r1'

I -_lr!

!'
I
t
t
t'

r
t,
:

¡
I
I
i

¿a

$ reòucing
substances

4.''l

4.82

,i ta

non:sugar
reducing

.37

',1 reC.uclng

t.9t
lDa

zqq

g1 ucose. equiv. subste.nces
glucose eo_uiv.

3Ei'r:SDIC[. },:O!TTTIEÐ

i6 reducing
substances

" âlucose qguiv.

). !v

5. _zt

6, ¡t

ËÂGEÐO*Þ¡T-.TTT{SEIS Nlri ioD.

. $ red.ueixg.
su{a_r.

3-85

4..¿4

a.o4

non-sugar
reciuein6

su'ostancc,re
glucoee equlv.

rRn

2.O.7

2.o3trrì
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In tablé 1, a conrnarison is givep betr+een the red.uôing suga.r'values of

|¡o]iu-n subulatr:¡r as d-eternined. by both nethoo-s. San.oles vlere l,aken from

the field. on J d.lfferent cì-ays and. exlrac;,ed- e-s ciescribeci. PeÔuci:g capzcity

befoie a-nct after fernente.tion ryith vasbed baicerrs yeast t+as estinated. by the

I

netirod. of Benedict (fi) ana a nooified- Ilaged-orn Jensen rnethod-. lhe alka1j-ne

ferricyanid.e rea.gent is nnrch more sensitive torr¡ard. the non-sugar reàucln4

substances tiran is ihe coBùer ree.qent, tÌrrts accounting for the higher fieures
rJ^tËsing the former. 'However, substra.ction of the glucose eo¡rivalent of the

residual reC.ucing po,lrer after fernentation fron tirat of the original solu'r,ion

sh.ows ti'rat either method- eives reliabl-e results for the actual reducing sugar.

In tnls study, tbe atkatine ferricyanioe rnethod. r+as choser, 'i"""o=" of

its read.y aôãptability to +.he whole carbohydrate serieS. : 'The orinciple

involves hyd.rolysing the cqrbohyd-rat,e fra.ction to soine red.ucing forrn and.

estinating the red.úcing capa-city of the resul-tant solution.

ÌxÂGEirts.

lrQrþ zhnc sulphate ZnSO¿. J'920

! N Caustlc sod.a

.2 Ì{ sulphuric acid.

.cIlå aqueou-s soln. phenol red..

IN caustlc soda.

-¿3þ acetic acid-.

Alkaline ferricyanid-e reagent

So1n. A. J.lC grarns pot. ferr_lcyanid-e =u,:rified.

¡,uith b::ô¡rinated- alcohol- and. ether aecord.ing to

Peters ani. Van Slyke (15); d-issolved- in I litre of

water ana storeô. in a d-ark bottle.

Soln. 3. 2L.2A grms. anityd-rous soo.ium carbonate

d-issolved- in 1 litre of '¡ater.
i,.i-z equal voh:-rnes A .and- 3 before use.

a.

b

c

d.

e

I

)

¡ .tlll

I

i

i

l

Ji

t

tt.
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Iod.ld.e - zínc reagent

. Ðissolve }JO grms. sod-i':m chl-oricie and' l0 éîrms' Vn SO¿t,.

7if^O anC. rcake up to I litre. Before using ai:a 2'i gtns',¿

solid. potassi',rm iod-id-e to 100n1. of this solution'

Sod.ium thlosulPhat e solution.

Dissolve 24.8? gr:ns. sod. thiosuJ'phate 1n C02- free

;n¡ater anc_ make up to I I1tre. Tnis gives a. .IN solution.

stor.e as such and- ôilute 10rn1¡ to 200 ra1. beíore use.

Ihe diluted. s-olution 'ùoes not keep.

Starch ind-ica.tor solution.
'I/" 

starcn solution in saturated- N a Glì-

Potassiun iod-ate so:-ution .OO!i(.

tr'or standard.iziág thiosulphate soln. take ! nI' Ad-d'

3 nl-. iod.id.e-z'inc reagent and- 2 mI. Jfi acetic acid-'

Titrate thiosuhb¡.te. fft" "o"*"ction 
factor to be

applied. to estl.Íatioos Le

h

no. of rol-. :;ra2S20=

Glucose oxiòation rea,eent.

Ðissolve 16.1 grns. potassiun iodid'e and. 8.{J grns.

, iod.ine and- make uP'r,o l- litre.

.167 iq caustic sod-a.

.02 - .04 i{. sod"ir:¡n sul¡hite.

' l4ake rrp to .!iil solution in smal1 o_uantities.. store in

á tightly corkei. bottle and- d'ilute as reqlrired..

.25N. sulPhuric acid..

Sol-ution of F-anYlase..T

' Grind- ungerminated. be.rley of good- nalting quality to a

" fine fl-our in a'mill. Throughout thie preparation use
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. Detal free cistill-ecl vtaler froir an al-l ly:ex stiLl.

Ir:tract ZOC grms. flour vrith /!C rn'l-. JAft aLcdr.ol-

by stirring fcr 2 ho'.:rs. Centrifuge. ?aur off +"be

supernatent fluid. into a vesseL and re-ex77¿c'l ;'he

resiC.ue wiih 4.OO mI. 5O,t.-'arconol for 'jyz-Lf an b'our.

C+ntrifuge. Co¡obine the supernatent liquors, filter,

anù increa.se the concentration of alcoho'ì to 81o;o-

Centrifuge. Ðisca:'d. superne.t;nt lio,uor and- cra.r'¡ ti:e

precipitate on a suctlon filter. Ðlvid'e finå1y and-

suspend- in {!0 mI. l¡ater. Ad.d- a- few drops of +"oluene

, anc. store in the dark at IoC. After 3 da'ys, filter,

lhe solution reiains its activity for nonths.

A.cetate buffer oi pE 4.6J QZ\

'2ji sul.ohuric acid.. a

Suearé and. Sucrose.

A. Total reducing -capacitY

fio¡r the samples, treate¿ for carbohyd-rate analysls, filter off the alcohol

anci r.e-extract tbe residue j times :tith 1! nl. iO$ al.coiaol-, each extra.ction
:

occupying 2å ¡.oürs. Contioou "*r""eting until al1 the chlorophyll has

disappeared. from the resiciue¿ Conbine 'uhe extracts in a rou:rd. botioned-

d-istilla.tion flask íiited. with a sple.sh-head. by a ground gla.ss fittlng

lry the resi6.ue in an a.ir oven a¡d sei asii.e for further analysis. lron

this point onwairås, ! es'uimations and l- b1a.ù roa;r be carrj.ed througir si-rmlt-

. aneously. 'f'ro¡n the combined. extra.cts d-is¡il off the alcohol und.er recuced.

pressure at approx. 4OoC. lhe reraining materia.l is ta.ken u'o in t'¡ater and

rnad.e up to lOO n1 . iO rol-. are'u3.a.nsferred. to a 100m1 . standard. flask.

.A.o¿ 1rnf. IO;i zinc sulphate and 1mj. .!ìí caustic soC.a. Ihis r,¡as jouno to

efÍ'ect a rmrch better cJ-earing of. these solutions than basic lead. acetate.

q.

r

Lnation of Leducing
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The volume is road-e uP +,o I00 nl-. anù filtereci. Esti¡nations of to'ua-!

reducing' sugars, non-sufjar reducin.¡; substances, fructOse, glUcose anà

sucrose rnay be i'ra.oe on this filtrate. Do ea.ch in duclicate.

5or total- reducing canacit¡r-, tùre \ rni. of the filtra.te; for ieåucing

capacit¡r after inversion ôilute 10 inl- of the fil+"rate to 10C rnl . and',a-ke

1O uI. òf t¡.e resuitant solution. Pipette.these aliquots into large test

tubes graC.uated- at 1! n1. !o the sol-u-tions to be lnvertecl, arIo 2 nl.

