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The Relations between the Amount of Carbo
hydrates in the Leaves of Armoedsvlakte 
Grasses and the Meteorological Factors. 

By .MARGUERITE HENRICI, Ph.D., Plant Physiologist, Veterinary 
Research Laboratory, Vryburg. 

PART 1. 

,V ITHIN the last few years several authors (Molisch, 1921; Horn, 
1922; Ahrns, 1924; Iljin, 1923) have pointed out that starch 
disappears from the 'leaves during wilting without the appearance of 
a corresponding amount of simple sugars. Experiments on cut leaves 
\vere carried out under constant laboratory conditions. Iljin (1923.2) 
tries to explain this discrepancy. In many, but not all of the 
investigated plants, he succeeded in proving that respiration is con
sidera.bly increased during wilting, and in this nUtilner a large 
amount of sugar disappears, also that the assimilation, i.e. the 
formation of starch, decreases at the same time. (Iljin 1923.1). 
Iljin, therefore, concludes that during the drying out of the plant the 
part of the amylase which hydrolyses the starch is not harmed at 
all, but that the synthetically active portion of the enzyme is 
destroyed. 

It was found advisable to carry out these investigations under 
natural conditions and to determine in how far the results obtained 
in the laboratory agreed with those obtained in the veld. The condi
tions under which the experiments were carried out were, of course, 
different. Whole plants which had been exposed to changing 
meteorological conditions were taken from the veld and examined; 
whereas in Iljin's investigations single leaves were studied for a fe\y 
hours only under constant laboratory conditions. Armoedsvlakte 
(Vryburg, Cape Provinc~) proved an ideal place for this investiga
tion, as, with the exception of the rainy season, wilting, or at least 
incipient drying, occurs daily. The moisture factor is, therefore, 
of paramount importance, and only in a few instances do light and 
temperature act as deciding factors. 

No attempt was made to isolate every sugar, but merely to 
obtain by a simple method a general idea of the total amount of 
monosaccharides, disaccharides, starch, and the higher carbohydrates 
readily soluble in dilute acids. This separation appears to be 
sufficient for all practical purposes. The three first-mentioned 
carbohydrates were taken as direct assimilation products, whereas the 
carbohydrates soluble in dilute acid \yere determined separately with 
a view' to the possible influence of the moisture-content, as it was 
'thought that hemicellulose might be formed instead of cellulose 
during wilting. 

!.-)fETHOD. 

The method for the determination of reducing bodies was the 
" Citron" modification of the Fehling method, as described below. 
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For the determination of the water-soluble reducing bodies, 
chiefly glucose, ten grams of ground grass dried at 104° C. were 
usually taken. rrhe grass was allowed to infuse with 200 c.c. of 
distilled water for about an hour with occasional" stirring. After 
filtration and washing, the liquid was made up to 250 c.c. Reducing 
bodies were determined in this extract by indirect Fehling titration 
(see below). 100 c.c. of this solution were also boiled for one hour 
on a water bath with 10 c.c. of concentrated hydrochloric acid, cooled 
and neutralized with potassium hydrate using litmus as indicator. 
Generally a dark brown precipitate appeared, and this liquid \vas 
filtered, made up to a convenient amount (sol. 2), and titrated. This 
solution contained bodies soluble in water which reduce }-'ehling's 
solution after hydrolysis, chiefly disaccharides. r:rhe amount of 
glucose found in the first determination was of course deducted, both 
solutions being calculated on the same concentration. For the 
determination of the starch fresh grass had to be used, as it appears 
that in dried grass leaves the starch becomes horny and not 
hydrolysable by amylase. Five grams of fresh grass was generally 
used for the determination; 10 grams if very little starch was 
expected. The leaves were finely cut up with scissors, ground with 
sand, a little chalk, and about 20 c.c. of 10 per cent. alcohol, further 
extracted with more 10 per cent. alcohol, then with stronger alcohol, 
with ether, and finally with water. The residue was boiled with 
water for at least an hour on the water bath, after which time the 
infusion was cooled to 55° C., 0.2 grains diastase introduced, and the 
temperature kept at 55° C. for about an hour. It was then boiled up 
again, and exarnined with iodine under the microscope for starch. If 
starch was stilil present, the process was repeated until the micro
scopic examination was negative, as much as 0.4 grams o£ diastase 
being used if the starch was abundant. If less than 4 per cent. of 
starch was present, .2 gram of diastase was sufficient. After boiling, 
the infusion was filtered, the filtrate was made up to 250 c.c., 10 c.c. 
concentrated hydrochloric acid added and boiled in a J ena flask under 
a reflux conde:D.ser on a water bath fIQr 2i hours. After cooling, it 
was neutralized, filtered, and made up to a conv.enient volume, usually 
500 c.c. This solution was determined with Fehling's solution as 
described below. The diastase used in these determinations itself 
contained reducing bodies, the amount of which had to be deducted 
from the result of the titration. 

rrhe residue after removal of the starch was rinsed into a J ena 
flask with 250 c.c. of water and 10 c.c. of concentrated hydrochloric 
acid, and boiled for 3 hours on a water bath under a reflux cooler. 
It was then neutralized and the reducing bodies present agai:n 
determined. A certain proportion of the diastase used was soluble 
in acid, and was of a reducing nature, this amount, found to be 
7.5 per cent., had to be deducted from the result of the titration. 

In several preliminary experiments the solutions were cleared 
with lead acetate, but, in spite of careful precipitation of the lead, 
concordant results were not obtained, which indicates that there is 
some elem.ent in the grass leaves which inhibits the complete precipi
tation of the lead. The clarification was therefore omitted in all 
subsequent determinations. 

The Titration: An approximately N /10 solution of sodium 
thiosulphate was made up and standardized with sublimed iodine or 
N /10 potassium bichromate (see Treadwell, 2, pages 544 and 547). 
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The Fehling's solution was Allihns modification, and consisted 
of two stock solutions, which were mixed in equal quantities for use. 
Solution A consisted of 34.639 grams of crystallized copper sulphate 
in half a litre of water, and solution B of 173 grams of Rochelle 
salts and 125 grams of potassium hydroxide in half a litre of water. 

For the blank determination 20 c.c. of :Fehling's solution were 
boiled with 25 c.c. of water for two minutes, the solution cooled under 
a tap, 20 c.c of 20 per cent. potassium iodide and 20 c.c. of 20 per 
cent. sulphuric acid added and immediately titrated to a colourless 
end":point, a few drops of starch solution being added as an indicator 
towards the end of the titration. 20 c.c. of Fehling's solution should 
require 26 to 30 c.c. N /10 thiosulphate. 

For the determinatjon of the sugar in the various solutions 
25 c.c. of the extract was added to the boiling Fehling's solution, 
boiled for two minutes, and titrated as for the blank determination. 
The difference between the two results gave the reducing bodies as 
determined by r:rable 12. 

II.--RESULTs. 

In consideration of the fact that total analyses of the grass 
material have not yet been made, this first report of the investiga
tion is restricted to the direct products of assimilation. 

