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Physiological Plant Studies in South Africa. 

PART I.-WILTING AND OSMOTIC PHENOMENA OF 
GRASSES AND OTHER PLANTS UNDER ARID CON
DITIONS. 

By :NLuwuERITE HENRrcr, Ph.D., Plant Physiologist, Veterinary 
Research Laboratory, V ryburg. 

THE present study represents part of an investigation into the physio
logical behaviour of plants under the hot arid conditions of Bechuana
land; more particularly into the causes of " grass wilting." Later 
papers will deal with the biochemical changes involved. in the 
metabolism of wilting plants. 

The phenomenon of wilting of course depends primarily upon 
the " water balance " of the plant Ullder any given climatic and 
edaphic conditions, and the present paper may, therefore, be divided 
into (a) a general description of the Bechuanaland veld and of the 
lo<·al climatic conditions; and (b) a determination of suction force 
and osmotic values for certain grasses and other plants. A determina
tion of the transpiration of selected local grasses, and of other plants 
of the same habitat, appears as a companion paper and may be 
regarded as " Part II " of the present arhcle. · 

Inclusion of direct measurements of the water intake of the 
plants studied was also planned, but the late an·iva'l of the requisite 
apparatus from Eumpe prevented the acquisition of the desired data 
in time for the present report. 

The investigations now recorded were carried out on the Govern
ment farm, Armoedsvlakte, a few miles from Vryburg (formerly 
included in Bechuanalancl, but now within the Cape Province), and 
about 80 miles east of the Kalahari Desert. The plants coming undPr 
observation were taken from the vicinity of laboratory buildings 
ererted for the study of the 'Cattle disease "lamsiekte." Botanical 
identification of plant species was kindly undertaken by the Division 
of Botany, Pretoria. 

CuM \TIC AND EnAPHrc DESCRIPTION oF ARMOEDSVLAKTE. 
Ratinfall.- Vryburg District js characterized by a very irregular. 

localized, seasonal rainfall, varying considerably at different places 
not far removed from one another. The annual p1·ecipitation for the 
last five years, measured at Armoedsvlakte itself, and therefore valirl 
for the investigatiens now recorded, is as follows :-

September, 1919-September, 1920 17.89 inches. 
" 1920 " 1921 21.71 " 
" 1921 " 1922 9.13 " 
" 1922 " 1923 18.29 " 
" 1923 " 1924 13.78 
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The to\\·n of Vryburg itself, about fh-e miles away, has generally 
rather more rain than Armoedsvlakte, and averages 18 inches. This 
amount in itself would allow of " dry farming " but for the fad 
that other factors, to be mentioned presently, render much of it 
Yalueless. 

Season of Rainfall.-The rains occur during the warm season of 
the year, but vary greatly in their r elative distribution over individual 
months. In 1920-21 precipitation occurred at intervals over the whole 
growing period of the g-rasses; from September to November, and 
again from January until the end of April. Such a distribution j_.., 
considered a "good year " in the district, but unfortunately is not 
to be relied upon. In 1923-24, usefui rains fell towards the end of 
October and in November, and again in March, with drought between, 
broken by occasional useless light showers. In April and ~fay sub
stantial precipitation again occurred, but this was; valueless. Coming 
after the long drought and at the time of nocturnal frost, it was too 
late t•o benefit the plants. The year was, therefore, a bad one from 
the point of view of pasture, and the little grass available was further 
reduced by locust invasion . 
. D·,:.>tTiln~Mrm o.f Rain.fall.-It is generally recognized that the 

significance of rain depends upon the nature of the fall. American 
authorities point out that in semi-arid regions a precipitation of less 
than one-tenth of an in ch in one fall is useless, since the extent of 
penetration, and the subsequent surface evaporation, 1leave it without 
influence upon the soil moisture. At Armoedsvbkte a year may be 
dry in spite of moderate total rainfall, since the actual dist.ribution 
so often consists of light showers without effect upon the soil, on the 
one hand, and very heavy downpours for brief periods on the other. 
Real general " soaking rains," which penetrate the so ill, slowly but 
continuously, are rare, and during 1923 and 1924 only occurred 011 

three occasions. The greater part of the total precipitation occurretl 
in short gushes, forming surface pools from which much water was 
lost by subsequent evaporation in a blazing sun, or which drained 
through the shallow soil into crevices in the underlying rocks. 'l'he 
exceptionally low general " relntive humidit~· " of the air also causes 
rapid evaporation after rain. 

Relative Humidity. - In considering this, the data derived from 
wet and dry bulb thermometers may be ignored in favour of readings 
taken with the Assmann psychrometer directly over the plants. From 
August, 1923, to May, 1924, such readings were taken, almost daily, 
at interva'ls of one or t-wo hours. The air over the plants should be 
moister owing to transpiration, and low relative humidity at such 
points therefore be of greater significance. 'l'he psychrometer readings 
were reckoned either directly from the Assmann tables, extended "'·hen 
necessary by using Sprung's formula (Aspiration-Psychrometer 
Tafeln, 1914, S. VIII). From 1st September to 11th November, 
1923, the relative humidity during the clay-time was below 20 per 
cent., more frequently below 16 per cent., and sometimes approached 
even zero. By night it never exceeded 60 per cent. and seldom 
passed 30 per cent. Dew was therefore quite excluded. 

The relatively heavy rains of November effected a temporary 
increase of atmospheric moisture, but even ten days later the diurnal 
humidity had fallen to 30 per cent. (Tab'le I, Appendix) and the 
nocturnal value to the point of irregular dew. In December, day 
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values sank below 20 per cent. and below 10 per cent. on hotter days; 
while the generaJ early morning values (60 per cent.) again precluded 
dew. The few short sudden downpours o£ January effected correspond
ing temporary increases in air moisture, but the general influence 
was not great and no dew was noticable until March. Du:rir•g
Ji'ebruary, rains fell in the neighbourhood although not ove:r the £arm 
itself. As a consequence, the relative humidity over the plants 
fluctuated around 40 per cent., although on many days it did not even 
reach 20 per cent. In March the day-time humidity varied between 
30 per cent. and 60 per cent., with early morning dews and a general 
day-break humidity o£ 92 per cent. By the beginning of Apr-il a 
general diurnal decline to 20 per cent., never exceeding 40 per cent . . 
was recorded; with a dewless early morning average o£ about 60 per 
cent. In the middle o£ the month several davs showed as low a value 
as 2 per cent. A late rain in April increas~d the relative humidity 
for the moment, but after a few days the figure 30 per cent. again 
prevailed. 

In considering these figures it should he emphasized that the 
higher relative humidity o£ early morning only holds for an hour or 
two, and the season 1923-24 can be regarded as very bad from the 
point of view of dew-formation. In the preceding period of January 
to June (1923). dep•:)sition of clew occurred every night upon which 
observations were made; indeed frequently twice-shortly after mid
night and again around 6 a.m. 

Although the Assmann psychrometer was not available during 
this earJi.er period, occasional readings on a J ... amhrecht polymeter 
indoors, gave usually below 30 per cent. rebhve humidit~- during 
the day-time, rising to 50 per cent. after spasmodic rains. 

lnsolation.-Evaporation of rain at Armoedsv'lakte is much 
favoured by intense insolation, as well as by high temperatures and 
strong winds. The insolation is so extreme that in summer the sun
shine cards record about fifteen hours. Cloudy days are so rare that 
over the twenty months of observation recorded in this paper, only one 
single day could be described as without sunshine. The very lack 
of atmospheric moisture of course itself contributes to the intensity 
of insolation. The rainfall, especially in 1923-24, generally occurred 
during the night. 

During the long dry winter the sky may remain for weeks with
out sign of cloud, and the average duration of bright sunshine is 
over ten hours. 

Temperature.-The range o£ temperature over Bechuanaland is 
very wide, notonly for the year. but also for single days. The shade 
extremes for Armoedsvlakte generally range from 20° t o 106° F . or 
- 6.5° to 41° C., although an occasional even wider diYergence may 

occur. 
Observations taken over the actual plants ranged from 15° C. U• 

34° C. £rom January to March, 1923, with a daily amplitude of about 
15° C. In autumn, April to June, the range lay between 0° C. to 
27° C., decreasing gradually from summer to autumn: daily amplitude 
about zoo C. 

In the second hal£ of 1923 and beginning o£ 1924, the tempera
ture was considerably higher than during the previous year. From 
October to January, temperatures up to 38° C. were not uncommon, 
while during the night a lower Emit of 15° C. was seldom reached. 
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Subsequent mouths corresponded more closely to those of the previous 
year, although even in Ap1·il and May a day temperature of 30° C. 
was sometimes reached. 

Further dPtails, particularly in r egard to soil temperatures, are 
given later in considering appropriate experimental protocols. 

Wind.- Fairly strong winds prevail at Armoedsvlakte through
out the year, :md the use of windmills over boreholes provides the 
water ~upply for tbe stock and for farm purposes. August to 
~ ovember is generally the p eriod of most wind. Systematic readings 
of the velocity of the wind have only recently been taken (Cassella 
anemograph), but during March and April, 1924, a record of 240 miles 
per day was frequent, i.e. an average velocity of 10 milei'i per hour, 
or about five yardR a ~Pconrl. 

The wind occurs for the most part during the day-time, while 
the sunshine is most intense, and hence has a powerfully drying 
effect. Frequently, also, it carries dust which tends to block the 
stomata of the leaves. A large proportion of the Armoedsvlakte 
plants possess glandular hairs, and dust adheres to the leaves ver.\· 
easily. 

TnE AlDlOEDSVLAI~TE YELD. 

The geological formation of the Vryburg District consists largely 
of dolomitic limestone, and at Armoedsvlakte the soi'l is so shallow 
that the underlying rock is struck at a depth of anything from a 
few inches to a few feet. Outcrop is frequent, and many parts are 
only covered by a thin layer of silt and dust. Although varying in 
,t ~olour and composition, the main soil characters are low perma.neni 
retentive capacity for water, deficiency in phosphate and humus, and 
richness in lime. Some parts of the farm are completely sanely; 
either reddish-brown and moderately coarse or grey-brown and fine. 
Particularly the latter type shows a peculiar behaviour under varia
tions of water-content, being easily worked when wet, but forming 
a firm crust when dry, offering considerable resistance to shovel c•r 
pick. At a water-content of 1 per cent. to 2 per cent. , reckoned on 
the sampled soil, the crust splits under the spade into pieces which 
can be crushed to small sandy particles. When the moisture-conhmt 
falls still lower (December, 1922, until the rains of January, 1923), 
the soil again disintegrates on the surface, so that plants w:ith super
ficial roots can be easily dug out. 

The water-content of the saturated soil is about 30 per cent., but 
the dry soil does not absorb water easily, and rain water penetrates 
slowly. As soou as water reaches the underlying rock, however, it 
seems to disappear quickly to lower depths. W ater is found all over 
the farm at a depth of about 40 metres, but annual variations in the 
water table were not actually observed. The observed moisture in the 
surface soil was higher in winter than in summer, but this was 
probably due to the influence of temperature and lower evaporation. 

Data showing moisture-content in the soil during a veg'etative 
period are shown in Table l. 

Unfortunately, only occasional determinations were made from 
January to April, 1923, under specific veld conditions. From August, 
1923 to May, 1924, however, regular determinations were made at 
weekly intervals; and at longer intervals throughout the succeeding 
winter months. Since soil moisture depends upon temperature as 
~vell as upon rainfall, both factors are indicated in the table. · The 
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rainfall is given in the form of totals over the periods shown, and 
ihe temperature, in the form of averag·e maximum and average mini
mum readings, for the same periods. 

