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The present investigation deals with the contents of starch, sucrose and -

ducing sugars in two varieties of hucerne, Hunters River and Provence. 1
some 1nstances reduclng sugars were further divided into fructose and
glucose.  In other cases the fibre content was ascertained as well to

see whether there was any relationship between a high starch and a low 1 ve
content and vice versa, The investigation does not intend to give the
seascnal trend of the changes in the carbohydrate content of the lucerne:
single phases characterised by rapid metemolunl( al changes or physiological
variations were picked out to see whether these phases had any influence
on the conlents of the direct assimilaies.  Such phases were changes from
winter to spring, frosting of the lucerne on autumn mornings, excessive head
causing wilting, temporary wilting, permanent wilting, damage by insecis
and damage caused by trampling animals,

The lucerne was grown in plots on the Veld Reserve, lfauresmith;: it
could be easily watered wholly or partly ax it was required for wilting ex-
periments.  Nome lucerne 1 pots was also used.  The collecting began in
1941 when definite agricultural stages were sampled.  Later physiological
samples were taken coverimg 24 to ! 30 hours during which time four to five
samples were taken early 1 the morning, at noon, late in the afternoon, at
midright and again early in the morming. Some sampling started at 12 a.m.
~nd therefore the last ample was again taken at 12 a.m. the following day.

1 some cases when cut lucerne was allowed to wilt, samples 1n the dav-time
were taken every 7w to three hours. When progressive wilting was under
observation, the samples were taken once a day durine a couple of weeks.

The plants were cut with sickles. about )} in. abeve the ground and

thrown into 90 per cent. alcohol immediately to kill enzyuatic action.  wing
to the water of the plant the percentage of the aleohol naturally dropped
constderably.  The plants were then removed from the alcolol, dried,

separated into stems, flowers and leaves and ground to a fine powder with o
hammer mill.

One can hardly mention the determination of stareh and sugars and fibre
colleetively, as special analyses are involved for the former, and the latter
i< the ordinary feeding stuff analvsis.  The information obtained from the
fibre should just serve as u basis for a more detailed studv to be done in the
near future. '

Received for publication on 27th November, 1945 — Editor.
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THE CARBOHYDRATE CONTENT OF LUCERNE,

The method used for the starch determination 1s described in the
thods of Amnalysis (1926, p. 119) except that instead of malt extract an
excellent Merck preparation of diastase was used, 0-1 gram being suflicient
for 15 per cent of starch; the diastuse contained 23-7 per cent. reducing
sugars. The final reducing sugar resulting from the starch was determined
with Bertrand’s solution (Klein 1932, p. 783, ff) and Klein’s tables were used
for calculation.

The sucrose and reducing sugars were extracted as described in Methods
of Analysis (p. 118). After the evaporatior of the alcohol, however, the
solution, made up to a definite voluine, was -eated with invertase for the
datermination of sucrose and reducing sugars, the titration being done by

ertrand’s solution. The invertase was prepared according to Kleins
prescription (1932, p. 838). It was found in preliminary experiments that
acid hydrolysis instead of treatment with invertase gave results 300 per cent.
and more too high. The time for the invertase 1o act was two hours at 38° .

F¥or the reducing sugars the hvpoiodate method of Van “-r Planck was
used (1937). Later when 1t becanie obvious that glucose varie very little in
amount and was only present in small quantities, the reducing sugars were
no longer separated.

The proportion of stems to leaves and flowers was determined to ascertain
the absolute amount of sugars. All values are calculated on dry matter.

The aleohol which was used for killing the plants, was tested after the
material was taken out. It did not show reducing properties.

At the start of the investigation, the clearing of the solution—e.g. the
ramoval of reducing substances other than sugars—was tried with normal
ad acetate, basic and dibasic lead acetate. [Later anchor yeast was used.
Un the whole the clearing with baker's veast gave the most concordant, and
the smallest values.

Fresh anchor yeast was finally used for liberating the extracts from
»~Jucing substances other than sugars. The anchor yeast cakes were washed
oroughly aud the filtrate thrown away; the veast in the fresh state, after
washing with water did not contain any reducing substances. One cake after
drying gives about 10 gm. of yeast. The veast after washing is dried to the
crumbling stage in a desiccator and can be kept dry for a cov le of days in
a vefrigerator. For use a 10 per cent. suspension is made aud 10 volume
per cent. put into the extract to be cleared. The extract is kept in
tha refrigerator for at least an hour and then filtered. The filtering through
hatman 40 or 41 is fairly quick, but does not give a color ess solution.
A 20 per cent. suspension gives a solution which is coloure lighter, but
1 ers exceedingly slowly. The reducing power of the solution is the same
as with a 10 per cent. suspension, therefore the 10 per cent. suspension was
used in subsequent experiments.

