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Frior to 19%6, no complete systematic @xamination of tieirelazticnshires

B

between the carbohydrate fractions of grasses had been undertarzen, nor had

they been considered in relation to the wvarious nitrogen fractions.

Xerr (1) recorted that addition of ammonium sulvhate as fertilizer to
i .
a field crop led to a decrease in the sucrose content of sugar cane

P o .
(Seccharum officinarum). .Orcutt and Wilson (2), working with sey beans,

reportéd that a medium nitrogen supply results in an increase of soluble

sugars, whereas a high or low nitrogen level reduces the soluble sugar conbent,

Gfegory and Baptiste (3) first studied. the effect of nutrient deficiency

on theihexose and sucrose concentrations in barley, They grew their plants

Jto

n

pot cultures and subsequently estimated sucrose and hexose by the classical

method |0of Hagedorm and Jensen. They concluded that nitrogen deficiency had no

>~

consistent effect on free reduciang sugar, but increased total sugar. Their

results, however, for two reasons leave much to he desired. Firstly, the
|
‘ .
| '

sucrose and total reducing sugar concentrations do not provide sufficient

evidence on which to base a theory of the course of carbohydrate metabolism
‘ !

in the!plant, and secondly, the non-sugar reducing substances, vhich may

amount to as much as 30% of the total reducing substances as estimated by the

.

Hegedorn Jensen method, have not been taken into account.

In & further study, Gregory and Sen (4) concluded that, in the lsaves of
20 ,

bariey; water content was reduced, respiration rate was greatly reduced, and
increase in sugar concentfation occured under conditions of nitrogen deficiency.
A scheme was provosed for the_interrelationships between the various carbohy-
drate ;nd nitrogeén fractions, but the objections outlined above apoly to their

analyses as to their nrevious results(3).

Archbold (5), realizing that earlier carvohydrate analyses were neither

- S
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egtimation of {the various

froctions which had been previously employed. She also realizsd the necescl
for conétructing a complete carbohydrate balance sheet, and the importance o
the watér - solublé, labile fructosan, vreviously examined by her in 1935
In a fufther»cohtribution, Archbold (7) estimated sucrose, reducing suzar ard
fructosén, over the complete growing period ofbarley, and noted the seasonai
‘

variatién in these substances.

The relationships between the various nitrogen fractions of grasses have
been cogsidered by Petrie and Wood in a series of contributions (8, 9, 19,),
and their experimental method has been adopted in this research, Tae aim of
the eynerlment was -to construct as complete 2 carbohydrate balance sheet as
possible and to consider its relationship to the two nitrogen fractions,
amino and protein nitrogen. ‘The following fractions were estimated: glucose
fruchosé, sucrose, fructosah, hemicellulose, starch, water, acidity of exz-
pressed sap, respiration rafe, protein - nitrogen and amino - nitrogen, thus,

compiling a more comprehensive record than has hitherto been attempted in the

one set, of plants.

|
Experimental Yethod .

Plénts were submitted to an environment as near constant as possible with

‘ -
regard ﬁo temperature, light, and water supply, and certain factors, the effect

of which it was desired to investigate, were varied. As in the experiments of

Petrie-and Wood (8, 9, and 10), conditions were such that a steady state was

approached in the leaves much more closely than had the plants been subjected

to a fluctuating environment. Also, as these invesiizators vpointed out, a
|
|
|

constadt steady state is not to be expected in this type of experiment, the
drift 1n the composition of the external mutrient solution alone being

|

| - .
sufficient %o prevent it. However, it was hoped that an approach to a

drifting, steady
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state, where the effect of the varying factors is great in comparison with

,
1

the drift in the faciors which determine the steady state, would be attair

o

At Gaily imtervals, a certaih number of plants were examined %0 determine

the various carvohydrate and nitrogen frzctions, water content, regpiration

®

rate, and p¥ of the expressed sap.

ation of Material.

Seeds of 2 pure line of VWimmera Rye Grass (Bolium subulatum) were planted
out in seed boxes containing washed sand. After germination , and when the

cotyledon was about l% inches high, the seedlings were transferred to glass

/

pots, Tach pot conteined 3.5 kilos, of sand. Two samples of the sand were

—

taken, and the amount of water required for saturation determined.

Eight even seedlings were chosen from the seednoxes and traanlanted in
escn NoOv, Sufficient distilled water was added to maintain 70% saturation
of the sand. 180 such pots were vrepared. Yhen the plants had tecome
established, thé pots were thinned out to four even ﬁlants ver vpot, and the
surface was‘covered,with loose gravel. 70% saturation was meintained by
welghing thé pots fwice ver week, éhq bringing up to a previously determined
coﬁstant welght with distilled water. Hach pot was covered with opaque
vaper blackéned on one side, so that only the upver surface was exvosed to

the light, @ The pots were placed in a glasshouse and were evenly spaced to

.

avoid shade and lighting effects. The folleowing applications of nutrient
solutions were added 2t the times indicated: TFirst spplication (added at the

end of the first week after transplanting).




Ca (p PO), .3 crms. ver pot.
X bl RLE 1 ]
: - " 0o
M€3504. TH,0 15 N wooon -
Feleks L015 ! oo
Mn‘SOA. 4H20 .?OO}“ n n

Second Application (about a fortnight later).

e t " il
Ca (5 PO4)2 .3
X Cck . RLE n "
1~ . " nooon
\Jg4)2 804 . o3
MgﬁSO4 TH,0 15 woown

Third application (three weeks later).

(VEA)Z .3 " " Ul

Na OH 06 " .
Fourth anp11cat10n (two weeks later) l

(Nﬁ4 504 .15 o " "

NaQH 06 ] ]

The use of caustic soda in the third and fourth applications was to

neutralize acids formed due to the rapid uptake of the ammonium ion,
Stock solutions were made up’in Winchesters, and aporopriate aliquote used.
A, 1 li%re containing 15 grms.(Ca(HgP04)2 ver Iitre.'

20 ml. diluted to 200 ml., for each pot,

B, 1 litre containing 15 grms. XK€%
2 n ¥g :
20 (l_.i4)2 SOA
5 M o H
15 Mg 804. 78,0,

10 ml, diluted to 100 ml, for each pot.
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10 ml, diluted to 100 ml for each vot.

.03 " lin SO

qu large cabinets were prepared for holding the vots over the veriod
|

of differential treatment. Each consisted of a double jacketed wooden

\QA

cabinet painted white inside and with a2 clear glass roof, Four powerful
electric light globes with reflectors attached were suspended. above the
glass roof, and the heat generated was absorbed by a constant stream of
cold water flowing over the plate glass. The air in the cabinet was cir-

culated continuously by an electric fan. Although most of the heat from
| .
the lamps was absorbed by the water stream, sufficient passes through to

act as a source of heat, which, in combination with an automatic refriger-
ating sfstem enabled the temperature to be maintained constantly at

(24 = ,5)° €. The refrigerator was automatically brought into operatién
oy meang of a bimetallic strip make and break in the refrigerator circuit,
and the circulating air passed over it and the circulating alr passed over
it until the témperature had fallen to apvroximately 23.8%c. To prevent
the humidity.from rising excessively and to ensure a sﬁfficient suonly of
carbvon dioxide,’the nozzle of a blower was introduced into each cabinet,
thus maintaining a coastant supply of new a2ir. A shelf was arranged in
each cabinet to provide two light intensity levels, the vots receiving
lower light intensity résting on the floor of the cabinet. After allowing
for the height of the‘pots, the intensity at eacn level was determined,
and althbugh nét constant at eithér level, the lowest value at the higher
light level was greater than the highest value at the lower level.

|
Continual observation was facilitated by double doors, the inner ones being

|
of double sheets of glass,
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A vreliminary run showed that the temperature could-be meintained
- \

constantly at 24° €. with a variation not greater than ¥ $%c, There was
‘ ]
no temperatd}e gradient between the two light levels. Cabinets were

\ n o - : .
21lowed to run for a full day under exverimental conditions before the plants

|
|

were placed in them,
!