.2i( suJ-phuric acid.. ,'-\rt tubes in a r.¡ire basket anci inimerse in a. boilíng

r'¡ater bath for 10 ¡ninui;es. Inversion ',ras found. to be con¡ileteC- in this

tine. ;CooI tu.bes and. ad-ù I d.rop of .Oirþ phencl red.. .Ad-d- lll ca.ustic soC.a

solution d-rop by d.rop until solution tu-rns red-'and- bring back to rla'ì e

¡reIlow colour vrith .Zill sulphuric aciù also ad.ded. d.rop by d-rop.

iid.d. I nrl. alkaline ferric¡'anid.e reagent to all t'rbes for d-eter¡cination

of reducing substanc:¡s both befor.e and- after inversion. ì'lake u,o to the

I! rnl. nakk. Eeat on a boiling rrrater bath for 1! ninutes aua aLlovr to cool.

In tbis time, a}l- th.e reducin¿¡ sugar is oxid-ized. anri no cltange occurs in the

cooleC. solutions even afterr stand-ing for zl hours. Ad.d. 7 ør.. ioôid,e-zinc

reagent, 2 xnl . Jr¡o acetic acid. ana sei asi,j-e for 2 minutes. Titraie

apcroximately .00! Ì{ thiosulphaie solution fron a microburette until tbe

yellou cólour of the liberated. iod.ine has almost d.iÉsapreared-. .i.d.,i- L-2

d-rops of starch inoicator solution anô continue the a,:id.ition of thiosul-ob¿.te

solutlon untit the red.dish-pur_o1e colour' just disappears. Stanciard.ize ihe

thiosulpnate solutiorì against standa.r'd. .00i i'T potassium iod-ate. Subiract,

the titration figu.res obtained- fror¡ the blank andl aor,ly tire correction

factor to obtain the nu-rnber of nl-. oÍ'¡CO! lii bhiosuiphate eouivalent to

ihe araount of' red.ucing su.o.'ar preseni. 1'','a1-k1ey (U) reinvestiÊated- the

table constructeä- b¡i idage,r-oln and. Jensen, and- over the rânge of sugar

I
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{

:ì

.

i,i

ì

f

i

I
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concentrations used- in these analyses, 
"he 

ratio

. glucose. .T,ðL4

no. of mI . tni.ocYar'e te

H

slon factor has been useo throulihout for gh:.cose ec;uiva'r-ents.

lrrcose eoüival-ent befole a.ncl after inversion is given by

) x-corlection factor x .1814 x c'iluiion'

bLanlc reacing and. lì - tiiration f iþure.

ng reagent nas ad_d.ed-. [he contents of the f]-ask t.¡ere

.167 N caustic socla was ad-d-ed- drop b¡' d-rop anù the neek

1Í

This conver

'ience the g
t_r\j-

rvhere B =

B. lructose

lhe d.et errni nation of fruc+uose beíor.e a-nc after i-nversion r'¡as carrieå out i'a

case anJ/ of the labile frrrctosen h¡.<i been extracted. in the alcohol exfta'ct'

floe methoti- ls based. on the.oreferentj-al ozi-iation of glucose by iod-ine as
i

d.iscussed b¡1 va.n d.q¡. Planck (IB) a.nC- subsequent estj-mation of the reducing

suga.r in the solution b¡. oxid-ation írith al-l'aline i"rti"ya,','iae.

1O ¡nl. of the cleared fj.Itrate t¡as meesurec. into a 2J nL. stand'ard'

flask anô ]C mi. of the d.iljrteô fiìtra.te r,.ra.s h¡rd-roí],sed. and neutralized as

before. A1I flasks we],e transferred- to tþe ¡efrigerator, where all reageais

involved- in th.e oxid.ation tere stored. i',ben cooled. to about 2oC, 2'ml' of

¡

l

tCe glrLcose o;:id.izi

roiated. and. 1 nI.

i
L

î.

of the fles v¡as'¿ashi:ô d.Or,m -l¡ith l- nI . ttater. Ihe stopper vas replaced- anä

ihe contents aliorreC-'uo 'enain 
a'u 1c - zo} for 2 houz's. !b.is rl?as follot¡eC'

bl, acid-ification rtitÌr 1ini. .25 i{ sulpburic acid-, anå ev-cess iociine r'ras

rei¡oved.'v¡ith ;02 - .O/¡ id sc'ii'.:¡ sul-phite using I Cro.o of siarch ind'icator

solution. Afier neutralization wiirr- I nl-. .2J N caustic socia, the volu:re

i+as ne-de uil to 
"j 

nL. r'¡ith C.istillecl rva'r'er'.

10 url ..alio-uots l,rere then treated as before, and. total fruciose before

and. after inversionlyere calcrrlated. nt iairrg a1lor,¡ances for the corrections

rnentionei- by rran d.er llanct (f8)
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C. i{on-sugar lr

lhe ie
l

rernovai o1

)/east ckl{e

.lI]-auld- 1s

outlined..

fig,rres i

L4"

is clear.l ¿-5 wasirin¿s a:re usua-I1y sufficie.nt. The resicrue is er¡Epend-e'J.

in {OO ml. d.istil-l-ed. ryater and- kept in tj:e refrigerator.

Ilyd.rolysis rras fo'crnr1 to increase the re',lucing caoacity of the non-

sugar reducing substances an.f Ìrence, after yeast felmentation, estina.iions

of re'lucing capecity nust be d-one on 'ooih hyarol-yseC and. unhyd-rolyseô

Centrifuge lOmL. yeast suspension and- pour off the suoernå.ruent liouiô.

Dry the sld-es of"tire centrifuge tubes v¡ith sirips of fitter peper. Ad-C.

t'

2J nL. plant extract a.='å nix up weil. ?lace in a nater bath at 37o - 39o C

for 2C ninutes. Kepp well stirred. Centrifuge off the yeast anû take

aliquots of the,,supernatent ftuid. for the estimation of reducir:g capacity

both before and. after hyôroì-ysis r+ith .2 i$ sul_ohuric acid.-as pre..'j-ousl;r

Calirr-Late qlucose eouivalents and- subtract fro¡r corresponòing

previous d-eternination. Ixpress glucose, fructose anC- sucrose

educing su.bstances.

stirration of non-spgar reôucing strbstances is based on lhe

f errqentable sug;ars "ittt 
y"""t. 40 grrns. of ¡loist ba,<errs

are sus-oencle.i in wat,et and- centrifugeù. Ihe supermtent'

pouled off and- the r,"rasirings repeat'ed. r:¡til the supernatent flui-å

iquoaI ts.

n

i

I

f

I
t
T

!

l
Ä

¡

l

, as percenlages of 'uhe d.!y r+eight.

mïnation of Polysaccharid-es.

A. lructosan.

It has lon[ been ]¡:or,¡n that fruct',ose e-n¡..-y'd-r'id.es occujr in cereal. (6), its

. isolaiion from the leaves of barle]' \,ras perforÌned bJ'Archbo1d. arr¿ Sarker ('D)

and. it was'discussed- by Yemrn (20). It is soiuble in cola nater and. inscluble
. 

^^4 -in UOiS alcohol. the folì-oving ¡îei,jrod- rn;as constructed. for its esiirnat:-cn.

Flace the resiclue from the alcohol-ic e>:tractlon in a watertight stootered.

bcttle l.;ith BO nl . r,¡ater ancl- siralce in a mechanica.l sì:.aker for {:rours.



ïilter, vras

L5.

, anc. s.nlce fili;ra.te up +uo 2OO ial . in a stanciarcl flask. le^ke

an a-'ì_ioì1ot of lO rnl ., h¡,rir.olyse t¡itb .2iI sulohuric acid., anù rleternine ijl-r:cose

and- frtrcto"J "gtr"tately. 
lhis shor,¡"¿ t¡tt the fructosan reg'rlLatl-y eort'iairveð'

approx. 6f6 glucoríe, so after a shcrt tine the two estirna'r,es r¿ere C-iscon'i,inueC',

and- the total reôucio.g capa-city figtu'es r,¡e,:e used. to es',irnate lne íructosan.

¡qqn-srrgar reduciu-: substanees in the cold r,"eier.extra-ct I'Iere also estinp,ted-

by fe¡menta.tion r.rith yeast as before. lhe i-ifference ::enresents hexose

frora fructosan hYårolYsis .

å
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¡
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{
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3. Starch.