For calculations the tables in Klein (1932) or Van der Planck (1937)
were used. The sugar solution treated with invertase gives the total sugars
(sucrose plus reducing sugar) and the reducing sugars (the figure obtained
with Van der Planck’s method) has to be deducted to obtain the
sucrose content.

A gpecial sample of leaves and stem was taken at the time when the
collecting took place to ascertain the water content. The sample was
immediately placed into a weighing bottle and the fresh weig) ascertained.
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It was then dried at 1049 (. for 24 hours, weighed again and the loss con-
sidered as water. The water content in the tables is expressed as percentage
of the fresh matter. All values of sugar and starch are calculated on 1 gram
oven-dried matter, as the material, kitled in alecohol, was dried and powdered
afterwards. It means that a small amount of dry matter soluble in
alcohol, e.g. chlorophyll and respivation of pigments, is lost at the star
This amount is exceedingly small, as apparantly the plant as a whole, wi -
out being broken up, does not allow much diffusion, yet the alcohol was
dark coloured. To save expense tlhe aleohol was re-distilled and it was noticed
that the residue was very small, the redistillation being chiefly to concen-
trate it, as it had taken up practically all the water of the Tucerne.

In the course of the investigation the words ‘* fresh 7, * temporarily
wilted ”’ and ‘‘ permanently wilted *’, are used to describe the state of the
plant. Plants are temporarily wilted which droop during the hot art of
the day and recover through the cooler part or at least during the night.
The permanently wilted lucerne does not recover during the night, and
no rain falls the conditions of wilting progress. It may of course happen
that although no rain falls, the atinospheric conditions on the second day
are not quife as severe as on the first, and transpiration may consequently
be less, resulting in a slightly higher water content on the second day. But
on the whole this is the exception and not the rule.

Meteorological conditions were recorded during all experiments, at the
start taken at the meteorological screen which stood in a neighbouring plot.
Later a thermohydrograph was put into the lucerne plot itself, 6 feet above
the ground.

VarLves oF Stcar axD STarcit UNDER NorMaL CONDITIONS.
Table 1. Graphs 1 and 2.

It was pointed out in the introducticn that it was not the infention of
this investigation to demonstrate the seasonal variations of the assimilates
of lucerne in the different organs. Yet from the data obtained 1t is obviowns
that variations exist, particularly for the starch content. lven under e
best meteorological conditions one cannot obtain the same starch values at
any time of the year, although there is no seasonal trend for high values.
High starch values may occur at any time between October and April. At
the utmost 1t can be said that in the season 1943 /44 there are less high values
than in the two previous and in the following seasons; the fact 1s of
some interest as 1943/44 was one of the wettest seasons experienced in @
Free State for 60 years, and the lucerne looked beautiful. A relationship
between temperature and amount of starch could not be found. Tt must be
the general meteorological conditions which lead to a quick growth and less
starch formation. The highest value observed is 7-75 per cent., found in
December in leaves of Provence lucerne. Provence lucerne seems to have a
tendency to have a somewhat higher starch value than Iunters River.
Stems have decidedly less starch than leaves, but flowers are at times very
rich in starch; in March, 1943, thev also reached 7 per cent.

