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PATIT II.-TRANSPIRA11ION OF GRASSES AND OT·HER 
PLANT'S UNDER ARID CONDIT'IONS. 

By :NIARGUI<;RITE HENRICI, Ph.D., Plant Physiologist, Veterinary 
Research Laboratory, Vryburg. 

IN the preceding· paper upon "Grass Wilting," of which the present 
article is to be regarded as Part II, it was explained that the grasses 
in Armoeds.vlakte (Vryburg, Bechuanaland) wilt at a time when other 
plants · remain fresh, that they show no morphological adaptations to 
drought, that their suction force is not adapted to meet temporary 
drying of the sioil, and that their osmotic values fluctuate widely with 
varying conditions of transpiration. The present communication deals 
with the pro·tocols n.cqujred in transpirat;_on experim.e.nts under -rarious 
conditions. 

METHODS. 

In investigating· transpiration three methods were used:
(1) Direct weighing of the plants at hourly intervals, (2) automatic 
weighing by the Richard self-registering Balance, (3) determination 
of relative water-loss with cobfllt ehbride papers, by •Jne of the 
Livingston modifications (1912). 

(1) In the direct weighing mlethod the plants were transfened to 
small glass bott1es with wide mouths, which were dosed with rubber
sheeting as soon as good rooting· l1ad establiRhed itself in the soil. 
The opening for the plant was sealed with paraffin wax, and the neck 
of the bottle bound with insulating tape so that the rubber-sheeting 
eould be easily fixed w·ith paraffined twine. TfJ:lis is the method used 
by Semn (1922), except that fresh rubber-sheeting was fixed on shortly 
before taking experimental observations, since in the elimate of 
Armoedsvlakte rubber perishes quiokly. In affixing the rubber a wide • 
glass tube pointed at one end was used, the leaves being gathered into 
the wide end and the sheeting worked from the narrow end down ovBr 
the plant. In general, considerable difficulty was experienced in 
getting the grasses to grow in bottles, or even in flower-pots, and for 
plants with big roots the method had to be abandoned in favour o£ the 
eobalt chloride process. 

Onee the plants were well established the glass boLtles were 
weighed hourly throughout the day-time, or throughout the whole 
twenty-four hours. In studying the behaviour of grasses under 
varying conditions of soil moisture, the pots were watered regularly 
until the plants were well developed and had formed new roots. 
Some were then left 'lvithout wateT and others watered a.t will. To 
provide suffieient water for developm_ent it was necessary to take fair
.;;ized bottles containing 300-500 gm. of soil. Under these conditions 
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the light grass plant could still call upon an a1nount of water fifteen 
to thirty time;s its own weight, even if the soil moisture were allo~ed 
to fall to 1 or 2 per cent. Smaller bottles (50 gm.) were at first tr1ed, 
but with them lack of water-reserve affected the results. Throughout 
the experiments the bottles were exposed to natural meteorological 
conditions by burying· in the soil so that onl~v the leaves were exposed. 
The temperature and relative humidity ·of the atmosphere were deter
mined every hour with an Assmann psychrometer, and the soil 
temperature taken at a de·pth of 3 em. In the earliest experiments 
the Assmaun psychrometer was not available, and observations were 
then made with the ordinary dry bulb thermometers, which were 
swung to exclude the influence of insolation. 

(2) In the Bichard balance method (Burgerstein, p. 9) the glass 
bottle or uot prepared as above was placed upon the left pan and 
almost counterpoised with arbitrary weights. The usual p!'loeedure of 
fixing a wind-screen in a basin of water on the pot sidB of the balance 
was then trjed, but this protection \vas insufficient for the strong winds 
prervailing at the time, and good self-registered · curves were not 
obtained until the whole apparatus was enclosed in a large wooden box 
specially constructed for the purpose and mounted on wooden legs 
31 feet from the ground. Plate I illustrates the apparatus. The top 
and front of the box could be readily opened for handling, and the 
lid was p1~ovided with an Iris diaphragm which· could be opened 
widely for insertion of the pot on to the balance-pan. On partially 
dosing the diaphragm the wind was effectively exclude~ from 
the balance within the box, without interfe-ring with the free 
movement of tlw pan and plant. In this way good charis 
were obtained within the limitations of instrument itself . On the 
whole, the Richard balance does not appear to be very suitable for 
transpiration work on such light plants as grasses, since' a loss o:f . 
5 gm. of water only corresponds to about one square on the chart. 
On very small plants in very small pots (50 gm. load) the transpiration 
js hardly recorded at all, in spite of the weight-regulating mechanism, 
and with large pots the sensitiveness leaves much to be desired. For 
plants whi.ch have a larger proport~on of fresh active tissue than 
grasses, and correspondingly higher transpiration, the balance may 
do all that is required, but in the case o£ the grasses concerned in the 
present investigations the· information obtained by the 1nethod was 
rather limited; nevertheless useful. There is, of course, no difference 
in principle between :1utomatic ·weighing by the Richard balance and 
manual weighing at hourJv intervals, but one point o£ difference in 
practical execution of th2 rleterminations must be 1nentioned. In the 
severn-day automatic records the pots remained in the interior of the 
box, and were therefore exposed to lower temperature than in the 
diurnal weighing' records ·where the pots were embedded in the sun
heated soil. On the other hand, the white painted box re:flected 
radiant energy, and therefore exposed the leaves to somewhat hjgher 
temperature. 

(3) In the cobalt chloride method for determining relat?>ar;_ trans
piration (Livingston, 1912 and 1913, Livingston and Shreve, 1916) 
filter-papBr was soaked for :fifteen minutes in a 3 per cent. NOlution of 
cobalt chloride, hung up until air-d;ry, 'and fin,ally dried 'in a 
desiccator. A small square of the blue test-paper from the desiccator 
was then clipped in contact with the lea£ under investigation, and the 
time required to restore to pink noted with a stop-watch. The 
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standard time for effecting the same colour change was dete~·mined 
by placing a piece of wet blotting-paper (saturated and drained) on 'a 
glass slide, covering this with an ebonite plate of the same size and 
1 mm~ thick, but with a central hole of about 1 sq. em. area; placing 
a suitable piece of cobalt paper over this, covering with a second glass 
slide, and noting the period required to effect the change to pink. Ii1 
each case a standard "control time" was determined side by side with 
the ~'estimation time" on the leaf, in order to reduce to a minimum 
the variations due to variable wind. Relative · data were then ob
tained by dividing the standard time in the saturated atmosphere above 
the wet blotting-paper by the observed time of change on the leaf. 
Since this method was first introduced into the literature (Livingston , 
1913, 1914, and Livingston and Shreve, 1916) several improvements 
have been recommended. I_jivingston and Shreve (1916) now advise 
a porous atmometer instead of blotting-paper, and sharper detectioli 
of initial and end points by use of different coloured papers. An 
atmometer was not available at the time of the Beclmanaland work, 
and attempts at improvising colour standards were not very successful. 
vVhatman No. 1 paper had to be used in place of the Munktel Swe.di~h 
00 I'ecommended by Livingston an(! this seemed t,o give, a somewhat 
too dark initial tint and somewhat too white :final tint. Nevertheless 
th'e method gave satisfactory results, very useful for the purpose in 
view; and having once comn1enced with the original simple method, 
it was considered sufficient to retain it throughout the series of 
investigations. 

vVilt,ing Experiments.-In many of the transpiration experi
ments, wilting and recovery of the grass plants was observed with 
change of weather. A series of expeTirnents of eonsiderab1e duration 
'vas therefore undertaken, to ascertain whether the grass wilted 
" temporarily " at one degree of soil moisture and :' pern1anently " 
at another (Briggs and Shantz, 1912; Blackman, 1914; Livingston , 
191'7, and their cited literature). The same experiments were designed 
to show whether the transpiration decreases proportionately with the 
soil moisture and whether a decrease of transpiration occurs at wilting. 