A.--Direct Products of Assimilation. 
'rhe results are shown in the curves 1-10 and the tables 1-6. To 

aid in the interpretation of these curves, the rainfall and soil 
moisture during the years of these determinations are shown in 
curves 11 and 12. In curves 1-5 and in tables 1-5 the amount of 
glucose found in the starch determination is given, and in curves 
f3-10 and table 6 this value is multiplied by 0.9 to get the correct 
amount of starch. 

The curves differ to some extent in shape, so that they cannot 
~ll be explained at the same time. 'rhey have, however, some points 
In comInon. 

One special point must be emphasized. No grass shows wilting 
for a definite percentage of dry matter, and although wilting is often 
correlated with a high percentage of dry matter, there are so many 
exceptions in both directions that no general rule can be formu
lated. In young plants wilting often occurs at a very low per
centage of dry matter, but, on the other hand, plants with a high 
percentage of dry matter are often not withered, although in this 
case they may be in the condition of incipient drying. According to 
results obtained by other authors, it might be surmised, a priori, 
that with an increasing percentage of dry matter the amount of 
direct-assimilation products would decrease, or at least that the starch 
would be hydrolysed and only sugars remain. From table 6 it can 
be seen that this view is only true to a limited extent, as high 
percentage of dry matter is not correlated with wilting. 

In curve 7, Eragrostis superba, a uniform variation of the two 
factors, dry matter and assimilates, is shown except at the time 
when the plant was dying down. It is peculiar that before December 
the rise and fall of the curve of assimilation products is much 
steeper, but after this time gentler than the dry-matter curve. This 
point must be emphasized, as December is a criticail period for all the 
grasses. 
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'rhe curves or Digitaria (10), rrhemeda (6), and Chrysopogon (8) 
give a general impression of an inverse relation of dry matter and 
assimilates, especially during the period from August to December. 
The assimilates of A 1'istida 1},.niplu'ln'l:s show no relation to the per
centage of dry matter, which is very striking in consideration of the 
fact that Aristida scarcely alters in the percentage of its dry matter 
except in the spring. (Curve 9.) 

Although there is often no relation between the amount of dry 
matter and the amount of assimilates, this does not mean that the 
latter is independent of the water-content and the condition (wilted 
or fresh) of the grass. rrhis can be seen clearly in the, curves 1-3 and 
5 and tables 1-3 and 5. 

Before the details of the curves and tables can be studied, the 
yearly curves of the assimilates must be characterized. A comparison 
or curves 1-5 shows that the different grasses differ somewhat, 
although they show some common points. There is no doubt that 
young leaves, but not the youngest, form the largest amounts of 
assimilation products. In two of the grasses, Aristida 1.tniplumis and 
E1'agrostis s1.lperba, the maximum amount of assimilates is produced 
before the rainy season. 

In most grasses values for starch are rarely as high after New 
Year as before. The power of forming large amounts of starch is 
therefore not simply a characteristic of young leaves, for in the 
rainy season after New Year there is as much young grass as during 
the November rains, but the amount of starch present is usually 
insignificant in quantity. The young leaves are capable or forming 
a large amount of starch only at the one season. It has to be con
sidered whether the smaller ,assimilation power in the second rainy 
period is real or only apparent. It does not seem impossible that the 
haulm formation which takes place in this period for Digitaria, 
Chrysopogon, and Themeda influences the amount of direct 
assimilates found in the leaves. Eragrostis supe1'ba, which produces 
haulms the whole year round, does not show a decrease of the 
assimilates in the second rainy period. It is likely that the sugars 
are formed in the leaves but immediately translocated to the root
crown, where they are needed for the haulm formation. As for 
Eragrostis, this process takes place the whole year round, a decrease 
of assimilates at any special time is not sh a \'01 , whereas it occurs in 
the other grasses. Although this view is very l~kely, it does not 
abolish the fact of the pernicious influence of repeated wilting. 

In comparing the amounts of carbohydrates before and after 
New Year, the possibility of temperature being an influencing factor 
must be considered. Temperatures in Spring are lower than after 
New Year, but on very hot days in November and December 
especially high values were found for Digitaria, so that high 
temperatures cannot entirely be responsible for the change after 
New Year. Differences in illumination cannot playa part, as the 
critical point falls in the time of strongest illumination. 

It does not appear to be possible to explain the critical point as 
dependent entirely upon external factors, and the explanation must 
be sought in the internal conditions of the plant iseH. It must be 
remembered that at this time the first continuous wilting occurs, 
although previously in September and October the grass wilted 
occasionally but never for long and only on odd days. The wilting 
also was not as pronounced as in midsummer, chiefly because the 
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temperature \vas not so high and the light less strong, and therefore 
did not affect the metabolism much. When, however, the wilting 
continues day after day and lasts most of the time whilst the sun 
shines, then the metabolism is disturbed and probably is never 
completely restored. 

This deduction is drawn from meteorological conditions of 1924 
and 1925, not of 1923 and 1924, when the wilting in September was as 
bad as later on in the season. The results of the few determinations 
of that year, therefore, present slight differences, which will be 
discussed later. 

rrowards the end of the season before the grass leaves died down 
they contained but few direct assimilation products. In Europe it 
is a well known fact that with the cold, starch disappears from the 
leaves (Czapek, 1901, and Lidforss, 1907). It is therefore not neces
sary to insist on this point in South Africa. 

After these general remarks the separate curves and tables may 
be interpreted. 

The7neda tria'narcl (table 1 and curve 1): ,:rable 1 leaves no doubt 
that vi'ith decreasing water-content of the leaves and the beginning of 
'wilting the carbohydrate-content, especially that of starch, decreases. 
During the drought period of January, 1924, no starch \vas found, 
whereas in the rainy season of November, 1923, the amount of 
assimilation products was very high. In the following ~'ebrtlary 
there ,vas practically no rain, but there was less evaporation, as the 
sky was often overcast, and some starch was found. In March 
heavy rains fell, the assimilation rose, and the starch-content 
increased consi dera bly, never, however, reaching th e N ovem ber value 
in spite of an abundance of new leaves. 

It is striking that no increase or carbohydrates occurred immedi
ately after the rain (determination 16th March). ':rhis was also 
apparent in other grasses. In the case of this determination there 
were two reasons. On the day the grass was gathered the sky was 
overcast and the light therefore too weak to allow good assimilation, 
but more important still is the fact that the grasses had been exposed 
for some' time to drought conditions and needed some time to recover 
their assimilation apparatus, a much longer period than that required 
to recover turgescence and normal suetion force, longer even than to 
l'ebuild the destroyed chlorophyll (see "Henrici, 1926"). On the 
other hand, the assimilation did not fall as 'Soon as the rain stopped. 
Provjded that the soil' ,yas not too dry, high values were found as 
much as ten days after the rain at a time when the suction force \vas 
already considerably increased. 

