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Yeld RPsene, Fauref'mith ; Division of Botany and Plant Patholog-y. 

'l'w ,; pret>ent inve,;tigation deals with the Gon tents of ::lhu-ch, stwr·ofle and re­
ducing sugars in two Yar ieties of lucerne, H unters RiYer an d ProYence .. In 
some instance::; rechwing sugars were furt her <liYidell into fructose and 
glucose. In other Gases the fibre content was a::;certained as well to 
see whether there was any relationsh ip between a high ::;t arc·h and a low fibTP 
content and Yice Yersa. The investigation lloe,; not intend to O'iYe the 
sea::;onal trend of the changes in the earbohyd1·a te conten t of the lucerne; 
,;ing-le pha;;es characterised by mpid meteorolog-ical ch a nges or physiological 
Yar iations were picked out to t>ee wh eth er these ph ases h acl any influence 
on the contents of the clirect assimilates . Such pha,es were d1anges from 
winter to spring, frosting of the lucerne o n autumu mo1·ni ng-s , excessive heat 
r·au:-;ing wiltillg, tt>mpora1-y wilting-, permanent "·ilting, danwge by insects 
anrl damage caused b:-· trmnpling animals. 

The lucerne \vas grown in plots on the V eld Reserve, l<'auresmith; it 
could he easily "·atered " ·bolly or partly as it was r equired for wiltin g ex­
periments. Some lurerne in pot,; was also u sed. T he colleding- beo·an iu 
] 941 when definite agriculturaJ :-;tage:; \\·ere sampled . Late1· pl)ysiologir·al 
..;amples were taken <·overing- 24 to :30 hours during \Yhich time four to fiye 
..;amples were taken early in the morning, at noon, late in t h e afternoon, at 
midnight and again early in the morning. Some sampl ing sttnted at 12 a.m. 
and therefore the la~t ;;ample was ag·ain taken at l:! a .m. th e following day. 
In ~ome c·ases when cut lucerne was allowerl to \\·ilt, "amp l <>s in the day-tim e 
were taken eYery f?ro to thrl'l' hours. VV~hen prOgTPil"iYe wilting was under 
ob;;ervation , the ;;;amples wPre taken on ce a day during a em1ple of weeks . 

The p lant." \Ye1·e cn t wi th sickles, about } in . a bovt> the ground, .and 
tlumn1 into 90 per cent . aleohol immediately to kill enzym atic action. Owing 
to t~e water of the plant the pen·entage of the a lcoh ol n atmall:v <h opped 
f·onsHlentbly. The p l ant;; Wf'J·e then r emoYecl hom th e aleohol, clriecl. 
separated i~1to ;:;temR, flowprs and lPaYPS and grou nd to a fine powCier with .t 

hamnwr null. 

One can hardly mention the determination of starch and suo·an; ann fibre 
eollectively, as Rpec:ial ana lyses are involved for the former, a~1d the latter 
i :' the ordinarv feeding· stuff analysiR. T h e information obtained hom the 
fibre should j1ist serve as a basis for a more <leta ileil studv to he done in the 
near future . · 

R eceivPd for publication on 27th Nm~Pmher. 194.5.- Editor. 
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THE CARBOHYDRATE CONTENT OF L"CCERNE . 

The method used :for the starch determination is described in the 
Methods of Analysis (1926, p. 119) except that instead of malt extract an 
excellent Merck preparation of diastase was used, 0 ·1 gram being sufficient 
for 15 per cent of starch; the diastase contained 23 · 7 per cent. reducing 
sugars.. The final reducing sugar resulting hom the starch was determined 
with Bertrand's solution (Klein 1932, p. 783, ff) and Klein's tables were use<l 
for calculation. 

The sucrose and reducing sugars were extracted a:> described in Methods 
of Analysis (p. 118). After the evaporation of the alcohol, however, the 
solution, made up to a definite v<llume, was treated with invertase for the 
determination of sucrose and reducing sugars, the titration being done by 
Bertrand's solution. 'l'he invertase was prepared according to Klein's 
presci'iption (1932, p. 838). It "·ail f.ound 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 to act was two hours at 38° C. 

For the reducing sugars the hypoiodate method of Van der Planck was 
used (1937). Later when it became -obvious that glucose varied very little in 
amount and was ouly present in small quantitie8, the reducing sugars were 
no longer separated. 

The proportion of stems to leaves and tloweril wat; determined to .ascertain 
the absolute amouut ·of sugars. All values are calculated on dry matter .. 

'l'he alcohol 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 
removal of reducing substances other than sugars-was tried with normal 
lead acetate, basic and dibasic lead acetate. Later anchor yeast was used. 
On the whole the clearing with baker's yeast gave the tn{)l:lt concordant, .and 
the smallest values. 

Fresh anchor yeast was finally used for liberating the extracts from 
reducing substances other than sugars. The anchor yeast cakes were washed 
thoroughly and the filtrate thrown away; the yeast in the fresh state, after 
washing with water did not c-ontain any reducing substances . One cake .after 
drying gives about 10 gm. of yeast. The yeast after washing is dried to the 
crumbling stage in a desiccator and can be kept dry for a couple of days in 
a refrigerator. For use a 10 per cent., suspension is made and 10 volume 
per cent. put into the extract to be cleared. The extract is kept in 
the refrigerator for at least an hour and then filtered. The filtering through 
Whatman 40 or 41 is fairly quick, but does not g-iYe a colourless solution. 
A 20 per cent. suspension gives a solution which is coloured lighter , but 
filters exceedingly slowly. The reducing- power o£ the solution is the same 
as with a 10 per cent. suspension, therefore the .10 per ("ent. suspension was 
used in subsequent experiments. 

For calculations the tables in K lein (19:32) or Yan der Planck (1937) 
were used. The sugar solution treated with inYertase gives the total sugars 
(sucrose plus reducing sugar) and the reducing sugars (the figure obtained 
with Van der Planck's method) has to he deducted t<J obtain the 
sucrose content. 