The soil samples, for moisture determination, were taken about 
100 yards from the laboratory, at a depth of 10 em. below the surface. 
'l'riplicate samples, taken at a distance of about 30 yanls apart, were 
used for each determination. In successive weeks sampling was 
conducted by digging small holes a short distancP away from the 
preceding sampling points. All samples were at once remo1ed to the 
laboratory, a suitable aliquot (usually 1 gm.) rapidly weighed out 
and dried to constant weight at 104° C. The loss in weight was taken 
as moisture, and the average .of the three determinations is indicated 
as percentage in the table. As would be expected. perfect ngreement 
in the triplicate determinations on the unsieYecl soil was rarely 
obtained, the extreme variation being about 0.4 per cent. with low 
water-content to about 2 per cent. with high ''ater-content. In the 
last column of the tahle remarks are included on the state of the veld 
at any given date. The absence of the type of soil particles which 
persistently retain water allows of rapid evaporation after rain, but, 
·on the other ham1, C'll<1bles the plants to utilizP- exi&ting· soil moiRture 
at very low actual percentages. The chemical composition of thet soil 
is not discussed in this paper, but a few analytical data will be found 
in a paper, "Phosphorus in the Live Stock Industry." published in 
the .lo1trnal of the Depart1nent of Agr1'cult1ne, :Nb.Y, 1924 (Theiler, 
Green, and Du Toit). 

'rhe veld of Armoedsvlakte, and of the Vryburg District generally, 
is open, :Aat, and almost without trees. It is a "gTass veld" with a 
number of characteristic hushes, such as Grew£a erma, Sond. , Tarcho 
nantlws campho1·atus, Linn., and various species of Rhus. The accom
panying photograph (1-3) conveys Rome impres~ion of its general 
appearance. 

'\Vhen first observed personally in November, 1922, afte•r a 
rlrought period of about ten months, it looked more like a desert than 
a ranching- country. Elephantorrhiza Burchelhi, Renth., Ca•ssia 
obovata, Collad., Stachys spathulata, Benth., and Salvia ·r1t.r;osn, 
Thumb., were growing sparsely at inte.rvals of a few yards. Every·· 
where in between were dead grass-hLfts: Eragrostis s1tperba, Peyr., 
and Tmgus 1"acem,osus, All.. being- developed here anrl tl1 ere as dwarfed 
forms without proper haulms. T'he veld remaine~1 like this until 
T anuary, 1923, when the first rains of the season fell. It then 
::hanged with great rapidity. A large number of Karroo weeds 
(Giesekia and Limeum) appeared. Grasses developed with incredible 
speed by shooting from the margins of old tufts, but not as new 
individual young plants. A large variety of other plants appeared 
later in the season, but since a complete list is being compiled b~,r 
ano theT investigator there is no n eed to note them all here. For the 
purposes of the present investig-ation, mention need only be made of 
plants actually studied: good representatives of the Armoedsvla.kte 
flora a!'. a whole. 

During the mai11 season of rain in t.bis year (February) the bare 
spaces between the grass tufts became p•::>pulated wit h numerouR 
creepers, p,q]weia ll:v Convolvulaceae :mel Cucurbitaceae. but these·, 
together with Giesekia and Limemn, :lierl down again in March. Af'. 
illustrating-, however, the thinly populated character of the veld, it 
should here be emphasized that, even at the best time of the year, 
bare soil spaces constituted about 80 per cent. of tbe total soil area. 
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After the J amwry and February rains the grasses dominated the 
veld as a whole, but apparently were not so profuse as in previous 
ye~rs. At the time of ripening they teached six feet or more in 
hmght. Among ihe grasses, An~t.h~phora. p11bescens, Nees, pre
dominated. Digi taria eriantha Stend. was also prominent. On the 
li~estone 1·idges Chtysozwgon ser1'ulatus, Trin. , grew more freely; 
w1th Cymbopogon e.xcavatus, Stapf., and Cymbopog(ln plu1·inodis more 
scattered. Themeda triandra, St ack. , appeared surprisingly late, only 
towarrls the eJHl o£ January. F:ingerhuthia afric:ana, Lehm., and 
various species of Eragrostis, Chloris, and Panicum were visible every
where, hut nowhere prominent. Brachiaria Marlothii was widt>
spread, but died down immediatelY after the rains, although Tragv .~ 
Tacemosus, also un annual, remained green much longer. Towards 
autumn Aristida cvn.r;esta R. and S. nominated more and nwre. 

In February most of the grasses flowered , although the subse
quent seerl was found incapable of germmating . Seeds were gathereJ 
as rive in April and May. In :May the haulms became yellow, but the 
leaves remained green unlil i he middle of June, By the end of June 
the grasses wen· drv. 

Later on a fe,..: insignificant showers fell, and duri11g the latter 
half o£ August beautiful clark greO'll grass shoots again appeared, 
!:'Specially Them edp,. Annual grasses. however, ·were not apparent. 
In the beginning 'of September many old haulrus of various species 
(A ristida ·uniplvmis, Erag1·ostis st~perba, D ;gitm·ia , Themeda) became 
green, at least in iheir hasal regionR. This phenomenon was so 
peculiar t11at it is worthy of special comment and further investiga
tion. Two species of A1·istida, uniplumis and stipoides, were specially 
examined and sho,Yed the phenomenon in remarkable fashion. Uni
plvmis, for instance, sho,..·ecl the green colour at the e11d of the winter 
and again after e'l-ery moderate rain. The haulms were often 
yeUowish green up to the spike after rain, but faded down during the 
ensuing weeks of drought; first to the top node, then to the one below, 
and so on until tlw colour finally vanished. ::\I.icroscopical sections, 
('Ut at the time. ~ho,vecl normal chlorophyll g-rains with enclo><ed 
starch. besides tlw large proportion of destroyed cellular material. 
The cells cou1c1 be plasmolysed and derJasmolyr;ecl, and were therefore 
alive. The nnc·leus it.seJ£ was not YisiLle in freehand sections, being 
IJrobably coYererl with chlorophyll granules. 

Towards the end of Septeru ber less green grass could be found 
than in A.ugusi on account of the drought, and only Em,grosti.~ 
wperba was in flower. Th e old haulms became yellow again and 
grass l eaves dried out. } ... t this time some of the g1·asses showed reel 
leaves. In Oci·oher the g-ras~Ps dried out so quicldy that the process 
of withering could scarcely be observed. On 1st November over half 
an inch of rain fell and new green leaves appeared. becoming abun
dant after the rainfall of over two inches in the middle of the month. 
At the same time the old haulms of .4.1-istida uniplumis became gree11 
up to the spike, anrl until the end ·of the month the g-rasses in general 
grew with extraordina1·y rapidity. At the beginning of December, 
however, the· green colour of the Aristida haulms receded, a~d a ~ew 
flays later leaf-,Yilting occurred. On 11th December a locust mvas10n 
occurred and destroyed the veld so completely that very few gTeen 
leaves were again -risible until the end of January, 1924. The 
damage from locusts can perhaps be best illustrated by mentioning· 
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that, after their visit, it took three people several hours to collect 
50 grams of green leaves of a species of grass wanted for analytical 
purposes . 

Th e January rains (Table!) caused a. fresh shooting of the veld, but 
unfortunately th e grasses dried out in February, with the exception of 
Cymbopogon excavatus, Stapf. The March rains brought on new 
leaves and the haulmR developed, but remained short and :flowered by 
the time they reached 1 to 2 feet in height. Some then showed intercalar 
growth and reached a fair height by the end of April, but never 
reached the dimensiom of the P'revious year. In March, also, the 
annual creepers appeared, but in much smaller numbers than in 1923. 
~one of the grasses ordinarily counted upon to supply feed for cattle 
could be regarded as dominant throughout this period. By the end 
(If April \ •hl ;ouq species of Ar·istida, particularlv Ar·i.stida conge~ta, 
were the most prominent. 

During the earlier part oi April the veld was parched, and, 
although the rains later in the month effected rapid improvement, the 
frost of 1st :M:ay intervened before the seeds could become solid and 
ripe. During May, probably on aceount of the frequent fi'Osts, the 
haulms and leaves rapidly turned yellow and the plants showed only 
unripe seeds. By the beginning of June no green leaves could he 
found on any of the grasses except Themeda. . 

The most striking feature of the veld throughout the whole season 
>vas the complete absence of young plants. Indeed, over two years 
of observation young perennial grass-plants were never seen except 
for a few Pogonarthria falcata Rendl. in April, 1923. The roots of 
even these plants, however, had apparently not developed frost
resistance, since they were not observed in 1924. 

During the period of repeated withering and recovery of the 
grasses quite a large number of other veld plants grew normally 
under the same veld eonditions. The question therefore ar ises : vVhat 
factors cause the wilting of the grasses and prevention of withering 
of the other plants? 

Wilting.-First of all the phenomenon of wilting may be 
consideren in some detail. The description of the veld, already given, 
best illustrates the influence of the irregular rainfall. In the 
beginning of 1923 the normal " rainy season " was interrupted by hot 
sunny days, on which the grass opened early, but wilted by 8 a.m. 
during January and by noon later in the season. In the course of 
the evening it recovered again, without suffering permanent wither
ing. At the end of 1923, and in February, 1924, however, permanent 
wilting occurred and the factors which control temporary wilting· 
could therefore not be studied. Under t be extreme conditions 
producing " permanent wilting " the grasses withered so quickly 
that drooping could scarcely be observed. Desi~cation occurred 
during rolling, the leaves did not unroll again, and in a few days 
were completely dried out. Under the less extreme condit~ons of the 
preceding year, the process of " temporary wilting " could bP more 
closely observed. In the early nwrning the grass leaves were bright 
green and open. Between 8 a.m. and 11 a.m., according to tempera
ture, relative humidity, and conditions of soil moisture, the leaves 
began to fold, curl, and wither. As first sign of wilting, Digitaria, 
Anthephora, and Chrysopogon showed a " drooping, " not clearly 
shown by other grasses, probably on account of a different disposition 
of the sclerenchyme tissue. The final shape of the wilted leaves is 
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quite specific. Dtg·ttaria curls, Eragrostis supe1'ba first folds then 
rolls, while A1·istida uniplttmis, EmgTOstis le.hmaniana, and A1·istida 
congesta roll up very rapidly. · Oymbopogon plurinodis and Themeda 
show a simple folding, and with the latter only the completely dry 
leaves are curled. Chr·ysopogon also shows a shrinking in certain 
parts of the folded leaf resulting in serrated or rake-like edges. 

During wilting the grass leaves lose their fresh colour and become 
grey green. During the evening, or night, recovery follows if the 
process has not gone too far, and the controlling factors of temperature 
and moisture are sufficiently favourable. The influence of these 
factors may be best illustrated by specific example. In January, 
1923, when grass leaves appeared after the first rains, a subsequent 
wilting was observed as early as 8 a.m. and the ensuing recovery was 
only marked for a few hours late at night. At this time the soil 
was exceedingly dry, the temperature high, and atmospheric moisture 
low. The following month soil moisture was higher, temperature 
lower, and wilting less frequent. The leaves then only withered 
towards noon and by late evening were quite fresh again. After 
11th March, 1923, little wilting was recorded, the last occurring 
at a soil moisture-content of about 0.5 per cent. In the following 
much hotter summer of 1924, however, wilting frequently occurred 
at soil moisture mucl:i: above this, and comparison of the data given 
in Table I shows that temperature and atmospheric humidity play an 
important part. Apparently the moisture-content of the soil at 
which wilting occurs varies directly with temperature and inversely 
with relative humidity; the higher the air temperature, and the lower 
the air moisture, the higher may be the soil moisture which still 
allows of withering. The quantitative relationships between these 
factors in the season 1923-24 are brought out in the appendix tables 
and require no further comment. 