The method used for these observations was the manual weighing 
of pots at regular intervals. The experiments lasted from a few days 
to a few weeks, the rubber sheeting being renewed about twice a week 
to ensure tight joints. In absence of rain the pots were kept in the 
soil in the open, but safeguarded from showers by transferring to a 
veranda when necessary. A heavy rain allowed the plants to recover 
in spite .of the rubber insulation. It may be added that all three 
initial experiments were carried out in the rainy season, and th~t 
:in extreme drought the observations would have been completed in 
from one to four days. The rainy season, however, is interspersed 
with long periods of cloudless days, so that the transpiration was not 
at all affected by lack of light. During very dry days the pots were 
weighed twice daily, before sunrise and after sunset; but under 
ordinary conditions only before sunrise. When the first sign of 
wilting occurred, a sample of the soil was taken to determine moisture
content; and the plant then placed under a bell jar in a moist 
atmosphere for twenty-four hours At the end of this time its condition 
was carefully noted. I£ it recovered it was again exposed to the sun (in 
the sealed pot) and weighed. In a short time it again wilte~, and 
this second wilting was generally permanent, i.e. the plant dia not 
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recover when again transferred to a saturated atmosphere. Occasion
ally, however, the plant recovered a second time and was then left 
:in the sun until its final withering (Livingston, 1917). 

Determination of Transpiration Units.-A£ter all weighings 
were concluded, whether in the daily weighing experiments,. the 
Richard balance records, or the wilting observations, the fresh matter 
and the surface of the lea£ were estimated. Only one side of the 
lea£ surface was considered, and the determination made by weighing 
equivalent-sized papers. In addition to this, the total mass o£ the 
roots and the proportion ·of absorptive roots were estimated, and a 
coefficient calculated by dividing the weight of the aerial parts of the 
:plant by the weight of the absorbing roots. 

Determination of External Fa.ctors.-For the twenty-four hour 
experiments, hourly readings of air and soil temperature, and of 
atmospheric humidity, were taken. Wind and clouds were observed . 
.At the end of each experiment the soil moisture was determined. 
In the observations with the Richard balance, the same readings were 
t aken at longer intervals, but soil temperature was naturally disre
garded. In the determination of relative transpiration similar data 
were recorded at suitable intervals. In the wilting experiments, the 
meteorological data of the laboratory were used. 

Season of Observations.-The twenty-four hour experiments were 
carried through the whole year 1923-24, with the exception of 
December, 1923, and the periods when no grass was available. TlJe 
records from tlie Richard balance were obtained between J une.J 1923, 
and May, 1924; from the wilting experiments in March, 1924, and 
from September to December, 1924. Determinations of relative 
t ranspiration were made at irregular intervals from 1923 to the 
beginning of 1925. 

RESULTS. 

Various selected protocols are given in the form of tables and charts 
in the appendix, and reference to these in the course of reading t1<e 
text will render the following discussion sufficient. As an example 
o:f a whole experiment, the complete records of Experiment 39 are 
added in Tables 5 and 6. 

Dail11 Variation.-T'h~ direct weighing records (table 6) show 
the general daily course of transpiration, which is much the same as 
that observed in Europe so long as the grasses are not subjected to 
th.e extreme drought periods of summer. The rise · and fall is 
generally steeper than under European ·conditions. When measured 
on hrig-ht days during the rainy periods of summer a regular· increase 
jn transpiration occurs from morning to midday. At noon a relatively 
large fa1l occurs, followed by a rise to a maximum and a subsequent 
decrease until sunset. During the night some fluctuations occur, due 
partly to the stim'ulus of change fro·m light to darkness, and partly 
to the change in relative humidity. The fall at noon corresponds to 
the" incipient drying "of American authors (Livingston and Brown, 
1912; Shreve, 1913). 

EYe11 on cloudy days the loss of constitution-water of the grass 
reaches 2 to 3 per cent. On clea1· days it may go as high as 20 per 
eent. without visible wilting, although some leaves then show folding 
(Cymbopogon plu,?·inod,is and Them.eda). · . 
. · In autumn (April to June) the transpiration is not so regular as 
in sumr.aer. The autumn of 1923. was dry and fluctuatio.ns frequently 



occurred even in the forenoon. Tlie observations of spring, 1923, and 
the ensuing summer (October, 1923 to January, 1924), ·fall partly 
i.n a tim.e of extreme drought and very high temperature; partly on 
clear days in the rainy period of November, when it rained about 
every eighth day with cloudless sky between. The daily changes in 
transpiration are then somewhat different to those of the first hal£ 
of 1923. and the decrease does not only occur at noon, but often as 
early as 10 a.m. A further rise generally follows, but there may be 
one or more downward fluch ations in the early afternoon. Occasion
ally, but rarely, the absolute maximum is rea'ched in the forenoon, a 
happening never observed in the early part of 1923. It will be noted 
that these variations 'from the usual c•ccur especially !n dry soil 
(Eragrostis 3 in table 6). On clear moonlight nights the transpiration 
of the grasses goes on, and even attains considerab~e dimensions . 
On dar.k nights and on frosty nights the grasses take up much water, 
which they part with again very easily during the first sunny hours 
of morning. Towards the end of 1923, however, and in January. 1924, 
the air was so dry during the night that practically no water absorb-
tion occurred. · · 

Annual Variation.-From the available data of Table 1 a yearly 
variation may be noted in the grasses. Even when the :fact is allowed 
for that the temperature at the beginning of 1923 was lower than at 
the end, the course of transpiration runs as follows :-High trans
piration jn spring-time, slowly decreasing after the November rains, 
but still high in December and January (summer), further decreas
ing through February and March, and rapidly :falling in late autumn 
and early winter. · 

Position of Maxi'ma and 1Vfinima.-In the early part of 1923. the 
maxinn1m rate of transpiration occurs at noon, or in the early after
noon, at the period of strongest' insolation but not of highest tempera
ture (chart 4). Considering, however, the fact that leaf temperature 
is the resultant of both air warmth and direct insolation, it is 
improbable that the temperature was supra-optimal and more likely 
that the temperature of the leaf itself was really highest when the 
transpiration was greatest. 

At the end o£ 1923 and in January, 1924, scattere.d maxima occur 
earlier in the day, especially with dry plants. In these cases jt would. 
appear that air-temperatures over 33° C., together with strong insola
tion, are sup·ra-optimal. The minimum temperature for transpira
tion on clear nights is one degree below zero. 