A special sample -o£ leaYes and stem was taken at the time when the 
collecting took place to ascertain the water content. The sample was 
immediately placed into a weig-hing bottle and the fresh weight ascertained. 
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MARGUERITE HENlUCL 

It was then dried at 104° C. for 24 hours, weighed again and the loss oon­
sidered as water. The water cont.ent in the tabl.es is expressed as percentage 
ofthe fresh matter. All values of sugar and starch are calculated on 1 gram 

oven-dried matter, as the material, killed in alcohol, was dried and powdered 
afterwards. It means that a small amount of dry matter soluble in 
alcohol, e.g. chlorophyll and respiration of pigments, is lost at the start. 
This amount is exeeeJingly small, as apparantly the plant as a whole, with­
out being broken up, does n.ot allow much diff1.1sion, yet the alcohol was 
Jarlc coloured. 'l'o save expense the aloohol was re-distilled.and it was noticed 
that the residue was very small, the redistillation being chiefly to concen­
trate it, as it haJ taken up practically all the water of the lucerne. 

In the course of 'the inYestigation the words " fresh " , " temporarily 
wilted " and " permanently wilted ", are used to describe the state of the 
plant. Plants are temporarily wilted which droop during the hot part of 
the day and 1·ecover through the cooler part or at least during the night. 
The permanently wilted lucerne does not recover during the night, and if 
no rain falls the conditions of wilting progress. It may of course happen 
that although no rain falls, the atmospheric conditions on the second day 
are not quite as seYere as Qll the first, and transpiration may consequently 
be less, resulting in a slightly higher water content on the ::;econd day. But 
on the whole this is the ex!'eption and not the rule. 

)leteorological 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 tlw lur·erne plot itself, 6 feet above 
the ground. 

VALUES OF SuGAR AND STARCH UKDER NoRMAL CoNDITIOKs. 

Table 1. Graphs 1 and 2. 

It was pointed out in the introduction that it was not the intention of 
this investigation to demonstrate the seasonal variations of the assimilates 
of lucerne in the different organs. Yet hom the data obtained it is obvious 
that variations exist, particularly for the starch content. Even under the 
best meteorological conditions one cannot obtain the same starch values at 
any time of the year, although there i~ no seasonal trend for high values. 
High starch values may occur at any time between October and April. At 
the utmost it can be said that in the season J 943 /44 there are less high values 
than in the two previous and in the following seasons; the fact is oE 
some interest as 1943 /44 was one of the wettest seasons experienced in the 
Free State for 60 years, and the lucerne looked beautiful. A relationship 
between temperature and amount of starch could not be found . It must be 
the general meteorological conditions which lead to a quick growth and less 
starch formation. 1'he highest value oiJserved is 7 · 75 per cent., found in 
December in leaves of Provence lucerne. Provence lucerne seems to have a 
tendency to have a somewhat hir,-her starch value than Hunters River. 
Stems have decidedly less starch than leaves, but flowers are at times ver;\· 
rich in starch; in :Yiarcl1, 1943, they also reached 7 per cent. 

If the daily march of the assimil_ates is considered, there is nothing 
exceptional in the trend of the starch. It could be the curve of any fodder 
plant with .a maximum in the afternoon or eYening. One noteworthy point 
certainly is that all starch is not clissohecl in the night, and more starch is 
dissolved early in t.he morning than from clark to midnight. 1'he 
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plant begins to assimilate in the morning w·hibt there is still starch present. 
If it is asked whether there were periods with a lower or higher starch conte1~t 
than usual, it could be said that in the Yery rainy season 1943 /44 the starch 
content ·of Provence lucerne was decidNlly lower than usual \Samples 
2572-79; 2762-75). The sue1·ose content was exceptionally high in ;-j 
early satuples (2322, 2323, 2333) of Hunter;; RiYer and ProYeme lucerne in 
a sundried agricultmal sample which wa~ not thrown into alcohol 
immediately upon cutting. Some of the agricultural samples in which stem s 
and leaves "·ere not separated, were :mndried and ·only then l;;:illed 
with alcohol to see the effect of drying. as in a couple of instances eYeu dried 
lucerne caused bloating. 'l'hese e:s:perimen ts should be carefully eompared 
with those in 'I' able 7 of cu t lucem e all<Jwed to \Yilt. In all other samples 
and daily cun-es of he,; h lucerne, t he ~u c·rose i;; seldom OYer ] · 5 per cent. , 
and if so, only in :-;terns, not in leaYes. H may ·often be very lo"· or nil in 
stems or leaves. Total sugartl in h e,;h lucerne is genet·ally not m·ore than 
2 per cent, seldom 2·5 per cent. On the " ·hole sugars dm·ing 24 hours do 
not show a :fluct uation as large a;; the stan·h. No definite rule can be staterl 
whetl1er stem:-; or leaves haYe higher Yalue,; for reducing sugars . 'fhe highest 
value;; encountet·ed are ·in the flowers . The maximum <Jf the reducing sugar,; 
is decidedly in the day time, either early in the morning or at noon . In 
all early experiments not only ''"ith lucerne hut "·it h other fodder plant,; 
(to be publish ed) the 1·educing sugars we1·e cliYided up in frudo,;e aJHl 
glucose. It appears, however, that glucose in mo,;t of th e inve;;tig-ate<l plants 
was only present in Yery small quantities and practically did not chanl!e 
during- the 24 hours. (Compare also Archbald ::mel Mukerjee, 1942.) Thus 
in furth er sample,; t he glucose was not separated from the fructose .and only 
th e Yalue for reducing sugars giYen . It is flnther eYident that th e amount 
for t<Jtal sugars shows Yery little :fluctuation in day-time. 'fhis supports 
Kohler's (1944) idea that in assimilation t he sum of sucrose and 
monosaccha1·ides is nearly constan t, but not the amom1t of the single 
eonst itueuts. Kohler also expressed the vie'" t hat mono- and disa<·charides 
are formed conc·unently chuing assimilation , and there was no proof what­
soever that monoRarcharides were the prec·ursors of the suer·ose; on the con­
trary, sucrose and starch are t he primary carboh:nlrates in th e photo­
synthetic· process. 

It is ec1uall:v eYident from 'l'able 1 tha t season -or temperature plays a 
much smaller role in determinin g the amount of starch present in t he leaves, 
t han the water c-ontent of the plants . The " ·ater con tent of th e plants again 
depends on the soil-water conten t and th e t·elative moisture. ·with both 
th ese factors or ·one being low, the Rtarch conten t of the leaYes decreaRes. 