If the daily march of the assimilates is considered, there is mo 28
exceptional in the trend of the starch. It could be the curve of any f T
plant with a maximum in the afterncon or evening. One noteworthy pont
certainlv is that all starch is not dissolved in the night, and more stareh i=
di | early m the morning than from dark to midnight,
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plant begins to assimilate in the morning whilst there 1s still starch present.
I it is asked whether there were periods with a lower or highe starch content
an usual, it could be said that in the very rainy season 19¢ 44 the starch
content of Provence lucerne was deuded]v lower than usual (samples
272195 2T62 7<)) The sucrose content was exceptionally high in &
carly adlnples (2322, 2323, 2333) of Hunters River and Provence lucerne in
a  sundried agric ~ultural sample which was mnot thrown into alcolol
immediately upon cutting. Some of the agricultural samples 1n which stems
and leaves were not scparated, were sundried and only  then killed
with aleohol to see the effect of drying, as in a couple of instances even diie
lucerne caused bloating. These experiments should be carefully compare
with those in Table 7 of cut lucerne allowed to wilt. In all other samples
and daily curves of fresh lucerne, the sucrose 1z seldom over 1-H per cent.,
and 1if so, only in stems, not in leaves. [t may often he very low or nil in
stems or Teaves.  Total sugars in fresh lucerne is generally not more than
per cent, seldom 2-5 per cent. On the whole sugars (11111110 24 hours do
not show a fluctuation us large as the starch. No definite rule can be stated
whether stems or leaves have higher values for reducing sugars. The highest
values encountered are in the flowers. The maximum of the reducing sugars
T decidedly in the day time, either early in the morning or at noou. In
¢ early experiments nol only with lucerne but with other fodder plants
(to be published) the reducing =ugars were divided up in fructose and
glucose. Tt appears, however, that glucose in most of the investigated plants
was only present in very small (llldlltltlt‘b and practically did not change
during the 24 hours. (Compare also Archibald and Mukerjee, 1942.) Thas
in further samples the glucose was not separated from the fructose and only
e value for reducing sugars given. It 1s further evident that the amount
+ov total sugars shows very lttle fluctuation in day-time. This supports
ler’s  (1944) idea that in  assimilation the sum of sucrose and
monosaccharides is mearly constant, but not the amount of the single
constituents.  Kohler also expressed the view that mono- and disaccharides
are formed concurrently during assimilation, and there was no proof what-
soever that monosaccharides were the precursors of the sucrose; on the con-
trary, sucrose and starch are the primary carbohydrates in the photo-
synthetic process.

It is equally evident from Table 1 that scason or temperature plays a
much smaller réle in determining the amount of stareh present in the leaves,
than the water content of the plants, The water content of the plants again
depends on the soil-water content and the 1 itive moisture. With hoth
these factors or one being low, the starch content of the leaves decreases.

Varues anp Datey CrrvES oF ASSIMILATES UNDER THE INFLUENCE
o1 WILTING.
Tables: 2, 3, 4. 7. 9. Graphs: 3. 4. 5. 6, 7, 8.

As has been pointed out wilting 1z not a well-defined process, but pro-
gressive from slight drooping to a complete drying out. Although the water
content was daily determined 4 to 5 times. no definite figure at which wilt-
ing occurs, can be eiven, the wore so as the water content itself alters dwring
24 hours. \01nmll\' it s higher at mght thau at noon, but wind
and temperature influence it too, thus the maximum can as well be in the
morning.  What can be said is that above a certain water content (over 75
per ¢ ) the plauts look fresh; between 66 and 75 per cer temporary
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correspond in their rvesults with the ordinary wilting experiments as there
15 little starch and plenty of sugars present. In the experiment from 28th
September 1944 to 16th October, 1944, after the fourth day, the assimilation
of the leaves 15 only about H) per cent. of the initial value, = stems, how-
ever, having only decreased their activity by 12 per cent. Starch especially
has decreased in the stem.  Iun the third period from the 10th to the 19th
there 1s, especially towards the end, a renewed Increase 1n starch and sucrose
content of the leaves, although the total sugar content remains constant.  For
the stem the stareh content and total sugar content on the average do
not change between the 4th and the 19th dayv, but sucrose incereases and re-
ducing sugars decrease in the 3rd period.  Other expertments give a similar
result,

1t 18 needless to say that with our present knowledge of metabolism the
fuct can hardly be explained other than as * a last kick before death .
similar phenomenon appears when cut lucerne is allowed to dryv and die
the sun (Table 7). Just before death once more an increase m starch and
sucrose occurs. In the present instance the water content dropped from 72 to
44 per cent., with the sun-dried lucerne 7 per cent. The possibility of
other polyraccharides being mobilized before death 1s not exciuded. Yet it
seems peculiar that sucrose and starch, and carbohydrates determined by «
specific enzyme, are on  the increase and not as o rule reducing
sugars,  Heducing matter as such is of course out of the question, as it is
precipitated during the analysis.

Progressive wilting in the course of a short space of time can be observed
i experiments 2744 /2761 and 305773096 1 Table 7. These experiments were
really done to study prohibited migration on cut Incerne which 1s allowed
to wilt 1n the sun without waler, and this subject will be discussed later.
For the time being only the changed ratios of the carbohydrates caused by
the quick wilting and drying out will be considered. The experiment 2744/
61 started with a low starch content of the leaves: the starch decreased
during the day time, dwing the night it increased a bit, but got a final
increase just before death on the 2nd dav. The total sugar content of the
leaves was never high. Perhaps in the period of 4 hours the changes were
too rapid {o be observed. There was after 8 hours a 300 per cent. increase
of the total sugar in the stems, the increase being mostly sucrose. Afier
the 11th hour the reducing sugars increased in the stems aund sucrose
disappeared till a final increase at death.