Daily and Mean Hourly V:alues .-The daily values for transpira
tion, i.e. the total transpiration during twenty-:four hours, fluctuate 
very considerably in the grasses studied. T'hey are especial1y large 
in the summer of 1923-24. The following figures represent the range 
per twenty-four hours per 1 gm. fresh matter: ,-

Eragrostis superba 
Digitaria eriantha 
Themeda triandra 
Cym,bopogon plurinodis 
Sporobolus fimbriat?.ts . .. 
A_ rist1.:da uniplumis 
Cynodon dactylon 
Brachiaria M arlothii 
T1·aguR racem.osus 

Grams. 
0.9-18.7 
3.(}-21.0 
6.(}-17 .5 
4.2- 6.2 (.J::mua.I'Y only. ) 
4.2-29.2 

7.2 
2.0-17.0 
6.3- 8.4 
f) 0-22.0 
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The factor of soil mioisture is not specifically taken into account 
in stating these figures, but all the very high values were obtained 
during a drought period. The data are therefore different to those 
recorded in a preliminary communication (Henrici, 1923, p. 362), in 
which observations of a better year were recorded. Broadly con
sidered, the lowest values (Tables 1 and 2) are found in autumn and 
winter, and the highest values in the summer months-November, 
1923, to January, 1924. T'he few exceptions will be discussed later. 
Transpiration depends primarily upon the mass of absorbing roots, 
and hence it is not surprising to find that, under the same meteoro
logical conditions, plants with poor root de-velopment transpire only 
half as much water as plants with extensive roots. When the roots 
are uniformly well developed and the nlants fresh,· the extent of 
transpiration _of different individuals of the same' species over a 
lengthy period does not vary by more than 10 per cent. The hourly 
variation between individuals may be greater, but total amount 
transpired in twenty-four hours is much the same·. 

In order to facilitate com_parison of t~e investigated grasses with 
other plants under other climatic conditions, trans.piration is stated 
in Table 1 as hourly average per 100 sq . em. of simple leaf surface. 
The values for each month are given separately, and in the last column 
a yearly average (of limited comparative value.) is reckoned. Since 
it is impossible to CJonsult the -extensive original literature on trans
piration at a distance of many thousand miles from Europe, com
parison with Giltay'ls values m~ay be offeood (Bur.gerstein, 1904, 
p. 162). As an a-yerage value- for all transpiration experiments with 
Helianthus, in the warm humid climate of Java, as well as in the 
climate of Holland, Giltay obtained 0.6 g-m. per 100 sq. em. of simple 
l e:af surface. 'rhe values recorded in the p-resent pap~r for grasses in 
sum1ner time are, with few exceptions, higher than the values given 
by Giltay. Even the average yearly value, which includes the low 
winter figure-s, reaches 0.6 gm. in the majority of cases. This means 
that the transpiration piower of the investigated grasses is great. The 
hourly maxima are also considerably higher than Giltay' s values and 
therefore bring out the same points:-

Jfaa:imum Honrly Transpiration. Gms. pe1' 100 sq. am. of Deaf 
Sttrface . 

. Jan. 1923- Jan. Hl :n 
ETarJ?'ostis supeTba 0.65-4.9 
Digitaria er£antha... 0.3 -4.7 
Them:eda triand1·a .. . 1.15-4.2 
Sporobolus fim},riatus 0.8 -4.2 
Cymbopogo~ pluTinodis 1.4 ,-2.1 

· Ar,z'stida uniplumis 2.3 

.fan .-.TulY Hl2~. 

0.67-2.1 
0.9 -3 :-) 
1.15-3.3 

Cynodon, aaatylon... 0.3 -3.9 0.3 -·2.0 
Brachiaria Marlothii 1.5 -2.3 1.5 -2.3 
Tragus racemosus .. . 1.03-3.4 1.03-:~,4 

The hourly maxima again fluctuate eonRiderahly, but again the 
low values occur in autumn and winter and the high values in the 
hot months, especially in OctobeT to December, 1923, a fact which 
explains the relative figures for the periods in the first ::tnd second 
columns above. It should be emphasized, however, that these values 
are only sample data obtained in the course of the general inv.estiga
tions, and that they are not to be regarded as invariable. T'he order 



677 

of magnitude of the data. is doubtless correct, however, since they were 
obtained from about forty experiments on about 200 plants. It may 
be added that on two occasions Di,qitaria e'riantha varied from th'e 
general rule that the values for the end of 1920 were higher than in 
.the beginning of the same year, but both exce,ptions can be readily 
explained since the two particular plants concerned dried out dom
pletely in experi1nent. 

· Depend,e'J1)ce of T-ranspiration ·upon Soil MoistuJ'e.-The water
content o:f the soil influences the transpiration of the inYestigated 
grasses in various ways. Low moisture allows of only :feeble develop
Inent of the root system, and this fact was appareT1t both in the pot
cultures and in the plants growing naturally in the open veld. The· 
already scanty water supply is therefore drawn upon only with tlie 
greatest difficulty. Furthermore~ the total water at disposal of the 
plant is lower, and since the movement o£ moisture in the soil is slow 
the supply near the 1·oots is soon exhausted. Finally, the stomata 
may dose under the' influence of the dry condition and the transpira
tion. so dimi~1ish. If the roiot system is insufficiently de"Veloped to 
prov1de suffiment water for the leaves, the stomata should, theoretically 
at least, regulate' the transpiration accordingly. These various points 
may be separately considered in regard to their influence upon water 
loss. 

Extent of Absorbing Roots.-Small size of root system, par
ticularly o:f the absorbing roots, is quite specific for the\Se gTasses of 
arid soils (of. Huber, 1924, p. 20). The case is one in which no 
adaptation to edaphic conditions has occurred, and explains why it is 
that grasses do not prevail in South Africa in areas of very low rain
fall (below 8 inches) and only appear when the ave,rage Drecipitation 
is favourable. The peculiar character of grass roots in Bechuanaland 
(of. companion paper, Part I, " Wilting,n p. 627) is doubtless due 
to a good development during the strictly seasonal period of rainfall, 
when the necessity for such development is lowest, followed by a 
shrinking and dying clown during the drought periods when they are 
most needed. From the determination of the ratio between :fresh 
matter of aerial parts and fresh matter of absorbing roots (as unity) 
in the present experiments, it is apparent that the smaller the 
coefficient the better does the p.Jant transpire, that is, the lower the 
proportion of active aerial tissue to aotive1 root tissue the better do 
indivicl•ual plants behave ~under identical .conditions. Below the· 
value 3, however, no further increase in the transpiration could be 
detected in grasses, so long as the soil was not excessively dry. Under 
equal conditions of soil moisture high coe:(ficients cause a uecrease in 
the amount of wate-r transpired, although the drop is not directly pro
portional to the greater leaf tissue. T'he transpiration decreases more 
slowly than the coefficient increases, and it is especially noteworthy 
that the effective coetlieient is very different for different plant 
families. As a unique example, M esembryanthemum Lesliei may be 
mentioned; its transpiration actually remaining- at a maximum with 
a coefficient of 500, that is, with its a.erial tissue five1 hundred times 
as great as its active absorbjng roots (compare Huber, 1924, pp. 20-29). 

' The reduced transpiration with a small root system is in itself an 
advantage :from the point of view of water outp~ut to the gTass, but 
from the point of view •of absorption of salts from the soil there is 
little doubt that the smaller transpiration stream may involve the 
plant in deficiency of eeTtain minP .... "-ls. If the soil itself E notably 
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·poor in c~rtain <)Onstituents, as is specific~lly the case for phosphq~us 
on Armoed'svlakte, then the plant has still further to strug'gle w1th 
shortage of food constituents (cf. Theiler, Gre·en, and Du Toi.t, "Ph:os
phorus in the Live Stock Industry." J. Dept. Agric., May, 1924). 

It may be emphasized that the proportion of absorbing roots is 
sufficient to explain the extent of transpiration under most, but not 
all, conditions of temperature1 and light (11'able 2). At a period of 
extreme drought certain observations on Digitaria showed :a low trans
piration in spite of a low coefficient. Quite early in the experiment 
concerned the1 leaves showed permanent wilting, and at the end were 
completely dry. The roots, however, remained . in relatively good 
condition. In the veld itself this oondition is probably quite commop., 
and often on a hot d~y every green lea£ o£ D·£gitaria may disappear, 
leaving only dry remains. As soon a~ the temperature falls a~d more 
moisture is secured, young leaves shoot up again, thus showing that 
the roots have not suffered seriously. 