Ldditional treatment of exmerimental oplants,

|
Fots which contained four even plants were chosen for experimental

|
treatment, The treatment to be received was writiten on wooden labels, wvhich

were randomized, and allotted to the pots.

The treatments were as follows,

P P e e T TS e 4 1 AT e )

Zay 1.
I, N, LlKl Llfe
{ I, W W W
: LR LE-\l . L2 \2
E
H Day 2.
: Same as for day 1.
!
; Day 3. ' Same as for dav 1.
; &
E Day 4. . :
: L K LN
: 11 12
LENl

For each treatment 4 pots, each containing 4 plants were used

nigh light intensity (.4®2....metre candles) é

=

L, = low light intensity (.22, ...metre candles)

¥ = no additional nitrogen.

6 =
|
1 2 grms, additional (WH,)p 8O, per vot.

3 et e e e
=

_ K
1]

s = 6
All vots were transferred from the glasshouse, and two of each treatment

were placediin 23ther cabinet to eliminate errors dve to slight differences in
\

the cabinets. Prior to vlacing the pots in the cabinets they were adjusted

iy iy A e

to 70% saturation.
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Next morming the addition=al treatment was added to the appropriate pois,

VY- R
nate

the Nl geries receiving two, and the N2 series six grams of ammoniuvm sulp
i in solution.

¥arvest Procedure,

The first harvest was conducted during the following day. The four

pots for each treatment were taken separately from the cabinet, one plant from eacn

—— AT 8

cabinet being used for respiration rate determinations, the others for analysis,
Each vlant was cut off at the base, and all from one pot were transferred to

a tin containing a layer of damp sbsorbent vaver. Tnhe tins were rapidly

I

i transferred to the laboratory where the leaves were cut off at the ligule, and
|

all from one vot were weighed separately, All werse then bulked, chaffed and
|
|

mixed., mwo lots of 10 grms. each were then added to 75 ml, boiling 95%

alcohol in a 250 ml,, Erlenmeyer flask to destroy enzymes. A pinch of

{ calcium carooqa e was added to neutralize plant acids, The samples were

\
added a little at a time so that the boiling was not 1nuerrunted The boiling

. was allowed to%continue for 20 minutes under reflux, the flasks then being
removed and la?elled clearly for subsequent carbohydrate‘ahalysis.
Five to ten grams of the chaffed material were taken o0 a Buchner Dvress,

the sap was extracted, 2 rnd the pHd was determined by means oI & Cambridge glass-
electrode pH meter.

{ | =, :

About 25 grms, were dried in an air oven for the determination of the d4ry

weight,

i [FEIN
f At the conclusvon of thke harvest, which was repeated on four consecutive

‘ days, the remaininb pots in the cabinets were brought up to TOw saturation,
)
and blanks were substituted for the vots used during the day.
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Comoarison of Surar Methods,
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There are two methods in gzeneral use for the determination of reducing

sugars, one depending on the reduction of the cupric to tiie cuprous ion

.

(11, 12, 15) and the other Deing concerned with the oxidatlion of the reducing
group with potzssium ferricyanide in alkaline solution (13). If, however,
both of these.method; are avplied to the same plent extract, nigher figures
are obtained wsing the alkaiine férricyanide method than with the copper
recduction, This was found to be due to the presence of non-sugar reducing
substances, since on }ermentation of the cleared plant extract with washed
yeast, and subéequeﬁtly determining the reducing capascity of the solution, it is
found that up to’}O% of the reducing capacity of the original extract, as
determined by the alkaline ferricyanide method, is due to these unidentified
substances, The covper method is not so sensitive. When yeast fermentations
1
are performed bn the grass leaf extracts, end the final reduction of the
solution 1is suﬁstraptéd from the original, both methods give almost identical
results, (Table 1.)

\
TABLE

|

B

Total reducing sugar in rye-grass cut from the fileld,

METHOD OF ' BENEDICT. NMODIFIED  EAGEDCRN-JEUSER METHOD,

] = 5 ‘7 ] N ‘ 2
% reducing non=sugar - % reducing .% reducing - non-sugar . % reducirg
substances reducing sugar sutstances reducing sugar,
glucose. equiv, suostances . - glucose euuiv, substances
glucose eguiv, glucose equiv,
4.24 : 3 3.87 5.70 1.85 3.85
| ~ .
4.82 .53 4.29 5.31 2.07 4.24

4.49 NGl 3.99 6.07 2.03 . 4.04
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In t2blé 1, a comparison is given between the reducing suger values of

Tolium subulatun s determined by poth methods, Samples were taken from

the field on 3 different days and extracted as described. Peducing capzcity

before snd after fermenteztion with washed baker's yeast was estimated by the

method of Benedict (11) and a modified Hagedorn Jensen method. The a2lkaline

ferricyanide reagent is much more sensitive toward the non-sugar reducing
substances than is the copver resgent, tlms accounting for the higher figures
g . . - . . P . o
=sing the former., However, substraction of the glucose equivalent of the
residual reducing vower after fermentation from that of the original solution

shows that 2ither method =zives reliable results for the actual reducing sugar.

1

L4
In this study, the alkaline ferricyanide method was chosen because of

its ready adéptability to the whole carbohydrate series, . 'The prirnciple
involves hydrolysing the carbohydrate fraction to some reducing form and

estimating the rediicing capscity of the resultant solution,

REAGENTS, _ v
. a. '10% zinc sulphate .ZnSO4. TE:0
b. - .5 N Caustic soda
_ c. .2 ¥ sulphuric acid

ds .01% aqueous soln. phenol red,
e. - 1¥  caustic soda;

f. 3%  acetic acid.

g. Alkaline ferricyanide reagent

Soln. A. 3,%0 grams pot., ferricyanide purified

-

with brominated 2lcohol and sther zccording

ct

)

z Peters and Van Slyke (16), dissolved in 1 litre of
water and stored in a daris bottle.
Soln. B. 21.2C grms. anhydrous sodium carborate

dissolved in 1 litre of water,
iz aqual volumes A and B before use.
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10,
Todide - zinc reagent.
Dissolve 250 grms. sodium chloride and 50 grms. Zn 804.
7H20 and make up to 1 litre, Befor; using add 2.% grms.
s0lid potassium iodide to 100ml, of this solution, ’
Sodium thiosulphéte solution,

Dissolve 24,82 grms, sod. thiosulphate in COp- free

water and make up to 1 litre. This gives &.. .1N¥ solutiocn,

Store as such and dilute 10ml. to 266 ml. before use,
The diluted solution does not keep,

Starch in&icator solution,
i% starch solution in saturated N a €&,

Potassium iocate solutéon 005N,
For standardizing thiosulphate soln. take 5 ml, Add
3 ml, iodide-zinec reagent and 2 ml, 3% acetic acid,
Titrate thiosulvhate. The correction factor to Dbe
appiiéd to estimations is

5
no, of ml, Na23203

‘Glucose oxidation reagent.,
Dissolve 16.7 grms. votassium iodide and 8.47 grmé,
, lodine énd make upito 1 litre. |

.167 ¥ caustic soda.