The difference between " temporary " and " permanent " 
wilting is, of course, not a fundamental one, and a continuance' of 
conditions occasioning the former leads inevitably to the latter. The 
difference between the two processes actually observed in 1923 and 
1924 was largely a matter of rate, the water loss in the summer of the 
latter year being much faster than in the former. In regard to the 
actual loss of water which the grasses can stand before wilting occurs, 
it may be mentioned that, from a large number of data secured in 
connexion with another portion of the investigation into veld 
conditions, a loss of 20 per cent. of the fresh weight of the leaves need 
not be accompanied by any sign of withering. Even in temporary 
wilting, from which recovery follows during the night, a water-loss 
equivalent of 50 per cent. of the fresh weight may take place daily. 
These figures are interesting in comparison with those of Knight 
(1922, S. 377),_ in which drooping is recorded on European plants at 
a water loss of 2 per cent. 

Comparison of the Grasses with Othe1' Plants.--In comparison 
with the behaviour of the grasses a few comparative observations 
upon other plants of the same area are of interest. Different plants 
are of course adapted to resist drought by different means, and the 
mechanism involved may he anatomical, or physiological, or both. 
'fhe flora of the Vryburg District provides an interesting illustration 
Qf the various methods adopted by nature to guard against desiccation 
and some of these may next be considered :-
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Root System.-Amongst the A.rmoedsvlakte flora a tremendous 
development of water storing root system is common, and this may 
take i.he form of su.bterranean stem as in Elephantorrhiza Bwrchenii, 
Benth., and M enadora af1'icana, Hook; or simply the form of a large 
rhizome as in Cassia abo'l:ata, Collad. These big roots develop 
horizontally since vertical penetration is soon limited by the solid 
rock beneath the shallow soil. Some individual bushes may have 
deeper roots passing down clefts in the underlying rock, but 
opportunity for observing these was limited, and in any case it is 
the lateral root growth which is oharacteristio. A. larQ'e number of 
monocotyledons, but also several dicotyledons (Euphorbia, Convolvul
aceae, .c\..sclepiadaceae, for instance), show big bulbs or tubers which 
serve for water storage. Most of these plants are in evidence in 
8pring, or towards winter when the veld as a whole becomes dry. 

Succ11lence.-It is a peculiar fact that succulent plants are rare 
on Armoedsvlakte, the only ones observed being three spei3ies of 
Mesemb1'yanthemum, a Portulaca, and a Gnaph.aliwrn. The two latter 
are leaf-succulents, the former stem and leaf succulents. 

Leaf Size.-More frequent than succulence is diminution in size 
of leaf, which in some cases goes to complete reduction. A large 
number of Compositae show this behaviour, amongst which may be 
mentioned !Volletia ciliaris, Steetz, Felicia fascicularts, D.C., several 
Helichrysum, Pentzia. Of other plants may be cited Polygala rari
folia, H ermbsbaedtia elegans, ,9emon~:llea fenestrata, and various 
Oldenlandia. Completely without leaves are Pitu1'anthos BUTchellii 
B. and H., a Thesium, and Arth1·osolen gymnostachya. C. A. Mey. 
Except in the rainy season, big leaves are never found. 

Leaf Epide1'm·is.-Special formation ·of the leaf epidermis is 
characteristic of many A.rmoedsvlakte plants:-

(a) Stomata. Some of the plants show an unusually small 
number of stomata, and the stomata themselves may be 
very small, e.g. Elephantorrhiza and various A maJ'antaceae. 
Generally speaking, however, this protective device i s much 
les!'i frequent than might have been anticipated. 

(b) Cuticle. A. thick cuticle is common on monocotyledons and 
dicotyledons such as Rhus and G1'ewia. An epidermis 
several layers thick is shown by several monocotyledons, 
e.g. Dipcadi. 

(c) Hairs. A. thick covering of hairs i8 characteristic of several 
species o£ Helichrysum,; also of Stachys spathulata Burch., 
various Convolvulaceae, Melhania Rehmanni, Szysz. It is 
noteworthy that many plants are only covered with hairs 
when young, becoming smooth again as they grow older, 
e.g. lndt_gofera hololeuca, Vernonia ltmussii, Sch. Bip. 
It is also noteworthy that glandular hairs are very common 
in the vegetation of A.rmoedsvlakte, but it is difficult to 
say whether this fact is of any significance in regard to 
protection against excessive transpiration (cf. Marloth). 

The corresponding leading features of the grasses may be briefly 
summarized. The grasses in general have exceedingly small roots 
which are devoid of hairs, except in ·the rainy season. Some grass 
roots, however, have the cortex tissue developed in a peculiar way as a 
cover which can be btripped off round the central cylinder, e.g. 
Eragro.stts supe1'ba, Pogonathria, A.ristida unipl-umis (Photo 4). 
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During drought this cover is shrivelled, but after rain it swells up like 
a sponge. It has not yet been studied from the anatomical point of 
view, but macroscopically it is an interesting structu.re. Apart from 
their unbranched suction roots, all the grasses have branched fixation 
roots, Q:ften corky. The leaves of all the grasses investigated were 
found very similar, being formed on the "wreath type " of Haber
landt (1918, p . 264). All show much sclerenchyme tissue, and all 
show numerous hlunt pap-illi on their surface. }lany leaves (e.g. 
Digitaria, Sporobolus, ;rhemeda) show numenous hairs when young, 
which, however, are reduced to the region of the ligula when. old. 
The stomata are generally numerous and nearly always (excepting 
Chrysopogon) on hoth sides of the leaf. They are indeed often more 
numerous on the under side, a disadvantage when the lower surface is 
exposed to the sun by folding of the leaf. The stomata themselves are 
large and arranged in long rows over the green tissue of the leaf. Tlie 
distribution is very surprising in view of the fact that grasses of dry 
habitat have frequently no stomata on the under surface of the leaf 
at all (V olkens, 1887, p. 63) . It would therefore seem that the grasses 
of Vryburg are not specially adapted to the climate, and although a 
special study of their anatomy might reveal much more of interest in 
various connexions, such investigation is beyond the scope of the 
present work. 

Behaviour of Plants othm· tha.n Grasses.-From the anatomical 
sketch just given it is apparelllt that most of the plants other than 
grasses are protected against wilting by various morphological 
features. Indeed, a wilted perennial has not been observed in the 
open veld, although of course all the plants whose growth is confined 
to the rainy season naturally wither quickly in a blazing sun. The only 
other plant which beh'·aYed at all like the grasses was Altemanthera 
Achyrantha R. Br., growing in a garden. This withered in February, 
1924, from 10 a.m. to 4 p.m., but was fresh in the evenings and 
mornings, and although subject to temporary wilting was therefore 
much more resistant than the associated grasses which wilted per
manently at the same period. The plate on p. 673 show;s a photograph 
of this plant (Photos 5 and 6). 

Another phenomenon, however, which was very common is the 
protecti-re position taken up by the plants ag-ainst excessive insolation 
and ex_aggerated transpiration. This protective device' of the leaves 
was shown !lOtahly by Leguminosae, but also by a large number of 
other plants. Amongst the Leg-uminosae were regularly observed : 
Elephantorrhiza BuPchell.ii * Benth., Cassia obovata * Collad ., Rhyn
chosia con/usa,* Burtt-Davy, I rn.digofera 'cryptanthJa * Benth, Acacia 
horrida~' Willd. Amongst other plants, Commelina Livingstonei* 
C.B.CL, C. africana* Linn., He1'mbstaedtia. elegans :Moq., Limeum 
viscorum, Fenzl., L. africanum, Gieselcia ]Jharnaceoides, Linn., Oxalis 
convea:ula, * Tribulus terrestris * Linn., one of the Euphorbiaceae, 
Grewia cana * &ond., Hermannia brachypetala * Harv., occasionally 
also H ermannia W oodd1:·i . * Salvia rugosa Tun b., Aptos-imum elon
gatu.m Engl., Sesam1.tm capense * Barm., Geige7'ia obtusifolia, and 
sometimes certain Compositae with small leaves. 

The asterisked species showed typical leaf movement8; the 
remainder only indistinct movements. 

Amongst 'plants which were regularly observed, but in which 
no leaf movement at all could be detected, may be mentioned: 
all Li.liaceae, Iridaceae and Amarylli'daceae: O:tJjgonum alatum, 
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which has very few leaves; an d m,aranthus spec1es and 
Aerva le·ucura Moq., which grow in the rainy season; CleO?ne 
rubellt7, Burch. (rainy season), T!ahlia capens·is '' Thunb. (the whole 
year), 1vlonson·ia bifl.ora D.C. (rainy season), Poly,qala (very small 
leaves), a species of Rhus with vertieal leaves, Zisyphus zeyheriana, 
Sand. (winter resistant), all M.alvaceae (rainy season only), Be1'gia 
decu-rnbens Planch. (very small leaves), many Con·uol·uulaceae (some 
confined to the rainy season and some flourishing all the' year through, 
but then thickly eovered with hairs; Bouchea p1:nnatijida * Schauer 
(whole year), Stachys spathulata Burch. (whole year, snowy hairs), 
Solanum supinrum "' Duval (October to March), various StttMa 
with very small leaves, Walafrida densiflom Rolfe (small leaves), 
Oldenlandia stricta K. Schum (small leaves); all Cucurbitaceme (rainy 
seus,:>n); a species of W ahlenberg1:a (rainy season, small leaves), Ver
nonia i~:raussii Sch. Bip. (young fmms densely hairy, leaves pressed 
towards stem), Felic1:a fascicwlan:s, D.C. (very small leaves), Nidorella 
resedaefolia, D.C., various species of Helichrysum (woolly hairs in 
spring), EzJa-ltes gariepina, Steetz (vertieal leaves), Ge·igeri.a paSseri
noides Harv. (very small leaves), SchkuhPia lJonariensis H. and A. 
(very small leaves), Gazania longifolia (white hairs on the under side 
of leaves). 

The asterisked species seem to han, neither a morphological 
adaptation nor protective position to explain the fact that they do not 
\Yilt. They always appear fresh green, eYen in the driest soil and 
hottest sunshine. 

The movements of the leaves are of course different in the various 
plant families, and only 1n the· case of the L<~guminosae can they be 
regarded as uniform. The various types of movement may be briefly 
indicated as follows :-

CommeZina.- Observed species fold their leaves to a greater or 
less degree during the hot period of the day, but the leaf margins 
seldom touch one another. C. africana folds sooner and more 
extensively than C. Livingstonei. 

Giesekia pharnaceoides.-In the young stage the leaves show 
a typical rolling into ball form. 1'his position was only noticed 
during droug·ht just before rain in January. 1923. The red 
underside of the leaves was then exposed to tl1e sun but the 
surface was very much reduced by the rolling. After the rains the 
plant unrolled, the red colour disappeared, and the leaves remained 
open until the plant finally died down. In 1924 the plant only came 
up after the rains and the drought position of its leaves was therefore 
never visible. 

O.xalis conve.xula.-Forms a blunt pyramid during the hottest 
time of day by folding o:f its three leaf-portions. A special 
night position was not observed. 'l'he pyramidal position was only 
observed in 1923,, since in 1924 the plant only appeared after the 
rains. An intermediate position, however, which apparently precedes 
the pyramid form and in which the leaf parts are placed vertically, 
was noted both in 1923 and 1924. 

Tribulus terrestris.-In the hot period of day :folds its leaves 
along the midrib, whicli is held more or less vertically; illustrated in 
Photos 7 and 8. 

Grewia cana.-The leaves are open and horizontal in the 
mornings and evenings. During the hotter period of the day they are 



630 

folded along the midrib or held more or less vertically. 'l'he changes 
are only noticeable on young leaves. In times of great drought the 
leaves are cast off. 