Under experimental conditions plants of Eragrostis sup:erba were 
established with a good root system, and ·the soil then allowed to dry 
until the moisture fell to very low limits. At the end of the experi
ment only 0.1 to 0.3 p~r cent. of soil mo-isture remained, and yet the 
plants had not wilted. This condition could, of course, not last long, 
and wilting would probably have occurred a few hours later owing to 
almost complete abstraction of water. Nevertheless the observation 
is striking, since the plants transpired well and apparently possessed 
roots oapable of exhausting the soil almost completely of water. It 
is interesting· that this experiment was only successful with Eragrostis 
and not with several other gTasses, a fact prohably attributable to the 
peculiar development of detachable spongy tissue around the root o£ 
Eragrostis (cf. companion paper, Part I, "Wilting," p. 627'). Cym
bopogon plurinodis, in thre•e determinations, did not show a transpira
tion influenced by the proportion of absorbing· roots. 

Although the " leaf-root cof'fficient" undoubtedly exercises a 
great influence upon the general extent of grass transpiration, it is 
improbable that it is the decisive factor in dry soil, except with plants 
such as Eragrostis. It would appear that in practice the actual 
amount of soil moisture becomes the limiting factor under drought 
conditions.· 

Direct Influence of Soil Moisture (Charts 1, 2, 3, 4, T'able 2).
In specific investigation o£ this factor the surprising :::esult was 
obtained that only a few of the grasses were able to regulate their 
t·ranspiration according to the degree of soil moisture. (Compare 
Chnrts 1 and 3 and Table 2.) With a soil moisture decreas:ing £rom 
20 per cent. to 2 per cent., diminishing transpiration generally occurs, 
.although it may happen in a few cases that the water output is as 
high at the lower figures. If, in Table 2. grasses with app·r·o:x:imately 
th.e same root cioefficient, or grasses which show ~ high transpiration 
in relation to their root coefficient, are compared, it is seen that 
Cynodon, clactylon is the only plant which re1g1Ilates its transpiration 
really well according to soil moisture; and that of the characteristic 
perennial grasses, Diqitaria eriantha is the only one able to e:ffeet 
-even moderate regulation. The fact that in the second half of 1923 
Cynodon transnires much mere, but regulates less effectively, than in 
the first half of the sa.me year, and that Dir;1:taria is sometimes unable 
io regulate at all, is suggestive. It would appear as if these plants 
.only succeed in regulating their transpiration under conditions which 
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are not too extreme, but that with temperatures exceeding 330 C. 
they lose control and behave like the other grass'2s which do not even 
regulate at lower temperatures. 

It might be argued that a soil moisture of 20 per cent. is exce~sive 
and that unfair .comparison is being made between supra-optimal and 
sub-optimal donditions; but against this are the data for intermediate 
soil moistures and the fact that the plants developed best at the higher 
water-content. Still higher water-content of ·30 per cent., the figure 
at which the Armoedsvlakte soil is fully saturated, is of course 
harmful, and in it theplants become yelllow in a relatively short time. 

It is easy to understand how dangerous is the incapacity of the 
generality o:f grasses to regulate their transpiration according to 
diminishing soil moisture. High water loss continues after. the roots 
fail to keep up the supply, and the plants wither by losing wate;r o£ 
constitution. It might have been anticipated that at the moment of 
wilting transpiration would diminish, but this is not the case (see 
Chart 4). Water output goes on at approximately the same. rate, and 
only when the plants are nearly dry does the transpiration become 
abnormally low; then proceeding by fits and starts, as i:f displaying 
a pre-mortal behaviour ;of the leaves. 

Under continued high transpiration of drooping leaves the plant 
of course loses fur-ther wat-er of constitution and wilting :is further 
accelerated. This peculiar behaviour is probably explained by the 
:fac;t that the stomata are never completely closed, even under the 
most adverse conditions. Petroleum ether can penetrate everywhere, 
even when the leaves are altogether withered (Molisch, 1912). 

In regard to seasonal behaviour, it is apparent from Table 2 that 
the grasses do not wilt at constant moisture all the year round. At 
the beginning of 1923 they rarely wilted at a soil moisture of 2 per 
cent. or less in pot ex.perimentB •)ll transpiration. UndeT the 1nore 
arid conditions o£ the end of 1923 temporary wilting was not un
common at a soil moisture as high as 5 pe.r cent. Wilting in p::>ts of 
course depends greatly on the size of the pot and total available soil. 
Under identical extraneous eonditions a pla~t in a big pot wilts much 
later than the same plant in a small pot, when the percentage of soil 
moisture is the same. This influence of absolute water-reserve must 
be remembered in drawing conclusions · in regard to natural field 
conditions, and, in pioint of bet, the ~rasses growing in the open v-eld 
only withered finally when the natural soil moisture had fallen to 
0.5 per cent. at the b_eginning- of 1923, or to 3 per cent. in the hotter 
ensuing summer at the end of 1923. , 

· The data of Table 2 may at first sight suggest that regulation of 
transpiration according to decreasing soil moisture is commoner than 
is made out in this discussion, paTticularly with Eragrostivs supeTba. 
'This is not really the case, since on analysing the table it will be 
noted that in the apparent exceptions (marked with an asterisk) to the 
g-eneral conclusion, small pots were used, and the plants therefore 
really limited by low absolute, as well as low relative, soil moisture. 

Attention may be drawn to another striking feature of the data, 
i.e. that the transpiration values calculated on fresh matter do not 
always run parallel with those calculated on leaf surface. This is 
particularly noticeable, for instance, in Experiment ~4 on Themeda 
tnandra. It is probable that in considering soil moisture the values 
calculated upon the fresh matter are more important. The difference 
is due to variation in the thickness o£ the leaves of different plants, 
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hut how this anatomical difference arises it is difficult to say, 
especially since the different individuals were kept under very 
~-:~.imilar conditions. 

Dire:Jt fiV ate1· Intake by Lea.ves .-As already mentioned in 
discussing diurnal variation, the grasses increase in weight during 
dark nights. , On all the observation nights of the early part of 1923 
t he relative humidity fell below the dewpoint, even dur~ng the 
driest weeks, but in the ensuing season dew was not registered at all 
before the November rains and was infrequent in December and 
.January. In the former season permanent wilting did not ·occur once 
the grasses were properly up, while in the latter it was only too 
frequent . · Dew certainly comes into consideration as a biological 
factor, and special experiments were therefore carried out to determine 
the intake of water in a very moist atmosphere. Cut leaves of 
Cynodon dactylo ·n, Tragus 1'acemosus, and Era:grostis s·upe'rba were 
allowed to wilt to varying degrees in a blazing sun, and then trans
ferred to the atmosphere of a bell jar standing over water in diffused 
light. The results were interesting. Leaves 9£ 1'1'agus and E1·agrost.is, 
which had lost over 50 per cent. of their fresh matter by wilting, 
regained so much water from the moist atmosphere that they returned 
to 80 per cent. of their original water-content . U nde•r such conditions, 
however, they recommenced transpiration, so that their fresh matter 
was lower at the end of the experiment than after the first few hours. 
Cynodon behaved in the same way except that the water intake was 
not so large, although absorption already commenced at a loss of 40 
per cent. as against 50 per cent. for the two preceding species. Both 
Eragrostis and Tragus continued to transpire if transferred to the 
moist atmosphere, after preliminary sun exposure sufficient to reduce 
their fresh matter by 30 to 50 per cent. After falling below 50 per 
cent. by further transpiration under the bell jar, a small compensating 
absorption occurred, but this was never so large as in the case of 
leaves badly · wilted from the be~ginning, probably due to the adverse 
effect of long duration of experiments. 