The TêA ldue fron the fructosan analysis is transferred. to a flask,

'ooiled. with 60 rI. d.istilled. waier and. aLlovred. to cool. Ihe following

nrethod. is baseù on aD observation by Ha.nes (Zf) tfrat 61fr ot the stareh

hyd_roLysed. to naltose by the saccÌrarogenic conponent of nalt

- anylase. ¡

flasks coni;aining the suspenslon of plant naterlal, ad.d. 10 nL.

mol-ecu1e 1s

d-iastase, p

[o the

eceLuate buffer (ZZ) to naintain d.igests af optlnal pÌl of 4.8. 'A'd.d'

lOnl. p - Amy)-age solution 3nd " fev drops of toluene to prevent

bacteyiaL i-nfection. Plug flasks r,rith cotton rr'ooÌ, flane, and allo'.*

Èo stand at'ZJÙC for 48 hours

No prelininary solubiilsation of the s.tarch 1s neceseary, because

the extractlon of the fresh l-eaf rnaf,erial with 95/o a].conol and. the

bollirg prior to this esiiination accornplishes it. All pipe',tes used.

were ¡lugged. with coiton-'"¡oo1 to excluùe t:"aces of sallva. Hanes

suggests tbat incteese in reducirg po.,rêr siroul-d. be d-eter¡eined. by the

o-lrrerence rn reduction values of parall-e] òigests r'¡ith aotive and- rlklIled-ll

enxyxe, the latter being inactj.vatqd by hold-lng at !CoC. for l-C ¡rinutes.

Such inectivation, hov.'ever, undoubted-ly al-ters the structu¡e of the enzJrme

/'
mol ecúIe, ,oO almost ceriainly its. reducing capacity. lhis alteration

takcs ¡lece'und-er d-if.ferent conrlitions to those eristi.nq r'rh.en the aetive

t
I

,
¡
tt
I

È

i



1Ã

enzy43 j.s killed., i.e. during hea'uíng ín th-e ¡resenee of t'ne alkalj.ne

ferricyanld-e reagent, Hence tire rnethod- ad.onted. in this research !,'as

to d-eterüine the d-i.ffeience in reduciry capacity betireen paralle1 d.lgesis

of .olant ¡iaterfal and. d.istilled. rvater, in r:¡hich case both lots of enzwe

v¡ere inactivated. at the sane tine and. haC. the sanoe re¿ucing effeef, on the

alkaline ferric¡raniC,e reagent.

After zi8hor:.rs renove the d.igests fron the constant tenperatu¡e

aÞparatus, fil-ter, el-ear and- fil-ter again. I,Íake up to 200 rnl. anô take

a lOmi. aliquot of the filtrate- of the filtr"t" fot the d.eterninatlon of maltosa. Use

the rood.ifíeô Hanged.orn Jensen nethod- d.escribed- above, and use tl¿c, re1at-

lonshipd

raltose.

that'Ic.c. ,CO5 iS thiosr¡l-phate is equivalent to.2L2 rW. anh¡rd-rous

since this represents onty 6oþ of the starch rnoreeule, rr:ltiply
by a correction factor of 5 to 

"onoert 
naltose to starch.

3
v. .Elem]-cel.l-uJ_oses.

In this

as the gluco

S.ssuming tha

siud.y, the heterogeneous henice'lruloses have been estinated.

se eo;rrivaLent of the reduelng capacity of the ind.ividr:al units.

t the relative nr:sber of reducing to cjther units is eonstant,

the figr:res obtained. are usefirl for comparatlve trrutposes, but they are

not clai¡eed. to be accurate measures of the absol-ute ouantities of

henic ellulo ses present.

The resid.ue,frorc the starch Cigestion is returned. to the flask and_

extracteô by bcíl!.ng und.er ;:efiux v¡i.th l-00 n-1. 2/ surpburic aci_d. for 6

hours. Ehis h¡rd-ro1y6es henicell-ulose io lts eonstituent uníts. IiIter.
\Íake filtrate up to 2co nl-. lake ro mr. and. d-iLuie to 1oo mr. Take

10 n1. ôf the d-iruted. fi.l-trate, neutraLLze to phenol red. as before, and_

d.etermine redueing capa.city. carculate the glu.cose equivalent of the

reducing capacity and- express as a percenta-ge of the d.ry r+elght.
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D. Cruòe fibre
i

+

c

r.7.

residue fron the henicellrriose digestíon is ¡¿ell v¡a.shed' anC'

o stanð in lOO ¡ll-. d.i-sti11e.J. water overni-ght to remove ltaees af

aclC. Dry in an a.ir o'¡en end- lrei-gh.

e"bove sche¡ne for carbola¡rd-raie analysis of fresh pLant materier.

a more corrprehensive sbhene tb.an ltas hitherto been presen^ued'.

îÏre

allowed.

sulptturi

!he

provid-es

amount of ferricyaniC.e reduceô. The effect of aLl ad-ôe'1 reagents 1s

acorrate y checked- by using a d.isiilled- v¡ater blank throughout-

A]'IAJ..,YEICA]¡ RESTI¡TS.

IheianalyticaL figures are gresented. in lable 2. If the high

Iight lntensit.'r 1s represented. as Lr'ì, the lolt light lntensity as L2,

ano. the åitrogea treatrnents as No (no ad.ôitional nitrogen treatnent),

Nr (2 grns. ad-d.itional anrnoniu-q sulphate per pot),

It i-s convenient in that, after treatment,

estirnatecl by the one method ' the reducing

N2 (6

then the treatmen'us are as follous:-

[reatnent A llNo

rr 3 L1IT1

rr C ltNZ

il D rzNo

il x l2tT1

rr F LZNZ

a1I fractions are final-lY

action as rneaslared. by the

ll
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I

)llil il

f
;
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J.Ì'r'Ai,TfiC/ú IISTJLîS.

Treatnent.

B

;id v q¿

?roiein - I'T

fotal- anino - N

Sucro se
lrrctosan
iietriceIlulo se
Starch
Gluco se
Jructo se
Crrrùe fibre
.e.espi.ration ra.te

',Ía+"a!

Proteia - iS

l'oial amino - N
Qr¡n rn c c

!r-uctosan
lemicellulose
Starcìr
til-rrcc s e

Iructose
Crud-e fibre
ì.espi:'ation rate
pií

'ila+,,e!
lrotein - IT

Ici;al Anino - N
Sr:ero s e
Jr¿ctosan
ile:ri c ell-ulo se
Starch
lllrranca

iructose
Cnioe fibre
-a-es oiration rate
oi

,52L

n. d.

r]..
3.

It.

1

8g

56
53
84
59

ô

I

d.

d_

A2

nil

n.
6

E.DÁTlar¡ 'l

.60

627

)zo
0.10J
oÁo
2.4.6

L3.29
0.75
r.55
r.26
o.37J
2.00
5.72

o") í
2.46
,,1 .,Ji )
6.tj
1. Òt

1,". ÅR

o"i9
L.30
I /^

'o.392
¿. oo
5.52

6zl
2.77

.0.420
6.44
1ttr

t¿.o)

.492

.39
É,c

.6r

.33

.69
A7D

.03

.48

tr] t
)LL

) /1O

fiB> Ç,o

5+
.50
.c97
.öY

^t
.18
qo

.90

.54

.37r

.¿v

.I¿

69o
2.53
0. iJo
).o)
0.70

L).LC

0.69
't ôtr

1.58
o.181
3.40
5.7L

6tl
.14

21 0

.59

.71

.Õ)
Ã1

rìo

.68

.372

.90

.48

0 52
.68
.L83
.ö)

nQ

.91
ír't

6
¿

0
j

I
L2

0
I
2

J

0
:t_

I
0
aI

5

a-

i.
T2
o
I
l_

0
2
5

¿
0
/t
3

1'Z

0
¿

0

h

0

I

3
1l-

0
1
I
0
a

5

¿
0
-2

L2
U

'1

1
0
¿

J

174
rl on

0. j8
v.¿o
¿. t+
o J63
3.25;, \)

5
0

10
0
t-

I
0

3
5

lar¡ 2
'.).t ç

.L3

.(ó
J69
.lo
.o)

.11

.46
0.31'
2. i0
5.53

olo'
.2.69
0. r4r
3.o4
o.r;2

t> âç
o.56
0. 82
0 .71
u. Jbo
¿. )a
F, 'ltr).1)

L64
10.
30
L4
93
J5
59
384
/.*

5lt
lç3 {
0. r8l.27L

.5a
oÁ

¡1f)

C.c

Ftr
ii2
ti;i2

.59

t

a

I

i

I

1

I

I
t
ç

i;

73
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q^A3iE 2 Contd.