H e1·mannia bmchypetala.-In the early morning and at night 
the leaves are spread out horizontally. According to drought and 
temperature, tl1e leaYes, during the course of the day, tilt up at a 
ym·ia hle angle, the Yertical position being assumed under extreme 
conditions . Young leaves react more readily than old ones, and may 
also fold. Frequently the voung leaves are vertical while old leaves 
are inclined at an angle of "50 degrees to the soil, or even completely 
spre~d out. H er11wnnia woodii behaves in similar fashion. Photos 9 
and 10 shows the two positions of H. lFrachypetala. 

Salvia ntgosa.-In this case the behaviour is due to water trans
location rather than to active movement. In time of drought the 
lower leaves droop and their water is transferred to the younger upper 
turgescent leaves. During the night the older leaves regain more 
water through the roots and in the early morning they are again 
spread out. 

Sesa1num capense .-'l'his only shows leaf movement in the young 
state. In the morning, or after rain, the ]eaves are spread horizon
tally, but during the day at times of drought they either drop down 
or rise up so as to strike a sharp angle with the stem. 

Leguminoi!';ae.-'l'he movements of this group have often been 
clesnibed already (Literature : Benecke and J ost, 1923, pp. 369-371), 
but since the climatic conditions of Bechuanaland are different to 
those under which Indian and American observations have been 
made, it is of interest to record a few local observations. In some 
cases (Ha berlandt, 1910, p. 111) the folding of leaves of Leguminosae 
has even been regarded as due to high rainfall, but in Bechuanaland 
8uch an explanation is natnrally out of the question. 

'rhe movement sho"·n by Rhynchosia confu.sa is relatively simple. 
In the early morning, and at night, the three leaf-portions are spread 
out, but. with increasing temperature and drought they strike a steadily 
increasing angle to the soil, and in extreme cases incline together 
as a pyramid. 'rhis type o£ movement was observed in J a.nuary and 
October, 1923, and during- the fir8t two months of 1924 (Photos 11 and 
12). The movements of Cassia are more varied. Apart from the 
infrequent horizontal P':)Sition, all transitional stages up to the 
completely closed lea£ are found, according to the severity of drought 
(Photos 13, 14, 15). From September, 1923, to February, 1924. t.LP 
eompletely closed position was the rule for Cassia, except after rains. 
Aftf'r )fareh it waR ran' . 'l'he movements may be considered to he of 
hyg1·ollastic rather than photonastic nature, since in 1923 Cassia 
retained its leaves oiJen. eYen in the strongest sunllghi:. RO long ns 
the soil was sufficiently moisi-; and only closed them as the soil dried 
out. Apart from leaf moYements of the day-time, Cassia also shows 
a characteristic night position; closes its leaves completely in the 
d.:uk and only reopens after sunrise (Photo 15). In bright mQonlight, 
however, the leaves do not close completely, and partial closing occurs 
under a dark sky before rains or before a thunderstorm even if the 
sky is not dark. 'l'lie l ea£ position is then much the same as under 
drought and strong light, but is more uniformly adopted. The 
diurnal course of leaf mo.vement during a period of drought is 
interesting. The " profile position '' of night changes, from sunrise 
to about 7.30 a.m., over into the fully open position; hut the leaves 
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only retain this position for a few minutes before the closing· agam 
commences, the closed position of day-time being then completed in 
a.bout tw,o hours' time. Before sumet the leaves again open in a 
short space of twenty minutes, and after sunset ag·ain close in about 
three minutes. Some of these movements were so rapid that for 
some months photographing was impossible, and good pictures were 
on.ly obtained when the daily closing was delayed by subsequent 
ra1ns. 

Elephmnto·rrhiza B·urchellii behaves in much the same way. In 
time of drought the leaves close before 8 a.m. and are completely 
shut by 10 a.m. 'rhe leaves of various individual plants then behave 
differently. Some content themselves with the closed position; others 
take up a meridian position over noon, the single leaves approaching 
&o closely that the west-east dimensions are only 2 em. as against 
25 em. for the south-north. 'rowards evening the leaves again open, 
and then quickly after sunset pass over into the usual completely 
closed night position. A meridian position was never observed at 
night (Photos 16, 17, and 18). 

With Elephantorrhiza the leaf stalks as well as the leaf segments 
are capable o£ movement. During extreme drought complete opening 
of the leaves was rarely observed; and in tlie evening the day positi•on 
may pass directly over into the night position without intermediate 
opening, although the converse was never noted in the morning. 

Indigo/em crypthantha may also be specially mentioned, because 
in taking up the night position its leaves move towards the under 
side, although complete closing in this direction has never been 
observed. In the early morning the leaf is outspread, but the leaflets 
soon begin to approach one another towards either the upper or under 
side, often folding in the process. Only the youngest leaves have 
been observed to close completely; for the rf'st the angle o£ inclination 
ranged from a minimum of 30 degrees upwards. 

The daily leaf movements described here depend primarily upon 
the prevailing degree o£ drought and generally run parallel with the 
wilting behaviour of the grasses. At a perioa when the grasses wilt 
in the early morlling, plants such ns Elephanto1"1'hiza olose their 
leaves at an early hour. The night vositions o£ both Cass,ia and 
Elephantorrhiza, however, are of a photonastic nature. Th'e closing 
movements of the Leguminosae during rlay-time on the other hand, and 
probably also the movements of other plani s, are of an hydronastic 
nature . If the soil is sufficiently moist and the nir not too dry, no 
movements occur. They are i11 any case protective devices 
ag·ainst excessive transpiration (c.f. companion paper o£ transpira
tiOn). 

DETERMINATION OF SucTION FoRcE :\N:D OsMOTIC DATA. 

In determining suction force and osmotic values of selected 
Bechuanaland (Armoedsvlakte) plants, the methods and terminology 
of Ursprung- were adopted (1916, pp. 525-539; 1920, pp. 193-216: 
1923, pp. 338-343), as sinoe cited in "P:flam:enphysiologie" by ·w. 
Benecke and L. J1ost, Vol. I, pp. 57-58, 1924. Since thesa methods 
are not yet recorded in the generality o£ textbooks, they may be 
<lescribed here. In all there are three. 

Method l.-1916, p. 530. As Ursprung expresses it:-" The 
suction force o£ a living cell is the resultant o£ all the forces operating 
on the inflow and outflow o£ water. As regards inflow, must be 
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comiuered the osmotic suction of the contents, together ·with all 
external distorting strains tending to increase the cell volume. As 
regards outflow, must be COJlsidered the tension of the elastic wall 
and all external pressures tending to decrease the cell volume. The 
central pressure may be neglected, and disregarding external forces 
the suction force of th e cell may be taken as the suction force of its 
contents minus the wGll pressure. The first method of measurement 
consists in determining th e resultant by estimating the components. 
The suction force of the contents may be obtained from their osmotic 
value at constant cell volume, and the tables of :Morse, or Berkeley 
and Hartley. This osmotic value may be measured by observing 
incipient plasmolysis with cane sugar, noting the cell volume in the 
normal state and at the point of plasmolysing. 'l'he wall pressure <1t 
11onnal pressure may be reckoned from the wall pressure under water 
f'aturation, when it is the san1e as the osmotic value (since equilibrium 
prevails), and the wall pressure at incipient plasmolysis when it is 
zero." 

In personal investigations spherical, cylindical, or prismatic 
cells were always used. 'rhe thickness of the .:;ell, i.e. the dimension 
in the direction of the microscop_e axis, was measured by means of a 
HJ:icrometer screw, the observed value being multiplied by the 
refractive index of the liquid used or the liquid introduced between 
lens and coverglass to obviate multiplication. The transverse section 
of the cell was drawn with the Abbe apparatus and measured with 
a Conraui planimeter. Normal cell volume was determined in paraf
fi.Hum liqui.dmn. 'rhe observational fluid was changed :as required , by 
immersing the sections in fresh liquid in small flasks, since this 
r.llowed better rinsing of tile sedion than can be ae;complished by 
irrigating the slide, although it has the disadvantage that often the 
particular cell is lost and cannot be found again in spite ·of marking 
or counting. For plasmolysis, cane sugar was used, the corresponding 
osmotic ....-alues being· obtainrd from Ursprung's ta'f?les (1916, p. 253: 
1923, p. 368); or for higher values from a table Professor Ursprung 
calculated for me. 'rhe \\all pressure wa:;: calculated on Ursprung's 
assumption that increase of volume and wall pressure are proportional 
in the various fluids used. 

A practical example will make the application of the method 
clear:-

Eragrostis superua, 2nd January, 1923, 6 a.m. Incipient 
plasmolysis noted in prelim.inary experiment at 0.6 molar cane sugar. 
Palisade cells cut under liquid paraffin, observed and drawn. Area 
found to be 57, thickness 6.6, and hence volume 376.2, expressed in 
arbitrary units depending upon the magnification. Measured in 
distilled water (with water immersion of lens to avoid use of refracti....-e 
indices), thickness unchanged, area 82, and cell volume 662.2. Section 
now measured in 0.6 molar cane sugar solution; thickness unchanged, 
area 50.0, cell volume 300.0. Osmotic value at incipient plasmolysis 
equivalent to 0.6 molar cane sugar; in water is therefore 0.6 : x = 
662 : 330, i.e . 0.299 mol.; itt liquid paraffin 0.6 : x = 376.2 : 330, 
i.e. 0.526 mol. Taking the wall pressure in water as 0.299 mol., the 
volume at incipient plasmolysis as unity, and reckoning on percentage 
basis, the ·wall pressure in liquid paraffin bee;omes 0.299 : x = 100: 
13, i.e. 0.04 mol. cane sugar . Neglecting external -pressures, the 
suction force is therefore 0.52 minus 0.04, i.e. 0.48 mol. cane sugar. 
or 13.66 atmosphm·es. 
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'rhis method was used for the first 50 determinations carried out, 
but it offers considerable practical difficulties in volume measurement 
and, on the advice of Professor Ursprung, it was therefore abandoned. 

Lvlethod II.-In its place was substituted the second method 
(1916, p. 537) in which the treatment with water falls away, and the 
relationship between wall pressure and cell volume is disregarded. 
Instead of the volume i tself, change of volume is noted, and a sug·ar 
concentration found in which the cell does not alter. The section is 
cut as in the preceding method and the cell measured in liquid 
paraffin by micrometer screw, Abbe drawing apparatus, and Conradi 
planimeter. By the method of trial and error two concentrations of 
cane sugar are tllen ascertained, one o£ which effects slight increase 
in cell volume and the other slight decrease. Greater accuracy is 
obtained by taking further sugar solutions of intermediate concentra
tion, fresh sections being of course necessary for each observation. 
Calculation is then made directly from the final sugar solution !n 
which no appreciable volume change occurred. Comparison of this 
method with the preceding· one showed substantially the same values 
for both. Since in the first method the sections have to be in the water 
and cane sugar solutions for two hours to ensure constant volume 
before measurement, the second method is much preferable when 
several observations have to be made daily. It was therefore used 
in all subsequent determinations on grasses. 

Method III.~A letter was subsequently received from Professor 
Ursprung in which a third method was rlescribed as giving good 
results so long as values are only required for purposes of general 
(')rieutation. In this the general principle is the same as in the second 
method, but instead of considering a single cell, a piece of tissue, or 
cell complex, is measured. It has the advantage that it can be used 
directly in the field, although in the present investigations, determina
tions were actually executed in the laboratory owing to the ease with 
which the required plants could be secured in the immediate vicinity. 
~~ brief description is of interest. although the method has now been 
published (1923, pp. 338-343). A fair number of sections is eut 
under liquid paraffin and measured with the aid of an ocular micro
meter graduated against a standard stage micrometer. Suitable 
sin&'le sections are then transferred to various cane-sugar solutions 
of .Known concentration and the volume change of each noted. A 
series of sections is thus obtained in which the volume is gTeater, and 
another series in which it is le&s, than in liquid paraffin. By then 
utilizing intermediate concentrations of sugar, the point at which no 
volume change occurs is readily determined. Sine~ the method i:. 
onl~v fc:r orientation purposes the test solutions of eane sug·:H were 
made up a t intervals of 0.05 molar, instead of the 0.02 n1olar used 
in the two previous methods. The proeess is of special value 'rhen 
the plant-physiological investigations are of a geographical character, 
and a large number of determinations have to be carried out on the 
spot. v\Tithout this method it would not have been possible to make 
all the observations recorded in this article, "mel special acknowledg
ment is t herefore made to Professor Ursprung :for his private com
munication in advance of nublication. 