VAT.u Es ANn DAIT,Y Cl·HvEs ov AssrMILAT Ji:s l:TNDEH THE I N FLt" l·:sc:E 

OV 'V IJ,TISG. 

Table.~: 2, 3, 4, 7. !). Grapl1s: 3, -!, 5, 6, 7, 8. 

As has been pointed out wilting is not a well-defined pror·ess, but pro­
gressive from slight drooping to a complete drying out. Although the \Yater 
content was daily determined 4 t<J 5 times, no definite figure at wl1ich wilt­
ing occurs, can be given, the more so as the water content itself alters clurinll' 
24 hours . Normally it is higher at night than at noon, but wind 
and temperat1.u e influence it too, thus the maximum can as well be ii1 the 
morning . ~That can he Raid is that aboYe a certain water 'content (oYer 75 
per cent.) the plants look fresh; between 66 and 75 per cent. temporary 
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wilt occurs, and below this permanent wilt sets in. Temporarily wilted 
lucerne which is allowed to recover, can have .a. water content up to 80 pe1· 
cent. One must not forget that even if the lucerne looked fresh on hot days, 
it was possible that leaves lost constitutional water. Thus analyses 2762-75 
of 'fable 1 show about the same water content as the analyses in Table 2. 

\Vilting disturbs the usual daily curves of assimilates. According to 
'l'able 2, simple drooping even postpones or advances the time of the starch 
maximum (2612-2619). By drooping, the :;tarch content of the leaves is 
decreased, but the stem contains more starch than in fresh lucerne. 
It appears that when the leaves are not turgescent, tne stem acts as 
un assimilation organ, similar to what Deherain and Dupont (1901) 
described for corn. According to 'fable 2 the time of the starch maximum 
in the leaves, is no longer at noon or evening-, but may be at midnight or 
early in the morning, quite independently <lf the light and not in a simple 
relation to the water content. 'fhe actual percentage of the starch content 
in the leaves is or is not much affected by a first drooping (Table 2). There 
:;eems to be a tendency towards increased sugars, especially sucrose in the 
stems. 

'l'able 3 in which data are compiled on the effect of repeated temporary 
wilting and subsequent recoYery confirms the results of Table 2, (a) the stem 
being an assimilation organ after the leaves show signs of wilting, (b) the 
decreasing content of starch and increasing content ·of sucrose. It also con­
tains evidence that during wilting the proportion of glucose to fructose is 
altered, more glucose than usual being present. In spite <lf the high water 
content after recovery little starch is present (2421). Apparently reper..ted 
temp<lrary wilting does not allow complete recovery, but gives similar values 
as stronger wilting. 

In Table 4 the 1·esnHs of permanent wilt, without recovery during 
the night, are tabulated. In leaves and stems, but particulal'ly in the 
leaves, the starch content has decreased c<lnsiderably, and for both organs 
the maximum for starch is eithe1· early in the morning or in the night. Some 
very high sucrose values are encountered (2324 and 3014 /21) but they do 
not last long, and are absent in all later values of long lasting experiments. 
In the leaves, moreover, there is a decrease of sucr-ose and a decid ed increase 
of the reducing sugars, the total amount of sugars being not ver~, 
much higher than in earlier experiments but the ratio of the components 
is changed. It is obvious from this that there is rather a non-formation 
of starch, and not a dissolution of existing stareh, or if there is dissolution, 
the sugars present do not correspond to the amount of starch which 
has disappeared, as the percentage of starch plus total sugars is much lower 
than in the experiments on temporar~~ wilting. 

'l'he water content is nnlCh lower than in all experiments previously 
discussed., No definite rule, however, can be given, that the lowest water oo~­
tent corresponds to the lowest starch content. For the human eye it is diffi­
rult to see a difference in the plant's appearance with a water content of 41 
or 55 per cent. Again it has to he emphasised that 'no nil values -of starch 
were 1ecorded, although at time;; (2607 and 2609) the percentage was very 
low. 

'l'ests on progressiYe wilting during a couple -of weeks are tabulated ju 
Table 9. The samples were taken between 12 noon .and 2 p.m., as it was 
impossible to collect every fe\\· hours for any length of time. The first dayt~ 
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eorresponu in thei1· re::mlttS with the ordina1·y wilting experimeuttS as there 
1s little star ch and pleuty of sugan> present. In the experiment from 28th 
:::leptember 1944 to Hlth Oduber, 1944, after the fourth day, the assimilat ion 
of the l eave" i::; onl:r about ;)0 per eent. of the initial Yalue, t he ;;tern::;, how­
ever, having only dec1·ea::>ecl their adiYity by 12 per eent. Starclt espeeially 
has decr eased in the stem. In the third period hum the lOth to the 19t h 
there is, especially towards the end , a renewe(l i)l(·rea,;e in stareh and sucrofle 
eontent of tl1e leaYe:>, althoug·h the total suga r content remains <·on:>tant. For 
th e stem the ,;tarclt content and total sugar r·ontt:>nt on the average do 
n ot dt<.mge heh1·eeJt the 4th and the 19th day, but ,;ucrose innea:se:> aml re­
ducing sugars dPcTcase in the :3nl period. Other e.s:peri.m ents give a similar 
r esult .. 

It is needl ess to sa.r that with our pre;;ent lmuwleclge of metaboli;;m th e 
fad can hardly be e.s:plainerl other than as · · a last kiek before death '' . A 
similar phenomenon appeal'S wh en eut l ucem e is allowed to dry and die in 
the sun (Table 7) . .J u ::;t before death onee more an increasP in stan:h and 
sur:rose occurs. In the present instanc-e the water content <hopped from 72 to 
44 p er cent., with the sun-dried lucerne 7 per cent. The possibility of 
other polyt<acch arides being mobilized before <leath is not e.s:duded. Yet it 
seems peculiar that sucrose and starch , and carbohydrates determined by a 
specific enzym e, are on the in cr ease and not as a rule reducing 
:mg-ar::;. Reducing matte1· as such is of couri'ie out of the question, as it is 
p1·ecipitaterl during the analysiR. 