í1raa *mor,i

3 1;1xD1-.r 7

?rotein - N

lotal e¡ni!.o - N

Sucro s e

r'l'uc ! o sa,n
:ienicellulose
Cl=r¿'h

0lucose
lruc t o se
Crr¡d-e Iibre
!,espiratlon rate
cï

0
I
i

I

6t4
2,2L
o. o96
/.lro
¿. L4

Ij.58
tro.

?E

.187
o,î

.C)

6fi
, J.!o

0.168
AAA
o.26

o"64
v.>)

" L.FsL

79e
CU

.60
trÃ

a\o

7qÃ

.¿v

.68

io,
2"61 .82

.228

0
1
6

-71'l a
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A. Ðrifts v¡ith lime

The d.rffts ln the fractions l,'it?r time are il--l-us+"rated. in flg. 1, anå

\that of the r.eserve\ carbohyd"rates in fig. 2.
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The prel-ininarry respil'e.tlon re,te 1.¡as not a,ee.sureci; a1-1. a+,T:.er ft4stes

are in uTS. COZ per gra.n per hour. I¡r al-l treatnents the respira.tiöir Tà'¿ë

rises on ihe second. d-a.y, reacbing its hi,lhes'i; level- in lveal,merrts C, D, anð.7.

0n tire third. d.ay 1t fall-s again, and. in all- cases rises cn trne îo.trib oa7.

lhe tota.l carboúyd-rates d-o not begin to fall off quite so rapictly unéer

high light intensity (Íreatorénts A, B, 
"od. 

C.) as und.er low (Treatnents Ð, E

and- 3), and- the fail is rnore rapiô in the pt"o"."é of ad.d-ed- iritrogen ti-ran

r.¡ithout. Tfeatnent ,4, ivhj-cLr received. no acloitior¡al nitrogen rerIains tire

sane throughout the first d.ay ancl then begins to fall but not to su.ch a, Lov¡

Ievel as d.o the other treatrqents. Ir'eatment 3 continues falling until ¡he

thi-rd. ard. thein rises sli-ghtly. lreatøent C continues falJ-ing. I¡eatments

D, E and. F alt fa.11 gery rapid-ly on the fi.rst day, D a.nd. F, in which tb.e

resplra.tion rate is high, continue falling, and. E in r.¡hicb. the respi""rrot,

rate reaches its lolest vaiues, d-oes not fal1 as re*snrla.rly.aftel the rnitial-

d.epletion. '

Protéin nitrogen and. total organle nitrogen reflect the effect of

treatment in their d.rifts. Und.er cond-itions of no ad.d.ltional nitrogen a

contj-nua1 d.epletion occurs. Und.er high I1ght intensÍty and- ad-d.ed. nitrogen

an evld.ent synthesis of protein has taken olace and- u¡rd-er low light in+"ensity,

nhere the energ"v avaålabl-e jor synthesis is least, and. the ca.rbolq'd.rate

""="trr"= 
are rnost éeverely d.epl-eteC", ihe level-s have not been so narkedJ-y

increased- rvi+-.ìr time but the¡* sholr a tenC-enc¡,r to d-o so.

!i:.e preliti*ì';, coneentrat:.on oi aniro aciôs î,ras not neasured-, but they

ha.ve rapid.J-y ad-jusieC. thernseives to the rler¡.' con.ôitions, anà thereafter'.re¡z'lneú

¡elativeiy cons'uant. lreatrnents l!, B, and. C slnor* increasingl-y hi-gher Levels,

as d.o treatments Ð, 3 and. I'.

The r"¡aier content sho'i¡s a narlceci initia.l .rise in all- cases é:rcent ln

treatr:ent C. Tind.er high tight intensity, eo¡rilibrium has been rapid.ly
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"

rea-ched, but in llrre firn) three tree.trnents the r.¡eter conto-nl,s rase Lo a-

lrigher level than in the corr.espond.ing Ìrigh li.gbt treatnents. þaïn'ni¿h

nitrogen t:.ea.trent shorvs a d.ecli,ne in the r¡aief content.

The glucose figures renain farrly consta.nt under treatnents Ìt,3-aní C

r.rith a sfight tendency to fail- off u'ith tiñe. Und.er'loo.r 1i8ht lne fali 1s

more Ðrcnounced., particrrl-arly 'lhere the niirogen figures are high anô

total carbohyd.rate is severely C.epì-eted-" ¡'ru"tor" in all cases shor'¡s an

inítial rise^ and.',,hen renains fairl/ stead-y rn¡i',,h a tend.ene¡r to fal-I off

r¿ith time;

fine d.rifts of t¡.e R"serve Carboir..vd-rates

lhe d.rifts r+1th tine of siareh, heniceiiul-ose, sucrose and fructosan

a-re illustrated in'3ig 2. îhe general d-epletion of total carbohydrate

is thus seen to be nainl-y due to d-epietion of the',^¡ater soluble, labile,

reserves, sucrose and- fructosan.
ia
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[ite s'uareb figr:.r'es are rat]:]eT irregg]ar, but ln genet'-'L tbey s!:o''t

a falii-r:g off rr'itìr tine, aore reguì-arly und-er l-otr th,an u:rler high ligbt

ini;ens!ty.
l,^il:ere no extra- nitrogen bas been ad-ceci, the henicel-l-r:i-ose sh-ows-"a

initial inirease, and. then rernai.ns stead.v, r.¡hereas ',,rhen ad.d-itiona.l nitrogen

h¿s been aC.òed., the hemj-ceIlu] ose fal-l-s cff tc lor,¡er va1¿es af ter the

initial rise. lhis sharp initial- rise in the case of hemicellu-Lose is

pa:"al_lelec_ by tbe. equ,al'l.ir sharn lniiial ri-se in the r¡ate¡ content. und-er

ireaiineni A, both hemicellulose and v¡ater unrlergo a slight rise over the

next trvo Cays. f,iith ireat:nent 3, the r.ra+"er content rem¿ins falrl-y stead'y

r+hereas the henieell-ul-ose sho,¡¡s a.slight decrease corresponôing with the

slightly lorr'er glucose values, In treatinent C the t'¡ater content has been

falrly stead-ily naintained- at a 1or,¡ value, and- ihe henicell-u-l-ose va-l-ues

are eorrespond.ingly 1ol* except on the last d.ay, rvhen hernicelluLose sllows a

sh-arp rise. lhe sl-ight ríse in vater content seens i.nsufficieni to account

for tbis, bui ihere is, hotrever, a corres¡oncllngly sharp rise 1n'uhe

glucose ccÌ.1cen¡uration r.¡ith fr,rther h;rd-ro)-ysis of the Iabi.le, v."ate¡ soluble

carbo\r'd.rate reserves. Und.er low 1i*¡+u intênsity, the water content

u:r.d-ergces more va-riatlon. Afier ihe i-nitial rise i.n treatnent Ð the

continual rise in waier content ís not accompanieC. by a rise in itenicellulose

Apparentìy corlespond-ing to the low glucose figures. In treatrnent E,

the glucose value fa.ll s bel-or" any of the coneentrations in ihe previous

I

I
i
I

:

treat¡ren s and. despi+,e a s'ì j.ght increase in the '¡¡ater content the h-e:11-I

lreatinent

in r.¡ater

cellulose d-ecrea.ses.

3 sbo!¡s a shaz.p fal-l- in the glucose concentratl-on ancl C,¡.ecrease

content after ihe iniii.a-l r ise, corresponè1ng with a eontinued

in hemicellulose

Sucrose shc.r.¡s a. ð,tlf+' strl-kingLy paralleled- by fructosan. Und-er

treaiinent Â nei'ther suciose når fructosan fal-l io below ha.l-f their previous

et ioep1d.

/
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d-enleti.on is rnore severe whel'e nitl'oeen bas been aùdeð-.