This third method wa:'S chiefly used to estimate suction force in 
material other than grass leaves, and in fruits and roots. For finer 
deterl)linations, especially for small c:hanges such as the increase i.n 
suction force from bundles to palisade cells, it cannot be used, since it 
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only gives the average value of a cell complex. In such cases recourse 
has to be taken to the previous method. In the following pages 
reference is sometimes made to work published before U rsprung, but 
wherever possible earlier data are expressed in his later terminology. 

The Plant Mate1·ial.-A.ll the plants investigated were obtained in 
thP vicinity of the Armoedsvlakte laboratory buildings, so that no 
damage occurmd during transport m liquid paraffin. The main data 
concerned grasses, and Eragrostis superba was taken as oomparative 
standanl, regular we·ek}y. observatiom; being conducted upon it right 
throughout the wgetative periods from December, 1922, un t il 
January. 1924. For Tragus racemosus weekly observations were also 
made until June, 1923, but during 1923-24 this grass was so scarce 
that the more resistant Themeda t7)_and1·a was substituted as second 
standard. On Anthephora pubescens and Digitaria erionth'a deter
minations were carried out !1t intervals of three to four weeks until 
the end of 1923, at which time no green leaves of these species could 
he obtained. At irregular [ntervals, but sufficiently frequent to :tllow 
of construction of annual curves, Cynodon dar,tylon, Pers., Panicum 
helopus, Trin., and Sporobolus fimbriatus. Nees., were examined. 
Occasional determinations were also made upon Erag1·ostis lehman
niana, Nees., Aristida unirJlu111is , Licht., Chlon s petraea, Thunb., and 
Tu1gus lcoelerioides, Hsch. 

With the exception of Cynodon dJaatylon and a few sections of 
Digitaria er•:antha, determinations were carried out upon transverse 
sections of leaves. \Vith Cynodon, haulms were used, since the lea£ 
was found very difficult to cut. For most of the Gramineae, roots, 
sectioned in the absorpti9n zone. were investigated at the same time 
as leaves throughout the summer 1923-24. 

0£ other pl:mts, leaf sections were investigated of the follow
Ing: -

CoMMELINACEAE : 

LILIACEAE: 

I RID.\(;EAE : 

AMARANTACF.AE : 

PnYTOLACCACEAE : 

PoitTULACACE.\E : 

AIZOACEAE: 

CRUCIFERAE : 
CAPPARIDACEAE: 

SAXIFRAGACEAE: 

LEGUMINOSAE: 

OxALIDACEAE : 

EUPHORBIACEAE: 

A.NACARDIACEAE : 

Com mel ina africana Linn., ancl C. T/ivin.qstonei 
V.B.Cl. 

A nthe1·icum spec., U 1·gineo ?'·igidi/olia, Scilla 
spec. 

Ll1 o1·ea spec., Gladiolus nova spec. 
H ennbstaedt1'a elegans, Moq ., AP1'Va leucura, 

Moq., Alternanthera Achyranthrr R.Br. 
Limeum viscosum Fenzl. and L. a/1'1·canurn, 

Giesekia pharnaceoides Linn. 
Portulaca spec. 
-'1!esembryanthemun1 Lesliei U.E.Br., Mesem

bryanthemum nni.dens Harv., M esembryan
them?tm spec. 

S1:sy?nb1·ium spec. 
('leome 1'1tbello Burell. 
Vahlia capensis Thunb. 
Elephantorrhiza B11rchellii Benth., Cassia olw

vnta Collad., Listia hete1·ophylla E. Mey. , 
Tephrosia capensis Pers., Rhynchos:a 
confusa Burtt-DaYy. Acacia horrida Willd. 

Oxalis convexda. 
Euphorbia san guinea Hoehst., Phyllantus mader

aspatensis Linn. 
Rhus spec. 



RHAMNACEAE : 
TiiLIACEAE : 
MALVACEAE: 

STERCULIACEAE : 

MYRTACEAE: 
CoNvoL vuLACEAE : 
VERBENACEAE: 
LABIATAE: 
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Zisyphus zeyheriana Sond. 
Grewia camL Sond. 

Hibismts trionum Linn .. Hibiscus atromarf!ri
natus E. & Z. 

H e1·mannia filipes Harv., H. brachypetala Harv., 
H. coccocarpa K. Schum .. H. linnaeoides, 
H. spec. Nat. Herb. 2765, Melania Reh-
mlanni Szysz. 

Eucalyptu;s spec. 
lpomaea spec. 
Bouchea pinnatifida Schauer. 
Salvia rugosa Thunb., Stachys spathulata 

Burch., Aero tome inflata Benth. 
SoLANACEAE : Solanum supinum Dunal. 
ScROPHULARIACEAE: A.ptosimum depressum Burch., Sutera aurantiaca 

Hiern., Swtera atropurpU?·ea Hiern., Sutera 
cae1'U~ea Hi ern.' vVala/rida densiflora 

PEDALIACEAE : 
RDBIACEAE: 
CucuRBITACEAE : 

CoMrosr.rAE: 

1'he bulb of 
vestigated. 

Rolfe. 
Se.~amum. capense Burm. 
Oldenlandia stricta K. Schum. 
Citrullus vulgaris Schrad .. Cv.cumS:s m,yriocarpus 

N aud., Cu·cumis heptodactylus N aud. 
Vernonia K1·aussii Sch., Bip, Pentzia cana, 

Felicia fascicul{('1·is D.E., Gazania longi
folia, Lactuca spec., Dicoma capensis LeRs., 
Nidrn~ella resedaefolia D. C., Geig, 1·ia obtusi
folia and passerinoides Harv. , N olletia 
ciliaris Steetz. H elichrysum agyrosphaeri
cv.m C., and H. caesp1:titiu1n Sond. 

Gladiolus and the fruit of Cucumis were also in-

In selecting the various plants for investigation the period of 
gl"owth was the deciding; factor. As already mentioned in describing 
the veld, a large number of plants appear only in the rainy season 
and complerte their veg-etative and reproductive life within a few 
weeks, "·bile others grow all the year round except for two winter 
months. 

Results.-A glance at the Tables 2-8 giYen in thP appendix on pp. 
645-62 shows that, both for suction force and osmotic value, the ,-alues 
are subject to wide fluctu::diom for one and the same species. With 
Erag1·ostis superba. for iw;tance, the suction f·orce varies from 1 to 52 
atmospheres. It is further evident that in the early part of 1923 the 
morning figures are not unduly high, the average value being approxi
mately 15 atmospheres. ~ince the grasses were always fresh at the 
time of sampling this ma.,· be looked upon as the "normal value " 

Comparison of the ;lata of 1923 with those of 1924 shows that 
suction force and osmotic values of the latter are far higher than the 
former. .A. general suney ·of all the tables makes it clear that the 
various grasses investig·ated have very similar values at the same time 
of the year. 

Diurrnal and Ann'liAll CUJ•v·es.-The diurnal values were obtained 
by making a first determination early in the morning, generally 
between 5 a.m. and 8 a .m.; a second between noon and 2 p.m.; and 
a third in the evening after sunset, between 6 p.m. and 9.30 p.m. If 
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the three values are compared for the same grass, it 1s apparent that 
in the dry months and on clear days the figures differ very markedly. 
'rhe morning value, for instance, of the suction force in the1 beginning 
of 1923 (Table 4) is often only half that at noon. The evening value 
is generally similar to the morning value, although occasionally it 
may be much higher. At times of rain, however, ·especially in February 
and :March, 1923, and then again in November, the three figures do 
not differ much, and it may even happen that the morning value 
excee-ds the noon value. It is also noticeable that in February and 
:March, 1923, the figures are considerably below the so-called " normal 
values." There is no doubt that the reduced values are direetly due 
to the rain. At this period the soil was approximately half saturated, 
and since it has little capacity for retaining moisture (vide p. 12) ~he 
plant readily absorbs so much water that its cells approach saturatwn 
point. Complete saturation probably never occurs naturally with 
land plants, and indeed Pfeffer (1897, p . 129) indicates a lower limit 
equivalent to 0.1 molar potassium nitrate, or 0.15 molar cane sugar 
( UnCOI'l' . ). 

A feature of special interest in the present determinations .Ls the 
fact that the low values are only reached eight to twelYe hours aftH 
the rainfall. In view of the short distance between the shallow grass 
roots and the relatively low leaves, this time seems unduly long. and 
the transport of water into grass leaves is therefore regarded as very 
slow. In this same connexion the observations on suction force of 
leaves o::>vered with dew (No. 27, 'rable 3) are interesting. If 
examined between 5 a.m. and 6 a.m., immediately after dew fall, 
they showed values much below the usual morning ayerage. 
Apparently the leaves absorbed the de.w directly, without the water 
making the usual detour by the roots. It is surprising, however, that 
such direct absorption does not take place during rainfall. The 
explanation is probably that the rainfall is too violent (p. 620) and 
that the leaves do not retain the drops, whereas the light dew droplets 
can be readily held by the numerous papilli of the lea£ surface. The 
slo-w transport of water is doubtless r-esponsible for the fact that the 
noon values are usually lower than the morninrs values, especially since 
the rains generally fall during the night. In November, 1923, the 
figures for suction force are not so specifically decreased by rain 
(Tables 2 and 4), since all values in the season 1923-24 were higher 
than in the preceding season, and the erffect of rain was rather to 
bring to normal. 

The lower extremes in the recorded data seldom prevailed for 
long, and the evening value·s often exceed the noon values of the 
same day, although a few days later big· differences between morning 
and noon values may again appear. It is quite obvious t.hat gTass 
leaves can lose very large amounts of water by transpiration. The 
very high noon values are not shown by normal freRh-looking leaves, 
but only by leaves which are folded, rolled, or wilted, and they can 
there·£ ore not be called " normal." It is recorded in the literature 
(:Meier, 1916, Ursprung, and Blum, 1916, p. 106) that plants display 
a higher suction force, or at any rate a higher osmotic value, towards 
noon, but the difference rarely exceeds 0.1 molar cane sugar; whereas 
in the' determinations recorded for Armoedsvlakte the differences can 
reach 0.5 molar. One might perhaps be inclined to assume that under 
the influence of the dry climate a flora has develoued in which the 
normal suction force can vary over a wide range, but if this were so 
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othe1· plants should also show the same phenomenon, and eve;J. grasses 
might be expected to go a step further and increase their suction 
force to such an extent that no wilting occurred at all. 