The experiment 3057 3096 showed the single phases of the wilting
better: viz. the quick disappearance of starch m the leaves followed by u
rapid increase of sucrose after the 5th hour: the continuation of the decrease
of starch during the day and night with the final inerease before death ; the
stemr taking over the assimilatory fusiction for quite a while, when the
starech  decreases, sucrose and reducing sugars increase.  Apparently the
phases are more congested, ax m ordinary wilting of uneut plants!  Thus
the 2 sugar phases caunot he separated in rapid wilting.

ASSIMILATES UNDER THE [XFLUENCE or Prouisiten Micrariox
v Fresio oasn Winrenp LLUCCERNE.
Table 7. Graphs T, 8, 9 and 10.

The experiments of Table 7 have to be compared with those of fresh
uncut lucerne in Table 1. as well as amongst  cmselves. Thus Nos. 2277/
89 have to be compared with 276275 (Table D): 2744761 to 2776G/89:
305513106 to 305773097, 3051/3100, Tabhle 1 to 305373102 in Tahble 4.
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place similar to that in the agricultural samples.  This lucerne may prove
- cerous to stock especially 1 it comes from a good quality where masses
ot stareh are dissolved within a few hours. The katabolism goes on
very rapidly.  Sugar and stareh arve in higher percentage in the wilted cut
Tucerne than in the wilted standing lucerne. but the cut lucerne offers «
rather irregular curve. The peculiar point certainly ix that the wilted stand-
ne lucerne has less starch than the cut lacerne.

AGRICULTURAL SaMPLEs axD Grazen LUceERNE.
Table 6.

It 1s known that  sweated 77 lucerne (lucerne which hax heen tightly
packed whilst wet) often causes bloating.  On the other hand, Jucerne which
has been cut, watered again and allowed to grow, and is then grazed, is also
reported to be dangerous: hence such samples were collected for analyses
(Table G). The samples grown on the Reserve show some definite features.
but nothing to warrant bloating.  Actually the lucerne of Nos. 2738-2743
was grazed and heavily trampled. but the sheep did not show any ill effects.
Samples of sun-dried or slightly sweated lucerne showed a very smali
content of sucrose, and over 1 per cent. of reducing sugar and mostly a high
starch content.  Sweated lucerne. which exuded a bad smell, had however,
a low starch content and little reducing sugar: 1 the leaves more sucrose
was found.

Trampled lucerne on the whole has o low staveh content. perhap=
because 1he trampling and wounding of the plants prohibit stronger photo-
syuthetic activitv: the water content ax such is certainly not to blame for
the shortage.  The total sugar content is equally low, and the small
percentage of sucrose again gives the impression of inhibited assimilation
(2T38-2743).

One bale of lucerne hay coming from Upington which caused bloating
in oxen on the Veld Reserve, Fauresmith, was analysed. It contained a lot
of total and reducing sugars, but very little sucrose, Stareh  was
practically absent.

P ayvacEDd Lvcerye.
Table 5.

tividence on the effect of damage by insects (caterpillars) 1s given 1w
Table 5. During the period of the invasion of insects, the assimilation was
very hmited. The stareh present disappeared to a large extent in the day-
fime and still more during the night.  New starch was only formed when
the tusects left.  The sugars were veryv low as well, especially the sucrose.
Contrary to ordinary wilting, the stems were more affected than the Jeaves.

ieep were allowed to eraze on the damaged Tucerne: but they ate very
Iittle and nothing happened. No sugar accumulation took place in any case

STARCH AND IY18RE ("ONTENT.

e question arises whether there is any correlation between the content
of starch and that of fibre, in the same way as that with low starch content
there would be a high fibre content and vice versa. One determination of
fibre in leaves and stems was made in experiments lasting 30 hours: for

380



MARGUERITE HENRICL.

experiments of long duration at suitable intervals. Going through
all the tables it can be stated that the variations of the fibre content in stems
are much larger (from 19-44-5 per cent.), than that for leaves (from 13-0-
21-0 per cent.). Furthermore, high fibre content of leaves does mnot
necessarily coincide with high fibre content of stems. bus it is advisable
to discuss the relation befween fibre and starch for leaves and stems
separately. For the leaves the following can be said: The lowest fibre con-
tent u)nesponds to the highest coutent of sugar and starch. In pots,
generally, lower fibre contents are vealised than in plots, evidently because
the pot Tucerne is more petted. The highest filve content corresponds to the
lowest content of sugar and starch. Even if this principle is clear, 1t does
not mean that between the two extremes of fibre values there is a straight
line for the corresponding stareh value. A plant with 17 per cent. fibre may
not always have the same starch value. It hasx been pointed out that there
was no iutention of getting the seasonal curve of assimilates as the lucerne
was cut when ready for the particular experiment. Thus it 1s of interest
to note that low fibre values could be obtained at any time of the
vear, particularly in pots and they were not influenced hy the season, but
by the treatment. The same holds good for the high fibre content.