P1·ogressiYe wilting in the cuun;e of a short space of time can he observerl 
in experintents 2744/2761 and 3W>7 j;-\096 in T able 7. 'rhese experimen t::; were 
rea lly done to study prohibited migration 011 cut lucerne which is allowed 
to wilt in the sun without water, and t hi;;; subj ect will be discussed later. 
For t l1 e time being onl.'· the ehangerl ratios of the carbohydrates caused by 
the quick wilting an<l clrying out will be cousidered. 'l'h e experiment 2744 i 
61 started with a lO\Y <"ltarch r·ontent of the leaves; th e shu·cl1 decrease(l 
during the day time, <luring the night it increased a bit, 1mt got a final 
increase just before rleath on th e 2nd cla.'·· 'l' h e total sugar content of the 
leaves was never high .. Perhap.- in the periorl of 4 hours the f' ha nges were 
too rapid to be obsene<l. There was after 8 hours a 300 per cent. increase 
of the total sugar in the stems, th e inC'rease being mostly sucrose. After 
the 11th hour the rerlucing sugars inereased in t h e stems and sucrose 
rliflappeared till a final in cr ease at death. 

'rhe exper iment 3057 / 3096 flho,Yed the single phase:> of the wilting 
better: viz. the quick disappeanmce of starch in the leaves followed by a 
rapid increase of su crose after tlle 6th hour: t he ('Ontinuation of th e decreasq 
of starch during th e day and nig·ht with the final increase before death; the 
stem taking oYer the 8ssimilatory fm1dion for quite 8 \Yhile, when the 
star rh clecreases, su crose and r educing sug·arR incrPa"t' . Apparently the 
pha~es are more congested, as in orrlinar,\· \Yilting of Ull(·ut plants! Thus 
the 2 sugar phases cannot be separatecl in rapid wilting. 

AssiMILATES uNDER TIIE 

TX FRESH 

Table 1. 

IK J:'UW:><CE OF PROITIDITED 

AXD WrLTED L rcF.RKE . 

G1·az1hs 7, 8, 9 anrl 10. 

J1JGRATION 

The experiments of Table 1 haYe to be compared with those of fresh 
uncut luceme in Table 1, as well a;; amo'ng·st themselves. Thus Nos. 2277 f 
89 h aYe to be compared with 2762 / 7;:, (Table 1) ; 2744 / Gl to 277G f8<J; 
30f)5j0 10G to 3057 /3097,3051 / 3100. Table l to 80!53 1:H02 in Table 4. 
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'l'he mam point to be discussed here is the prohibited migration.. If 
uncut fresh lucerne is compared (Exp. 22.3.44-23.3.44) to cut fresh 
lucerne supplied with water, the following differences are registered: 
(a) the much lower starch content of the cut lucerne; on the second day 
practically no starch is formed. The total sugar content of the leaves is not 
very different, yet in the cut lucerne it consists mostly of reducing sugar, 
in the place of sucrose. A minimum of reducing sugars in both cases is 
found at 8 p.m. The water content is slightly lower in the standing lucerne. 
'l'he time of the starch maximum in the uncut lucerne is spread over several 
hours, between l and 4 p.m. A sharp maximum point is found in the cut 
lucerne at 8 p.m. 

'l'he curve for the starch in the st.em is very similar on the first day. 
but during the night a renewed maximum occurs in the cut lucerne. After 
midnight however, some starch seems to dissolve again and its products maJ· 
even be leached by the water in which the stems dip. The total 
sugar content on the first day is decidedly higher in the cut lucerne, mostly 
due to fructose. The second day sugars seem to be leached out into the water. 

'l'he comparison of wilted cut to fresh cut lucerne (Exp. 21-23.3.4-J.) 
reveals the following: a completely disturbed curve (Graphs 9 and 10) for 
the starch in the leaves which is, moreover, very low, except just before death, 
at a water content of 12 per cent. In the leaves of the wilted cut lucerne 
the sugar content is never very high, reducing sugars always predominating. 
Once, after 8 hours of wilting, there was a maximum of both sugars, but 
this did not go far above 2 per cent. In the stems of the wilted cut lucerne 
the starch content is considerably lower than in the fresh cut lucerne. The 
total sugar content is high, at first due to a high percentage of sucrose. Later 
the sucrose decreases, and the reducing sugars predominate. At the time 
of death the latter are still at a fairly high percentage. 

Graphs 7 and 8 refer to excellent lucerne previous to cutting. At 6 a.m. 
the leaves had already nearly 7 per cent. of starch (8), when left without 
water, hmvever, it immediately dropped to less than half, had a small peak 
at 4 p.m. after the water content had decreased very quickly from 50 to 10 
per cent. Apart from a small dent the starch curve of the lucerne supplied with 
water, was normal, and showed only disturbances the second day at noon. 
The sugar content is quite normal in the plant supplied with water. In the 
leaves left without water, the sugars, especially the sucrose, are 
increased and only drop at death. The largest changes, however, occur in 
the stems. In the plants supplied with water, a very irregular curve appears, 
the single values being pretty high except before death when sugar 
increases. In the <lrying plant the percentage of starch beginning with a 
high value, drops after 6 hours and is irregular afterwards with a maximum 
before death. 'l'he total sugar content in the turgescent plant is not 
abnormal, except at noon on the second day., In the wilting plant, however, 
it is very high, mostly due to an accumulation of sucrose. It only decreases 
at death. 

It is obvious from the above description that the first day the carbo­
hydrate content of cut lucerne supplied with water, does not vary much from 
uncut lucerne; it is likelv that the water leaches out some of the soluble 
carbohydrates ·and that mig-ration is merely replaced by leaching The water 
in which the stems were dipped, was actually fermenting on the seconu day. 
Real prohibition of translocation only took place in the cut lueerne 
which was allowed to dry in the sun. There an accumulation of sugars took 
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place similar to that in the agricultural ~am ples. This 1 ucerne HW.Y prove 
dangerous to Htock e,;pecially if i t comes from a good quality where masse~ 
of ~tarch are dis,.,olverl " ·ithin <L few hour:s. The kataboli:sm goeH on 
Yel"~· rapidly. Sugar a nd ::;tarch are in high er· percentage in the ''"ilted cut 
lueerne tl1a11 in t he wilted standing l u(' erne, 1mt the ('ut lu('erne offers a 
1·a ther irregular eurve. 'l'he peculiar· point certainly is tlwt tlt e wilted stand­
ing lucn'ne h::1s les,; star·ch than the cut lucerne. 