How, then, is the suction force really increased? Is it by simple 
loss of waterr or by production of osmotically active material, such as 
sugar by carbon assimilation or by hydrolysis of preformed starch, or 
is it l>y absorption of salts from the soil? 'rhis last factor obviously 
does not come into practical account since it involves simultaneous 
absorption of water ha-ving· the reverse effect, and hence the former 
factors need only be considered. Since adequate water is a condition 
of carbon assimilation, it is highly imnrobable that lively assimilation 
takes place during wilting, and indeed the experiments o£ Iljin have 
shown that during withering soluble organic matter actually dis
appears. Datails of similar experiments at A.rmoedsvlakte need not 
be discussed at this juncture, but it should be mentioned that the dry 
matter determined in leayes at noon may be 25 perr cent. to 60 per 
cent. highe1· than the dry matter rletermined on o;imilar leaves in the 
early morning, while at the same time the proportion of sugar remains 
below 2 per cent. 'l'he discrepancy between these figures shows that 
the osmotic value and suction force is not clue to the active production 
of soluble organic material, but only to passive loss of water. This 
loss is the direct consequence' of excessive transpiration from the leaves 
and slow water transport from the roots, the latter being further 
n~strict.ed by the small amount of a'ailable moisture in the sooil. The 
factors which increase suction force are therefore only passive and 
external. This fact is also brought out by the determinations (1-50) 
made by Ursprung's original method, in which the wall pressure of 
the cells is calculated. In the very period of drought the ·wall 
pressure is in many cases exceptionally lov;-, and the whole lea£ woulci 
doubtless collapse much sooner if it were not £or the supporting 
sclerenchymatous tissue. vVith an active increase o£ suction force 
and osmotic pressure of cell contents the wall pressure shoulcl l,e 
great. 

I£ the question of dervices to guard against this passive increase 
in suction force be raised, the answer can only be that none are 
apparent. If the grasses had a higher normal suction force or osmotic 
value fr>om the beg-inning, then wilting should not occur so rapidly, 
firstly, because, on physical grounds, less water would be evaporated 
as a consequence of reduced vapour tension and, secondly, because a 
high normal suction force would transport even the scanty soil 
moisture more rapidly into the leaves. 

In regard to annual variations, the· behaviour throughout the year 
(Table 4) is self-evident after the preceding- discussion. In the rainy 
season very low values prevail, which rise with the drier months and 
reach a maximum in times of hottest drought. Towards the end o£ 
1923 (Curve 1-4) high values occur even in the morning, at a time 
when several of the grasses were in a state of permanent wilting. 
The figures for :May and July. 1923, merit special notice, since the 
three daily values are then much the same in spite of the continuous 
dry weather. They are only moderately high and scarcely vary 
throughout a period of two months. This means that from the time 
of ripening until the time o£ dying clown, the suction force and osmotic 
Yalue of the grasses are not changed by loss of water, a £act which is 
in accordance with the observed very low transpiration and Qonsequent 
adequ:J.cy of the scanty soil moisture. 
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For the sake of rapid graphic survey of the main facts, the values 
for Eragrostis superba, and for the other grasses grouped together, are 
plotted in the form of charts, upon which the rainfall is also shown. 
To avoid complicating· the curves too much, only morning and noon 
figures are used <Charts 1-6, pp. 667-668). 

Absolute Values.-As already mentioned, the suction force and 
osmotic pressure of the cells of different grass leaves are very much 
alike when determined at the same time of day in the same period of 
the season. Expressed in absolute units, the highest valne reached 
was 59 atmospheres. About this figure was shown by Anthephora 
pubescens, Cynod,on d(ljctylon, and Digitaria 'eri(mtha (T'ables 2, 7, 10), 
although the " normal values " on fresh leaves of these grasses do not 
differ much from those of other grasses. In regard to the differences 
bert-ween the sea&ons of 1923 and 1924, it is not legitimate to conclude 
that the "normal values" were higher in the latter than in the former, 
since at th~ end of 1923 aud beginning· of 1924 the prevailing drought 
occasioned unduly high values. Indeed, at this time the• grasses were 
at times so poor in water that their dry matter reached the extra
ordinarily high figure of 70 per cent. , and this certainly indicates an 
abnormal state. It therefore follo;,·s that the osmotic value o£ 0.6-0.7 
molar cane sugar, and suction force of 14-17 atmospheres, determined 
for the Bechuanaland grasses in the &o-called " normal " state, is 
really low in relation to the dry rlimate, and that the " aYe·Tage " 
figure for any given period in a series of seasons would be considerably 
higher. Comparative data for other arid climates are not available, 
since grasses haYe rarely been investig-ated, but Fitting has indicated 
in a private communication that he also obtaineil a surprisingly low 
osmotic value in a grass at Biskra, an observation which may account 
for the fact that grasses are so :;carce around Biskra and only repre
sented by dwarf forms. If it were not for the occasional years of 
greater rainfall the grasses of Bechuanaland would probahly also 
disappear in time, to make way for other 1)lants better adavted to the 
drought. 

Grass Roots.-At the commencement of these investigations it 
was considered that the wilting of g:rasses would only occur at a 
definite osmotic value a.nd suction force, but tnis is apparenily not the 
case, t.hough high values may be found both on rolled and on withered 
leaves. The dec.iding- factor is 110"- kno\YH to be t7ve difference 1:n 
values h·:~tween lem;es and 1'0ots . If this is greater than 0.2 molar 
cane sugar. the leaves wilt, assuming, of course, that in practice the 
values for leaf are generally greater than for root. Only when the 
root itself is harmed by the drought, do the leaves wilt at a lower 
difference of suction force . 

In this conne:s:ion it is interesting· to recall the main views 
expressed in the literature concerni11.!r the Rignificance of tlw c•smotic 
values in the two organs. Fitting (1910, s . 223). considering the earlier 
data which had heen obtained almost f':s:ch~f'ively on leaves, supposed 
that the osmotic va'lue of the roots must always be higher than, 
or at least the same as , that o£ the leaves, since otherwise the rods 
would give up their water to the aerial portioiJ.s of the plant, dry cut, 
and wither. Ursprung, basing hi;; vie~Ws upon data derived by his 
new method, comes to exactly the opposite conclusion, and holds that 
a gradual increase in osmotic value and suction force is shown from 
the zone of absorption of the roots, through the stalk and stem, up to 
the leaf. (1919, pp. 577-599.) P>~ssing over details such as t h e leap 
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at the endodermis (1921), it is just this upward graduation in suetion 
force which enables the plant to suppl:..- the leaves with the necessary 
water. 

The investigations recorded in the present paper support the views 
of Ursprung, although the actual gradient observed may often be very 
small. Indeed, in the early morning-, or on rainy days, practically 
no difference could be detected hebn'en leaf and root, hnt tlJis is 
doubtless due to the limitations of the method us~d for the roots (third 
orientation method described earlier). Afterr a continued hot. dry 
~pell, however, the cli:ffeTen~.;e \Hts 1·eac1ily demonstrable. 

The diurnal vmiat·ion in osmotic value in the absorption zone of 
t.he roots is similar to that already described for leaves, except that 
the fluctuations are smaller. The highest value on bright days is 
always at noon, and never only reached in the evening, a::; often ihe 
ease with leaves. It is indeed this fact, that the suction force of the 
roots does not exactly follow the suction force of the lenYes, which 
accounts for wilting if the discrepancy is wide enough . This may not, 
of course, hold for all soils, since a lively transpiration in a moist 
soil could theoretically cause as great •t difference in suction :torce 
as the wilting- gradient of 0.2 molar cane sugar for Armoedsvlakte 
soil, without causing withering. So long us abundant W<1te1· is present 
in the soil, a good root system 11·ith even a small suction force may 
\Tell supply the lea Yes with sufficient water to prevent wilting. Indeed 
the observed difference of 0.2 molar sucrose, between leaf and root, 
which effected wilting in the present investigations, is no greater than 
that observed by Ursprung .and Blum (1919) between root and leaf 
of Hedera helix, and by Ursprung anil Hayoz (1923) between 
mdividual cells of a single le:1f. 

In general the transpiring leaf take.:> up water from the root, 
but since the root at the same time absorbs from the soil, the concen
tration of root cell sap, and the suction force, need suffer no immediate 
change. So long as the root system absorbs in unit time the same 
amount of water a,; is lost by the lea.£ :-;ystem in unit time, equilibrium 
is maintained and the osmotic relationships may remain substantially 
the same. If the leaves transpire wate1· faster than the roots absorb 
it, constitutional water is lost hy the leaf, the osmotic value of its 
cells rises, and its st<ction force is increased. Despite this, however, 
it may not be able to abstract sufficient water from the roots, and two 
courses are then open. It may actively increase its suction force still 
further by hydrolysing preformed starch, or it may suffer passive 
increase of suction force by further evaporation of water: water 
which it cannot replace if the soi l moisture is im~u:fficient, and the loss 
of which will therefore lead to wilting. From the experimental data 
alone, in which only suction force is measured, it is impossible to 
decide whether only one process takes place or whether both play a 
part. In any case, a dehydration of the roots by the leaves, and great 
difficulty in replacement of water by the soil, occurs. Dming the 
hot day the rate of transpiration of the plant exceeds the resources 
of a dry Armoedsvlakte soil, so that the water of constitution of the 
lea£ is not replaced until the evening, when transpiration ceases. 
Under conditions of "temporary wilting" the root then secures 
sufficient water overnight for restoration of its normal suction force; 
indeed secures water more rapidly than it can be transported, since 
its suction force then decreases faster than that of the leaf, and 
attains a normal value sooner. 
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This explanation of the water relationships between root and 
leaf is the simplest one, but in practice it hardly covers all the facts, 
and there is good reason to believe that there is some sort of 
periodicity in the water transport of the plant in nature. 'l'here is 
evidence that after about 4 p.m.- 5 p.m. more water is absorbed by the 
roots, or at least is transported to the leaves. than at noon or in the 
early afternoon. Limitations nf apparatus prevented the cl~aring up 
of this point at the time of the original observations, but further 
experiments are contemplated at a later date. 

'l'he difference of suction force between root and leaf in the 
Bechuanaland grasses in the normal or unwilted state never 
exceeded 0.1 molar sucrose. If it increased to 0.2, or higher, 
withering commenced and passive increase of suction force continued. 
From the observations made it cannot be stated whether a passive 
increase occurs in roots or not. It is possible that for some time the 
initial increase of suction force is an active process, i.e. that hydro
lysis of preformed starch takes place, with subsequent resynthesis. 
On the other hand, the fact that in times of extreme drought (before 
January rains of 1923) the roots are flaccid and without hairs suggests 
a passive process. The roots, however, are much more resistant to 
wilting and lose their water of constitution more slowly. The fact 
that the root more rapidly decreases to its normal value for suction 
force is doubtless due to the fact that it is nearer the source of water. 

In regard to the annual Yariations in the root, they follow that 
of the leaves so closely that further discussion is unnecessary. 

Osmotic Val'ues of Pllants other tha-n Grasses.-As already 
mentioned in the introduction, the plants of A.rmoedsvlakte, other 
than gTasses, may be divided into two main g-roups: those which are 
foun<l all the year round and those which are limited to the rainy 
season. Physiologically these. two groups are definitely characterized 
by difference in suction force and osmotic values. A glance at 
Table 11 shows that members o£ the first group all have the high 
values which might be expected. In the rainy season (March, 1924), 
both suction force ::tnd osmotic value of course decrease, but not so 
markedly as in the case of grasses (cf. February-March, 1923). 
'l'his group stands in contrast to the grasses, since its members were 
never observed to wither. On the other hand, the second group, the life 
of which is confined to thP rainy season, shows a small osmotic value 
and a low Ruction force (Table 11), and during periods of drought 
following rain its members are unable to raise this beyond very naiTOW 
limits; and therefore dry out in a few days. The highest figure 
shown by these plants is only about 0.5 molar sucrose, equivnlent 
tc about 14 atmospheres. This higher limit represents the lower 
limit to which the more durable plants come do·wn during the rainy 
season. Table 11 shows the behaviour so clearly that only the more 
interesting details need be mentioned. Some succulents, a 
Mesembryanthem.um and a Portwlaca, are noteworthy for their 
exceptionally low osmotic values ( cf. Cannon, 1917), and this is in 
harmony with the American obseJ·Yations that succulents in general 
cannnt thriYe in an excessively dry habitat. Fitting (1910, p. 216) 
found the same for Opuntia in the Biskra oasis, but also records other 
succulents (p. 237) which show very much higher osmotic values under 
the same environmental conditions. At Armoedsvlakte an 
occasional succulent of this type may also be found, and in April, 
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1924, another species of lVJ esembryanthemum was observed, which 
~howe~ a suction force much higher than that of any other succulent 
mvesbgated at the same period. 