.02 - .04 ¥. sodium sulphite,
Make up to .5¥ solution in small quantitiess Store in
a4 tightly corked bottle and dilute as required.

.2hN, sulphuric acid.

,S<;lution’of F.. amylase.
Grind ungerminated berley of good malting quality to a

fine flour in a-mill, Throughout thie preparation use
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. metal free distilled water from an all Pyrex still,
Eztract 200 grms. flour with 750 ml. 503 alcohol
5y stirring for 2 hours, Centrifuge. Four off tune
supernstent fluid into a vessel and re-extract’the o
residue with‘4OO ml. 50% alcohol for h2lf arn hour,
Centrifuge. Combine: the supernatent liguors, Zilter,
and increase the concentration of alcohol to 80%.
Centrifuge. Discard supernztznt liquor and draw tine
precipitate on a suction filter, Divide finély and

suspend in 450 ml, water. Add 2 few drovs of toluene

; and store in the dark at Dlamt 018 After 3 days, filter,

“. The solution retains its activity for months,
q. Acetate buffer of vH 4.6€3 (22)
12 '2% sulvhuric acid. ’

ination of Reducine Sugars and Sucrose.

A, Total reducing capacity.
From the samplesléreated‘for carbohydrate analysis, filter off the alcohol
and re-extract the residue Z times with 75 ml, 90% alcohol, each extraction
_occup'inggz% hoiurs. Contimuie extracting until all the chlorophyll has
disappearéd from the residue. Combine the extracts in a round botiomed
distillation flask fitted with a splesh-head by a-ground glass fitting,

Dry the residue in an air oven and set aside for Turther analysis,

53
by

rom
this vpoint onwsrds, 5 éstimations and 1 olank may be carried through sirmilt-~

. anecusly. ' From the combined extracts diétil off the alcohol under reduced
pressure at apProx. 40°C. e remaining material is takeﬁ up in water and
made wo to 100 ml, 10 ml. are transferred to a 100ml, standard flask,

Add 1 ml, 10% zinc sulphate and 1 ml. .GW caustic soda. This was found to
|
|

effect a much better clearing of these solutions than basic lead acetate.
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12.

The volume is made up to 100 ml, and filtered, Estimations of totsl

'

|
reducing sugars, non-sugar reducing substances, fructose, glucose andé
sucrose may be made on this filtrate. Do ezch in duplicate,
|
I
For total reducing cavacity, tale 5 ml. of the filtrate; for reducing
| ST -

capacity after inversion dilute 10 ml of the filtrate to 100 ml. and take
‘ .

10 ml. 5f the resultent solution. Pipette.these aliquots into large test

tubes graduated at 15 ml. Mo the solutions to be inverted, add 2 ml,

2N sulphuric acid. Put tubes in a wire basket and immerse in a boiling

water bgth for 10 minutes. Inversion was found to bé completed in this
time, €Cool tubes and add 1 drop of .01% phenol r;d. Adg 1¥ caustic soda
solutio£ drop by drop qntil solution turns red-and bring back to vale
vellow colour with .21 sulphuric acid also added drop by drop.

Add 5 ml, alxaline ferricyasnide reagent to all tubes for determination
of reducing substancss both before and after imversion. Hake uo to the’
15 ml. ﬁakk. Heat on a boiling water bath for 15 minutes and allow to cool,

!

In this time, all the reducing sugar is oxidized and no change occurs in the

nc

te

cooled ;olutions'even after standing for 4 hours, Add 3 ml. iodide-z
reagent, 2 ml, 3% acetic acid and set aside for 2 minutes. Titrate
aporoximately .005 ¥ thiosulphate solution from a microburette until the
yellow célour of the liberated iodine has almost disapveared. Add 1-2
drops of starch indicator solution and continué the addition of thiosulphats
solution until the red&ish-purple colour just disappears. Standardize the
thiosulvhate solution against standasrd .005 I potassium iodate. Subtract:
the tit?ation figures obtained from the blanr and apvly the correction
factor to obtéin the number of ml, of 3005 I thiosulphate eguivalent to

the amount of reducing sugar vresent. Walkley (17) reinvestizated the

table constructed by Hagedorn and Jensen, and over the range of sugar

-
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concentrstions used in these analyses, the ratio

mz, glucose. K - .1814

no. of ml. thiocyanate

This conversion factor has been used throughout for glucose eguivalents,
Hence the glucose eguivalent before and after inversion is given by

.

(2 =% ) =x correction factor x .1814 x dilution,

Lo

-

where B = Dblank reading and R = titration figure.

B, IFructoss

The determination of fructose before and after inversion was carried out in
1

case any of 'the labile fructosan hod been extracted in the alcohol extract.

The method is based on the vreferential oxidation of glucose oy iodine as
discussed bé van der Planck {(18) and subsequent estimation of the reducing
sugar in the solution by oxidation ﬁith alkaline ferricyanide,

10 ml.?of the cleared filtrate was measured into a 25 ml, standard

| a

flask and 10 ml. of the diliated filtrate was hydroiysed and neutralized as
vefore. All flasks were transferred to the refrigarator, where all reagents
involved in the oxidation were stored. Vaen cooled to about 20C, 2-ml, of
the glucose oxidizing reagent ﬁas added. The contents of the flask were
rotated and 1 ml, .167 ¥ caustic soda was added drop by drop and the neck

. of the flask was washed down with 1 ml, water. The stopper was replaced and

the contents allowed to remaln at 19 - 2°C for 2 hours. This was followed

by acidification with 1 ml, .25 N-sulphuric acid, and excess ilodine was
\ removed with 292 - .04 ¥ sodium sulphite using 1 drop of starch indicator

*

solution, Afier neutralization with 1 ml, 23 § Qaustic soda, the volume
was made up to 25 ml, with.distilled water,

10 ml.taliquots were then ireated as before, and total fructose before
and‘after inversion were calculated making allowances for the corrections

|
mentioned by van der Flanck (18)

SRR ——— SRR st SRt R Ll
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€., Won-sugar [reducing substances.

Thegestimation of non=-sugar reducing substances 1s based on the

removal qf fermentable sugars Qith yeast, 40 grms, of moist barxer's

|
veast ca&ke are suspended in water and centrifuged. Tne supernatent ”
liquid’i% poured off and the washings repeat=d until the supernatent fluid
ig cleari 4-5 washings are usually sufficient. The residue is suspendsd
in 400 mﬁ. distilled water and kept in the refrigzerator,

Hyd;olysis was found to inecrease the reducing cavacity of the non-
sugar reducing substances and hence, after yeast fermentation, estimations
of reduciﬁg canzclty must be doﬁe on both hydrolysed and unhydrolysed
aliquots.,

Cenprifuge 10ml, yeast suspension and pour off the suvernatent liguid,
Dry the gides of-the centrifuge tubes with strivs of filter paper. Ada

v | J
25 ml, plant exiract and mix up well, Place in a water bath at 370 - 392 ¢
for 20 miputes. Eeep well stirred, Centrifuge off the yeast and take
aliquots of the..suvernatent fluid for the estimation of reducing capacity

|
both before and after hydrolysis with .2 N sulphuric acid as previously
outlined. Calculate glucose equivalents and subtract from corresponding

figures in vrevious determination, Lxpress glucose, fructoses and sucrose

as percentages of the dry weight,

f |
E o, . . ~ ! N .
- Jetermination of Polysaccharides.