In the open veld the loss of water from' the grasses generally 
reaches 50 per cent. by the time wilting occurs, and the conditions for 
water intake from dew are therefore created. Darkness and fall of 
temperature of course favour the process of absorption, since both 
factors depress transpiration. The numerous papillion the upper side 
of the leaves also help to retain the dewdrops, and although this is 
probably not their only function, Marloth's view (1908, p. 303) that 
Sou\.~ African flora show many adaptations for catching dew can be 
endorsed. · Fitting's remark (1911, p. 212) that plants which absorb 
water through their aerial parts, also part with it again very easily, 
is only too true for grasses. In January, 1923, the dew always 
disappeared shortly after sunrise, and the grasses were frequently 
withered by 8 a.m. Nevertheless, the few hours during which the 
:moist condition is maintaine1d in the presence of light are invaluable 
for carbon assimilation, fi process w4ich can hardly . be regarded as 
occurring at all during the wilted state of the plant. 

Automatic Records with the Richard Balance.- These lead to 
t he same conclusions as the records obtained by manual weighing, 
.and can therefore be briefly dismissed. They show pronounced 
seasonal variation in transpiration, with highest values from 
N ovrunber, 1923, to February, 1924. In December no charts were 
obtained, owing to destruction of plants by the locust invasion . In 
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g-eneral the grasses seemed to wilt at highei· soil moisture in the 
Richard apparatus than in the twenty-f:our hour expetiments w~th 
pots embedded in the adjoining earth, but this can probably he 
explained as due to differences in the leaf and soil temperatures. In 
the sheltered box used to protect the balance pans from the wind, the 
roots were probably too cool to provide the warm exposed leaves with 
sufficient water, whe!reas in the pots buried outside, the ~1igher f.;oil 
temperature accelerated water transport and presumably permitted 
more extensive abstraction of soil moisture. Under automatic regis
tration the maximum transpiration was always recorded in the after
noon. A noon-time fall is not noticeable, probably because the 
balance is not sensitive enough to record it. · 

Relative Transp·iration.-Tlie data obtained in detern1inations 
of relative transpiration by the c'obalt chloride method are recorded 
in Table 3 (Appendix). This method, already described, was adopted 
for the sake of comparing the water output of other plants in relation 
to that of grasses. The indices for transpiration power were calculated 
on the coeffieient oi Bakke (1914), i.e. the number obtained by 
dividing the standard time for colour change of cobalt papers over a 
water surface (seep. 676) by the :ave·rage time for the same change on 
upper and lower lea£ surfaces. . . 

A glance at table 3 shows that the variations in the actual 
figures are great, but that under similar equable conditions of soil 
moisture and atmospheric " saturation deficit" ~:< the indices are 
very similar. The plants, however, behave very differently with 
variations in meteorological and edaphic factors, and a direct separa
tion into Mesophytes and Xerophytes would be difficult. Bakke 
defines Mesophytes as plants with indices over 0.69, and Xerophytes 
as plants with indices below 0.28. According to later views this 
division is no longer tenable since Maximow (1923) has found 
Xerophytes with a mucli larger transpiring power. Huber (1924) is 
o£ opinion that a plant from an arid region can be called a Xerophyte 
even if it does not limit its output of ~ater, so long as it is able to 
balance its transpiration through high suction force of its roots. 
Division of opinion on this matter of nornenclature is rife in the 
literature, however, and since the transpiration o£ mangroves is high, 
Faber (1904) does not reckon the1n as Xerophytes, although they show 
compensating suction forces of over 200 atmospheres. 

Apparently there are very different types of Xerophytes to 
consider. One group, such as succulents, transpires very little and fits 
the oldell' definition. Another group, acco·rding to Maximow, trans
pires more than European Mesophytes and in all probability has Po 

high suction force. Faber's mangrove has been actually shown to 
have both a very high transpiration and a very high suction force, 
and could, therefore, be legitimately added to the second group. 
~faximow himself emphasizes drought resistance as the essential 
criterion for Xer·ophytes, but this may be going too far since some 
plants can resist drought at the expense of their general welfare. 
In the case of the grasses investigated in Bechuanaland, alternate 

* The coefficient "Saturation Deficit," reckoned by the Assmann Tables (p. 2), as 
·( Relative Humidity) . . 

Saturated Aqueous Vapour Tension X 1-
100 

, 1s regarded by American 

authors as more significant than "Relative Humidity" when influence on growth and 
transpiration of plants is considered. 



682 

wilting by day and recovery by night is of frequent occurrence, but 
the general metabolism of the plants suffers considerably in the 
p1·ocess. A better criterion for a Xerophyte might therefore be its 
faculty for dem'easing transpiration with decrease of available soil 
moisture, and there is no doubt that sucli a definition would also fit 
Maximow's plants. Decrease of transpiration is probably the first 
dep towards complete drought resistance. Plants which in the normal 
state have low suction force and are yet unable to limit transpiration 
according to the obtainable soil moisture, can in no case be extreme 
Xerophytes. According to these ideas the plants of Table 3 would 
then fall into the following groups:-

(1) Plants which have always, or at least at low saturation 
deficit (high relative atmospheric humidity), a small trans
piration. These are certainly Xerophytes, and include 
H elichff'ys'ulm, A nzphidoxa, and Stachys spathulata, all 
three covered with thick white felt. 

(2) Plants which have a low transpiration coefficient at low 
soil moisture and high saturation deficit; and a higher 
index at high soil moisture and small deficit. These are 
well adapted to an arid region and incluae Cassia obovata, · 
Elephantonhiza Burchelli£, U rginea n:gidi.folia, Co711/11le
lina karrooica, G1'ewia cana, Bouchea pinnatifida, and 
Gazan·ia longifolia'. 0£ these, U1·ginea belong- to 
Maximow's group of strongly transpiring Xerophytes. 

(3) A few plants which show low indices with dry soil and 
high saturation deficit (low atmospheric humidity). These 
include Gompo~Sitae such as Vernonia K1·aus.<;ii and Geigeria 
obtusifolia. The grasses do not come into this group, 
although Chloris, Anthephora,, and Them;eda have been 
observed to show s.in1ilar behaviour in the dying or un
healthy state. 

( 4) The majority of the grasses, more than half the species 
examined, show indices over 0.28, and some even 0.69. 
Only a few are low, and these correspond to individuals 
under abnormal conditions of permanent wilting. The 
indices of both species of Erag-rostis and of Aristida species 
are high. Sporobolus and Themeda have lower values, and 
represent the only two grasses which resisted the extreme 
drought of the summer 1923-24. None of the grasses 
have high suction force in the normal state, and nothing 
in their behaviour entitles them to be classed as Xero
phytes. The species upon which highest suction force 
was notec1 is Anthepho1'a (cf. companion paper on "Grass 
Wilting ") . · 

(5) A few plants, notably a yellow Lactuca and H ermann1~a 
brachypetala, which have very high transpiration coeffi
cients. Lact·uca shows 1.42, and H errnannia goes as high 
as 1.8. In this connexion it may be pointed out that the 
remark of Huber (1924, p. 69) to the effect that indices 
cannot rise above unity, is erroneous. In the conventional 
method of estimation, the Rtandard is determined on paper 
1 mm. away frmn the free water surface, out on the plant 
leaf the es.timation is made by direct contact with the 
paper, and the cobur ehange in the latter case can there
fore proceed faster than in the former, under some circum-
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stances: Of the two p~ants ·mentioned, L{]).Ctuca appean; 
to be a Mesophyte whiCh can only stand drought for a 
short time, since it died down a fe·w days after the recorded 
index was determined. The high values reached by 
H e1·nwnnia are a~tonishing, but it must be remembered 
that under drought and strong insolation this plant takes 
up a specific " protection position " ( cf. Part I on 
"Wilting") and then transpires much less. 