For EZeplwnt(Yrrh1:za Bu·rchcll:-i sever<tl diurnal obsenations were 
carried out ('l'able 9). The noon value was generally higher than 
the morning or evening value, but the difference was not nearly so 
marked as with grasses; did not exceed 0.2 molar sucrose, and was 
probably due to an active process. The reason for this supposition 
is the £:act that Elephantm'1'hiza ceases transpiration entirely in 
time of drought (cf. transpiration), so that ]t is hardly possiple to 
regard variations of osmotic valuPs as due to passive loss of 
water. It may also be stated that the durable plants of 
Armoedsvlakte have, in contrast to the grasses of the same 
habitat, a high Ruction force and osmotic value, 6oth of which 
are much decreased by rain. 'rhe figures are not so high as those 
recorded by Fitting (1910) for real desert plants. 'l'he differences 
may be partly due to the fact that the rlirect plasmolytic method 
used by him gives higher results than the modified Ursprung method 
utilized in this Armoedsvlakte work, but they must in part also be 
due to the differences in climate and Roil hetween the areas studied, 
:md to the diffen·nce in protective <levires (hairs, giant roots, leaf 
structures) of the various botanical species. 

'l'he highest figures were obtained with Gazania longifolia and 
Rhynchosia confusa, the leaves of which showed osmotic equivalence 
with 1.4 molar sucrose. Not far below this comes a gToup with values 
1.0-1.2, including Cass1:a ()bo·uata, Ve1·nonia Kmwssi·i, Salvia rugosa, 
Stachys spathulatJa, Oldenlandia st1·icta, and H el'?nannia brachy
petala. Two spring plants, a species of Gladiolus and of Morea, gave 
similar values. All the other plants of tlie group lasting all the 
yeaT round, and most of the other spring plants in the noTmal state, 
showed figures equivalent to about 0.9 molar sucrose. It is interesting 
ihat Vahlia capensis and Bouchea pinnatifida are also in the same 
category, although they do not show any special morphological 
protective devices against drought. 

Annuals, and all the plants limited to the rainy season of summer, 
have low values. This corresponds to the observation of Fitting that 
plants of an arid region, which have the opportunity of growing in 
the vicinity of water, show lower osmotic values. In his case the 
plants were annuals growing in erosion valleys; in the case of 
Armoedsvlakte were annuals of the rainy season. 

SUMMARY. 

A description o£ the meteorological, tellurical, and edaphic 
features of a typical farm in the semi-arid region o£ Becliuanaland 
is given, and the osmotic behaviour of the local flora recorded. The 
differences between suction force of grasses and of plants other than 
grasses are re~Q_r:ded in relation to soil moisture, atmospheric 
humidity, rainfall, and insolation. The phenomenon of wilting is 
explained upon the basis of the osmotic gradient between root and 
leaf, withering commencing in most grasses, under the conditions of 
soil and climate investigated, when the difference exceeds 0.2 molar 
sucrose. The local grasses display no morphological mechanism for 
protection against drought and show enormous variations in osmotic 
values. The other plants which survive throughout the year display 
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various protective U.evices of an allatomical and physiological nature, 
and are chm·acterized by high suction force. '!'hose for which the life
cycle is confined to the brie,f rainy season o£ summer show low values 
incapable of much variation. .. 

Quantibtive p1·otocols are compared with figures on European 
plants and with the very scantv data available for arid regions in 
other parts of the wor1<1. · 

LlTERATGlUJ. 

:Aspirations-P~ychrometer Tafeln herausgegeben von preussischen Meteoro
logischen Institut, 2 Alufl. 1914. 

Benecke, W., and Jost, L. Pflanzenphysiologie, 4 Aufl. 1923--24. 
Blackman, V . H. The Wilting Coefficient of the Soil. Journal of Ecology 11, 

pp. 43-50. 1914. 
Briggs, T., and Shantz, H. L. 'f'he RebtiNe Wilting Coefficient for Different 

Plants. Botanical Ga.zette. 1912. pp. 229-235. 
Burgerstein, Alfred. Die Transpiration der Pflanzen. 1904. 1920. 
Cannon, W. A. On the Density of the Ceil-sap in some Desert Plants. Plant 

World, 17/7, pp. 209-211. 1917. 
Fitting, Hans. Die Wasserversorgung und die osmotischen Druckverhaltnisse 

der Wiistenpflanzen. Zeitschrift /ii1· Botanik, 3/4. 1911. 
Goebel, H. Die Entfaltungsbewegungen der Pflanzen und deren teleologische 

Bedeutung. Jena, 2 Aufl. 1921. 
Haberlandt, G. Botanische Tropenreise. 1910. 
Haberlandt, G. Physiologische Pflanzenanatomie. 5 Aufl. 1918. 
Ilijn, W. S. Ubcr den E 'influss des Welkens der Pflanzen auf die Regulierung 

der Spaltoffungen. Jah?-biicher fur Wissenschaftliche Botanik. Bd. 61. 
pp. 670-697. 1922. 

Knight, R. C. Further Observation on the Transpiration, Stomata, Leaf 
Water-content, and the Wilting of the Plant. Annals of Hotany, Vol. 
XXXVI, pp. 361-83. 1922. 

Livingston, B. E. Evaporation and Soil Moisture. Yearbook of the Carnegie 
Institution of Washington, Nr. 10, p. 64. 1911. 

Meier, Joseph. Zur Kenntn'is des osmotischen Wertes der Alpenpfianzen 
Inaugural Dissertation Freiburg in der Schweiz. 1916. 

l\{olisch, Hans. Uber voriibergehende Rotfiirbung der Chlorophyllkorncr im 
Laubblatt. Herirhtc der deutschen Botawisclien Oesellschaft , Bd. XX, pp. 
442-448. 1902. 

Pfeffer. W. Pflanzenphysiologie 1897 u. 1904. 
Shive, J. W., and Livingston, B . E. The Relation of Atmospheric Evaporating 

Power to Soil Moisture-content at Permanent Wilting in Plants. Plant 
World, pp. 81-121. 1924. 

Ursprung, A., and Blum, G. Zur Methode der Saugkraftmessung. Berichte 
der de'atschen Botanischen Gesdlschaft. Bd. XXXIV, pp. 525-539. 1916. 

Grsprung, A., :mel Blum, G. Diirfen wir die Ausdriicke osmotischer Wert, 
osmotischer Druck, Turgorclruck, Saugkraft synonym gebrauchen . Bio
logisches Centralbla.tt, 40, pp. 193-216. 1920. 

Ursprung, A., and Blum, G. Zur Kenntnis der Saugkraft II. Berichte der 
deutschen Botanischen Gesellschaft. Bd. XXXVI, pJl. 577-599. 1917. · 

Ursprung, A., and Blum, G. Besprechung unserer bisherigen Saugkraft
messungen. Ebenda, pp. 599- 618. 

Ursprung. A., and Blum, G. Zur Kenntnis der Saugkraft IV. Die Absorptions
zone der \Vnrzel der E ndoclermissprung. Ber,ichte der deutschen 
Botanischen Gesellschaft. XXXIX, pp. 70-79. 1921. 

Ursprung, A., and Hayoz, C. Zu,r Kenntnis der Saugkraft VI. Weitere 
Beitrage zur Saugkraft des normalen und ahgeschnittenen Hederablattes. 
Berichte der dett·tschen Botanischen Gesellschaft. Bd. XLI. pp. 368-373. 
1923. 

Ursprung, A. Zur Kenntnis der Saugkraft VII. Eine neue vereinfachte 
Methode zur Messung der Saugkraft. Berichte der. deutschen Botanischen 
Gesellscha.ft XLI, S. 338- 343. 1923. 

Voll,ens. F lora der Agyptisch Arabischen Wiiste. 1887. 



li43 

APPJ!;NDIX. 

ExPI,ANATION OF TABLES 1-10. 
(1) In all tables of grass leaves the biggest palisade cells in t he wreath 

(Kranz), near the midrib, were measured in a section parallel to the 
small side of the leaf. In Nos. 1 to .'50, Method I was u sed; in all higher 
numbers, Method II. 

(2) The root-values were obtained from tnmsversE> sections through the 
absorptive part. Here, not single czlls, but a strip of tissue "·as 
measured. The average value of the abso·rptive tissue of the roots ts 
therefore obtainoo. 

(3) The same method was adopted to get the values of all plants other than 
grasses. A transverse strip through the palisade cells was measured. 

(4) In the case of MesembTya11.themum .J,esliei, sections were cut t hrough the 
chlorophyll-bearing tissue. In the case of fruits or bulbs, the sections 
were cut from the interior. 

(5) The values of palisade cells away from the midrib do not differ much from 
those near the midrib (about 3 atm.), so that these values on grasses can 
be directly compared wit.h those of other plants. 

(6) ln the last columns of the tables the osmotic value is given, and is the 
value corresponding to the normal volume of cell or tissue (volume in 
paraffinum liquidum). In determination l to 50. this value was calculated 
by Method I. In all othe r determinations it is the value in which no 
change of volume of cell or tissue occurred (Method II or III). 

(7) Compared with Fitting's values, those recorded in the tables must be 
reg;nded as lo11·e r, ns his values are found b~· tlw dir<'ct pln~mol:vtic 
method . 

(8) As it was not ·the object of this investigation to show minute differences in 
tissues, but to characterize for plant geographical purposes the flora of 
Rechuanaland by its suction force, concentrations of cane sugar differ
ing by 0.05 mol. were taken, except in the first fifty determinatio-ns, 
in which the intervals were 0.02 mol. 

(9) Until the Assmann's psychrometer became a.vailable. meteorological data 
of the laboratory wE>re accepted. From September. 1923, the psychrometer 
was employed over the plants in the open veld. The moisture readings 
in the open veld were always lower than those shown by thE> dry and 
wet bulb thermometers at the meteorological station. probably on account 
of the wi111d. In the tables the rela tive humidity given between J·anuary 
and August, 1923, is therefore somewhat high. 

(10) When in thE> " Remarks " column nothing to the contrary is stated, 
cleterminatious are to be taken as made during bright sunshine. 

TABLE I. 
Table on Belat-ionship (!l8nil .lfoisture and Wiltinq of the Grass. 
- -- . 

Date. I Mo~~l~re 
1 

R;ain I 
I in pe-r ' lD 

Maximum 1 ?\Iinimum 
Temp. Temp. 
Olean) Olean) 
in o C. in o C. 

7. 2.1923 
31. 8 . 1923 

1 

f"ent. 1 Inches.! 

~----

2·82 
2·05 

1 

24.7 4.41 

3. 9 . 1923 I 2·11 29 · 3 6·49 

12. !1.1923 1·33 26·4 5·14 

18. 9.1923 1·02 26·3 8·3 

25. 9.1923 1·35 29·7 7·7 

4.10.1923 3·08 31·2 ll ·3 
11.10.1923 1·01 30·6 11 ·1 

Veld. 

' Some old haulms of various grasses getting 
green. Few fresh green grass leaves of 
Era!}rostis, :i·porobolus, Di(Jitaria, 
Uynodnn, l('ingerhuthia, rl'hemeda. 

Era(Jro.<tis with rolled lenves. 'l'hemeda 
leaves folded. 

Haulms no longer green. Themeda dyin>( 
down. 