Table 6. 

It is known tlutt " ~me<lted " luce1ne (lu('erne \Yhieh h~1 ::> been tightly 
packed whilst wet) often cau:ses bloating. On the other hand, lucerne which 
has been cut, watered again and allowe<l to grow, :md is then g-r.aze<l, is also 
reported to be dangerous : hence sur·h ::;ample<> were colledt><l for analyses 
(Table G). The Hamples grown on the Heserve show ,;ome definite features. 
but nothing to warrant bloating .. Actuall:v the lucerne of Nos . 27!.:!8-274:} 
was grazed and heavily trampled, hut t he sheep did not :show an _y ill effeet:< . 
Samples of HUn-chiecl or :<lightly "'Yeat.e<l lucerne showed a Yery smaH 
('onten t of sucrol'le , and oYer ] per cent. of rerhwing- :-mgar a11<l nw~tly a high 
stal'<' h content. ~weate<l lucerne. whi('h exuderl n had ,;nwll , h ad however . 
a low star ch <·ontent and little rt'<lucing- :sug-nr: in the leavPs mm·<· s1H'l'O"<' 

was found. 

1'rampled lur:erne 011 the whole has a lo\Y stareh ('Ollteni. pPrhap< 
1Jecan,;e the trampling and wounding of the plant s prohibit stronger photo­
synthetic: achYihir ; the " ·ater· content as :mch is certainlv not to blame for 
t he sh orhtg-e. ;!'he total sug·ar content i :; equal ]~- lo'w, an d the small 
percentag-e of ,;nnost' again g·ives the impression of i 11l1 ilJitNl <l ssimil atio;\ 
(2718-2743). 

One bale of lucerne hay eoming hom Upingtou '"hich caused bloating 
iu oxen ·on the Veld llec;erYe. Fauresmith , " ·a ,., analysed. It contained a lot. 
of total an<l reduring :mg·ars . but Yery littl e sucrose . Starch wa& 
pnwti rally absent. 

Table 'J . 

Evidence on the effer·t of damage h~- inse<·ts (caterpillars) i;; g-iYen in 
'l'able 6 . During the period of t lw im·asinn of insects, t he assimilation was 
very l imited. The starch present disappearecl to a la rge extent in the day­
t ime and still more during th e night.. X e 11· starch was only fonned whea 
the inseets l eft . The sugars were verY lo'" as 'Well, especiallv the sucrosf'. 
ronhar,v to ordinary wilting', the :<tem:-i wel'e more afferted than the leaves. 

. ~heep wert' allowecl to g-raze on the damaged lur·e1·ne; but they ate very 
hi.tl<· and nothing' happenerl. :\fo ~ug::1r arcnmulation took plare in any cas, 

STARCH .-~.~n :D'IIIRE CosTEYr. 

The que,.;tion ari ses wh eth er there j, any ('Ol'l'elation behYPen the con tenc 
of starch and that of fibre, in the Rame wa:v as that " ·it.b low starch eontent 
ihere would he a high fibre content and vice versa. One determination oi 
fibre in . leaves ::1nd stems waR made in Pxperiments bsting· !30 hours; for 
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experimeuts 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.), them that for leaves (from 13 · 0-
21·0 per cent.). Fmthermore, high fiLre eontent of leaves does not 
necest>arily coincide with high fibre content of stems. 'l'hus it i::; advisable 
to discuss the relation hetwef'll fib1·e and ,;tarch fOl' h'aves and stems 
,;eparately. For the leans the following- can be said: 'l'he lowest fibre eon­
tent corresponds to the highest content of sug:a1· and stnn·h.. In pots, 
generally, lower fibre coutents are realised than in plots, evidently becau8e 
the pot lucerne is more petted. The highe,;t fibre content cmTesponds to the 
lowest content of sugar and starch. Even if thi,; principle is clear, it doe,; 
not mean that between the two extremes of fibre values there is a straight 
line for the corresponding starch value. A. plant \Yith 11 per cent. fibre may 
not always have the same starch value. It ha::; been pointed -out that there 
was no intention of getting the seasonal cune of m;similates as the lucerne 
was cut when 1·eady fOl' the particular experiment . Thus it is o£ interest 
to note that low fibre values could lw obtained at any time of tlw 
year, partic-ularly in pots and they were not iufluenced hy the season, bnt 
by the treatment. The same holds g·oorl f.or the l1igh fihre content. 

It i;; o£ particular inteJ·est to note that temporary drooping in the leav.·s 
is not connected with a very hig·l1 fibre content: the fibre is ± 18 per cent. , 
the starch content may he still high -or already deneasing- and the sugar 
content low. In permanent wilt or progre,;,;ive "·ilting the fihn-' conteut of 
the leaves, however, is hig-h , cmmected with <I lo\Y :-;tarc·h ('OnteJJ1. 

For the fresh stems it is equally true that the very low fih1·e conteut 
is conneded witl1 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 or·c-urs in lucerne with a low fibre content in stem:-; anrl i" 
then connected with a low stard1 and n high ,.;ugar content. 

R.n·ro oF LEAvEs TO STDrs. 

vVhen lucerne is fed to the animal, the ratio of leaves to stem influences 
the amount and the quality o£ the carhoh~ clrates of the food to a large extent. 
Young lucerne, when the amount of lea,·e,; is taJ;:en as a whole, has a lo\\· 
1·atio, old lucerne a high ratio; that mean;; that plent~· of leaves are preseul 
in young lucerne m1rl plenty o£ stems in old luct•rne. 1t has been shown in 
the previous table,; tlwt the content of f<ugar and starch is very cliffe1·ent in 
leaves and stems. HmY much s11gur and starch is actually present, is only 
revealed hy the ratio. 'l'hus this fig-ure is g·iven in all later experiments. 
The ratio variefi het\Yeen 0·34 mtrl :3·:). From the tables it appears 
that lucerne wilts easier '"ben it has a low 1·atio ,of leave;; to stems. In a 
progressive wilting experiment the ratio nnied f.or weeks only betwee11 0 · 92 
and 1· 0. The luceme damaged by insed,.; had a very high ratio. 
Apparently the leaves \\·ere more damag·ed than tlw st.ems. Ordinary gr:ued 
lucerne also has a rather high ratio. 