R A A v T T

e At

A, Fructosan,
|
|
It has 1oné teen kmown that fructose anhydrides occur in cereéals (6), its

isolation from the leaves of barley was performed by Archbold and Barker (5)

and it was discussed by Yemm (20), It is soluble in cold water and insoluble

in 80% alcohol, The folloving method was constructed for its estimation,
| ' .

Place the residue from the alcoholic extraction in a watertight stoppered

bottle with 80 ml, water and shaite in a mechanical shaker for 4 hours.

B — e S e e . et B e e e e L i w2 T e % e i A e e R T T T e e e, . i 2



PRS2 W

e A e, e Pl et

Syivem sy ose

AT S PSRBT oy 18

15,

1

Filter, wash, and make filtrate up to 200 ml, in a standard flask. Taice

an aligquot df 10 ml., hydrolyse with .2 sulchuric acid, and determine glucose

and fructos% separately. This showed that the fructosan regularly coantained

approx, 6% élucoéé,.so after a short time the two estimates were discontinuzd,
i

ard the totél reducing capacity figures were used to sstinmate the fructosan,

|
fon-sugar reducing substances in the cold water extract were also estimated

vy fermentation with yeast as before, The difference revresents hexose

fronm fructosan hydrolysis.

B. Starch,

The residue from_the fructosan analysis is transferred to a flasx,
voiled with§60 ml, distilled water and allowed to cool, The following
method is b;sed on an observation by Hanes (21) that 60% of the starch
molecule is hydrolysed to maltose by the saccharogenic component of malt
diastase,}s - enylase,

Mo the flasks containing the suspension of plant material, add 10 ml.
acetate buffer (22) to maintain digests at optimal pH of 4,63,  Add
10ml, B - A;ylage solution and a few drops of toluene to prevent
bacterial i#fection. Plug flasks with cotton wool, flame, and allow
to stand a£?2500 for 48 hours,

|
No preliminary solubilisation of the starch is necessary, because
I . '

the extraction of the fresh leaf material with 95% alcohol and the

|
boiling pripr to this estimation accomplishes 1t.  All pipettes used
were plugged with cotton wool to exclude traces of saliva, Hanes

|
o .
suzgests that incresse in reducing power should be defermined by the

difference in reduction values of parallel digests with active and Mrilled!
; o

enzyme, the latier being inactivated by holding at 90°C, for 10 minutes.

Such inectivation, however, undoubtedly alters the structure of the enzyme

~~ |
molecule, and almost certainly its reducing capacity. This alteration

takas mlace uvnder different conditions to those existing when the active

. e T T DU S



C. Hemicelluloses.

16,
enzyre is xilled, i,e. during heating in the nresence of the alkaline

ferricyanide reagent, Eence the method adopted in this research was

to determine the difference in reducing cavacity between parallel digestis

of plant materfal and distilled water, in which case both lots of enzyme

were inactivated at the same time and had the same reducing effect on the

alkaline ferricoanide reagent,
i
After ABhours remove the digests from the constant temperature

apparatus, filter, clear and filter again, Make up to 200 ml, and take
|

a 10ml, a#iquot of the filtrate for the determination of maitose, Use
the modif%éd Hagedorp Jensen method described above, and use the relat-
ionships that le.c. .005 N thiosuluhate is equivalent $0.212 mg. anhydrous
maltose, Sinée this represents only 60% of the starch molecule, mltinly

by a correction factor of 2 to convert maltose to starch,

| 3

|

In this study, the heterogzeneous hemicelluloses have been estimated
|

as the glukose equivalent of the reducing capacity of the individual units.

|
Assuming that the relative number of reducing to other units is constanst,

the figures obtained are useful for comparative purposes, but they are

not claimed to be accurate measures of the absolute ouantities of
i .
hemicelluloses present.

The r?sidue:from the starch digestion is returned to the flask an

extracted by boiling under refiux with 100 ml, 2% sulvhuric acid for 6

hours, This hydrolyses hemicellulose to its constituent units. Filter,

Make filtrate up to 200 mi, Take 10 ml, and dilute to 100 ml, Take

10 ml, of the diluted filirate, neutralize %o phenol red as before, and
!

determine reducing capacity. Calculate the glucose equivalent of the

reducing capacity and express as a percentage of the dry weight,
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D, Crude fibrei
Thegresidue from the hemicellulose digestion is well washed and

allowed %o stand in 500 ml, distilled water overnight to remove traces of
sulphurié acid, Dry in an a2ir oven and weigh. ‘ -

The sbove scheme for carbohvdrate analysis of fresh plant material
provides a more comprehensive scheme than has hitherto been presented,
It is cogvenient in that, after treatment, all fractions are finally
estimatea bﬁ the one method = the reducing action as measured by the

amount of ferricyanide reduced, The effect of 2ll added reagents is

accurately checked by using a distilled water blank throughout.

AWATYTICAL  RESULTS,

Theianalytical figures are vresented in Table 2, If the high

light intensity is represented as Ly, the low light intensity as Lp,
|

and the hitrogen treatments as N, (no additional nitrogen treatment),

Ny (2 grﬁs. 2dditional ammonium sulphate per pot ),

N2 (6 h " ] i ] ] )’

|

| ;
then the%treatments are as follows:-

Treatment A N

17
" B I
B Cc Ly No
" D LoN,
Y Lol

noF Lol



TABLE 2.

ANALYTICAL RESULTS,

Water 521

Frotein - N 2.57

Total amino = N n.d,

Sucrose 11.89

Fructosan 3,56

Hemicellulose 11.53

Starch 1 0.84

Glucose 14H9

Fructose nil

Crude fibre n.d, .

Aesviration rate - n.d.,

pH 6.42

Treatment,

Day 1 A, B, - ek 17 z, F.

ater 610 627 512 643 652 673

Protein - N 2.39 2.77 2.49 2.50 2.68 2.74

Total amino - N 0.103  <0,820 0.492 0.097 0.183 0.219

Sucrose 9.69 €.44 7.39 4,588 3.83 2.5

Fructosan 2.46 1.25 3,62 7 3,02 1,08 0.57

Zemicellulose 13.29 12,85 11,81 13,18 12.93 12,83

Starch 0.75 0.60 0.33% 0.59 0.61 0.51

Gluccse 1.55 1.13% 1.55 0,90 1,11 1.09

Fructose 1.26 1.78 1.69 2.54 2,46 1.68

Crude fibre 0.373 " 0.369 0.432 0.371 0.375 0.372

Respiration rate 2.00 1,76 3.03 2.20 2.10 2.90

pH 5.72 5.65 5.48 " 5.712 5.63 5.48

Day 2

Yater 637 627 538 690 676 637

Protein - ¥ 2.46 2.87 2,569 2.53 2.69 2.57

Total Amino - N 0.093 0.164 0.271 0.130 0.141 0.181

Sucrose 6.13 530 . 5.50 3.85 3,04 3.85

Fructosan 1.6 1.30 0.96 0.70 0.52 1,34
u Zemicellulose 13.45 12,14 10.36 13.1 12.65 11,95

Starch - 0.59 0.93 0.52 . 0,68 0.56 0.38

Glucose 1.30 1.35 1.55 1.05 0.82 .26

Fructose 1.25 1,59 1,42 1.58 0.71 2.34

Crude Tibre 0.392 . 0.384 0.442 0.381 0.366 0.363

Yespiration rate 2.06 2.41 3.34 3.40 2,32 3,25

oL 5.52 573 5.59 5.7 5.75 5.52
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TABLE 2 (Contd.)