Und-er lotr 1[ght intensit¡' the sucrose concent:'e'tion 1s d'eo]-eted' to

Ìower valu"l" tban those shor¡ra in trea.inents '{, ts and' C, corresponoing to

i alleled' by the d'itft in fructgsan'tbe lor,¡er glucosê flgures ancì closel:¡ par

C. [reatnent effeets.

Ehe effect of increasing arnounts of ammoni'¡rn sulpha-te to the roots

of the Ptrants is shown in fig. 3'

i

ii
I
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lhe respira.tion rate shows a tendency to ôe v¡ith tae firstcrease
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a.pplication and to increase v¡itir the second-.

Ihe total carbohyd,rate shorvs in general a decrease r'¡ith ad.d.eô nitrogen,

treatnents A and- ! alvrays hqving a. higher carbohyôrate con'uent than the

correspond.ing treatments und.er Iow light intensity. The general behavlour

ten,J.s to be inverse'to t?raù of the organlc nitrogen.

Protein and organic nitrogen aï'e rmch more influence<i by the first

-:...-L-,!ì-acioltion oT anmonj-um sulphate th.an by the second, the :-nitial rise being

more roa-rkeC. und.er high light intensity than unC.er 1ol¡, and beconing greater

on successive da¡rs. Presumably mor.e energy is availabl-e for s¡rnti:esis on

these aays. fhe d.ir-ference producei. ¡y tire second. acd'ition Ís scarcely

slgnLrlcan!. i:he amino-nitrogen, horvever corrtinues ir¡creasing proportionaily

rvith the increase in concentratibn of amnouiu¡¡ iois in the external medlun,

the increase being grea.ter with the second- ad.d.ition than with the first.

lhe v¡ater content presents a characteristi'c behaviour und-er bigh

l1ght in'r,ensity, remaining almost co,nstant with tb.e first ad.d.ition and'

fa.Uing rapid.ly with the second-, and. shows- values und.er low ihan

unrier high light Ieve1s.

The concentrations of the ind-ividual hexoses are little affecieo. by

treatment, the noticeable feature being '"hat the glucose concentration

falls to a very lor.¡ value rrt¿"" lorrr light.intensity on d.ays 2, J anù 4, wnich,

as will be seen, is aLso a cbaract.eristic of the sucrose.concentration.

lhe loi'r values are more evió.ent und-er cond.itions cfl.bigbnitrogen treatment.'

D. Effect of l{itrogen Treatment on tLre Leserve Ca.rbohyd.rates.

o The effect of ad,d.ed. nitrogen on the Íud.ivi<iua1 d.l - and. poly-saccharid.es

is illustrated. in figgre {.
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1[o d.ístinct treatment efíect on ti:.e sia.rc]r concentration ls notTcee.ble.

On all- Au,¡," at both li.Eht iniensities tlie hefzr,icelLwlose ls ean+,in;a1}:l

reduced. by increased. nitrogen ireatnent, a.ncl it may be corteLe.ied. r+iilr \!a;,ar

anC- oi'ganicìnitrogen content. On ôa.y I und.er high lieht in,r,ensity tne,,¡aley

is constantibetr+ee4 the -å. and- B tlea.tments, and. is lov¡eu. in trea-tnrent C.

Ehe hemieellulose sholis a reC.uction in 'r,h.e 3 treatnent corresrronriing to a

rise in olgân1c ñitrogen, anc a further fall in treatmeat c v¡here t.ne otge-nle

nitrogen renrai-ns consiant, þut the .,+ater ccntent iå reduceci. lhe sane

principles appl-y on all oays und.er higir light. On dr:¡ I und.er 1or* light
ihe heniceilulose fa]1s off betrt'een trea.tiirenis À and.3 whence organic

nitrogen rises and. '.,'ater ccnient rema..ins constant. Â furtÌrer rise in
organic nitrogen and. t";ater i-n treaiment C are acconpanied- by little cha.nge

in hernicellulose. On ôays 2 anð, Ja continued. fa1I in,,;ater r"¡ith treainent

und-er the l-or,r' 1-ight ot" u.""oopanied by inerease of org¡anic nitrogen çith
the first' treatnent anci continuaL d-""""u.." ín henicell-ulose with treatment.

Sucrose and- fructosan responô in a parall-el rnanner to inereasing nitrogen,

sucrose valuds being lot'¡ vrhen the cor:respond.ing glucose values are also lcv¡.

[he sucrose fig',)-res are highe:'und.er ireatnents A, B a.nd. C .,,jran u:rd.er

corresponaing treat¡nents Ð, E and_ I, on the sane d.ay.

Ehe Effeet of lighi Intensity. .

T,ight iintensity affecis tne eoneerirat,icns as sholn in fig. !.
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In rthe earl-ier pa.rt of +,jre exÐerinent l¡hen the ca:bohyårzt.t"e is no+.

severely êeple¡n¿, light intensity has not affecteù the resoiration r¿-L

t¿t Later there j-s a tend-enc.Í for l-ower',ralues to occur unCer tne lc,otzt

light

[he total carboh¡rdrate is'aiva;rs rerluced. qnôer the Ior,,'er 1ight,

presr-:-rnabLe because of the effect on tÌre phoiosyntheiic systen. 0n one

occasion vhen the resniraticn rate is a mini'r,rus, the carboh¡rcìr ate conten+"

is not signiflcanity a1tered.. The inciivi,lua.l- carboþd.rates r'¡iI} be

examined in d.eta1l in tire ,r"*t =""tioo.
i'"1:ere no a¿C.itiona-I nitrogen has been ad.ô.ed-, organic and. protein

nitrogen show higher values r:¡C.er the l-ower Iighi intbnsity, but in

treei,ments 3 and. E, ,,.¡hen one ad.d-itj-onal o,uantlty of ni.trogen Ìras been

ad-d.ec1, the reverse is tire case. i'iith higher niirogen treatrnent, lne

variat j-on is irregql-ar.

light intensi'uy has irad- no consisient ef:0eót on tìre eoncentra.ti.on

of arnino-acid-s

In all eases r.¡ater ccntent is higner unC-er low light than unùer

high' the d.j-fference bein.g nost rnarked. in treatments C and. I'.

Gl-ucose sho'vs lor¡¡er values u:rder 1o'rl light except ln one case r.¡b.ere

the respiration rate is ver.-,¡ l-or'r, a-ncì on l'nai oecasion the sucrose Shor.ys

a rnini¡nurn d.epletion und.er ihe lo¡yer l-ight. Sructose behaves ln a:r

irregufar rå.nner.

3. Effeci of Light Intensity on tne Rese:.ve Carboh¡rd.rates.

The efíeci of lighi intensit;r on the le'¡el-s of the reserde

carbolryd,rates is sIown in fig. 6.
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tbe fi::st d-ay the sie.rch figures -oehav.e in an irregular Itanner, bui

Iater they assume lol"er values rand-er the lor¿¡ li¿ht intensity' Tb'e anc-¿ni

of heniceL.Iulose is also r:naffected'.

the d-epletion in lotal carbo¡¡rd-:'ate is seen to be chiefly ¿ue to

d.eoLetioa of sucrose, the ¡rcsi labile carboìl;,rårate reserve. copsislen'vL1¡r

th:oughout tþe experirnent the su.crose concentlation has suffered the

greatest d.epJ-etion rvj-tb. :'educed. intensit¡' of ilturirinatlon' On C'ay 3 "titb

one'1ot of ad-ùi'uional nitrogen ii shor'rs a rniniln'J-n effect' corlesponC-i'ng to

a slight increase :-n tr-t'" gl-ucose concentration'