After the March rains, which produced many young leaves, 
April was dry. On the 8th, leaves with a very low percentage of dry 
matter, wilted, and therefore contained little starch, which condition 
held until the ,latter half of n1ay, when after heavy rains the starch 
again increased. The leaves slO'ivly died down, the chlorophyll was 
destroyed, the starch disappeared, and the amount or sugars 
diminished. Finally the brO'ivn leaves contained about 1 per cent. 
sugar and no starch at all. 

In August, young leaves came up. They were very small, and 
contained large amounts of sugars but relatively little starch, ,yhich 
only increased after the elongation of the leaves. As the season 
progressed the carbohydrate-eontent depended on the condition of 
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the leaves, but decreased towards Autumn. It is peculiar that the 
chlorophyll-content was much lower in November, 1924, than in 
November, 1923, which resulted in a lower assimilation and, there
fore, a smaller amount of carbohydrates. 

A few analyses for starch only were carried out from September 
to November, 1923. As m~ntioned before, the grass at this time 
contained much more chlorophyll than during the same period in 
1924, and the starch value was very much higher, up to 12-15 per 
cent. when the leaves were fresh; but as soon as the leaves wilted, 
which often happened during the dry period of September and 
October, the amount went down to 1/4 to 1/6 of this value. In these 
experiments chlorophyll was certainly never a limiting factor. 

Eragrostis superba (table 2 and curve 2): The yearly curve of 
Eragrostis superba differs from that of The?neda. Whereas Themeda 
has two distinct periods during which starch is abundant, Eragrostis 
shows three, the first occurring before the rains, and showing the 
absolute maxilnum; the second, after the drought of September and 
October, with a minimum of starch in the rainy period of November 
and December, followed by a decrease in January; and a third in 
February, with a maximum after the May rains. In June the 
carbohydrate-content falls. It is surprising to note that with the 
exception of the analyses made in Spring the starch maxima are 
always the same. It appears that the assimilation in Eragrostis 
superba is not influenced much by change of temperature or prolonged 
wilting, and that except in the Spring the age of the leaves has no 
effect at all. If starch disappears during the drought period, more 
sugar than usual appears, but this does not correspond to the amount 
of starch· lost. rrhe same sugar does not always predominate; in 
October the disaccharides are the chief sugars and later in the season 
the monosaccharides. 

!:lristida uniplumis (curve 3 and table 3): the curve of Aristida 
uniplumis is unique: there are no maxima during the rainy periods, 
but on the contrary the minimum is in December. 'Large amounts of 
starch are only found in young leaves in Spring and during the dry 
parts of February. After the end of March a sufficient number of green 
leaves for analysis could no longer be found, although the haulms 
and the leaves of other grasses were green well into the winter. The 
entirely different results of this and other grasses is the more striking 
because Aristida is a typical grass of the dry sand veld, but it is 
possible that it is just this unique behaviour which explains its 
habir'tat. An assimilation which though weak is constant and 
independent of rain is of great ecological importance. It would be 
interesting to. repeat these determinations with a typical desert grass 
from the Kalahari. 

Chrysopogon serTulatus (curve 4 and table 4): The curve of 
Chrysopogon shows an absolute maximum during the November 
rains and relative maxima in the rains of March and the beginning of 
February, although they do not reach half the value of the November 
maximum. The amount of disaccharides was small throughout the 
year, much smaller than the amount of glucose, but it is particularly 
striking that no disaccharides were found in ~larch and April. At the 
end of May, when the grasses were drying out and the starch com
pletely disappeared, disaccharides appeared in larger amounts. In 
all the other grass curves a high glucose-content corresponds to low 
disaccharide-content and vice versa. 

Digitised by the University of Pretoria, Library Services



1041 

In accordance with results obtained by Ahrns (1924), it does not 
seem impossible that Chrysopogon contains large amounts of maltose, 
but in these analyses it is calculated as " glucose," as no inversion 
with citric acid was resorted to. The ground grass always had a 
strong smell of malt. 

Digitaria eriantha (curve 5 and table 5): The curve of Digitaria 
greatly resembles that of Chrysopogon. During the rainy season in 
November there is a large amount of starch, more than five times as 
much as under the most favourable conditions in March. The value 
for disaccharides is very low. It appears that, contrary to the case 
of Eragrostis, late rains did not restore the assimilatory system of 
Digitaria and Chrysopogon, and that the young leaves developed late 
in the season have a much lower assimilatory power than those which 
appeared with the first rains. For both grasses it is characteristic 
that there is no high starch content befoTe the Tain as in Eragrostis. 
The time of gTeatest development was dUTing the Tainy season, 
whereas E1'ag1'ostis fOTmed haulms even befoTe the rains. Of all the 
investigated grasses Digitaria is the one which wilts the quickest, so 
that it is not sUTprising that it was scarce before the Tains and that 
it Teachecl its assimilation maximum only afteT the rains. 

B.-Comparison of Carbohydrate Curves with those of Chlorophyll. 
When we compare the yeaTly caTbohydrate curves (cuTves 6 to 10) 

wi th those of chlorophy 11 (Report 11 of the Director of VeterinaTY 
Education and ReseaTch, 1926), which are, howeveT, of anotheT yeaI', 
we note a gTeat similaTity. In the curves of E1'agrostis superba the 
absolute maxima of direct assimilation pToducts and of chlorophyll 
are in August, long befoTe the Tains. Relative maxima OCCUT in 
the Tainy periods, while the intervening times of drought show 
minima of both chlorophyll and carbohydTates. 

Themeda, on the other hand, has no absoilute maximum of 
eitheT chlorophyll or carbohydTates in the youngest leaves, but its 
maxima lie in the rainy and its minima in the dTought periods. 
. Digitaria is veTY similar, but its maximum lies i~ the young 
spring ieaves, although not in the youngest. The autumnal 
chlorophyll minimum corresponds to the carbohydrate minimum. 

The similarity in the curves is not an accidental one, as the two 
processes are closely connected. If the chloTophyll-content becomes 
the limiting factor, the carbon assimilation will diminish and less 
sugars and starch will be formed.' Deficiency of chloTophyll alone is 
seldom the limiting factoT under the veld conditions of Bechuana
land, for it is generally associated with lack of wateT; only during 
the few days immediately following upon the Tain is there sufficient 
water but insufficient chlorophyll to allow a maximum of assimila
tion. This also may account fOT the low values of assimilation 
products obtained immediately after the rains; the reformation of 
large amounts of chlorophyll takes several days. 

C.-Comparison of the Results with those obtained by othe1' Authors. 
From these analyses it may be concluded that the carbohydrate

content of four of the investigated grasses depends more or less on 
their physiological condition, and, consequently, during the wilting, 
starch disappears without leaving a corresponding amount of sugar. 
In UI) ~AQ,,\ does the amount of carbohydr~i;~s depend on the percentage 
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of dry matter or directly on the water-content of the grass. The 
external moisture factors, rain and soil humidity, have a much 
gre'ater effect than the actual constitutional water-content. rfhis is 
explained by the fact that wilting may OCCUI' at different pl'oportions 
of water-content in the plants, and that it is the wilting itself and 
not the low water-content which leads to the decrease in starch. 