The general conclusion which may be arrived at from a study o£ 
Table 3 is that some of the Armoedvlakte plants transpire as much 
as, or more than, grasses, when the soil is wet, but that the majority 
transpire less, or re·gulate their water output very efficiently when 
the soil is dry. A similar conclusion was arrived at by direct" weigh
ing experiments upon Stachys spathulata, Fall(,ia oblongata, and 
Limeum visco'sum.. Stachys and Limi?um transpired much less than 
oTasses weighed at ~he same tim·e. Palkia, in special distinction to 
the grasses, regulated its transpiration according to available soil 
moisture. · 

The Xerophytes of the shade, such as . Oa:alis convexula, may he 
briefly me·ntioned . .. Oxalis transpires fairly strongly when exposed to 
the sun. Its hourly average for absolute transpiration is recorded as 
0.63 gm. per sq. dm., and its indices for relative transpiration are of 
the same order as for vigorously transpiring grasses. Young plants 
in particular show high water output. · 

In the Bechuanaland flora, succulents of low transpiring power 
r~re also represented . . The records refer to absolute numbers since 
cobalt papers could not be readily fixed on the leaves. The hourly 
average for Jl! esembryanthe.mum Lesliei in moist soil is 0.0025 gm. 
per gm. of fresh matter. 

By way of summary it may be stated that the Bechuanaland 
fiora is generally of a Xerophytic nature. There are a few notable 
exceptions, of which the grasses are the most important since they 
are the economically significant plants from the point of view of 
stock rearing. Most strongly transpiring plants, other than grasses, 
are characterized by a high suction force in the normal state, which 
procures for them the necessary water. A f'e·w plants, such as Bouch·ea 
pinnatifida, display a low transpiration with a low suction force. 

Direct Wilting E.xperiments.-Specific consideration of the direct 
wilting experiments again shows that tlie grasses do not regulate 
their transpiration according to the soil moisture available. Specimen 
protocols are given in 'rable 4. Only after withering has commenced 
does a marked decrease occur, and even on the first day of wilting 
the transpiration may continue vigorously. When exposed plants are 
allowed to recover from initial wilting by subjection to a moist 
atmosphere, and again exposed to the sun_, transpiration may proceed 
in jerky fashion; by fits and starts down to the minimum value at 
which permanent wilting sets in. 

The conditions controlling te!l'lporary and permanent wilting 
could readily be distinguished in February and March, 1924, since 
between each process a few days of strong transpiration intervened. 
In the larger experimental pots (500 gm.) temporary wilting 
actually occurred at betweeen 1. 75 and 5 per cent. soil moisture; in 
the small bottles (50 gm.) at even higher percentages. This experi
ment was carried out at the end of a long drought period, a few days 
before a rainfall. 
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. In the experiments carried out from September to October, and 
i!l December, 1924, temporary and permanent wilting occurred about 
the same time. Some of the observations were interrupted by rainy 
days which prolonged the exposure of the grasses for some weeks, but 
the individuals which wilted before the rains did so in a few days 
(Table 4). 'r'he water-content of the soil in the pots at the end o£ this 
series was much smaller than in the corresponding series of February. 
For perm.anent wilting the figures were determined as 0.5 per cent . 
moisture in the former and fr01n 1.5 to 3 per cent. in the latter. 

For single days, the recorded transpiration depends upon the 
prevailing meteorological conditions. Over several days, the output 
of water by the plant may vary very little, or 1nay fluctuate widely. 
It is noteworthy that in the February-March experiment (T'able 4) 
the highest transpiration values occur on the first day of ol>_servation; 
and in the experiment of the cooler September-October· period, between 
the third and the fifth day. 'l_lhe factors responsible £or subsequent 
diminution of transpiration, chiefly small root system and low water 
supply, then hasten wilting and the leaves collapse soon after the 
roots in the dry soil can no longer cope with their water output. 
It is striking that the plants which commenced the experiment on 
high soil moisture of over 15 per cent. wilt somewhat sooner than 
those which commenced with 8 to 10 per cent. This is probably due 
to wider opening of the stomata, and resembles a state of affairs 
frequently found under natural veld conditions. Veld grass which 
:-:;hoots in the rainy season is more liable to wilt under a subsequent 
blazing sun than grass which comes up from a dry soil in tl1:e rainless 
spring. In a short experiment such behaviour may hardly show at 
all, but it is well pronounced in observations which happen to extend 
over several weeks. 

The average time in which various grasses wilt in big pots is 
fairly long for most species, but shorter for some. For the series 
of experiments executed, the average time was rather over fourteen 
days for Therneda~ less th~n a day shorter for Era_grostis and 
Digitaria, but only three days altogether for Sporobolus. It may be 
added that most o£ the experiments on Themeda were conducted at 
much lower soil moisture (7-11 per cent.) than those on Dig:itaria 
and Era_q1'ost'i . .:; (17 per c:ent.), and its even longer surviva1 is further 
evidence~ of its earlier mentioned resistance to drought. The short 
survival of Sporobo:lus is not easily explai~ed since all individuals 
in experiment wilted under relatively high soil moisture. The state
Jnent made above, that well watered plants may wilt more quickly 
than others. applies wjth particular force to Sporobolus. 

GENERAL DISCUSSION AND RESUME. 

. From the locus of writing this article and the companion paper on 
"Wilting," it is impossible to consult the extensive literature on trans
pjration available in European libraries, and for many points •)f 
reference Burgerstein's textbook (1904 and 1920) had to be relied 
upon. Although a modicum of the. most recent literature was procured 
from Europe, not all journals were available, and in considering t he 
Armoedsvlakte experiments attention must be confined, £or the time 
being at least, to certain recent papers which seem to have a special 
hearing upon their 'significance. 

· Iljin (1915 and HH6) and Maximow (19~3 and 1924) we1·e 
probably the first authors who treated the Xerophytic plant from a 
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point of view entirely different to that of the 01·dinary textbooks. 
Although the South African data now recorded do not altogether 
bear out Maximow's views, the experiments themselves were carried 
out with due regard to his standpoint. 

Huber (1924), whose excellent critical paper was only published 
towards the conclusion of the Bechuanaland work, actually points 
out that results different from Maximow's might possibly be obtained 
in the extreme drought areas of Africa, but apart from this he 
subscribes almost completely to the general views of the Russian 
author. He considers it characteristic of a Xerophyte (p. 49) that ir 
can continue transpiration with open stomata even when the soil is 
drying out and the atmospheric saturation deficit is large, and that 
ir arid areas it can retain its natural ventilation without danger to 
its water balance. The reduced transpiration as a distinction from 
Mesophytes loses its significance (p. 96) when Xerophytic- character
istics occur, until finally, in extremely dry soil, it is only the osmotic 
forces which decide tne retention of water balance. The more 
xeromorphic a plant the less important becomes the absolute saving 
effectefl by decreased transpiration. 