Ihe fruc,"osaï¡, l¡hich followeà the sucrose in d.rift and- treat¡nent effects'

is not so consisientl-Y a.ffected-

.!5T-t O1îSHIPS '3T[i EEiü c.Ll30ifDÏirq.rE RES3RVES

iIATER. AlsÐ oRG.Ð'TIC NIUROOEIÌ.
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organic nitrogen fir3ures ai'e includ.eÔ, the d-istribution shown in flgure ]
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fhe figure shov:s tha.t on da¡ r u-¡rd-er high right intensity,

treatrnents A and. B shor+ very l-ittle d.iffe:'ence in lyater co.ntent, brrt

su'cro.se ìre"s been red--:cecL and en ilcree-se in toia! organic ni+,ta7ren "r¿,s

occurred.. In trea'u:nent C, tire organic nitrogen has reache<i_ -v\e sane

leve1 
". it. treatme¿t B, but a inarked. reductibn in the v",ater conient

correspond-s to an increase in tìre sucrose coirtent. 0n the seeonð- ð-ay,

the sue::ose level has been t'educec, but ihe same relatlonships arr-oliesr .

namely that treairneni A has a higher sucÌ'ose and. a loryer orga.nic nltrcgen

ccntent tha.n treatinent 3, whieh in turn h.a"s a lor¡¡er sucz.ose and. a higher

uater.conte4t than treatnent C. 0n the third. d.ay the relationshi.p is
equally evid.eni. The ','¡ater. content is not signiflcantly aitered. between

treatments Â and- 3e br¡t an increase of a.bout lo/o ín o"*"r,t" nitroÂen

is accompanied- by a loss of about lQft of the sucrose. An increase in
organic nitrogen on the fourth day o'c_ooses the effect produced- by a

d-ifference in v¡ater content between treatnents 3 and. C. îhe increase in
organic nitrogen has accounted- for a greater d.ecrease in sucrose content

than can bê com3lensa.ted. for iy the water d.ifference.

und-er lorv light intensity, the sane prínclpres apply. 0n the first
I

d.ay, an increase in organic nitrogen fron z.60 to 2.96 per cent betr+een

treatraents !, tr and. -î wi.thout an¡r signifieant variation in the uater

content is accomÞanled. b;¡ a Cecrease in sucrose frorn 4,9 to j.l per eent.
On thb seconô d,ay the aifference betr,¡een trea,tments D anô E resul-ts in a

higher organi-e nit:'ogen an{ a lo'urer sucrcse content in the latte¡ t¡eat-ent,
and. retlucîion in the u,ater conient ryithout any change in the organic

nitrogen in treatrnent F is accorn'oanied-'oy a hlgher sucrose figure. 0n the

third-

ì
I

i
!
I

act 1n

ked-

day, d.ecrease in the rrater content and. increase in organic nitrogen

cprosi.te d-irections, and. the sucrose vaLues d.o not und.ergo e very

variati on.
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i fiì:en the sane treetment i-s appl-ied- to tire fructosa-n ùa,tz, fig. 8 is

obtained-.
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0a d.ay J-,

in organic nit

ï-f)i.

high light intensit;'r, ð.eereese in fructose.n e.nrl increaze

is tire e'¡:.d-eni c¿ifference bet.:ree", treat¡nents A anå 3,

vrhere the v¡ater content is not a¡preeiábly d-ifferent. Ihe same d-ifference

occl-Lrs betr'¡een these tr"¡o treaiments on d.a¡-s 2 an& J. Cn cLa;'5 ! anö- J, the.

organlc ni'r,rogen d-iffers very liiil-e bei'¡¡een t:'eatmenis 3 and- C, but the

water content id marked-ly reducea, ancl the fructosan content rises lvith

reduceri wa.ler. 0n d-ay 4, ihe'fnrctosan content faLLs '¡rnen the effect of

inc¡e¿,sed- organlc nitrogen outweighs ti:at of teéuced. v¡ater.

Und.er J-orv light intensity ihe same princ:.ptes apply to fnrctosan as to

sucrose. 0n the first d.ay an.increase in organic nitrogen frc¡n.2.6a æ

2.)6 per cent between treptroents !, I and- F is acco:npanied. by a d.ecrease in

f:¡¿etosan fron Ç.02 tc 0.!/ per cent. 0n the sesond.. day the d.ifference

between treatments Ð e.nd. E results in a higher organlc nitrogen anC- a lor'¡er

fructosaa content,, and- reduc'uion in the nater without any cþnge in organic

nitrogen in treatment 3 is accomnanied. by a higher fructosan figure. On

the third. C.ay, d.ecrease in v¡ater content and- inerease lne.gani.c nitro€:ea act

in o¡posite ô1reãtlons, and. the fructosan figures ü.o not und.ergo a ver;\¡ d.istinct

va Ír Ation.

u¡ater - Organic ìTiiro
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Vlhen the anounts of hemicelluLose are plotted..against water content and-

the organic nltrogen figures placed. at corresrond.ing 'ooints, fig. 9. is

obtained.. t
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ligirt iniensiiJ. c¿ c.ay r the ci,gher organic nitrcgen in
treatmeni 3 is accomnanied- by a 1or.'rer henicellul-ose conten.t. rn lTeei,T!.ent
c' vrhere the r'¡a'ver content is marked.l;r reducec., ihe heinicel-iulose conient rs
quite r" r"ik"d-Iy d.epi.e."eC. On the second,, Í;hira and. fourth d.ay, unC.er
bi-gh light' tb'e sarne conåitions obtain. lne reduceci wa+,er eontent thus h_as

ihe reverse effect on henicelluLose content to vrhat it had- on the vater
so.:-uble reserves. "

ünd-er Iow lÍgi:t iniensity the sane effeci is observed.. On the first
day, the nate'content betr.¡een the trea.tments ltas onJ_y slight anô the
d'ifferences 1n hen1cellulcse-content are also s¡sarr- and, accounted- for by the.
variation in organic nitrogen. On the second_ ciay th9 r,¡ater conient ìras a
so¡¡el+hat v¡id'er d-isirj'bution in the d.ifferent treatments, and- the cifference
in the anount of hernicellulose plesent is arso more narked.. on the third.
day' a larger variation fn v¡ater content occurs betveen treatnents Ð and. F,
and' its effect on the henicel}-rlose content is coz'resoond-ingly greater, the
lolyer the .,,¡ater content, the lower. the heni-ce11lr.1-o.". Organie nitrogen_a,d.

l-Ìra-^f^-^ ^¡r-^r ,t \v¡ater increasb therefore affect the hemicell-uLose i.n contrar;, r:d.irections.
rt ¡¡ust be borne in :nj'nd. tìrat the hremieelluJ.ose figures have been

record'ed' 
"t giuco"e equival-ents, i.e. as if he¡nieerruroses 

'ere buirt u¡
excl-usívelJ' of gl-ucose units. Provjd-eô. that the ecmpositlon of Êoliurn
henicelluloses is constatt rrì.th reslect to the relative nu:nber of reducing

units' the figures are valid' for eornparative Ilu-rroses and- conclusions based_

on these cor¡oarisons aré '¡alid. It is rloiìceivalie, hor.,rever, tÌrat factor.s
or:era'r'irtg in ihe metaboLic frr:.,'r rr¡oul-d. inrtuence one unit more than another,
or mey affect tìre cornposiiion of the he¡ricer-r-u-'. 0ses t)..er-rselves, in v,,hi_ch cases
the concLusions invoiving heEiceilulose concentrations would. need. rnod-ification

after a more rel-iable qethod- for heniceriul-ose estimati.on is evoived..
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trch-i'r'ater-Or c iiiit

rì1h o st.alch figures

henice'l lu los and. are creset-¡ied. in fig. I0.
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cifficul-iies in tlie rneiliori of estirnation of tnis fra.et!on, it
exarni-ne the results in¡ç,-ater oe'u¿ri1 than to loor¡ ¡6¡. +,enùenelp_s.

en to roirli out that the sarne tenciencies erist v¡ith teqa.rc. ;o

relat,ionships as r+ere pointeò out i-n the heniceliuloses, i
d-ecrease in water coriient accoro'panies d-ecr.ease in starch a.nci vlce vexsa..

lhe organic ni.trogen rela'uionsi:i¡r is not so clearlrv d-efined..
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Arlalysis.of the d.ata reveals that a stead.y state in the netaboLic flr:.-.1

has not been âttained-. r.t'he more labile carbohyd.ra.te reserve nateriaJ-s, sllcrose

and- fructosan shol¡ a rapid. d-epletion during the preli_n:inary oeriod., and_ this I

is refiecteô in the d.rift of the total car.bohyrirate. Depletlon thence b""orr"
nore grad.ual . The cabine'r, conc"itions were therefore not so fa.voura.bre ícr

w
carbohyd-rate synthesis as r^¡as the ¡revious envircþent, anc resirirati.on r,nrst

ha-ve accounted- for a greaier loss of calbon than the photosynthetlc systarn

was caaable of build.ing up.

lhe concentration of hexose sugar has not been materiaì.l-y affécted. by

l-i-ght intensity presu:nairly because, as these have t,een utilised- in respiration
or synthesís, they have been sfuurtaneously reprenished- from the hy¿rolysls of
the more l-abile rreter solubIá ieserves, but ro,here the d.epletion of these La.tter
is severe, as und-e" ro" cond-itions of low light intensity anc¡- lncreasecì- organic
nitro.gen syathesis t"he concentra-tion of glucose Í'al1s to tol^¡er val-ues. This
effect is noi;.so ¡nalked in'"he case of frucÌose, since it is augnented. d-irectly
íron the hyd'rol¡'sls of both of these reserves, r+hereas grucose is onJ-y d.irectl¡r
suppried' fron one. 'rhis accounts for the shar'¡ rise in fr¿òtose concentration
ln all olants oa being placeo_ in :r,he cabinets.