: Treatment,

(s ]
Y
11
e
os}
(@]
w)

vater 614 6% 507 719
Protein - N 2.21 . 3.08 2,67 2.40
Total emino - N 0.096 0.168 0.272 0.11
Sucrose 7.08 454 5.33 2.44
Jructosan 2.12 0.26 1.00 0.35
{ zemicellulose 13.58 12,32 11.60 13.12
! Starch 0.59 0.64 0.5 0.43
tlucose 1.35 '0.93 ° 1.C3 1.15
Tructose 1.32 1.51 1,82 1,17
{ crude Fibre 0.387 0.389 0.422 0.27
' Respiration rate 1.94 1,60 2.14 1.7%
| & .63 W 5.72 5455 5.62
Doy 4.
| ater . - 603 546 -
| Protein - N - 2.93 3.01 -
' Total amino - ¥ - - 0,181 0.302 -
! Sucrose - 5.37 4.80 -
 Fructosan - . 0,92 $.39 -
| Zem@cellulose - 12.29 11,12 -
t Starch - 0.€0 0.54 -
' ¢lucose - ) 1.66 -
Tructose - 1.09 0.80 -
frude fibre - 0.73%5 0.£13 -
Zespiration rate - 2,20 2,61 -
o ) - 5.68 5.60 -

Water, Carbonydrate and nitrogen fractions in per
Zesviration rate in mgs. COp per gm. per hour.
Crude fibre in gms, per 10 gm. fresh material.

251

652
2.82
0.228
3.67
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PRESENTATION OF THE DATA,

A, Drifts with Time.

The drifts in the fractions with time are illustrated in fig., 1, and

o \
'

that of the ﬁeservé@ carbohydrates in fig., 2.

. TIME DRIFT OF VARICUS FRACTICHS,

RESPIRATION RATE
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Fig, 1. Abscissae P - 4 revoresent one-day intervals, Ordinates rerresent

% dry weight ewxcept respiration (mg. COp per gram ver hour,)
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The prgliminaryjfespiration rate was not messured; 2all other figzures
are in mg, ¢02 per grem per hour, In all treatments the respiration rate
rises on th% second day, reaching its highest level in treaitments C, D, and 7,
On the thir# day it falls again, and in all cases rises on the fourth day.

The total carbonydrates do not begin to fall off quite so rapidly under
high light intensity (Treatménts A, B, aﬁd C.) as under low (Treatments D, E
and F), and the fall is more rapid in the presencé of added hitrogen than
without, Treatment A, which received no additional nitrogen remains the
same throughout the first day and then begins to fall but not to such a:‘low
level as doifhe other treafLents. Treatment B continues falling until <the

third and then rises slightly. Treatment C continues falling. Treatments

D, B and F éll fall gery rapidlj on the first day, D and F, in which the

respirationirate is high, continue falling, and E in which the respiration
rate reacheé its lowest vazlues, does not fall’as regularly after the initial
devletion, ’

Protein nitrogen and total organic nitrogen reflect the efféct of
treatment in their drifts. TUnder conditions of no additional nitrogen a
continual dépletion.occurs. Under high light intensity and adde& nitrogen
an evident synthesis Af protein has ftaken vlace and under low light intensity,
where the eﬁergy available for synthesis is least, and the carbohydrate

reserves are most Severely depleted, the levels have not been sc¢ markedly

increased with time but they show a tendency %o do so,

The prelimirary concentration of amino acids was not measured, dbut they

&
m
L]
[
{o
B
chk
V7]
4
4
(o
t_l
IR0
Eu
fu

have rapidly adjusted themselves to the new conditions, angd th
relatively constant. Treatments A, B, and C show increasingly higher lavels,
as 4o treatments D, E and ¥,

The wafer coﬁtent shows a marxed initisl rise in all cases é€xcept in

treatment C. Under high light intensity, equilibrium has been rapidly
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reached, tut in the final’three trestments th
higher level than iﬁ the corresponding high light treatments, Agsin nigh
nitrogen treatment shows a decline in'{he watef content,

The glucose figures remain fairly constant under trestments A, 3 and
with a sligot tendency to fall off with tine. Under low light the fall ic

more vronounced, particularly where the nitrogen figures are high and

total carbohydrate is severely depleted. Pructose in all cases shows an

j=

nitisl rise,'and then remains feirly steady with a tendency to fall off
with timej
drifts of the Réserve Carbohydrates.

The drifts with time of starch, hemiceilulose, sucrose and fructosan
are illustrated in/Fig s The general depletion of total carbohydrate

is thus seen to be mainly dus to Gepletion of the water soluble, labile,

reserves, sucrose and fructosan,
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<

The starch

14

-
-1

igures are rather jrregular, but in general they sh

¢

a falling off witi time, more regularly under low tran under high light
intensity.
Where no extra nitrogen has been added, the hemicellulose shows an

initial incdrease and then remains steady, whereas when aaaltlonnl nitrozen

‘.J

has been added, the hemicellulose falls cff to lower valaes after the

1y

nitial rise. This sharp initi=l rise in the case of hemicellulose is

t

paralleled by the equally sharp initiel rise in the water content., Under
treatment A, both hemicellunlose and water undergo a slizht rise over the
next two days. With itreatment B, the water content remeins fairly steady
nereas the hemicellulose shows.a_slight decrease correspondingz with the
slightly lower glucese va ups. In treatment C the water content has been
fairly steadily maintained at a2 low value, and the hemicellulose values
are corresnord1n g¢ly low except on the last day, when hemicellulose shows a’

sharp rise. The slight rise in water content seems insufficient to account

(=3

for this, buit there is, however, a corresyondingly sharp rise in the
glucose concentration with further hydrolysis of the labile, water soluble

carbohydrate reserves., Under low light intsnsity, the water content

undergoes more variation., After the initial rise in treatment D the
contimal rise in water cont ent is not accompanied by 2 rise in hemicelluloseI
dppnarently corrgspcnding to the low gluccse figures, In treatment E,

the glucose vélue falls below aﬁy of the concentrations in the previous
treatments and despite a li ht increase in the water content the hemi-

cellulose decreases.

Treatment ¥ shows a sharp f2ll in the glucose concentration and decrease

1 L

in water content after the initial rise, corresponding with a continued

deoletion in hemicellulose,

Sucrose shows a drifi strikingly varalleled by fructosan., Under

treatment A .neither sucrose nor fructosan fall to below half their previous

P e 4 i 2 8t b 7 T,




25.
value, whereas depletion is more severe where nitrogen has been added,

Under low lﬁght intensity the sucrose concentration ig depleted to
|

i . f - o
lower values than those shown in treatments A, B and C, corresponding to

1

{

the lower gﬁucosé figures and closely paralleled by the dyeft in fructosan.
|

I
C. Treatment effects.
\
|
The eﬁfect of increasing amounts of ammonium sulphate to the roots

‘ .
of the pla%ts ig shown in fig. 3.

|
i
\
i
i
i
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7.
v The respiration rate shows a tendency to decrease with tne first
spplication and to increase with the second.
The total carbvohydrate sbows in general a decrease with added nitrogen,
treatments A and D always having o higher carBohyarate content than the
corresponding treatments under low ligh@ intensit&. The general behaviour

tends to be inverse to that of the organic nitrogen.
|

Protein and organic nitrogen are much rore i@fluenced by the first
" |

addition of ammonium sulphate than by the second,lthe initial rise being
more marked under high light intensity than underilo&, and beconming greater

. . !
on successive days. Presumably more energy is a%ailable for synthesis on
these days. The differeﬁce produced by ﬁhg second addition is scercely
significant. The amino-nitrogen, however continﬁes increasing proportionally
with the increase in cqncentratibn of ammonium iois in the external mediun,
the increase being greater with the second addition than with the first,

The water content presents a characteristic behaviour under high
light intensity, remeining almost comstant with the first addition and
falling rapidly with the second, and shows higher values under low than
under high light levels.,

The concentrations of the individual hexosesfare little affected by

treatment, the noticeable feature being that the glucose concentration .

falls to a very low value under low light. intensity on days 2, 3 and 4, which,

as will be seen, is also a characteristic of the sucrose .concentration.