It 1s of particular intevest to note that temporary drooping in the leaves
1s not connected with a very high fibre content: the fibre 1s + 18 per cent..
the starch content may be still high or already decreasing and the sugar
content low. TIn pelnnment wilt or progressive wilting the fibre content of
the leaves, however, is high. connected with a low starch content.

For the fresh stems it is equally true that the very low fibre content
13 connected with the highest starch value. But there is no evidence that a
high fibre content is connected with a low starch content. Temporary and
permanent wilt occurs in lucerne with a low fibre content in stems and 1s
then conunected with a low stareh and a high sugar content.

Rario or LEAVES 10 S1EMS.

When lucerne is fed to the animal, the ratio of leaves to stem influences
the amount and the quality of the carbohyirates of the food to a large extent.
Young lucerne, when the amount of leaves is taken as a whole, has a low

ratio, “old lucerne a high ratio; that means that plenty of leaves arve present

in young lucerne and ]ﬂent\ of stems in old lucerne. Tt has been shown in
the previcus tables that the content of sugar and starclh “s very different in
leaves and stems. How much sngar and starch is actu Y present, is only
revealed by the ratio. Thus this figure is given in all later experiments.
The ratio varies between 0-34 and 3-5.  From the tables 1t appears
that lucerne wilts easier when it has a low ratio of leaves to stems. In a
progressive wilting experiment the ratio varted for weeks cnly between 0-92
and 1:0. The lucerne damaged by insects had a very high ratio.
Apparently the leaves were more damaged than the stems. Ordinary grazed
lucerne also has a rather high ratio.

There does not seem any direct relation between the amount of starch
and sugars and the ratio. Yet if a high ratio 1s connected with wilting, «
high sugar pel(‘entao‘e 1s present in the i()od as sugars are generally high in
the stems during wilting. This, however, is not the rule under the climatic
conditions of Fauresmith, but rather the exception. There seems to be little
danger of a too high sugar content of the food with a low ratio combined
with wilting.
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Errecr oFr Frost oN THE CARBOMYDRATE CONTENT OF I.UCERNE.
Table 8. Graphs 11 and 12.

All samples collected after frost show some common features. Yet in
1t . there were large differences between samples collected at the time of
early and those collected at the time of late frosts. All lucerne samples
~nllected after frost had a high content of sugar, especially in the stems.

e contrast between samples collected after early and late frosts in 1944
1s that in the first instance therve is little starch, but in 1e latter the starch
content is equally high.

The experiments done at the time of early frosts will be considered first.
Thev agree with experiences in literature (Lidforss, 1907; Voigtlinder, 1909)
mmasmuch as plenty of sugars are present and little starch. The idea of the
older literature is that starch is onlv formed above a certain temperature: in
Turope the temperature is 6© (. In the first instance sugars arve formed iu
place of starch by sheer physical condition, but in the second because they
merease the osmotic forces of the cell and thus prevent, to a large extent,
freezing and bursting of the tissue when the temperature falls below zero.
The explanation is quite adequate for the plants of middle urope or the
high Alps where, combined with low temperatures in suminer preventing
starch formation, there are no high temperatures within the same 24 hours,
favouring the formation of starch. TIn the Alps the light intensity may be
very high after a night’s frost, but even so the temperature of the thin-leaved
plant is not high. In South Africa after a night with frost the temperature
the next day, quite apart from the vadiation. is high enough to allow starch
formation unless the enzvmes were damaged. Thus the presence of starch
15 quite feasible. The starch disappears entirely during the night especially
between midnight and early morning, but in the daytime, at noon
or 1 the afternoon, some is formed: at the same time the total sugar in
the stems is very high, and at midday also in the leaves. In the
stems sucrose is plentiful. Tt seems that in the frosted lucerne too, the stems
take over the function of photosynthesis. Qualit: vely the explanation seems
all right. But if it is considered quantitatively, 1t appears that the total
amount of starch plus sugars in the frosted lucerne has a tendency
to > higher than in normal summer lucerne. This fact is, however, much
more pronounced in the determination done after late frosts with plants in
pots under excellent conditions. These plants have still an exceedingly high
percentage of starch.