The behaviour of the fifth of the investigated grasses, A'ristida 
funilJ!um.is, is quite different. rfhis is very strikin~ as this grass is 
typical of the dry sand veld of South Africa. It has its· starch 
maxima during the dry periods and its minima during the rains. 

It was not to be expected that results obtained with South 
African veld grasses ,,,ould correspond C'~actJy with t1!O~0 obtained by 
German authors (Ahrns 1924, HOTn 1922). A larger variety of 
factors had to be considered; such as the age of the leaves, the direct 
influence of the season and the repeated drying out and recovery of 
the leaves. Even the few investigated grasses show differences. 
Repeated drying out of the leaves has no effect on the assimilation 
force of Eragrostis s'Llpe'rba, ·whereas Digitll1'ia under the most faVOlll'
able conditions after drought is only capable of producing one-fifth to 
one-third as much starch as it produced before. 

Thus analyses made in autumn cannot he directly compared 
with those made in spring, because the assimilation power is usually 
completely changed. rrhis difference is not solely due to the age or 
the leaves, for after the late rains, there is an abundance of young' 
leaves. The low values found for Digitaria, at this time of the year 
are thus seen to be dependent upon the two factors, decreased assimi
lation power in the old leaves and an altogether smaller pmH~r in the 
new young leaves. In the case of Erag1'ostis both or at least one of 
these factors may be absent, probably the decreased assimilntnl'.'\" 
power of the old leaves. So that the assimilation activity of the old 
leaves may eventually make up for the small activity of the young' 
leaves, which are also few in number as E'ragrostis does not produee 
as many after the rains as Digitaria does. 

In spite of these differences there are many point:;; in COnn1l0!) 

with the results obtained by Ahrns (1924) and Horn (192,2). The 
investigations of Iljin (1923) are of special interest a:;; he also wor.ked 
on a steppe. He found that as long as the water loss was not too big 
the drought resistant plants s}lowed a complete recovery of their assim
ilatory system. If the disturbances caused by the drought were too 
severe the plant lost its power of. regulating this function (asshni
lation) in a normal way either temporarily or permanently; as 
anatomical disturbances may in this case have occurred. (Iljin 1922.) 
This observation may also be made for the grasses of Bechuanaland. 

What happens to the disappearing carbohydrates in the grasses 
has not yet been experimentally established. It might be thought 
that a quicker migration of carbohydrates takes place during a 
droug'ht than at ordinary times, but in the lig'ht of Iljin's (1923) 
observations this does not seem very probahle. In the first place hn 
less carbohydrates are forme<1, and it is quite probable that nn 
increase of respiration really does take place as Iljin states. Direct 
('xperlment:s on respirf1tion shoul<1 support this hypotneRis. 

RESUM]~. 

Under veld conditions in Bechuanaland the amount of direct 
assimilation products, especially starch, diminishes in Eragl'ostis 
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superba, Digita,ria eriantha, Themeda t1'iandra and Ch1'ysopogon 
serrulatus, as soon as wilting or incipient drying occurs. 

Ih.~ na:xi,l':,um '1n1 uunt, of assimilation products is found either 
ill early Sp]'ill~ OJ' during the rainy season. 

A1'i8t£da uniplumt] , a typical gr!'\ss of the dr,v grass veld, behaves 
differently, having its starch maxima in times of drought. 

Wilting is not the only factor influencing the amount of carbohy
(hates. Age and season also playa big part, so that analyses made 
in autumn cannot 'De directly compared '"ith those of spring. 

Loss of starch and decrease of carbohydrates does not occur at a 
specific percentage of dry matter for a sp~cific grass. 

'rhis is explained by the fact that. wilting also does not occur at 
a definite water content. 

PART 2. 

To determine the total "carbohydrate" or "nitrogen-free 
extractives" complete analyses were made by the conventional 
methods of the agricultural chemist as given in T. B. Wood's 
,: Course of Practical Work in Agricultural Chemistry for Senior 
Students." Moisture, ash, crude fibre, crude protein, and ether 
extract were determined. 'rhe sum of these subt.racted from 100 was 
taken as "carbohydrates" or "N -free extractives." Data are 
calculated on "plant dry matter" (dried at 100°-104°). rrhe 
water content of the fresh material is discussed elsewhere. 

RESULTS. 

A glance at the tables 7-11 shows that the single species differ 
considerably in the total analyses. But, 80 far as possible, the 
common points may first be discussed. 

Ash-content: Little can be said about the ash-content, as it 
varies considerably, is influenced by adhering dust, and does not 
increase continuously with the advancing season. A1'£st£da uniplumis 
has the lowest ash-content, of 5.9-6.9 per cent.; it shows also the 
smallest variations, probably be~ause dust cannot so well adhere to 
a roll-leaf (see Theiler, Green and du Toit, 1924, p. 29). Eragrostis 
superba follows next with a much wider range of values, 5.7-10.7 p.er 
cent., the 1m-vest value being in young grass and the highest in brown 
leaves ancl a general tendency of higher values with the advancing 
season. Themerla triandra follows ,,,ith values of 6.8-10.1 pel' cent., 
which cannot be arranged according to the season; Themeda is the 
grass which is often entirely buried in sand and dust. Chrysopogon 
shows decidedly higher values, 8.0-11.7 per cent., the latter value 
being found in very old leaves, hut for the others not.hing conclllsive 
can be said. Digitm'ia eriantha has the highest ash-content with a 
range of 9.9-14.4 per cent., the higher values occurring hefore the 
rains. It may be mentioned that the grass with the lowest ash
content shows also th0 lowest phosphorus-content, on the other hand 
Di,qitaria and Ch1'ysopo[Jon show also a highe1'phosphorui' eonteni 
than the two grasses ,vith medium ash-content (Henrici, 1927). 

Cr'ude protein: According to the protein-content, two (Efferent 
types of grasses can be distinguished. Chrysopogon, EragTost,'s 
superba, Themeda b'iandra and ]}igita1'1'a distinctly shoK two maxi
mal values in protein-content, the first occurring hetween Septembel~ 
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and N ovetnber, the second in March. ':[1he lowest values of protein 
are found in old grasses, that is to say in green and brown leaves in 
winter and in green leaves during the drought or January. It is 
peculiar that not all the aforementioned grasses have the absolute 
maximal values at the same time. For Digitari,a and Chrysopogon 
they range from September to October. Eragrostis su,perba has the 
highest value only in the second rainy period and The?neda shows the 
same values in spring as in -the second rainy period . 

. A.rist'ida u,niplu1nis represents the second type. It only Dhovys 
one maximum in spring and small fluctuation from January to the 
end of March. 