.

The low values are more evident under conditions off liigh nitrogen treatment.

I T

D. Bffect of Nitrogen Treatment on the Reserve Carbohydrates.
) The effect of added nitrogen on the individual di1 - and poly-saccharides

is illustrated in figure 4.
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E. The Effect of Light Intensity

29.
No distinct treatment effect on the starch concentration is noticeztle.
On all days at beth light intensities the hefmicellulose is continually
|

L uail

reduced by increased nitrogen treatment, and it may be correlsied with water
|

and organic}nitrogen content. On day 1 under high light intensity the water

is constant between the A 2nd B treatments, and is lower in itrestment C.

The hemicel}ulose shows a reduction in the B treatment corresvonding to a

rise in orgénic nitrogen, and a further fall in treatment C where the organic
|

nitrogen remains constant, tut the water content is reduced. The same

vrinciples apply on all days under high light. On day 1 under low light

the hemicellulose falls off between treatments A and B whence organic

|
nitrogen rises and water conient remains constant. A further rise in
|

organic nit#ogen and water in freatment C are accompanied by little change

in hemicellulose, On days.Z and 3 a contimied fall in water.with trestment

under the low light ére accompanied by increase of organic nitrogen with

the first treatment and continual'decrea;e in hemicellulose with treatment,
Sucrose and fructosan respond in a parallel manner %o increasing nitrogen,

sucrose valqés being low when the corresponding glupose-values are also low,

The sucrose}figures are higher under treatments A, B and C than under

corresponding treatments D, E and F on the séme day.

Light intensi

"er

v affects the concentrations as shown in fig, 5, .
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arlisr part of the exveriment when the carbo

F1
13
ot
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epleted, lighit intensity has rnot affected the resniration rate,

~
E-

tut later there is a tendency for lower values 10 occur under the lowar
|
|

The total carbohydrate is-always reduced under the lower light,
|

i S ‘ P -
presumable because of the effect on the phososyn

occasion when the respiratio

=]

rate is a minirmm, the carvohyirate content

is not significantly altered, The individual carbohydrates will be

examined in detail in the next section,

Whére no additional nitrogen has been added, organic and protein
nitrogen show higher values under the lower light intensity, but in
t“eqhments B and E, when one additionzl guantity of nitrogen has been
added, the reverse is the case; With higher nitrogen treatment, the
variation is irregular,

Light intensity has had no consistent effect on the coacentration
of aminofacids.

‘,

In 21l cases vater content is higher under low light than under
high, thc difference being most marked in treatments C and F

Glugose shows lower values under low light except in one case &here

the respiration rate is very low, and on that occasion the sucrose shows

a nminimum depletion under the lower light, Fructose behaves in an

-

rregular manner,

Light Intensity on the Reserve Carbohvdrates.

b
)
Hh
o
Q
<k
(o]
a0

The effect of light intensity on the levels of the reserve

carbohydrates is shown in fig. 6,
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Corresmonding treatments under high and low light intensities
are. comvared on successive days, Ordinates represent vpercen-

tages of the dry weight,
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ay the starch figures behave in an irregular mnonner, oat

R

On the first
later they §ssume lower values under the low lizht intensity. The amount
of hemicellulose 1is also unaffected.

The depletion in total carbohydrate is seen to be chiefly due to
dépletion of sucrose, +the most labile carbohydirate reserve, Copnsistently
throughout the experiment the sucrose concentration has suffered the
greatest deplet}on with reduced intensity of illumination. On day 3 with

1

one 1ot of additional nitrogen it shows a minimum erfect, corresvonding to

ght increase in the glucose concentration.

1

a2 sl

The fructosar, which followed the sucrose in drift and treatment effects,

is not so consistently affected.

,RELATIONSHITE RET/REN  CARBOHDYRATE  RESIRVES,

ATER AND  ORGANIC  NITROGEN,

Jater = Orzanic Nitrozen.

When the sucrose velues are plotted against water content and the
organic nitrogen figures are included, the distribution shown in figure 7

is obtained.

TR S iy o

s v

B L PP R

¢ ey gy



T i T T e

3.

SUCROSE - WATER - ORGANIC NITROGEW,
:ﬂ —-_.._..? = -
3 D, s
il - AT
10.CO
9.001
8.00 4
o
7.00 4
w 2.99
)
8 6.00 4
(6]
pun} 2.96
0
5.00 4
2.60
335
4.00- ’
§ 2.85 286 2.66
' 296
3.08
3.00 2.84
3.5
2.40
2.00 T - - - -
500 550 600 650 700 « 750

™

!
()
.

WATER CONTENT

Fig. 7. Zelationship between sucrose, water and organic nitrogen,

day 1 high light e

day 1 low light.

2 ~ o 2 I I m= " 2 M "
A= "3 ] l A=z " 3 0 ]
o = " 4 n 1t
Sucrose and water as percentage of dry weight
Pigures % dry weight of organic nitrogen,

e PP




R U

! v

- The figure shows that on day 1 under high light intensity,
treatments A and B shoy very little difference in water content, dut
sucrose nas begn redaced and en increase in totzl organic nitrogen hes
occufred. In treatment C, the organic nitrogen has reached the same
level as in treatment E, tut a marked reduction in the water conbent

corresponds 1o an increase in the sucrose content, On the second day,

the sucrose level has been reduced, but the same relationships applies, .

o

nameiy that treatment 4 has a higher sucrose and a lover organic nitrogen
contént than treatment B, which in turn has a lower sucrose and a higher
watef,content than treatment C. On the third day the relationship is
equally evident, The water content is not significantly altered between
treatments A and B, but an increase of zbout 40% in organic nitrogen

is aécompanied by a loss of about 40% of the sucrose. An increase in
organic nitrogen on the fourth day opposes the effect produced by a

I
difference in water content between treatmenis B and C. The increase in

organic nitrogen has accounted for a greater decrease in sucrose content
|

than can be compensated for by the water difference,

Under low light intensity, the same orinciples apply. On the first

f=n

i
day, an increase
|

| ,
treatments ﬁ, Z and ¥ without any significant variation in the water

n organic nitrogen from 2.60 to 2,96 ver cent between

content is accompanied by a decrease in sucrose from 4,9 to 3.7 ver cent.