Logically it cannot be accepted that the assimilation after frost is suo
much higher than under ideal conditions in spring or summer. Thus the
(uestion arises whether all these carbohydrates are products of photo-
synthetic activities or whether they have their orvigin by some other
katabolic process. It seems possible that material is transported from the
root or rootneck to the stems and leaves. As in 1944 the roots of the lucerne
were not analysed, nothing definite could be said, but in the winter of 1945,
f1 her analyses were done with frosted lucerne, including also the roots.
These coutained very high amounts of starch. During the experiment large
amonnts of this starch were mobilised, and sugars in the aerial parts
mereased for a short time to more than three times their orviginal value. In
one experiment (14-15/5/45) the starch content of the root decreased H per
cent. within 24 hours, whilst the sugar content in the aerial parts increased
7 per cent. in the sanmie period. Eight hours later the starch content of the
root as well as the sugar content of the leaves were about normal. In the
stems there was still a surplus of sugars.

382






THE CARBOIIYDRATE CONTEXNT oI LUCERNE,

frost values of 1944,  The amount of the different carbohydrates in
the lucerne during winter is not only conditioned by =eason and temperature,
hut  depends also on  the general 111e1e0m]o(>1val factors 11 uenciug the
disposition (Stimmung) over which we have no control: in a similar way
hydrolysis of starch in trees cannot be forced by low temperature at any
fime of the year, but only in the resting season.

Trom the foregoing it is obvious that after frost under the elimatic con-
ditions of Fauresmith there are large amounts of sugars present, particularly
in the stems of the Jucerne. In this respe~t the statement of different
furmers of the distriel is interesting, viz. that 2y had never had any bloat-
ing during the winter months. but during summer.  Yet 1n 1945 bloating
was reporfed i the sceond half of September when ewes on the farm Grap-
fontein grazed on lucerne very early in the morning. The night before a
very low {emperature was recorded at IFauresmith.,  Thus the other state-
ment may be due {o ditferent grazing management.

('ONCLUSIONS,

Mest of the former work on the ratio of the different sugars and starch
- plants, has been done on large cut Jeaves exposed to light or darkuess,
dry or on wet filtev paper. In an agricultural imvestigation one cannot
choose an experimental plant for the sake of large lTeaves or such hke, nor
can one cut it except for a special purpoze. It is obvious that i an uncut
plant one cannotl get, as migration ix not prohibited, such clear results as
with the * Blatthiilffenmethode ™ of cut plants.  Yel some results obtained
with cut plants may be applicable {o the uncut lucerne. ln comparison
with older litevature (Ahrns 1922 and 1jin 1930) one has to take the change
m" methods into consideration. As was pointed out acid hydrolysis of sugars
an give values for sugars 300 per cent. too high.  Thus the present
‘“\Hle\ obtained by the use of enzymes are lower. Moreover i these papers
€ arns 1922) the changes in the carbohydrates were recorded once after a
definite period of 24 lours cither in the light or dark, dry or moist., Tt
certainly produced very neat results bhut ﬂlev cannot he directly app]led to
a standing plant where translocation takes place at any moment and where
light and darkness follow oune another . Thus the older papers mervely indicate
what to look for. It s only from Vasiliew and Vasiliew’s (1936) paper where
a suggeshion 1s made as to what to expect over a longer period.

There is no doubt of the dixappearance of stareh in wilted and wilting
Tucerne.  The disappearance is certainly accelerated by low {emper ature,
Yel, 1t is equally obvious that during summer nights wilted, Tet alone fresh
lucerne, can scarcely be found without any starch.  To the dissolution of
stareh during wilting ean be added its disappearance in frosted plants in
which 1t is often accompanted as well by a non-formation in 1 olosynthesis
as u result of the low temperature.  Frosting is so nearly velated {o wilting
that this result 1s not swrprising.

Yet here a restriction has to be made immediately being independent
of light—therefore not a photosynthetic process— starch may be formed at
A low temperature in leaves and particularly in stems if the sugar concentra-
tion is high enough. (See also Czapek 1901). The sugar from which the
darch 15 formed 1n the aerial parts of the lucerne after heavy frosts is to
the smallest extent only a product of assimilation, while the major portion
is mobilised and translocated from the roots, where large amounts of starch
are hydrolysed afler frost.
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Repeated drooping, trampling by animals or damage by insects lead
to a very low starch content, presumably more through non-formation and
not as much by hydrelysis of existing starch. The result following
trampling is rather surprising. as all exterior conditions as well as the water
content of the plant ave favourable for photosynthetic activities.