There does not seem an-.; din•c·t relation between the amount of starch 
and t>ug-ars and the ntio. T et if a high 1·atio is connecte!l with wilting, ~~ 
high sugar percentage is present in the food, as sugars are generally high in 
the stems during.- wilting. This, however, is not the rule under the climatic. 
conditions of Fauresmith, hut rather the exception. There seems to he little 
danger of a too high sugar content of the food with a low ratio comhinert 
with wilting. 
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EFFECT OF FROST oN THE CARBOHYDRATE CoNTENT OF LucERNJ<.:. 

Table 8. G1·aphs 11 and 12. 
All samples collected after frost show some common features. Yet -in 

1944 there were large uifferenees between samples collected at the time of. 
early anu those collected at the time of late frosts. All lucerne samples 
collected after frost had a hig-h content of sugar, especially in the stems. 
The contrast between samples collected after early and late frosts in 1944 
IS that in the first instance there is little starch, hut in the latter the starch 
content is equally high. 

'L'he experiments done at the time of eady frosts will be considered first. 
They agree with experienf'es in li trrature (Licl£orss, 1907; V oigthinder, 1909) 
inasmuch 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 
Europe the temperature is G° C. in the first instance sug-ars are formed iu 
place of starch by sheer physical condition, but in the sreond because they 
increase the osmotic forf'es of the cell and thus prevent, to a larg-e extent, 
freezing and bursting of the tissue when the temperatul'e falls below zero. 
The explanation is quite adequate for the plants of. middle Europe or the 
hig-h Alps where, combined with low temperatures in summei· preYentinp; 
stai·ch formation, there art> no hig·h temperaturer; within the same ~4 hours. 
favouring· the formation of starch .. In the Alps t1le light intensity may be 
ver~· high after a night's frost, but t>ven so the temperature of the thin-leaved 
plant is not hig·h. In South Africa after a night with froRt the temperature 
the next clay, quite apart £rom the n11liation. is l1igh enough to allow Rtarch 
fonnation unless the enzymes were clamag-ecl. Thus the pre,;ence o£ Rtarch 
IS quite feasible. The starch disappearR entirely dminp: the nig-ht especially 
hetween midnight and earl~· morning-, but in the daytime, at. noon 
or in the afternoon, some is formed: at the same time tl1e total sugar iu 
the stems iR very high, anrl at miclday aho in the leaves. In the 
stems sucrose is plentiful. It seem,; that in the frosted lucerne too, the stem'l 
toke over the function of photosynthesis. Qunlitatiwly the explanation seems 
all right. Rut if it is conf:iclered quantitntiveh, it appears that the total 
amount of starc·h plus sugars in the frosted luc~erne has a tendency 
to be higher than in normal summer lncerne. This fact iR, however, much 
more pronounced in the determination clone after late frosts with plants in 
pots under e}Ccellent conc1itions. These phnts have still an exceedi11g-ly high 
percentage of starch. 

Log-ically it cannot he acf'epted that the assimilation after frost is iltJ 

much higher than under ideal conditions in sprin!• or wmmer. Thus the 
question arises whether all thesE' carbohydrates ''are products o£ photo­
synthetic activities or whether t.hey have their origin by some other 
katabolic process. It seems poRRihle that materia] is transported from the 
root or rootneck to the stems and leave,;. As in 1944 the roots o£ the luf'erne 
were not analysed, nothing cle:finite c·ould be said, hut in the winter of 194!), 
further analyses were done with frosted lucerne, inrluding also the roots. 
These containeo very high amount.s o£ stareh. During the experiment large 
amounts of this starch were mobilised, and sug·ars in the aerial part,; 
increased for a r;hort time to more than three times their miginal Yalue. In 
one experiment (14-15 / 5 /45) t.he starch content ~f the root rlecreased 5 per 
"ent. within 24 hours, whilst the sugar content in the aerial parts increased 
7 per cent. in the same period. Eig·ht hours later the starch content of thr 
root as well as the ,;ugar content of the leaves were ahout normal. In the 
l'tems there was still a surplus of sugars. 
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If the graphs Qf different days with frost are compared it is foun.J that 
the-y have not many common features. The times for all maxima are com­
pletely altered as compared with the standard Graph 1. There seems to be 
no definite rule whether sucrose or reducing sugars predominate m 
the aerial parts after frost, but on the same date it is the same sugar in stems 
and leaves. Apart from the very sharp peak of total sugars, eithe1· on the 
first or second day the trend of the sugar::; is Yery reo·ular in the aerial parts. 
The starch in leaves and stems has a maximum at' miclnight. Contrary to 
these graphs, those of the roots particularly for the starch are very irregular 
although there is certainly a tendency to get to the same starch level as 
before the frost in the course of time (generally it takes longer than 24 
hQurs !) The general impression is gained that either the starch or the sugar 
content is disturbed and therefore irregular, but not both at the same time. 
In a way the early frosts upset the sugar level of the root, and subsequent 
frosts the starch content. 'l'he temporary enormous amount of sugar in the 
stem points to a large translocation of sugars from the roots. 

The view is therefore accepted that the excess sugars found after frost 
in the aerial parts of the plant are not products of the photosynthesis, but 
translocated and mobilised from the root. It is doubtful whether this was 
a purposeful action on the part of the plant or whether the breakdown of the 
starch is due to uncontrollable influences of the meteorological rondition.o; . 
'fhe tendency of the root to retmn to the pre-frost level Qf starch seems lo 
indicate rather that the plant itself is responsible, at least to some extent. 
On the other hand the very irregular Rtarch curve in experimentR in mid­
winter point to diverse influences. One point haR to be remembered. The 
experiments in 1945 were clone with well established old lurerne which had 
enormous roots. I£ in this root system which weighs about 20 times as much 
as the aerial parts, 5 per cent. starch is dissolved and put into circulation 
in the stems and leaves, their surrar content increases to a terrific height. 
This very high sugar content w'ould allow the formation of starch by 
diastase. The amount of sugar permitting oondenRation to starch is very 
small at high temperature (Czapek 1901). 