On thé second day the difference between treatments D and T results in g
highef organic nitrogén and, a lower sucrose content in the latter treatment,
and réducfion in tie water content without any chaﬁge in the organia
nitroéen in treatment F is accompanied by a higher sucrose figure. On the
third dey, decrease in the water content and increase in organic nitrogen
act iﬂ cprosite directions, and the sucrose values do nof undergo 2 very

marxed variation,

T
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|
On day 1, under high- 1ight intensity, decrease in fructosan znd incresse
|

\
in organic nitrégen is the evident difference Detween treatments 4 and 3,
where the water content is not apprecigdbly different. The same difference
occurs petween Qhese two treatments on days 2 and 3, Cn days 1 and 3, the
organic nitrogen differs very little between treatmentg B and C, but the

i .
water content ié markedly reducéd, and the fructosan content rises with
reduced water, On day 4, the-fructosan content fails wnen the effect of
increased organic nitrogéh outweighs that of reduced water,

Under low ;ight intensity the same p;inciples apply to fructosan as to
sucrose, On the first day an.increase in organic nitrogen from 2,50 fo
2.90 per cent between treatments D, E and F is accoﬁpanied by a decrease in
fractosan from 3.02 to 0,97 per cent. On the second day the difference
between treatments D and E results in a higher organic nitrogen and a lower
fructosan contentf and reduction in the water without any change in organic

nitrogen in treatment F is accomranied by a higher fructosan figure. On

the third day, decrease in water content and inecrease inaganic nitrogen act

in opposite directions, and the fructosan figures 4o not undergo a very distinct

vaiiation,

Y. lhemcetluiose-Water - Organic Nitrogen,

When the amounts of hemicellulose are plotted against water content and
the organic nitrogen figures placed at corresponding points, fig, 9, is

obtained,
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he higher organic nitrogen in

treatment Blis accomnanied by a lower hemicellulese content, In treatment

C, where the water content is markgdly reduced, the hemicellulose content is
quite as maﬁkedly depleted, Cn the second, third and fourth day, under
high light,‘the saﬁe conditions obtain, The reduced water content thus has
the reverse gffeét on hnemicellulose content to what it had on the water
soluble resefves.

Under low light intensity the same effect is observed, On the first
day, the water content between the tresiments was only sligh% and the
differences iﬁ hemicellﬁlose‘content are also small and accounted for oy the *
variation in organic nitrogen, On the second day the water conient has a

somewhat wider distribution in the different treatments, and the difference

in the amount of hemicellulose vresent is also more marked, On the third

day, 2 larger variation in water content occurs between treatments D ang r,
| .

and its effect on the hemicellnlose content is correspondingly greater, the

lower the water content, the lower the hemicellulose, Organic nitrogem and

, . .
| %

water increasg therefore affect the hemicellulose in contrary ..directions,
It must be borne in mind that the hemicellulose figures have been

recorded as giuéOSe equivalents, i.e, as if hemicelluloses were built uo

exclusively o% glucose units, . Provided that the co?position of Bolium

hemicellulosgs is constant with resvect tb.the relative number of reducing
units, the fiéures are valid for comparative purcoses and conclusions basged
on these comparisons srb valid, It is concelvatle, however, that factors
oﬁerating in the metabolic flux would iﬁfluence one unit more than another,
|
or may affect %he composition of the hemicelluloses themselves, in which cases

the conclusions involving hemicellulose concentrations would need modification

after a more'reliable method for hemicellulose estimation is evolved,
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The starch figures have been plotted in the same manner ae those for
hemicellulose and are vresented in fig. 10, :
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Owing to d¢ifficulties in the
i
is useless to examine the results
; :

Suffice it then to voint out that

the same tendencies exist with regszrd :o
starch-water relationships as were pointed out in the hemicelluloses, i.e.

decrease in water content accompanies decrease in starch and vice versa,

.
b, The organic nitrogen relationshive is not so clearly defined,

: DISCUSSION

irbohvarates.
pil SRl Vel

; Analysis of the data reveals that a steady state in the metabolic flux

i has not been attained, The more labile carbohydrate reserve materials, sucrose

and fructosan show 2 rapid depletion during the preliminary period, and this
]

-

] is reflected in the drift of the total carbohydirate, Depletion thence becomes
i
i

more gradual, The cabtinet conditions were therefore not so favourable for
w

] - a . - . . / s )

: carponydrate syntne51§ as was the orevious env1rq@ent, and respiration must

g heve accounted for a greater loss of carbon than the vhotosynthetic system

was cavable of building up.

The concentration of hexcse sugar has not been materially affécted by

{ light intensity presumably beceuse, as these have been utilised in respiration

_ or synthesis, they have been simultaneously revlenished from the hydrolysis of

the more labile water soluble reserves, but where the depletion of these latter

is severe, as under the conditions of low light intensity and increased organic
nitrogen symthesis tshe concentration of glucose

falls tc lower values. il

- i g e
O i

Hy

effect is not so marked in the case of fructose,

since 1t is augmented directly

from the hydrolysis of both of these reserves, whereas glucose is only directly-
supplied fromione. “This accounts for the sharv rise in fructose concentretion

L h N S T PR Y e 7 A

in all plants lon being vlaced in the cabinets,

On all occasions where the concentration of glucese falls below 1% of the

VTR 00 1
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ary weight, the sucros? concentration has been reduced to velow % of 1

<t
[

~
former vaelue, and since all these low glucose and corresvondingly low sucrose

values occur under conditions of low light intens'tr when vhotosynthesis is al
2 minimum, it is evident that a reversible relationshipg exists between the
? .-

two sugars, ' The conclusion to be drawn, since sucrose is a soluble reserve,

o

is that the concentration of sucrose in the leaves is vartly determined by the

concentrztion of glucose. The other component liberated on hydrolysis of

-

sucrose would be ¥ - fructose which would be in equilibrium with glucose

through the bridge of the common enol form. The common encl itself would Dde
drawn upon for glycolysis and the normal fructooyrenose.

The relationship between these sugars could be represented as follows:-

FRUCTOSAN | i °

CRUCTOPYRANOSE

s

SUCROSE LOMMON  ENOL

G COLXS\S
PROOUCTS

b & ERUCTODE

J\/
N\

GLUCOsE

[

To further examine the factors determining the concentration of sucrose,
it is necessary to obtain some estimate of y-fructose, The portion of 2 scheme

cutlined above would account for the close parallelism in the behaviour of the

two-lavile water soluble carbohydrate reserves. Ingeed a =schema 07 this

)
[
3
0,
,_I-
(¢}
03]
&
ot
¥

s
Qo
i

nature woul the c0ﬁ01ncﬂ concentrations of sucrose and fructosan
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> sucrcse concentration, the concentraticn

of fructosasn alone,

=
o]
o
’_l
O
iro]
=
O
,‘
H .
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e a Detter estimate of the concentration of %the

-

abile fructofuranose than fructose as estimated, since the letier is a
nixture of pyrancse and Furanose forms, Also since the fructosan is indevendent
of the glucose concentration directly its concentration alcne is perhaps the

I

surest indication of the amount of y- fructose, This would exvlainvhy the
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figures obtained for fructose do not show any apparent relationshin to any

“of the other variables. The parallelism in the drifts of sucrose and

| . - ] <
fructosan suggests also that a relationship exists between the two, and the

fructosan-sucrose-glucose relationship shows a correlation coefficient of
|
|

,726, Hence sucrose concentratlon is determined oy the concentraticns of

Iructosan and glucose, ’ :
| N
Arehbold (5) concluded from the results of her work on the role of

| 3 o .
fructosans in the metabolism of the Darley »lant that nitrogen deficiency in

manurial trestment favoured a'high yield of fructosan in plants grown under

-

I .
normal . .. conditions in the field, and that high nitrogen devresses the
! - A
formation of fructosan, The results of this research confirm her_ conclusion.
If normal conditions are represented by plants growing under:the high light

intensity in this exveriment, the plants with no added nitrogen show a much

kigher fructosen content than those to which adGitional nitrogen was added,

Hy

and after the initial adjustment in concentrations the behaviour of fructosan

and organic nitrogen are inverse, a decrease in one being-accompanied by an

increase in the other, This was pointed out when fructosan was condidered

@

in relation to water and organic nitrogen, After the first addition of

ammonium sulphate to the roots the organic nitrogen rose and the fructosan
concentration fell, Since subsecuent mathematical exsmination shows no

reversible relationship to occur between nitrogen and carbohydrate fractions,

-

the following connection is suggested to be added to the scheme
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Although no reversidble relationsnin can te shown, obviousiy the

o)
|
n
e}
e
=
L2

carvohydrate necessary For amir
|
| .

in the carbohydrate flux, and with the interslay of so many factors, many of

which have not been considered here, involved
!