These views of Huber, expressed so recently as last year, render 
it necessary to emphasize again the totally contradictory behaviour of 
the flora of Bechuanaland. Not one of the investigated plants ~s 
capable of extensive dehydration without vital changes in its meta
bolism, although these cannot be observed without analysing the 
plant itself, and may proceed even if the plant can still recover its 
turgescence through rain. In the area studied, an admirable place 
for Xerophytes, the only plants which keep the stomata open when 
the temperature is high, the relative humidity and the soil moisture 
low, are the grasses. All other plants close their stomata, and some 
even adopt protective positions. At tlie end of 1922, after a rainless 
period of ten months, when the country suggested the appearance of 
a real desert, Elephantorrhiza, Bouchea, Cassia, and Sta:chys were 
found with closed stomata; and the two Leguminosae adopted their 
characteristic protective positions (photographs in Part I on 
""\Vilting "). Should these plants be refused the name of Xerophyte 
because they cease assimilation in the drought-stricken soil and 
desiccated air? Is it not wonderful t.hat under such extreme con
ditions the plants were able to shoot new leaves, continue the meta
bolism for a few hours each day, but close their stomata for the rest 
of the time? 

During this period, of course, no grasses could be found, but 
in no sense should they be classed as Xerophytes. 

Huber emphasizes the fact that diffe-rent plants by no means 
employ the same means of protection against drought. In Soutn 
Africa dimi(nished transpiration plays a rerlatively dominant role, 
perhaps because some of the most drought-resistant plants have very 
thin leaves which cannot stand alternate drying out and recovery. 
It seems probable, howev·er, that the subterranean parts ·of all these 
plants are drought reflistant in the sense of Maximow and Huber, 
and that it is this, together witli their high suction force, which 
enables them to shoot in an extremely dry soil. 

The grasses, which should be separated altogether :from the 
Xerophytes, do behave somewhat like plants which Maximow includes 
under that term. They continue, at least to a limited extent, their 
gaseous metabolism right up to the point at which their continued 



686 
i 

transpiration of water results in permanent withering. Before this 
point their metabolism is not reduced to a few specific hours each 
day, but continues all day long in a disturbed fashion. The nature of 
the disturbance can of course only be revealed by che,mical analysis, 
in which direction certain data are being now accumulated. When 
the grasses suffer only temporary wilting they may recover completely 
after rain, so far as external appearance goes; but their metabolism 
is not restored to ' normal at the same rate. It is not known at present, 
iu how far the drying out of the plants in Maximow's experiments 
affects their metabolism, but from the researches of Iljin (1923) some 
influence would he expected. It seems that the metabolic conse
quences of alternate dehydration and recovery will have to he 
investigated before any definite conclusion can be arrived at, 
<'Oncerning the relative advantages to the plant of a capacity to 
decrease transpiration, and a capacity to lose water at one period 
which it can regain at another. 
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APPENDIX. 

EXPLANATION OF TABLES. 

TABLE 1 : Hourly average values of the grasses in grams per 100 cm.2 surface. 

TABLE 2: Dependence of transpiration of grasses on the soil moisture. 
The plants in small pots are marked with an asterisk in the column headed "state 

of the plant." 
In the 4th column the soil moisture is given in percentages, in the 5th the ratio of the aerial 

parts to suction roots, in the 6th and 7th the amount of water transpired in twenty-four hours 
per 1 grm. fresh matter, or per 100 sq. em. leaf surface. In the 8th column the condition 
of the grass leaves is marked. 
TABLE 3: Relative transpiration of difterent plants in comparison with grasses. 

The experiments are arranged according to dates (column 1). In column 2 the name 
of the plant, in column 3 the temperature .of the air in ° C., in column 4 the saturation 
deficit of the air are marked. The latter is given because in most recent investigations 
on transpiration this factor and not the air moisture is discussed. 

In the following columns the transpiration coefficient is calculated according to Bakke, 
as explained on page 685. 
TABLE 4: Course of a wilting experiment. 

In table 4 the records of two plants during a wilting experiment are given. As it is 
impossible to reprint all the recO:rds, these serve as general example. They are taken from 
two different experiments (October and February). In column 1 are given the data, in 2 
the number of the day, in 3 the daily output of water per 1 grm. fresh matter in grms., 
in 4 the same per 100 em. leaf surface, in 5 the soil moisture, in 6 the maximum temperature, 
in 7 the minimum temperature, both in ° C. ; in 8 the lowest air moisture. 

The difference of soil moisture at the time of wilting for the two plants is obvious. 
Digitaria in a sn:~all pot wilts at 8 · 5 %, Ji}m_rp·osfi8 in a big pot at 1 · 2 %· 
TABLES 5 and 6 : Records of experiment 39. 

As it is quite impossible to reprint all the records, experiment 39 is given as example. 
It cannot be expected that every case is illustrated in a single record. The whole experiment 
is given except the direct weighings. Page 700 contains the meteorological data of the day. 
In the 1st column the time is given, in the 2nd the sun is marked with the usual meteoro
logical sign, in the 3rd the velocity of the wind is indicated in degrees on Beaufort scale, 
in the 4th the soil temperature, in the 5t4 the air temperature in ° C., and in the 6th the 
air moisture. 

On page 699 the units of weight and surface, and tbe soil moisture, are given. In the 
last column the condition of the plants is described. 

On pages 700 to 702 the results are given for eight plants. For each plant is marked 
in the lst column the time of exposure, in the 2nd column the hourly transpiration in grms. 
per 1 grm. fresh matter, and in the 3rd the hourly transpiration in grm. per 100 cm2. surface. 

Page 699 gives the. daily transpiration value per 1 grm. fresh matter and 100 sq. em. 
surface. In the last column the probable factors determining the result are indicated. 
The values calculated on fresh matter agree much better thau those calculated on surface, 
as was pointed out on page 683. 
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TABLE l. 

Hon'rly Avera,qe Valne of th~ G1Ytsses in. ,qr. pro c1n. 2 Sn1:lru)e. 

Plant. I Jan. , Feb. I Mar.J April. May., June: j July. j Oct. Nov. Dec./ ~~~~-

Emg1·ostis s1tperba . .. 0·46 1 0 ·52 1 0 ·26 0 ·16 1 0·19 1 0·09 1 0 ·64 ~~,' 0 · 52 
0·89-f i 

_D_i_ot_'ta_r_ia_e_n_·a_n_tha_._._ .. _
1 

__ o_·_72_t_
1 

___ 

1

_--'-_

1

1 ___ 
1

• _ _ 0_·_61_ 1 0 · 08 /~~~ 0·35* ~~~~ 
Themeda triandra.... 0 ·84t 0 ·78 I 0 · 58 I 0·16 I · ! · 1 0 · 59 
_A_ris_t_id_a_u_n~-.p-lu_m_w_· -.. -. - I-0-.-7-2t-l---l------~--~----~---- 0 · 72 

-Sp-or-o-bo_l_u_s_fi_m_bn-.-a-tw--s- 1 --0-·-70_t_ 1---l---:·---~--. --~---~---, ---~---0-53 o:6l 
Oymbopogon ---------~---,--- ___ : ___ ------

plurinodis......... 0·56t j 
1 

· i 0·56 

Oynodon dactylon.. . . 0 · 4 ~--Q.241'0-22j--~--0-781.Q.88 0 · 26 0 · 46 

_T_ra_q_u_s _r_ac_em_os_u_s_._ ._._· _
1

_0_·_6_6_
1

_0_·_5_6_

11

1_0_·_8_5_
1 

___ 

11 

__ 

1

, __ 

1 

___ , __ 

11

·,.----1 o
0

·. 65~ Panictr.m M arlothii . . 0 · 59 " 

* Wilted plants. -r 1924. 