Th·ij absolutf: values of crude prutejn vary widely for the species. 
Aristida u,niplu,1nis takes a special place as green leaves in the spring 
and summer were analysed, no leaves being available at any other 
time of the year. Its values vary between 7-9.8 per cent. '1'he mini
mum value is not low at all, but it must be remembered that it is not 
a winter value. Amongst the other four grasses, The'fneda has the 
lowest maximal value and the lowest minimal value for old green 
leaves. The respective figures are 11.3 per cent. and 5.5 per cent. for 
green leaves, and 4.5 per cent. i.n hrowJ~ leaveg. Chrysopogon shows 
only 3.2 per cent. in very leached brown leaves, but 7.5 per cent. in 
brown leaves which have recently died, and the maximal value in 
green leaves going up to 13.3 per cent. The minimal, values for 
Eragrostis are similar, 3.0 per cent. for very leached, 4.6 per cent for 
brown leaves which have not yet been leached; the maximal value 
being 15.4 per cent. The drought value is only 5.1 per cent. Digitaria 
eriantha has the highest values all the year round. Even in very old 
brown leaves it is still 5.4 per cent., in October it is as high as 20 
per cent., and with the exception of the drought period it never goes 
lower than 11 per cent. 

The Ether-extract: The minimal values for the ether-extract are 
fOl~nd in very young and in leached old leaves. Some of the gras~es 
show also a low percentage of ether-extract during the drought perIOd 
in January. Only Eragrostis su,pe1,ba has the tendency of increasing 
the ether-extract with adyancing sedson; this may be due to a peculiar 
process in the chloroplasts of this grass. It was observed that ill 
weeklv sections mqde through its leaves an oily substance occurred in 
the gi-anules, the substance increased with the advancing seasons. A 
qualitative or quantitative study of the nature of this substance was 
not done. 

Crude Fibre: Generally the fibre-content of the young leaves is 
low, although for the different species the percentage varies consider
ably. It is not always the first spring leaves which have the lowest 
fihre-content, but the leaves which are developed in the time of the 
first rains may have the lowest fibre-content (Eragrost·is su,pe'riJa and 
Themeda t1'1:andra). During drought, not all the grasses hehave alike. 
Chrysopogon scarcely shows any· change, The'fneda and Eragrostis 
increase their fibre-content during drought, A?'l:stida on the other hand 
decreas-es it. With progres1:;ing season the fibre-content increases, but 
for Chrysopogon only towards autumn and win~er, after having been 
nearly constant from Octoher to 1\iarch. Leayes \yhich have just 
died dmvn show a considerably higher fihre-content than old leache(1 
leaves (Era,qrostis and Di.qitaria). It is considered that this pheno
menon is due to bacteriological activities, depolymerising the cellu
lose to carbohydrates which are soluh1e in dilute i1cid. 
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With the exclu~ion of very old leaves the percentage of fibre may 
'\ ary little or much. The range for-

Aristida uniplumis is ..... , '" ... '" 38.3-53.9 per cent. 
Digitaria ................. , ......... 26.7-33.5 per cent. 
Themeda ......... '" ...... '" ...... 25.6-31.4 per cent. 
Chrysopogon ... .. ................... 24.2-29.9 per cent. 
Eragrostis ........................ '" 21.6-31.1 per cent. 

This would mean that from the point of view of palatability 
Eragrostis and Chrysopogon are the best, Aristida uniplumis the 
worst of the investigated grasses, if only the chemical analysis had tr, 
decide. Bews (1918, p. 51ff.), however, pointed out that not only the 
chemical analysis but the transverse leaf-section has to be consulted, 
and for this purpose indeed the result differs very much from the 
chemical analysis. '1'he sections of the five investigated grasses are 
given as an example. 

Aristida is doubtless the worst of the grasses, but Digital'ia 
changes places with Eragrostis. Digitaria has in all stages of 
growth very soft leaves which are easily cut in freehand sections. 
Eragrostis has very hard nerves. A ristida uniplumis has a higher 
fibre-content jn the young leaves than during drought. It is thought 
possible that a depolymerisation takes place during drought, as 
Aristida has a maximum of reducing carbohydrates at that time. 
The process will be discussed in the paragraph on relation of fibre and 
carbohydrates. 

Carbohydrates: The amount of carbohydrates differs considerably 
for the different species and for the same species it varies with the 
season. 'rh€: meteorological conditions do not act alike on the dif
ferent species. Themeda triandra does not change much, its carbohy
drate-content varies from 46.8-53.5 per cent. D'igitaria on the con
trary shows a wide range of variation from 33.8-54.9 per cent., the 
lowest value being in October. Chrysopogon serrulat1u with a 
range of variation from 44.8-50.4 per cent. has high values in 
spring and February, and low values in very old leaves. Eragrostis 
superba on the whole shows a higher carbohydrate-content, 45.2·-68.5 
per cent., the latter figure in very old leaves which show a Imy fibre
content. Except for the brown leaves the higher values are rather 
found before the N ew Year. Rain shortly before the sampling of the 
grass does scarcely alter the percentage of carbohydrates (see analyses 
of the 28th and 30th October, 1924). Aristida uniplumis has the 
lowest content of carbohydrates, with a variation of 28.5-46.9 per 
cent. Its highest value is in time of drought, the lowest value is 
found in old green leaves simultaneously with the highest percentage 
of fibre. 

In the preceding paragraph several times allusion was made to 
an interrelation of fibre and carbohydrate content. rrhe question 
arises whether always a connection between these two figures exists. 
It is true that for Ch1'ysopogon and Aristida the sum of the percentage 
of fibre and carbohydrate varies but little, but for the other species 
the differences are up to 10 per cent., so that a general correlation 
cannot be thought of. One point may be recapitulated: Aristida 
1{.niplumis shows during drought a low fibre and a high carbohydrate 
content, whilst Eragrostis superba and Digitaria have just the 
opposite, high fibre and low carbohydrate content. 
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In the first part of this investigation, th& direct assimilation 
products (sugars and starch) have been determined. A further figun,' 
has been got by boiling the starch-free plant material with 1.4 per 
cent. hydrochloric acid for three hours under the reflux cooler (Konig, 
p. 282). According to Konig this yalue includes starch, pentosans 
and hexosans. of the hemicelluloses. As in this investigation the 
starch was determined by hydrolysis with diastase (official and tenta
tive methods of the Association of Agricultural Chemists, 1920, llll· 
95-96), the reducing value of the acid solution was only due to pento
sans and some hexosans ot the hemicelluloses. Hemicelluloses are 
found in grass leaves (Czapek I, 1913, p. 489) as structural frame
,york and possibly also as reserve-substance. According to Pringsheim 
(1923, p. 183ff.), the reserve-substances occur earlier than the 
., Geriistsubstanz." Heserve-substances are generally hexosans, and 
structural units often pentosans. A young plant has therefore less 
pentosans than an adult plant. In the leaves of the grasses under 
investigation the sclerenchymatic and collenchymatic tissue contains 
plenty of hemicellulose. It is likely to be pentosan, but it is not 
excluded that also some hexosans occur. Before explaining in detail 
t11e obtained figures, a discrepancy has to be pointed out. Jf the per
centage of the direct assimilates and the percentage of these" hemi
t:.:elluloses " are added, the figure arrived at does not correspond to the 
figure for " carbohydrates" of the total analyses, the carbohydrates 
being 10-15 per cent. more. 