The next point to be considered is the appearance of sucrese during the
first wilting.. According to Alirms this sucrose appears mostly in the dark,
originating quantitatively from the dissolving starch. [u his opinion ver:
little is produced in the light. In view of Koller's investigation on
the simultaneous formation of different sugars during photosynthetic
activity the above view has probably to be revised. In the present investiga-
tlon sucrose was practically always present although at times, only in very
small ameunts. But 1 decidedly inereased in wilting during the day, and
more so al night. It is quite likely that it has a double origin, (o) as direct
assimilate, (6) by hydrolysis of stareh and conversion of other sugars under
the mfluence of wilting. TIf (6) is the only source, one could really ask why
sucrose 15 not kept at o high level vight through the wilting process. Insteal
of this sucrose generally aceumulates only for a few hours, after which it
2ives way 1o an Increase of nmonosaccharides. It s more than hkely thai
Ahris In his experiment never went bevond the sucrose stage, or (hal
m cut-off Teaves the trend is different. o cut-off shoots of Tucerne this was
not found to be the case. (Table 7). Values for the dominating reducing
sugars were chserved by Vasiliew and Vasiliew.  Their source 1s also two-
fold, («) as direct assimilate and (&) due to hydrolysis of polysaccharvides
m progressive wilting. In a long progressive wilting experiment a stage
1s reached at which there 1z no turther accumulation of monosaccharides.
sither they are translocated, with the stems always a step behind in their
carbohydrate value as compared with the leaves, ov they ure used up 1in
respiration. Just before death there may again be an accumulation of stareh
and sugars, but in this case 1t 15 chiefly suevose.

Although @ number of external factors lead to a low starch value, only
drought and frost actually produce high sugar values. Other factors like
trampling or damage by nsects presumably decrease photosyuthesis as sueh,
=t ouly the formation of starel, whilst drought and frost favour hydrol~ix.

ranslocation as such does not seem to suffer for any length of time nei  er
does 1t cause after-effects tor a period Tonger than that oceupied by the low
temperature.

Hydvolvsis and translocation of stareh take place very quickly, as
shown by the rapid changes in the percentage of the different carbohydrates
in the varions organs during a period of 30 hours. Tt is swrprising

at the changes are actually the quickest at lTow temperature; dissolution
of stareh in summer nights 1s relatively slow and inereases only at the lower
temperatures after midnight.

From the foregoing pages it is clear that not all the sugar in the aerial
parts of the lucerne has its origin in the photosyuthetic process, but that
part of it is translocated from the roots. This applies particularly to periods
of frost. In addition it may also he true during the prelethal stages of wilted
Incerne where, after a depletion of assimilates, starch and sugar reappear
suddenly just before death. In both cases the ¢hloroplasts would seem to act
as formers of the starch only when high sugar concentrations are present
as found in a leaf lyving on a solution of saccharose in the dark.
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It has been stated that the formation of starch as photosynthetic process
is more dependent on the water content than on the temperature. Yet
temperature may in the long run be the deciding factor in explaining varia-
tions in the starch content under optimal water condition. For photo-
synthetic starch formation the temperature must be at least 6-8° C. Thus
far is was assumed that under optimal conditions of water and light the forma-
tion of starch would go parallel with the optimum curve for assimilation,
i.e. it should increase up to about 33° C. and then slow down. [Evidence from
Europe, however, shows this to be an erroneous view, as the starch maximum
15 already reached at 20° (. (Czapek 1921, p. 482). It is quite likely that
the optimum temperature for starch formation in the warmer climate of

ath Africa is somewhat higher than the European temperature, but it is

1ally feasible that at higher temperatures less starch 1s f 1ed than at
~? €. This would explain why at the highest temperatures lower starch
values are found in the leaves than at lower temperatures.

What 1s not known is how prolonged high temperatures affect the whole
enzymatic process of starch fermation. The possibility exists that during
the very hot summer months high starch values cannot be expected.
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TIIE CARBORYDRATE CONTENT OF LUCERNIE.
Grara 1.%
TLeaves and stems of Provence lucerne, samples Nos. 2442-2453 (plot plant). Dafe:
22.23.3.43.  Condition: Fresh. (1% sugar=20% water.)

syt leaves

temperature
20t
10
12 am. 6pm. 12 pm. 23-3-43 6am.
—— water —_———— sSucrose 00— i— —_— reducmg sugar
——— fruct
Starch  srrereroeiieenn total sugar  —— glucosa froetose

":]11 Graphs 1-12 time and date are plotted on ahscissa and percentages of sngar,
starch and water on ordinate.
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GrarH 2.