Much less green grass than in the beginning 
of the month. 

Much less green grass than in the beginning 
of the month. 

Taken after two dull days. 
J>irTitara withered. 'l'hemeda almost with

out green leaves. EragrostiJ; superba and 
lehmanniana folded and rolled. Era
!]rostis superba showing red leaves. 
SJJorobolus with few green leaves. Fi>~rJer
lwthia dry. Curwdon fresh. 
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TABLE l-(continucd). 

TablP on Relntionship '!lSoil Moisture rtnd W1"lting of the Grasse8. 

Date. l\1oistnre .31n Temp. I Temp. 

I 
in per I m 1 (Mean) (Mean) Yeld. I Soil I R . I :.\Iaximum l\1inimum I 
Cent. Inches. , in o C. in o C. 

--------- ----~----- ----------
0·42 I 33·3 I 16·1 I Grasses drying out 18.10.1923 

24.10.1923 
29.10.1923 

1.11.1923 

8.11.1923 

14.11.1923 

21.11.1923 

29.11.1923 I 

5.12.1923 

12.12.1923 

1· 20 - 1 34 ·1 1 13 · 5 Grasses drying out. 
Soil getsl moist b efore the ralin falls. 

7 · 07 0 · 576 1 28 · 9 12 · 6 4. 11.1923.-Grasses with haulms coming 
I [ [ up. Tragus appears. Anthephora and 

3·70 

9·48 2·141 

12·39 1·38 

3·46 

2·50 

1·95 0·137 

1 Eragrostis with few haul,us. Eragrostis 
with green leaves. 

33·6 

29·4 14·7 

28·9 15 ·7 

32·3 

33·2 15 ·1 

33·2 15 ·2 

10.11.1923.-Anthephora with few haulms 
and more green leaves, folded at noon. 
Eragrostis superba with more open green 
leaves. SchmUltia flowering. All grasses 
with green leaves coming up at the margin 
of the tufts. 

Old haulms of .AristUla uniplumis green up 
to the spike. Grasses more luxuriant 
with rapid growth of haulms. 

Young shoots of Tragus, Brachiaria 1lfar· 
lothii. All grasses excellent. 

Veld in fine condition. Haulms growing 
rapidly. 

1.12.1923.-0ld haulms of AristUla still 
green, but only to the penultnnate node. 

5.12.1923.-First sign of gmss wilting 
shortly after noon. 

Whole week[ very dryll until 19th December. 
19.12.1923 3·95 0·165 I 33·5 • 1.)·7 

Veld eaten down by locusts. Only Themeda 
not touched. Old haulms of AristUla 
no longer green after 14th Decmn her. 

No grass on account of locusts. Even 

27.12.1923 
3. 1.1924 

10. 1.1924 
17. 1.1924 
24. 1.1924 

30. 1.1924 

El 
8.2.1924 

;·~~ 

15. 2.1924 

21. 2 . 1924 

29. 2.1924 
7. 3.1924 

14. 3.1924 

21. 3.1924 
28. 3.1924 
4. 4.1924 

11. 4 . 1924 

17. 4.1924 

25. 4.1924 

2. 5.1924 

9. 5.1924 

16. 5.1924 
28. 5.1924 

17. 6.1924 

5·09 
3·36 

4·07 
2·23 
3·85 

5·50 

1·32 

3·15 

0·40 

0·86 
5·97 

5·03 

9·00 
8 · 79 
5·1.2 

2·92 

1·97 

7·32 

4·82 

2·51 

1·45 
10·0 

4·27 

I 

0·76 
0·23 

0·22 

0·33 

0·685 

0·276 ' 

0·046 

0·090 
2·4110 

0·615 

1·012 
0·630 
0·225 

0·005 

0·877 

I I
I 1•194 

1 

0·05 I 

33·5 
33·4 

35·8 
33·7 
32·6 

31·2 

30 ·1 

27·2 

30·1 

33·6 
28·8 

26·2 

27 ·4 
27·4 
20·0 

22·0 

30·2 

19·8 

22·7 

26·1 

26·8 
18·1 

22·0 

16 ·0 
16·2 

20·2 
15·7 
17·1 

15·8 

18·1 

11·9 

13·9 

14· 3 
17·0 

15·2 

16·7 
15·5 
10·0 

9·5 

9·1 

11·3 

11·9 

5·7 

6·7 
4·8 

2·8 

Themeda scarce. 

Young' leaves Of differC~t grasSes comiilg up. 
No I>iqitaria, Anthephom, or Tragus. 

Veld dry. 
Young leaves and haulms coming up: no 

Digitaria. 
Young leaYes and haulms coming up; no 

Diuitaria. Rain in the beginning of the 
week. 

4. 2.1924.-Grasses drooping, folded and 
rolled. 

8.2.1924.-Young leaves and haulms of 
Anthephora, Sporobolus, .AristUla uni
plumis ; Oymbopogon plurinodis with 
green leaves. No I>igitaria. Eragrostis 
s-uperba with few green leaves. 

11.2.1924.-Veld dying down. Young 
haulms dying from the top. Veld per· 
manent\y wllted from 11th to 28th 
February. 

Only Oymbopogon excavatus green with 
haulms. No .Anthephora and Digitaria 
except at the boundary of B Camp and 
in permanent fallow, where haulms are 
1 foot high. 

The same. 
Grasses coming UJ2,_ including A nthepho~a 

and Digitaria. .tianlms of 1-2 feet m 
height are flowering. 

Good veld, but short haulms. Creepers 
coming up. 

Ha~s growl~g hlsher. .AriStida c®uuta 
coming up and spreading. 

Veld drying out again. Growth stopping. 
Creepers dying. .Aristida conuesta domin· 
ating. 

Veld drying out again. Creepers dead. 
.AristUla congesta dominating. 

Veld recovered, but apex ·of leaves open dry. 
Eragrostis superba with red leaves . 
.AristUla congesta dominating. 

Most haulms yellowish. No ripe seeds, 
except on .AristUla congesta. 

Veld dying down because of frost and lack 
of rain. 

Veld dying, ill spite 'Ot rain." Some 'green 
leaves of Digitaria, Themeda, Eraurostu 
superba. .AristUla conge8ta dry. 

Veld dead, \\ith exception of 1'hemeda, 
which shows a few young green leaves. 
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C HART l.- 8uct io11 f:o rce o[ gm,;se,; regard less of spede,;. :liorning ancl 
n0on value,;. :Sote the low value,; in tintc of rain, tltc higlt 
l'a luc' in t ime of rlrouglt l. 

f"o.~>IA, ~"r.J"'' 
~~- -.u...~~ 

< ._- .-'!' ~~LlL L~-----'--.1 __LI ~~~_j'~---'r-"-
~·~ 91to....... a,.... :ma'j J..._- j.....l ~ ~~r- f1~t 

C HART :!.-Suction force of RrartJ·oslis ·'"Jierhn in atmo,;plteres. 

CHART 

Morning 1 
Noon Value. 
u;,·ening f 

3.-ftainfall dut·ing l !Jn (in inehe,;). Titc curve should he comparerl wiLit 
Cttrves I , :!, 4, 5, and G. 
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C 11A WI" ~- .-0~11101 ic valncs uf gr:<oscs regnnll l'" of 'pcc i c~. Mom ing 
,·alucs. Note the lo\\" values during miny, the high value' 
during drought periods. 
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C HA ItT .~),-Osmotic val ue~ or graS:-\CS l'l'ga.rdless or spceies. Noon va lues. 
Not" the low nd ues during miny periods, tl 1c l1igh value' 
during droughL. ln time of temporary wilting (.Jann:<r_,., I 9ll3) 
morning :<nd noon value differ n11wh more tli>w in ex treme drought 
(end I 92il). 
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C'HAl:'l' 1~.-0smnl il' ,·alut•.;;; of 1•./ray,·o::;tis . .;u;u·rbtt. i\utc the \lighr r va.lue~ a.t. the 
end of I ~):l3 comlJnrcd witlt ntlues of heginuiu~ t.tf I ~~~R. liighe~l 
\":llllt'~ during drcHtght. lowC!-il dtning- ra iny pel·ind:-;. 
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l)llo'l'o l. -- Uras£ veld wiLil (/ retciu rana at Armoedsvlaktc: A'Lf'jJiu.lnlon·lti:a in 
fronl, October, l ~2 "1, 

PHOTO 2. Grass velrl with G1·P,11'i11 r·a ii'L 

:tl .\ rmoecls,·lakte, Mareli, I !12 i. 

l'HOT O 3.-Grass-Yelcl at Armocdsvlakte with Trrrr·honanflm.< rrrm .nhoratus, May, 192"1 

i'h!f-'iolo,qica1 P1~tnl St11rlit-< 1. ] [ llerll'ici 
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I ' II O T () -1 . Rootti ut' J~'rr.l!JI'o8tt-'!' .-;IIJWrl o. 

wit\, remoYable spongy ti ssue. 

,\ . 
P H OTO 5 -AIIenuud/wra f/Ch!Jrrudha 

in lhc early morning. 
Roth photos are t aken on the s:>me day in 

A from above. 

B. 
PHOTO 6.- . lltrrwudhaa ru·hyrontlw 

at noon. 
February. I HU, of the mme individual. 

R from fhe &ide. 

[ lfr>u·ici. 



. ,\ 
l 1 II OTO 7.-'l'ribnl.ns tr)rre.4rix . in tltc 

e:~rly morning, fre, b , spre:~d. 
111 l,ot,b instances ex;cctly t,bc same pa rt 

above, i 11 B fro11 1 the s ide. 

I'JfOTo 9.- Henllalllti<b brach!fpl'lnla 
in moist weather, leaves spre:vl, 
taken 5th March, 1924 : taken from 
above. 

} Jf"J"iolo,;il'lti /'lwil S/t((/ii·s l .J 

13 . 
I 'HOTO tL- '/'r iiJuLus /f'rre.~·/n .. , at IIOOII, 

folded and vertical. 
o[ tile plant was photographed: i11 A· fru 111 
T ftkcn 2St h ~'cbrnary. 192·1. 

I'HOTO 1 0.- //(' /'IIIIIJUlifl h1'ru·h !JJll'la lu 
in drough t position, t aken in 
Decem bcr, l 923 ; taken from LIH · 
side. 

[HP!trici. 



, l'lfOTO 11. - 1/h!f//l'lto.<iq. ronj?/.,a in 
moist weather position: taken from 
aiJovc: taken ! 5th February, 192~. 

l'HO'l'O 13.- ( us.,ict oborala, 
mnming; position ; open 
taken from above. 1 OLh 
1924. 

early 
leaves 

March , 

Pky.,iotor;ical PLant Studies I. ] 

i'HO'l'O 12.-7/h ynrlwsia I'Oi(f11sa in 
d rongh t position taken from 1 the 
side, December, 192il. 

l'liOTO 14.-{',Jssia o/;orata, drought 
position; completely closed leaves 
taken from the side, 20th March, 
1924, 2.30 p.m. 

I 1/enrici. 



PHOTO 15.-Cassia oborata, night position: 
taken with maQ'nesinm light from the 
sicle, April, 1 ~1: 1. 

P H OTO Ili.-Eirp!tantol'1'hi:a B'lll'chellii 
in early morning position, l fith 
l<'ebrnary, 1924-. 

Physiological Plant Studies 1.1 

"PHOTO 17 .-Elepltrwt.•rl'/1 i:a B 1u·clwll1 i 
in drought position at noon; note 
"meridian-position," DeeembPr, 
!923. 



T'ffO'I'O 18.- Elephantm·rhi:a R nrrlidli i in 
uigh t. posili,m, April, 1\!21. 

Phrr<iolog iml i'ltltd S /11tlit·s F.] [ !Tenrici 