Pringsheim (1923, p. 93) also speaks of a difference in adding up 
the constituents of the total analyses in \vhich pentosans and lignin 
were determined separately, in straw of cereals the discrepancy being 
1.0-8.4 per cent. In general, however, this author thinks that the 
difference from 100 per cent. after subtraction of ash, protein, cellu
lose, pentosans, should give the lignin in substant:.:es like ,vood and 
straw. If the lignin is determined directly and a difference in the 
two figures occurs, it would be chiefly due to hexosans, that is to say, 
polysaccharides which are hydrolysed easier than cellulose (page 93), 
like starch, which does not depolymerise into pentosans and is, there
fore, not determined as furfurol. rrhe difference observed in shaw is 
1.0-14 per cent.; Pringsheim, however, points. out that these sub
stances have no important role in the material flnalysed by him. 

In this investigation the lignin was not determined separately, 
hut according to Pringsheim's deduction the observed difference is 
likely to he lignin, as the starch and sugars have been determined 
directly. The substance of this " difference" is characterised by its 
solubility in 1.25 per cent. sulphuric acid and 1.25 per cent. p~tas
sium hydroxide, but its insolubility in 1.4 per cent. hydrochloric 
acid. According to RosentJ1aler (1923. p. 82) lignin is not soluble in 
dilute alka1i, or dilute acid, or, at least, soluble to a very small 
de~rrep only. According to this separation of the carbohy(hatps jt 
may be an oxycellulose which is not soluble in water and alcohol, in 
alkali partly soluble, but soluble in dilute acid and reducing boiling' 
alkaline copper solution (p. 95). It seems, thereforp, likely that not 
the whole difference is lignin, hut rather a mixture of some carbo
hydrates showing the specific soluhilitv mention8d. It seems ab:o 
probable with regard to the fact that the difference observed in thjs 
investigation is bigger than Pringsheim's 
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The difference found in this investigation varies considerably, 
but is sometimes of the same order of size as Pringsheim (1923, p. 96) 
stated it to be in the straw of cereals and other plants. 

The variations for the 5 grasses are:-

Chrysopogon ... ... 23-31 per cent. 
Al'istida ... ... ... 14-30 

" El'agrost1:s. . . 20-35 
" Digitaria ... ... '" 0-27 
" Themeda ... ... ... 1-36 
" 

The minima and maxima of this " difference " do not coincide 
for the various species. Chl'ysopogon, Al'istida, and Themeda show a 
minimum in old leaves, El'ag1'ostis and Digitaria in one of the rainy 
periods. Chl'ysopogon and Eragl'ostis s1lperba have their maximum 
in drought whilst Digitaria has its maximum at the end of the season, 
and Themeda in the rainy season. 

Considering this different behaviour in every respect it is hardly 
possible to draw any conclusion which holds good for all the grasses 
except that there is certainly an interrelation between the amount of 
hemicellulose and the size of this " difference." If the one is high 
the other is low and vice versa. For Digitaria, Therneda, and 
Chrysopogon an interrelation between assimilates and difference can. 
be detected. If only a small amount of assimilates is present the 
" difference" is high and vice versa, without, however, the lowest 
percentage of assimilates corresponding always to the highest 01 the 
difference. The correlation may be due to two facts. Either the 
meteorological conditions influence directly each of the compounds, 
increasing the one and decreasing the other; or, in decreasing the 
assimilates, more of the compounds included in the" difference" are 
formed. 

In this connexion the investigation of Cannon (1924, p. 121) may 
be remembered; he points out that under arid conditions plants may 
conyert the polysaccharides largely into anhydrides or wall material, 

·01' under less arid conditions, into pentosans or mucilages (succulents). 
In splitting up the carbohydrates in direct assimilates, ancl· sub

stances which after removal of starch are soluble in dilute acid or in 
dilute sulphuric acid and dilute alkali, it was thought possible to trace 
some relation between the starch disappearing in the drought and 
-the other carbohydrates. Unfortunately there was not enough 
material to make total analvses of all the plants of which the dired 
assimilates were determined. But the -limited number of total 
analyses gives a fairly good idea of the seasonal changes of the 
carbohydrates. 

First may be considered the polysaccharides soluble in 1.4 % 
hydrochloric acid if hoiled for 3 hours under the reflux cooler (see 
Konig" p. 282). which probably contain pentosans and some hexosans 
'Of the hemicelJulose type, since in this investigation, the sbrch was 
previouslv separated. by amylase. 

With the exception of Themeda, in no grass do these hemi
'Cellusoses fall below 9 per cent. The upper limit varies with 
-the species; for Chrysopo,qon, Aristida 1lniplumis, and Themeda 
t'l'1:llnd-ra it is about 20 per cent., Eragrostis superba goes up 
to 21 per cent., D£gitaria even to 34 per cent. Drought does 
not affect all the grasses in the same way. Whilst Chl'Yso
pogon and Eragrostis s1lperba have their lowest content of these 
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hemicelluloses in January, Digita1'ia and A1'istida, uniplumis show 
a maximum at the same petiod. High values of hemicellulose in 
Ch1'ysopogon and Themeda and E1'ag1'ostis are found in old brown 
leaves, for Erag1'osti,s supe1'ba also in young leaves. Low values for 
Digita1'ia are found during the second rainy period, for A_'J'lst'~d(l 
uniplum,is in ver.., old and. in young leaves. As can be seen from 
these data, the dIfferent grasses behave specifically. 

I t has to be considered if in time of minima of direct assimilates 
maxima of another carbohydrate or of fibre occur. Attention must be 
drawn to the fact that the minimum of starch and sugars of four of 
the investigated grasses occurs in a time of a minimum of phosphorus 
(Henrici, 1927). Reeds and Koch (1907) have pointed out that phos
phorus deficiency leads to a disturbance in the carbon dioxide 
metabolism, that in place of starch erythrodextrin and cellulose are 
formed. If in the investigated grasses erythrodextrin would be 
formed, it would nevertheless be found in the analysis amongst the 
direct assimilates, as the diastase would convert it into reducing 
sugar. As generally tne assimilates are low in the time of drought 
it is not likely that er:ythrodextrin is formed in any larger amount, 
although no direot test was made except with iodine. N either the 
solutions nor the tissues gave any red colour. If any changes occur 
at all they must be with the other carbohydrates. It is peculiar that 
phosphorus deficiency and drought act similarly for an increase in 
wall substances and a decrease of starch. , 

As has been shown previously, in time of drought, that is to say 
in time of a phosphorus-minimum, E1'agrostis and Digitarria, increase 
their fibre-content, Themeda, Digita,rria, and A1'istida their percentage 
of hemicellulose, Ch1'ysopogon, The,m,eda, and E1'agrrostis the pro
portion of substances determined by difference. This means that in 
all of the investigated grasses one or two classes of carbohydrates 
are increased which are less soluble than starch; which .class of 
carbohydrate is formed depends entirely on the species. The eon
ditions of Eragrrost1:s and Digita1'ia correspond closest to the obser
vations of Reeds and Koch (1907) who found an increase of cellulose. 
Cannon's result (1924) for different degrees of aridity are confirmed in 
this investigation for different species in the same degree of aridity. 
As a rule it may be said that during drought accompanied by a 
simultaneous minimum of phosphorus a carbohydrate less soluble 
than starch is present in a larger anlOunt. 1Vhether it is more the 
influence of the deficiency of phosphorus or of the drought is difficult 
to decide as both factors have the same effect on the carLon 
metabolism. 