0n aI1 occa'sions v¡here the concentration of g;l-ucose fal-Is belo,,.v ì-S of the
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42.

e sucrosg eoncetira.tion ire.s beer,r red-rrceò to bel-ov¡ 1 of lts
t

and. since all these lor"r jlucose a.nC. correelondingly i o',1 sucroseforner va-lue,

values occllr und-er co.C-itions of l-ow J-ight intensi'r,¡r r.lhen photos;rpt¡"ats is ai

a ninir,Tr¡n, it is.llident tha'u a, reversible rela.tionshilf, e¡:ists betr".een the

tr.^io sugars. lhe conciusion to be ôratrn, sirrce sucrose is a solubl-e reserre,

is that" the concentration of sucrose in the Ie¿rves is partì-y cLeternirreð- by th.e

concentration of gllucose. The other conponent l-ibe:'ai,Ed. on hyd-rolysis of

srlcrose vould. b" I - fructose r.¡hicÌ: v¡ould- be i', equilibriu¡r v¡ith glucose

througit the bridge of the corìrßon enol foln. lhe coänon errol itself r.rouid- be

C.Ia'rrn u,oon for g1;rcolysis and the norrq¿-] flucto=oyre.nose.

Th.e z'elatlonship between these susars could- be re¡resented. as foll-or,rs:-
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!o firrther exanine .the factors d.eiernlning the concentration of sucrose,

it is necessery to obtain sone .estinate of ¡-fructose. Ihe portion of a. schene

outlined above t¡oulù a'ccount 'íor the el ose ¡arelleIisn in the behaviour oi the

tno-l-abil€ \Lrâtut "o*Ore car.bohyd.rate reserves. ln&eeà,a schena oi this

nature rvould ind-icate that the conbi.ned¡ concentrations cf s-rcrose a.nc fructosan,

ci' in consid.ering fa.ciors aeternining sucrcse concentration, the concentratien

of fructosa.n al-one, r^lould- r:rovid.e a better es'r,inate of the concentration of the

l-abile fructofuranose iha.n frueiose as estin:ated., since the l-etter i-s a

nlxtìLre ci nyratrose.and. fu¡anose forns. Ài-qo since the fr.uctosan is ind-eaenêent

of the glucose concentration Cirectly its concentraiion alone is perhaps the

surest ind-ication of the a¡nount of y- fructose. This v¡ould. explainr.b.y the
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figures obtaineC. for frr.rctose d.o r:ot shol.¡ atr:{ a-t-ie-ren:v reLal'ionshin Luo ?-rtii

of the other vhriab1es. lhe parallelisn in the.J.rifts of sucrose and-

fru,ctosan suggests also tha.t a relaticnshil, exists betr.¡een the two, anê- tlne

fruct o sen-sucrp se-glr.rcose rel-ationshì1o sho',"'s a. cortef-a,tion coefficient of

"726. llence sucrose concentra.tion 1s C.etermineo b¡' ¡¡" concentra.tions of

''ructosan anci glucose'.

.rrchbol-d- (5) conclud-ed frorn'uhe resulis of her'.¡ork on the role of

f11ctosans in ithe metabolism of the barley olant that nitrcgen ôeíiciency in
j

rli¿nu-r1âl treatnent fa.voured. a high. yiei-d. of fructosan in plants Eroun unrLer

nornal conôitions in the field, and- ihe-t hi.gh nitrogen deuresses the

formation of fructosan. lhe results of this research confirrn her'-conclusioa.

If nornal cond.itions ere represented- by plants grovring underl the high light

intensity in this experiment, the plants v¡ith no a¿ded. nitrogen show a muclr

þigher fructosa-n content than those to r..'hich ad-d-i',,ional ni-tro$en ivas ad-oed.,

and- a.fter'uhe initiaL ad-justrnent in concentre.tions the beha'¡iour of fructosan

ani organic nitrogen are inverse, a o-ecrease in one beirg-accomoanied. by an

increa,se in the.otber. Ihis was pointei- out when fructosan lvas conèid.ereC-

in relation to r.¡ater and. organic ni.tro€len. After the first aC.d.ition of

amnonium sulphate to the roots the organic nitrogen rose and the frrctosan

concentra.tion fel 1. Since subseouent natheroatlcal er:a,nination shor¡s no

reversible rel-ationshit to occur betr,¡een ,rrrto*"n a-nd carbohyora.te frections,

the folloning conneciion is suggested- io be ad-d-ea to the scherce
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Although no rsvers':'o!e teLr;Íicrrshi--; cel:. -c?- sho':T:'., oi-tioys]r7 "":;e

'oarbo):yd-rate necess-a.:'y for errirro-aciå s¡-nthesis r¡¿sî "oe oer!.¡eo fro:r s.at? ?cL\L

in the carbohyd-r'e.te flu;;, ànd..urith ii:e irL;erpia.y of so nan¡¡ factors, :::.any of

r¡hich have not been consiôered. here, invotveiln a ilighly complex syste:n in

t.'hich protein anC-'c¿if-och;"cr.raie ï'eserïes Lie at opçosite extremes, trenàs and.

tenôencies mt¡.st be consid-ereC. as important;zuiies to the construction of a. sche-.a.

on'wÌrich further r^¡oz.k shoula tirror,r acid.ed. 1i¡r4t.

lhe starch figrues are not a.s reliabLe as those for the other carbohycira.te

fractions because of ¿iffieui+"ies inheren'u in the ¡nethod. oi estinatio4.

Nevertheless they are d.el;leted- r.¡ith time si:irilar to the soluble carbohyôrate

reserves. Unèer low ligÌrt intensity the d.epl-etion"is more regular anô

correspond.s to the Lov¡ glucose concentration. lhe tend.ency for starch

hyiÌroll¡sis to accornpeny d.ecrea.sed. i.¡ater conient has al so been nointeC. oui, so

tha.t both of rthese factors.olalr s6*" par.t in the d-etermination of starch

content.

lhe d.epend.ence of henicêlIuIose on'ryater content is ruch no¡e evid-ent.

Hi-gh rr'ater content cot'resÐoncls to high henicel-lul-ose content and- vi-ce vêrsa.

In the iine d.rifts where r.r¡ater has shor,¡n d-n initial rise, the hemicelLulose iæ.s

beì'iaved' in the sase fa,shion, and- in the one case'r¡here Ìrater d.id- not increase

to any ex',,ent,' the he¡licellul-ose also renained- lorz. Ìt'has al-so been sho.nn

that t¡i:.ere organic nitrcgen increa.ses, i.e. uhen there is a d_eroand_ on.r,ire

carbohyôlate sl'sten b¡- tbe nitrogen fl_r11i, the 'hemicel'luiose content is

d-i:ninished- as r¡ell as the 'other carbohyC..rate reserves.

lhe co¡rel-ated. behe-viour of benjcel-l_uiose, glucose and. v¡ater has been

presented-. Since other sisl¡l-e carbohyd.rates besid-es glucose are involve¿ in
the bu-ilaing rrt: of hemicelluLoses, the corresnond-ence in the beha.viour of these

tl::'ee va.ríables is re¡na.r'.lrabie striking. This research h¡.s f¡rnished. evid,ence

iÌ:at the heÌ1icell-uLoses are much nore labile than has'oreviously been real-izeô



anc- plP'y an i-nportant role in ihe carbciqlcra1e baLe.nce sheet cf ïlte pia.:rt.
A portion of ihe schen-rs. io fit the observei:. facis is a.s follor¡s:
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ra this eq.oeriment oniy oroteins and- a¡ino-acid.s have been estimateê. A
stead'y state has not been reacheê, bui in ihe ¡,..,Í,Toâch to it, treatnent
effects have been particula3ly raarked..