The explanation of a translocation of ;o;ugars from the rootR t·o the aerial 
parts has its parallel on some graphR and tables of Grandfield (1943, p. 40 ff . ) 
where for N-orth American conditions starch in the root of lucerne decreased 
up to 15 per cent. from October to .January, sugars increased 10 per cent . 
in the same period, but most of it went to the crowll buds where the sugar 
content in the same period increased 15 per c1-•nt., whilst starch decreased. 
By Mareh, however, starch and total sugars were again on their normal level. 
According to Grandfield hydrolysis of starch and translocation of sugar 
occurred during the period when the plant was increasing in cold hardiness, 
and appear·ecl to be a factor ass-ociated with tl1e hardening process. At the 
same time more bound, less free water appeared in the crown buds. 

It has been pointed out that no experiment as such (·ould be repeated 
in the present im-estig·ation as the idea "-a,; to see "'rhat content of carbo­
hydrates the plants had under natural conditions and how these carbohydrates 
could affect the grazing animal. Seasons in the continental climate of South 
Africa are dissimilar; the meteorological conditions, as such, also influence 
the ratio of the carbohydrates in the plant, and not only the direct assimilates, 
Thus it is no wonder that during the ,,.-inter of 1945 plants were scarcely 
obtained with a small c·ontent of starch; on the contrary nearly all showed 
a high content of starch and sugars, which characterir.ed the late winter and 
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ho~t value::; of 1944. 'l'he amount of the different carbohydrates in 
the lucerne during winter is not only conditioned by season and tempmature, 
but depends ctlso on the general meteorological factors influencing the 
disposition (Stimmung) over which we have no control; in a similar way 
hydrolysit> of starch in trees cannot be . forced by low temperature at any 
iime of the year, but only in tbe r estin g' :season. 

From the foregoing it is obvious that after host under the climatic con­
ditions of Fauresmith there are large amounts of sugars p1·esent, particularly 
in the ;;tems of the lucerne. In this respect t he statement of different 
farme1·s of the district is inte1·esting, Yiz .. that they hacl neYer had any bloat­
ing during the winter months, hut during s11mmer. Y et in 1940 bloating 
'"as reported in the second half of September when ewes on the farm Grap­
fontein grazed on lucerne Yery early in the morning. 'l'h e nigh t before a 
Yery low temperature was recorclecl at Fauresmith. 'rhus the other state­
ment may be due to diften>nt grazing manag·ement. 

Coxcr,rswxs. 

~lutit of the fmmer wmk ou the ratio of the (liffereni sugars and ;;brch 
iu plants, has heen <lone on large cut lea1·es exptJHell to light or darkness, 
clry or on wet filter paper. In an agricultura I iuYe,;tigahon oue can not 
choose an expel-iJJJental plant for t he ~akl-' of larg-e leaves or t>ueh like, uor 
can ·one cut it ex<"ept for a special purpose. It is obvious tltat in a n uncut 
plant one rannot get, .as mig-ration i~ not prohibited, such clear re~mlts as 
'"ith the " Hlatthiil£tenmethofle ' · of cut pla11 ts. Y et some r esults obtained 
with <;ut plants may be applicable to the uncut lur·erne. In <"ompari:-;on 
with older literature (Ahms ] 922 anr1 Jljin 1~):10) nne has to take th e change 
of methods into consideration. .-\. :; '"a" pointecl out a<'irl ll)·drolysis of Rugars 
cau give Yalue,; for :-:;ugars :JOU per cent. too hig-h. Th11s the present 
valueR obtainefl by the use of en:~.yme;-; are lower . )Ioreover in these pa pers 
(A.hm s 1922) the changes ill t.he carbohy llra tes " ·ere recorded once after a 
definite period of 24 hourR eithe1· in the light 01' clark, dry or moist.. It 
certainly prorlucetl very neat results but they cannot be directly applied to 
a standing plant wher e translocation takes place at any moment and where 
lig-ht and rlar.knesR follow one another . Tlnt~ the ol(ler papers merely indicate 
wh at to look for. It iR only from Yasiliew and Yasilie" ·' R (193G) paper where 
a sug-gestion iR made a::; to '"hat to exped oYf>r a long0r period . 

'l'bere is no cloubt of th e di:;appear::tJH;e of starch in wilted and wilting 
lucerne. The disappearance is cel'tainl~- accelerated by low temperature. 
Yet, it is equally obvious that during summer nights wilted , let alone fresh 
lucerne, can scarcely he found without any starch. To the clisRolution of 
starch during' wilting can be adrlecl its disappearance iu fro::;ted plants in 
which it is often accompanied as " 'f>ll b;\· a non-formation in photo::;ynthesis 
as a result of the low temperaturr. FroRi'i ug; is so nearly related to wilting 
th at thiR r eRult iR not surprising. 

Yet here a restriction has to ue made immediate]~· being independent 
of light- therefore not a photosynthetic process- starch may he formed at 
a. low temper:1ture in leaves and particularly in stems if the sugar eoncentra­
tion is high enough. (See also Czapek 1901). The sugar from which the 
Rtarch is formed in the aerial parts of the lucerne after heavy frosts iR to 
the smallest extent only a product of assimilation , while the major portion 
iR mobilised and translocatrd from thr roots, where large amounts of starch 
are hydrolysed after frost. 
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Repeated drooping, h:_lmpling by animals or damage by insects lead 
to a very low ;;tarch conte,nt, presumably more through non-formation and 
not as much by hydrolysi;; of existing starch. The result following 
trampling is rather surprising, a;, all exterior comlitions as well as the water 
content of the plant are fav·oura ble for photosynthetic activities. 