If in the grasses a minimum of phosphorus leads to a minimum 
in assimilates and to an increase in less soluble carbohydrates, the 
question arises whether a maximum of phosphorus tends to a maxi
mum in direct assimilates and a decrease in less soluble polysac
charides. With regard to direct assimilates, the answer is in the 
affirmative, especially in the first rainy season, only it has to be 
remembered that favourable moisture conditions may act on both 
processes, assimilation and intake of phosphorus, independently, and 
that from the increase of both it must not be concluded that the one 
process is dependent on the other. rrhe observation that young leaves 
in the early spring show a high phosphorus content and a high per
centage of assimilates supports rather the idea that phosphorus con
tent and assimilates show a direct interrelation although at this time 
80il and air are very dry. 
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It is more difficult to demonstrate a coincidence of the minimum 
of the less soluble carbohydrates with a phosphorus maximum. For 
Digitaria and Chrysopogon it exists in young leaves and in the rainy 
periods. Also for Themeda, Eragrostis, and A1'istida it can be 
detected, but the differences are not so obvious and may therefore 
be more accidental in the sense that favourable moisture conditions 
influence independently both processes. In the whole question inter
pretation is obscured by the fact that in the second rainy period the 
amount of direct assimilates is never so large (with the exception 
of Eragrostis) as in the first, regardless of favourable moisture con
ditions and high phosphorus content, so that a prio'l'i more insoluble 
polysaccharides are found in this period. In this connexion a point 
may be raised 'which has not been under discussion. The smaller 
amount of direct assimilates in the second rainy period has not found 
a satisfactory explanation. In the interval experiments have been 
done which show that the intake of CO2 is by no means small at this 
time (although not so big as in spring time) and it is thought that for 
some reason the grass does not form starch, but translocates sugar 
quicker; the reason is in all probability the haulm formation which 
takes place on the highest scale in this period. It is probable that 
the sugars migrate directly to the place of their consumption, to the 
rootcrown, and that they are not condensed to starch but transformed 
to cellulose and hemicellulose as structural material for the haulms. 
This process cannot be shown by an analysis of leaves op.ly, although 
the amount of less soluble carbohydrates in the second rainy period 
is greater than in the first. It is characteristic that Eragr,ostis does 
not show a decrease in assimilates las it forms haulms the whole year 
round and never shows a very high amount of direct assimilates. 

It may, however, be stated that a coincidence of a minimum of 
phosphorus and assimilates occurs in the drought-period combined 
with an increase of less soluble carbohydrates. Although it cannot 
be asserted that the maximum of phosphorus and assimilates are 
always combined with a minimum of less soluble carbohydrates, t.he 
broad correlation certainly exists. 

COMPARISON OJ!' THE DATA WITH OTHER ANAL,YSES. 

Comparison can be offered witli analyses on mixed grass samples 
of Armoedsvlakte from November, 1919, to June, 1920 (Theiler, A., 
Green, H. H., and du Toit, P. J, 1924, p. 29). 

On the mixed sample the content of proteins is highest in N ovem
bel' and 'Still high in January and decreases rapidly from February 
to June. The percentage of ether-extract decreases continuously, 
the nitrogen-free extractives and the fibre increasing steadily .. On 
the whole the order of size of the data obtained in this investigation 
agrees very well with those of 1919-20, except for the very old leaves 
which were not analysed separately in the previous years and although 
in this investigation the increase of fibre and 9arbohydrates (N -free 
extract) is not so steady. The analytical data are dependent on 
the rainfall, and differences in the data may be due to its different 
distribution. 

The protein-content in 1924-25 decteases much earlier but shows 
a second increase: this may be due to two factors. The grass of 
1924-25 was already older in December (having come, up in August), 
and the second rainy period brought up a lot of young green grass 
with a high percentage of protein. In the mixed sample there was 
naturally at this time of the year a lot of dry brown grass leaves 
with little protein, which decreases the R,verage value. 
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The second rise in protein causes by itself some fluctuations in 
the gradual increase of fibre and carbohydrates. 

Comparison with European material may be made. U nfortu
natelv in plant physiological literature there are scarcely any data, 
in view of the fact that every determination of the total analysis 
includes different compoundEl and cannot be directly used for physio
logical guidance (see Benecke and J ost, 1924, p. 6). In spite of this 
drawback it may be said that on the whole Armoedsvlakte grass is at 
any time of the year richer in fibre and mUQh poorer in protein, 
except in spring, and most of the time richer in carbohydrates than 
European meadow grass. 

:Further analytical data on South African and European grasses 
are found in papers hy :Marchand and Smit (1919) and Vipond (1914). 
According to Vipond's (p. 15) table the 4-rmoedsvlakte grass compares 
very well as to the protein content witIi- other South African Krass, 
the percentage of which seldom exceeds 8.0 per cent.; the 
values in Vipond's investig'ation are not recalculated for " material 
dried at 100°," which would increase the values about 10 
reI' cent. Old Armoedsvlakte grass is poor in protein and 
-corresponds to Vipond's "coarse veld hay." TIle content of 
carbohydrate of AI'luoedsvlakte grass shows the same order of 
size or is rather higher, the fibre with the exception of 
Aristida uniplumis is rather Imver than in grasses analysed by 
Vipond. Ash and ether-extract are about the same. A Digitaria 
.analysis by Marchand is of special interest (Analysis 3777, p. 8), as 
in Armoedsvlakte also a D'igitaria was analysed. Marchand's species 
is poorer in protein and much richer in fibre than the species of 
Bec11uanaland, ash and carhohydrates being about the same. 

In conclusion it can be said that from the point of view of protein 
and carbohydrates the ArmoedsylaJde grasses are not poorer than 
other South African grasses in spite of many adverse meteorological 
and edaphic conditions. Nothing need be said in this place o~ the 
mineral content. 

RESUM-r.; OF THE ~ECOND PART. 

1. Total analyses were done on single species of Armoedsvlakte 
grasses (Vryburg District. Bechuanaland) in the course of their 
development and the data were compared as far as possible in thp, 
light of meteorological factors. 

2. During the drought the protein content decreases.. the per-
centage of fibre and carbohydrates increases. rrhe opposite takes 
place' in the second rainy period. 