Ihe concentra',,ion of amino-a,cid-s increases with increased. ad.d.ition of
armoniun sa-l-ts in the n¡ir.ierr¡ ned.iurn, v¡herea.s o"or"ro nitrogen increases
v¡ith the ffrst ad.d.ltion bui shows nc furthe'rise with the seconc.. .ê.

consld-eration of the crifis shows thai ai the end. of the experinentar perlod.,
the totaJ- olganic aitrcgen in the ease of thenore heavily treateö. pl.nts v.,as

increaslng fair3-y rapidly t¡hereas those with the l-or,¡er ad.d.ed. nitr.ogen r,rere
nore steaô'y. Ecwevet, d-eptretion of tire carbohyd.rate,rescurces is certainiy
the main fa'ctor in li¡niting the level- of the organic nitrogen, s.ìnce total
carbohycrate is aore seïere1y redueed. in, the nltrcgen treated- the-n .uhe

trea'ieê plants- [ile d-:rifts of proiein and. totar carbohyd.rate are aisc in
an inl¡etse nanner.

,A.nal-ysis of ihe inclivid-r:¿1 carbob;¡d.ra.te d.rifts in a.n end.eavour to
locate t'¡irich is resoonsibLe f or the inr¡erse beLaviour re.reals that alil:ough
in se'¡eral instances these shor,¡ a fai_ling off r.¡ith increa.sèd. organic nitrogen,
no one carbohyo-l-aie is c'ìose1¡r cor:.e1e.iei_ l*1 th niirogen. It r*as sb.own in
a. corrsld.era_tion of ihe relationships between carboh¡rd_rates,
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organic niircgen that, a tenCency to becone d.epleteô. as sJ¡ail.iF_sis

nitrcgen -orcgressed. v¡as evicient, but t?tat aL)- carbohyo_raLe reservee
a aortion.eo

Gregory anc sen (4) suge;esiecr- a Sc|.rorxâ lirrJring th.e ca-rbo\yare.ie and_

niirogen neta'boLic óJ'cles through ihe J - carbon comoouncis resuLtins fro:r
6;lycoì'ysis' Âccord-ing io thei:' gcÌ'rerã'rn" n""o=e concentration c.e.r,ernines ihe
rate of fornation of grycoì-ysis procucis. lir" a"pretion of .these ,¡oul-à be
a function of oxid'ati'¡e anabolisn (Slaclrrran), resolration, and. the d-ena_.i_s

cf trie ¡roiein cJ'c1e. the. experimental- evid-ence Ðresented- here is cí a
confir:rratory natúre- since a-i1 ihe reserve carbohyd.ra,tes contribuie to tbe
hexose concentration in the ¡Lant, ihe'reflection of the total earbohyôr.ate
rather ihan ind-ividual menbers is to be e;rpected. in the concentrat,ion of
total organic nitrogen.
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organic nitrogen suopl¡' has been shor'rn to increase v¡hen the carbohydrate ,

reserl¡e feIl'r â-"irâïrl'+ater content a.ffectinl the sorubl-e an¿ insorubre reserves ,

i-n en inverse rlemlel" d-ecrea-sei- .r.rater ccntent fa.vouring d.ecrease, i.e. hyc.r.ot¡rsis;
of the i-nsolubre reserves ancì synthesis of t?le soÌubl e ones

j'i.arI'r¡ attentÍon i;ria;ht be ci'avn to one oiher tenaency. rt,,.¡as shonn
by Feirie a'ni r'iood.'(ro¡ tÌ:et ihe rate of forne-tion of protein from anino_acids
ôecreases r+itn ¡educei- l'¡a.ter content. rlor¡ it has been pointed. out that the
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seconri' increlnent of alr;ilcni¡r to tJt,r lc-te1i;',1, rr:':'. rr,)1, ()rt)t)iL(-i,.t-i rt (;t,t.,¡,t.ii1,1 ,11t) j ¡¡,,
increrirerri in crgani" ,rt*ror,"rr, bv_t t^a.i a.t bctTt Li;¿lt+, intensittez, +"he p\erLis
çitir tÌie higher nitrogen i.re¡,tnent,a.i.e *rrlf siro.,.¡i.¡ø a raoid. incre¡-"se 1a thi.s
fraction at the concÌusicn of ihe e:.:perinent lyhere.rs those r,riih the lc.urel
treatnent are d.ecreasing in cne case an.l stea-d.y iu the other. ìio,,.r in
t-r'ea"tinent c o ihe 

"'raier cotrtent has 
'eina.ine,i. colsistentl;,r 1o,rr, the anino-acicis

have consi'cler'abry inereased-, ancÌ the nroie:-n vc.rues are åt a roiye¡ Level tha.n
',vith Èreatment 3, il:us inciicaiing t,iiai_orciein str¡1!¡esis has been deì-ayed.
even though the arui¡o nilrogen tevei is high. Às previously shown, tne- je_cl<

of carboh;,-crraie siertinE r:atei-ia] d-oes ac_count to sor:e e::tent for the
fa-ilure of orEanic nitrogen to reach higher leveLs'øith higher treatment, cn¡t
in this case both fact'ors proba_bly coniribuie. pètrie and. f.iood_ h¿ô a nuch
liid'er variation in water: content on r^¡hieh to base ilreir conclusicn, but this
loint of beì:a.viour inthis experi¡rent is explicabre by their resurts. The
lack of carbohyd'rate is much nore evid-eni; in treat¡oent F, whe¡e it is eontinuall¡
and' rapi<iry d-eoretecr, nuch -nore so than in treatnent c, but here ar-so, after
the initiaì- rise' ti:e t'.,eter c'ontent continually far-ls, which v¡our-rr- tend. to
d-e'-ay p'otein syntiresis, even thou.qh the anino-nitrogen i.s sr_ightr.y higher
in concentration.

lhe following schema is Þresented- for the netabo.t Íc flux in

FRuclosqN ;
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A more coflplêtue scj'Lene for the esi.ina'uion of the canbohydrate fractions

in grasses tnan he"s hitherto been ¡resente,l ieas been d-evisecl .

I
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The I css

phoiosyni;

carbon has been gre:.,LvÞ,T than its reDlaceinent i.e. respiration >
êl c

ration of sucrose is. d-ef,erilined- bJ' the concentrations of

fructosan, lhe concentlation of fructosan nrovid-es the

of tj:e concentra.tion of [- fructose in the leaves.

nitrogen syntiresi-s callses " a"pL"tion of all the ca.rbob;rd.rate

lhe conc

glucose

besi mea

Increase

"rlt
an¿

sure
ì

Ln

6

7

reserves, r*hich provid.e set:a-rate con+,rj-butions to the he-xose fl"':---.

lecrease in ryater content causes hyd-rolysis of til.e insoluble and. increase

in the soluble carbohyd::ate teserves.

[he a¡nount of hernicellufose is d-eterr'rineù by the concentration of glucose

and- the v¡ater conteni.

Orga.nic nitrogen has increased- after tì:e firsi ad.d.itiou of amnonir:-n salt

but not after the seconci, partry due to d.epletìon of carbohyd.rate, and-

part11¡ possibly, 0"""o=" of d-ecreased- rate of protei-n synthesis und-er

'l over ryater eond.itions. -û,nino-nitrogen i.ncreases rn'ith treatnent.

A scir.e¡na is cresented. for ihe relations be'ur..'een the valious fractions

est inat ed-, ancl- their r oie i::. the rnetabolic flux.

llo.
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