Leaves and stems of Hunters River lucerne, samples Nos, 2433-2441. Date:
19-20.3.43. Condition: Tresh, about 1 ft. high. (1% sugar=20% water.)

6% ~—
—‘\\\
.
\\\
o
% S
N
™~ leaves
o} /N\
3%
2%,
O
1% T e O
e
O e e o T
'''''' e PER——"
.............. ~ Lo — — T T T
______________________ O
stems
———
2./". (’////JA\ o\\e
A -
-
- - T~ ~ T
1%F o — gt
N . .:~--‘<:'——--_.‘_..._...—-.—-'o- et g T
- —~
~~ -~ -~ ~ ~
~ - ”~ ~
[ S— — s ~o
______ L ~
. _Tomee— e e - e g b e b e :
temperatore
1OF
°° A A -
12 am 19:3: 43 Sam. 12 pm. 2¢ . 43 oam,
— water __ _ __ . auerose meem.emn - reduchg sugar
Nt ————— fructose
—_— starch  .ooiciiiininnens total sogar .. g(ucosc
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THE CARBOMYDRATE CONTENT OF TUCERXNE.

GrarH 3.

Teares and stems of Provence lucerne, samples Nos. 9588-2595 (plot plant). Date:
19-13.10.43.  (ondition: Wilted. (1% sugar=20% water.)
sy b
leaves
EYAS
S 2, ot St e ~
(7,»04. T T e —

=

20°p
10° =
- 3o
fEem 121043 Spm 7S pm 131043
— wat
e - = — = sucrose 0 —r—me——: — reducing sugar
—_— stareh  ceimeciciinn, tatal sugar e — e glucosz -
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MARGUERITE HLEXNRICI.

Grarm 4.

Leaves and stems of Hunters River lucerne, samples Nos. 2604-2611 (plot plant). Date:
8-9.12.43. Condition: Pormanently wilted. (1% sugar=20% water.)

o
3he
feaves
. —
stems
o a
3[ o o //, \\
- - ~
- - ~
- - ~
= - - ~
[ U i N S~
oL o T e - —— e rmm camm e =D
2% SR
~ _—
~
\ﬂ
1t
. L
temperature
20° k
10° -
N L L
12 am. 81043 6 pm t2pm. 9-10-43 oam.
water  — . _ suerese oL — rzducing sugar
——————  starch total sugar L. _ geose T —  fructose
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THE CARBOIIYDRATE CONTENT 01" LUCERNE,
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Leaves and
28.9.

39

2]

£4-16.10.44.

MARGUERITE IIENRICI.

GRrAPH 6.

stems of Provence lucerne, samples Nos. 2950-2993 (plot plant). Date:

Taken between 12 a.m. and 2 p.m. Condition: Progressive wilti
(19% sugar=20% water.)
weather conditions
blue sky @ sunshine

leaves

°°

Clou;g_y very hight rain

stems

Weather

“onditions

20°
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THE

Leaves and stems of Provence lucerne, samples Nos. 3057-3096 (plot plant).

28-29.12.44.

CARBOHYDRATE CONTENT OF

LUCERNE,

GrarH 7.

Date:
(londition: Leaves allowed to wilt in the sun, stems left to dry in the sun.

(1% sugar=209%, water.)

em
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\\\o-//// \'\"-“"_“"\\ - -
H\zmid[{)/\ —— e g
10t
6am 281244 {2am &pm 12pm 29-12:44 S5am
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starch total sogar

gluc ose
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CONTENT OF 1LUCERNE.

ARBOHYDRATK
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MARGUERITE HENRICI.
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T1LE CARBOIIYDRATE CONTENT OF LUCERNE,

Gravua 11,

Teaves and stemns of Provence lucerne, samples Nos. 2852-2861 (plot plant). Dute:
2993 5.44. (‘ondition: Cut after first frost. (1% sugar=209% water.)

+% ° leaves

..... stems
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starch ‘total sugar e — e glucose emse—e— tructose
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Grarg 12,

Teaves and stems of Hunters River lucerne, samples Nos. 3004-3013 (plant).
Condition: Cut after late frost.

23-24.8.44.

k43 N

M. GUERITE HENRICI.

Date:
(1% sugar=209% water.)

‘eaves

temperature
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. .
2am 23 8- 44 6 am. 2pm
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— total sugar o —— glugose

m———— starch mereree
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