The next point to be considered i" the appearance of sunose duriug the 
fir,;t wilting.. According to Ahrns this sucrose appears mostly in the dark, 
originating quantitatively from the dissoh·ing starch. In his ·opinion very 
little is produced in the light. In vie\Y of Kohler's investigation on 
the simultaneous formation of different sugars duriug photosynthetic 
activity the above view has probably to be 1·eyised . In the present inve,;tiga­
tion sucrose wat> pradically always lH'esent alth ough at times, only in Yery 
small amounts. But it decid edly increased in '"ilti11g <ltuing the day, and 
mOl'e so at night. [t is quite likel~· that it has a double origin, (a) as direct 
assimilate, (b) hy hydrolysis of starch and couYerHiOll of other sugars undl•r 
the influence of wilting. If (b) i,; the only source, ow,• !'OUlcl really ask Vl'h ;,· 
t> ucrose is not kept at a high levelrigllt through the \Yiltillg p1·oce,;s. lm;tea ·l 
of thi,; ,;ucrose generally accumulate.~ onl.v for a few lJOurs, after which it 
gives \Y•tY to an inrrease of monosaccharides. lt is more than likely that 
Aluns in hi,; experinwnt HeYer went he:yond the S1Wl'OS<' t>ta.ge, or that 
in cut-orr leaves the trend j,., differPnt. In I'Ht-oft shoots of lnrerne this was 
not fouucl to he the case. (Table 7). \"alues for t he <lominating reducing· 
sugur,; were observed by Ya,;iliew aiHl Ya,;ilie"·· Thei1· source i,; also two­
fol<l, (a) as direct assimilate and (b) due to h~· <lrol_v::;is of polysaccharides 
iu progre;.;sive wi~ting. In. a long progre;.;sive ,,·ilting t>xperiment a s_tag<• 
1s reached at whiCh there IS no further accumulatJOn of monosacchandes, 
Either they are translocated , with the stems always a. t:>tep hehincl in their 
carbohydrate value as compan•cl with the leaves, or they are used up in 
respiration. .T ust lwfore 1leath there may again he an aerumulation of starcl1 
and sugars, but in this ease it iR (· hiefl~- suno,;e. 

Although a number of exten1al factors lead to a. low starch value, only 
drought and frost actually procluee high :mgar values. Other factors like 
t.rampling or damage by im;ecb presumably dec1·ease photosynthesis as such, 
not only the formation of star eh, whibt drought antl frost fayour hydrolysis. 
Translocation as Ruch does not :;eem to suffer fnr un~· le11g'th n£ time neithe1· 
does it <·au;;p after-effects for n periorl longer than that ·O(·c·upied hy thE' low 
temperature. 

Hydroly;;is and translocation of Rtarc h take place Yery quiekly , as 
shown by the rapid changes in the penentage of the difte1·ent carbohydrates 
in the various org-ans during a pe1iocl of :jQ hours. H iR surprising 
that the changes are ac-tually the quiekest at low temperature; dissolutio!l 
of starch in summer nights is 1·elativel.v slow uncl increases on l:y at the lower 
temperatures after midnight. 

From the foregoing pages it is ele•n that not all the sugar in the uerial 
parts of the lucerne has its Ol'igin in the photosynthetic proress, but that 
part of it is han<3located from the roots . This applies partieularly to periods 
of frost. In addition it may also be true during· the prelethal "tages of wilted 
lueerne where, after a depletion of assimilates, starch and sugar reappear 
suddenly just before death. In both cases the chloroplasts would seem to act 
as formers of the starch only when high r;ugar coneentrations are present 
as found in a lea£ lying 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 phQto­
synthetic starch formation the temperature must he 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 Le an erroneous view, as the starch maximum 
1s already reached at 20° C. (C;mpek 1921, p. 482) . It is quite likely that 
the optimum temperature for starch formation in the warmer climate of 
South Africa is somewhat higher than the European temperature, but it is 
equally feasible that at higher temperatures less starch is formed than at 
25° C. This would explain why at the highest temperatures lower starch 
values are found in the leaves than at lower temperatures. 

What is not known is how prolonged high temperatures affect the whole 
enzymatic process of starch formation. The possibility exists that during 
the very hot summer months high starch values cannot be expect-ed. 
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THE CARTIOHYDR.-\TE CONTENT 01-' LUCERNE. 
GnAPH 1. * 

Lea1Je5 and sterns of Provence lucerne, samples Nos. 2442-2450 (plot plant). Date: 
22-2'3.3.43. Condition: Fresh. (1% sugar =20% water.) 
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• ln Graphs 1-12 time and date ar e plotted on abscissa and percentages of sugar, 
starch and water on ordinate. 
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MARGUERITE HENRTCI. 

GRAPH 2. 

Leaves and stems of Hunters River lucerne, samples Nos. 2433-2441. Date: 
19-20.3.43. Condition: Fresh, about 1 ft. high. (1% sugar=20% water.) 
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TilE CAlU30llYDTt:ITE COKTENT Ol' J,"GCF.RXE . 

GRAPH 3. 

Leat·es and stems of Provence lucerne, samples Nos. 2588-2595 (plot plant). Date: 
12-13.10.43. Condition: Wilted. (1% sugar=20% water.) 
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HAHG L:ERlTE llEXHlCl. 

GRAPH 4. 

Le1aves a:nd stems of Hunters River lucerne, samples Nos. 2604-2611 (plot plant). Date : 
8-9.12.43. Condition: P ermanently wilted. (1% sugar =20% \Yater.) 
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MARGUERITE HENRlCI. 

L ea'ves and stems of Provence lucerne, sa mples Nos. 2950-2993 (plot plant). Date : 
28.9.-H-16.10.44. Taken 'between 12 a.m. and 2 p.m. ()ondition: Progressive wilting. 

(1 % sugar =20% water.) 
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THE CARBOHYDRATE CONTENT OF L UCERNE. 

L eaves and 
28-29 .12.44. 

GRAPH 7 . 

st erns of Proven ce lucerne, samples N os. 3057-3096 (plot plan t) . Dat e : 
Cond·ition: Leaves allowed to wi lt in the sun, st ems left t o dry in t he sun. 

(1% sugar = 20% water. ) 
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HIE OARIJOIIYDRATE CONTE~T OF LUCERNE . 

GRAl'H 11. 

Leaves and stems of Provence lucerne, samples Nos . 2852-2861 (plot plant). Date: 
22.23.5 .44. Condition: Cut after first frost. (1% sugar=20% water.) 
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)fARGlJERlTE HENRlCI. 

GRAl'H 12. 

Leaves and stems of Hunters Hiver lucerne, samples X os. 3004-3013 (plant). Date: 
'23-24.8.44. Condttion: Cut after late frost. (1% sugar = 20% water.) 
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