3. Special attention is given to the content of fibre and carbo. 
hydrates. The carbohyarates are divided into direct assimilates, 
polysaccharides soluble in 1.4 per cent. HCl_, polysaccharides soluble 
in 1.25 per cent. H 2S04 and 1.25 per cent. KOH, but not soluble in 
1.4 per C6nt. HOI. The first group chiefly contains pentosans of the 
hemicelluloses, the second group is likely to be a mixture of lignin 
and perhaps also oxycelluloses. 

4. It was found that in the drought period a less soluble carbo
hydrate occurs in the place ~f starch, at the same time as a minimum 
of phosphoru~ in the grass. 

5. In general there is a coincidence of a maximum in the per
centage of phosphorus. a maximum of direct assimilates and a 
decrease of less soluble carbohydrates; but this proceRS is more 
difficult to trace and is not without exception. 

Digitised by the University of Pretoria, Library Services



1057 

LITERATURE. 

1924. Ahrns, W.: "\Veitel'e Untersuchungen uber die Abhangigkeit del' 
gegenseitigen Mengenverhaltnisses del' Kohlehydrate im Laubblatt vom 
Wassergehalt." Botanische Archiv., V, pp. 234-259. 

1924. Benecke, 'V., und Jost, L.: "Pflanzenphysiologie," Jena, G. Fischer. 
1918. Bews, T. W.: "The grasses and grasslands of South Africa," .Pieter

maritzburg, P. Davis. 
1924. Cannon, William Austin: General and physiological features of the 

vegetation of the more arid portions of Southern Africa with notes on 
the climatic environment." Carnegie Institute of Washington, 1U24. 

1913-:21. Uzapek, Friedrich: "Biochemie del' Pflanzen," Jena, G. Fischer. 
1901. Czapek, Friedrich: "Del' Kohlehydratstoffwechsel del' Laubblatter im 

Wjnter." Berichte del' deutschen Botanischen Gesellschaft. Bd. XIX, 
pp. 120-127. 

1924. Dastur, B. St.: "Water content, a factor in photosynthesis." Annals 
of Botany 38, pp. 779-788. 

1926. Henrici, Marguerite: "The Chlorophyll content of grasses in Bechuana
land." llth Report of the Director of Veterinary Education and 
Research. 

1927. Henrici, Marguerite: "The phosphorus-content of grasses in Bechuana
land in the course of their development." 13th Report of the Director 
of Veterinary Education and Rooearch. 

1922. Horn, Trude: "Das gegenseitige Mengenverhaltnis del' Kohlehydrate 
im Laubblatt in seiner Abhangigkeit yom Wassergehalt." Botanisches 
Archiv. III, pp. 137-173. 

1922. ,lljin, oW. S.: "Dber den Einfiuss des "\Velkens del' l~flanzen auf die 
Regulierung del' Spaltoffnungen." J ahrbucher fur wissenschaftliche 
Botanik., Bd. 61, pp. 670-697. 

1920. Iljill, W. S.: "Del' Einfluss des Wasserman gels auf die Kohlenstoff
Assimilation durch die Pflanzen." Flora N.F., Vol. 16, pp. 360-378. 

1923. lljin, W. S.: "Einfluss des Welkens auf die Atmung del' Pflanzen." 
li"lora N.F., Vol. 16, pp. 379-403. 

1911. Konig, T.: "Die Untersuchung landwirtschaftlich und gewerblich wich
tiger Stoffe." 4te Auflage. Berlin, Parey. 

1907. Lidforss, Bengt: "Die wintergrune Flora." Eine biologische Unter
suchung. Lunds Univel'sitets Arsskrift. N.F. 2 Afd., No. 13, pp. 1-76. 

1919. Marchand, B. de C., and Smit, B. J.: "The composition of some feed
ing stuffs." Bulletin No.5. Department of Agriculture, Union of 
South Africa. 

1921. Molisch, Hans: "Uber den Einfluss der Transpiration auf das Ver
schwinden der Starke in den Blattel'n." Berichte del' deutschen botan
ischen Gesellschaft. Vo1. 39, pp. 339-344. 

1920. "Official and tentative methods of analyses of the Association of Agri
cultural Chemists." As compiled by the committee on revision of 
methods. R. E. Doolittle, B. L. Hartwell, G. W. Hoover, A. J. 
Patten, A. F. Seckel', and \V. A. -Witkers, \Vashington. 

1923. Pringsheim, Hans: "Die Polysaccharide." 2te Auflage. Berlin, 
Springer. 

1907. Reeds, Howard S.: "The value of certain Nutritive Elements to the 
plant cell." Annals of Botany XXI, pp. 501-543. 

1923. Rosenthaler, L.: "Grundzuge del' chemischen Pflanzen-Untersuchung." 
Berlin, Springer, 2te Auflage. 

1924. Theiler, A.; Green, H. H.; a.nd du Toit, P. J.: "Phosphorus in the 
live stock industry." Journal of the Department of Agric1Llt1Lre. 
Reprint No. 18. South Africa. 

1914. Vipond, H. T.: "The composition of crops and feeding stuffs." 
Bulletin No. 1. Department of Agriculture, South Africa. 

Digitised by the University of Pretoria, Library Services



1058 

EXPLANATION OF TABLES. 

TABLE I.-Carbohydrates, Themeda triandra. 
'rabIes 1 to 5 are arranged in the same manner. After the date 
(column 1), the Gondition of the plant (column 2), then the dry 
matter of the leaves in percentages (column 3) are marked; columns 
4, 5, 6, give the contents of the water soluble reducing bodIes, chiefly 
glucose, of water soluble bodies reducing Fehling after hydrolysis, 
chiefly disaccharides, and of starch, all three in percentages of dry 
matter; the column 7 shows the reducing bodies soluble in dilute acid, 
chiefly hemicellulose, also in percentage of dry matter. 

TABLE 2.-Carbohydrates, Eragrostis superba. 
TABLE 3.-Carbohydrates, Aristida uniplumis. 
TAULE 4.-Carbohydrates, Chrysopogon serrulatus. 
'I.-\BLB 5.-Carbohydrates, Digitaria eriantha. 
TABLE 6.-Ury matter and total amount of assimilation products of the investi

gated grasses. 
In this table for all investigated grasses the total amount of 
assimilates (with the corrected starch value) is given, to prove that 
there is no direct relation between them and the amount of dry 
matter. 

TAHLE 7.-Total analyses of Themeda triandra in percentage of stove dry 
material. 

TABLE S.-Total analyses of Eragrostis superba in percentage of sr,ove dry 
material. 

TABIJE 9.-Total analyses of Aristida uniplumis in percentage of stove dry 
material. 

TABLE 10.-Total analyses of Chrysopogon serrulatus in percentage of stove dry 
material. 

TABLE ll.--Total analyses of Digitaria eriantha in percentage of stove dry 
material. 

TABLE 12.-Sugar values of the 1/10 N Thiosulphate solution. 
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