[N

n & highly complex system in

which protein and -carbohydrate reserves lie at oprosite extremes, irends and
\
tendencies must be considered as important guides to the construction of a schexa

on-which further work should throw added light.
|
The starch figures are not as reliable as those for the other carbohydrate

fractions because of difficulties inherent in the method of estimationp.
|
Nevertheless they are depleted with time similar to the soluble carbohydrate

reserves. Under low light intensity the depletioneis more regular and

corresponds to the low glucose concentration, The tendency for starch

nyiroclysis to accompany decreased water content has zlso been pointed out, so

-

that both of these factors play some vart in the determinstion of starch

content. i

The depéndence of hemicellulose on water content is much more evident., .
High water content corresponds to high hemicellulose content and vice versa.
In the time drifts where water has shown an initial rise, the hemicellulése hes
benaved in the same fashion, and in the one case where water did not increase
to any extent, the hemicellulose also remained low, It has also been shown
that where organic nitrogen increases, i.e., when theré is a demand on the

carbohydrate system by the nitrogen flux, the hemicellulose content is

diminished as well as the other carbohydrate reserves,

M

The correlated beheviour of hemicellulose, glucose and water has been
presented. Since other simple carbohydrates besides glucose are invelved in
the building uv of hemicelluloses, the correspondence in the behaviour of these

three veriables is renarkable striking, This research has furnished evidence

bat the hemicelluloses are much more labile than has oreviously been realized
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and play an important role in the carbohydrate balance sheet of 4he rlant,

A porticn of the schems to fit the observed facts is as follows:
hex0§g §\| ax
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2. Nitrogen Comvpounds,

In this experiment only vroteins and amino-acids have been estimated,

steady state has not been reached, but in the approach to it, treatment

-

effects have been particulerly marked.

The concentraiion of amino-zcids increases with increased addition of

ammonium salte in the mitrient nedium, vhereas protein nitrogen increases

with the first addition but shows no further rise with the second. A

consideration of the drifis shows thai at the end of the exzperimental period,

the total organic nitrogen in the cage of themore heavily treated plantes was

s =

increasing fairly rapidly whereas those with the lower added nitrogen were
|

more steady. However, depletion of the cartchydrate ‘rescurces is certeinliy

the mairn factor in limiting the level of the organic nitrogen,; since total
carbohydrate is more severely reduced in. the nitrogen treated than the

treated plante, The drifis of protein and total cartohydrate are alsc in

an inverse manner.

Analysis of the individual carbohydrate drifts in an endeavour to

1

locate which is responsible for the inverse behaviour reveals that although

in several instances these ghoy a falling off with increased organic nitrogen,

no ope carbohydraté is clcsely correlzted with nitrogen. It was shown in

a consideration of the relationships between carbohydrates,
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of organic nitrogen yrogressed was evident, but that all carbohydrate reserves

contributed a vortion.

Gregory and Sen (4) suggested a schena linking the carovohyirai

[

and

nitrogen metabolic cycles through the 3 - carbon compounds resulting from
; ‘ p
glycolysis, According to their géhema the hexose concentration determines the

rate of formation of glycolysis producss. The depletion of.these would be
a function of oxidative anabvolism (Blaclman), resciration, and the demarde

of the oprotein cycle. The experimental evidence Dresented here is of a

confirmatory nature. Treserve csrbohydrates contribvute to the

hexese concentration in the plant

, the reflection of the total carbohydrate

rather than individusl membere is 10 be expected in the concentration of

total organic nitrogen,
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Organic nitrogen suprply has been shown

reserve felliaway,water content affecting
in en inverse manner, decreased water contant

of the insoluble reserves and synthesis of the soluble ones,

Finally attention might be drawn to one other tendency,

Tavouring decrease, i.e. hyérolysis,

to increase when the carbohydrate

the soluble and insoluble reserves

)

It vas shown

by Petrie and Wood.(10) the

the rate of forms

decreases with reduced wvater con

tion of vrotein from emino-acids

-

ow it has been vointed out that the
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second increment of ammonin to the ronta Luin

notl orodicog s COp g oy e

increment in organic nitrogen, but that 2% hoth ligr

wi tn the higher nitrosen treatment are still howing a raoid inerezse

fraction at the conclusion of the experiment

=t

mmereas those with the lover

treatment are decreasing in one cage and steady in the other, Yoy in

vl

treatment C, the water coptent has remained cowsis ently low, the amino- acids

haye con5¢&erablv increased, and the rrotein values are &t 2 lower level than

s thus indicating viatorotein synthesis has been delayed

even though the amino nifrogen level ig nizgh, As previously shown, the laclk

of carbohydrate starting material doegs account to some extent for the

failure of organic nitrogen to reach higher levels with higher treatment, but

/

in this case both factors probadbly coniribute, Petrie and Wood had a mach

-

tider varigtion in water conte

z
i

nt on which to base their conclusion, but this
int of behaviour inthis exveriment is explicable by their results, The
lack of carbohydrate is much more evident in %trea

and rapidly devleted, much more so than in treatment C, but here also, after

the initial rise, the water content continually falls, which would tend to

delay protein synthesis, even though the amino-nitrogen is slightly higher

in concent rat1on

‘The following schema isg presented for the metabolic flux in grasses.
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SUMHMARY,

i . s : - i - :
A more complete scheme for the estimation of the carbohydrate fractions
|
in grasses taan has hitherto been presented has been devised.
F

The lcss of carbon has been grester than its replacement i.e., respiration >
‘ ;
|

o) N
vnotosynitnesis, )
\ . . “ . . -
The concentration of sucrose is.determined by the concentrations of
glucose and fructosan. The concentration of fructosan provides the

best meas%re of the concentration of 6- fructose in the leaves.

Increase in nitrogen synthesis causes a depletion of 211 the carbohydrate

reserves, which provide separate contributions to the hexose flux,

Decrease in water content causss hydrolysis of the insoluble and increase
in the soluble carbohydrate reserves,

The amount of hemicellulose is detsrmined by the concentration of glucose
‘ 3
| N H
and the water content, - i

Organic nitrogen has increased after the first addition of ammonium salt

i

out not after the second, partly due to depletion of carbohydrate, and

vartly pogsibly, because of decreased rate of protein synthesis under

lower water conditions, Amino-nitrogen increases with treatment.
A schema is vresented for the relations between the various fractions

estimated, and their role in the metabolic flux. * .
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