TABLE 2. 

Dependence of Transpirat1:on of Grasses on the Soil J.lloistta·e . 

Amount Amount 
Soil Coefficient of Water of Water 

Moisture Aerial transpired transpired 
No. Date. Plant. in Parts to in 24 hrs. in 24 hrs. State of Plant. 

per Suction pro 1 gr. pro 100 
Cent. Roots. Fresh cm.2 

Matter. Surface. 

12 28.3.23 Tragus· 4 ·1 - 14 ·52 10·0 Fresh. 
racemosus 

" " 
3·0 - 5·5 17·3 

" 
" " 17·0 - 11·37 20·8 

" 
" " 20·8 - 23·63 22·0 

" 
" " 19·4 - 10·66 21·2 

" 
" " 

23·3 - 17·82 20·8 
" 

14 15.4.23 Eragrostis 1.87 0·3 2 ·9 5.0 Rolled during day-
superba time. 

Th;lneda " 
16·6 0·5 4 · 3 6·4 Fresh. 
7·8 1 ·2 9·1 5·8 During day -t.ime, 

triandra half folded. 

" " 
12·8 0·2 7 · 4 9·2 Fresh. 

17 26.4.23 Oynodon 2·0 0·7 0·66 '1·5 Fresh. 
dactylon 

" " 
10 0·6 2·68 8·79 

" * 

" " 
8 0·18 2 ·19 2·9 

" * 
20 4.5.23 Eragrotis 5 0·89 3 · 59 17·1 Fresh. 

superba 

Digit aria " 8 2·36 2·21 5·6 
" 20 1·03 4·82 5·3 
" * eriantha 

" " 
25 1·05 1·73 5·8 

" * 

23 16.5.23 Eragrostis 17 0·77 8·7 10·1 Fresh.* 
superba 

* 
" 

24 0 · 5 33·5 11·9 " Oy,;,~don 19 · 6 1 · 4 2·2 4·8 , * 
dactylon .. , 22·6 1·7 2·0 5·7 " * 

251 24.5.23 Eragrostis 27·8 4 · 6 0·93 3·5 Fresh. * 
superba 

* , 11·1 4·6 1 · 56 4 ·2 
" I Digftaria 29·8 28·0 7·2 7·1 ., * 

i eriantha 

I " 
, 24 · 0 4·2 2·0 4·8 

" * 
* In small pots. 



No. 

29 

30 

31 

Da~. Plant. 

11 . 6 . 23 1 Eragrostis 
auperba 

Dig'IJ,ana '' 
eriantha 

Tnl1nwa " 
triandra 

18 . 6 . 23 Digitaria 
eriantha 

Erd/;rostis " 
superba 

3 .10.23 Cynodon 
dactvlon 

, " 
" " 

ErciUrotis '' 
superba 

" " , , 

32 18 .10. 23 Eragrostis 
auperba 

, " 
" " 

Diu'ltaria '' 
eriantha 

" 
" 
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TABLE 2-( continued). 

Soil 
Moisture 

in 
per 

Cent. 

21·9 

18·1 
21·4 

8 · 7 
26·5 

21·0 

26 ·8 

15·6 
29·9 

11 · 7 

5·91 

1·7 
5·3 
0·7 
3·6 

22 · 2 
0·4 

6·5 

19·5 
5·2 

30·1 • 
24·6 

10·2 

19·8 
2·El 

Coefficient 
Aerial 
Parts: 
Suction 
Roots. 

3·0 

0 ·6 
1·4 

0·4 
1·4 

1 · 4 

0·95 

0·5 
1·4 

2·4 

1 · 2 

1·1 
1·2 
0 · 5 
0 · 64 

0·6 
0·4 

0·84 

1·9 
1·5 
1·3 
2·9 

0·45 

4·0 
2·5 

Amount 
of Water 
transpired 
in 24 brs. 
pro 1 gr. 

Fresh 
Matter. 

2·7 

1·6 
0·82 

0 ·6 
4·7 

1·3 

3 · 5 

2 ·9 
0·6 

0 ·6 

11 · 9 

4·2 
8·2 
6·9 
1·5 

18·8 
0 · 4 

3·9 

11·6 
3 ·8 

14·2 
15·5 

1·6 

14 ·4 
6·4 

Amount 
of Water 
transpired 
in 24 brs. 
pro 100 

cm.2 
Surface. 

6·1 

2·9 
2·0 

2·0 
5·3 

2·3 

5·3 

3·7 
2·4 

2 · 1 

21·7 

10·5 
28 · 0 
15·7 
5·6 

33·8 
0 ·8 

8·1 

19·6 
12·2 
20·7 
23·9 

1·5 

21·3 
10·5 

State of Plant. 

Fresh.* 

" * Fresh ; but plant had 
suffered before py 
frost. 

Fresh.* 
* 

Plant curled ; affect
ed by frost. 

Fresh.* 

Fresh. 

" 
" 

Diy, and grey-green 
during day.* 

Fresh. * 
Dry, and grey-green 

during day.* 

Rolled in day-time.* 

Fresh. * 
'Rolled in day-time.* 
Fresh. 

Dry from the begin
ning ; did not re· 
cover in spite of 
additional water.* 

Fresh.* 
Drooping, but much 

better than No. 2 ; 
no water added.* 

----~1---~--11----1-----1----1----1--------
33 25 .10. 23 Cynodon 

dactylon 
" , 
,, " , , 

Digit aria 
eriantha 

" 
" 

" 
" 

34 15 . 11 . 23 Eragrostis 
superba 

, " 
Dig'itaria '' 

eriantha 

" " 
" " 

2·4 

8 · 1 
7·9 
6·6 
8 · 7 

5·2 
2·9 

10·9 

11 ·0 

0·5 
4·0 
5·8 

13·6 
3·5 

13·0 

1 · 1 

0·75 
1 · 38 
2·0 
3·8 

2·0 
1·8 

2 · 5 

3 · 5 

0·8 
0·7 
0 ·8 

2 ·2 
1·0 

9 · 3 

* In small pots. 

9·9 

15 · 9 
17·3 
13·8 
9·6 

7·1 
1·7 

7·8 

9 · 5 

5·6 
10 · 7 
0 

8 ·9 
1 · 3 

7·9 

17·4 

22·4 
23·0 
23·7 
15·9 

10·5 
2·2 

15·7 

32·5 

10·7 
16·0 
0 

6·2 
0 ·8 

17·4 

Fresh. 

" 
" 

Di~oping 
day.* 

Fresh.* 

Fresh. 

during 

Wilted during day.* 
Wilted for few hours.* 
Taken wilted in the 

experiment.* 
Fresh.* 
Taken wilted in the 

experiment.* 
Fresh.* 
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TABLE 2-(continued). 
==~==========-======7======7================~==================== 

I 

No. Date. 

35 3.12.23 

Plant. I 
Soil 

1 

Moi~ure 

1 per 
I Cent. 

Coefficient 
Aerial 

Parts tv 
Suction 
Roots. 

---------1---·-----
Eragrostis 4 · 5 4·4 

superba 

Di(JUaria " 
eriantha 

16·2 
1·5 
4·8 

2 ·1 
1 · 7 
4·0 

Amount 
of Water 
transpired 
in 24 hrs. 
pro 1 gr. 

l :::::. 

1 

8·0 

14·5 
4·4 

14·0 

Amount 
of Water 
transpired 
in 24 hrs. 
pro 100 

cm.2 

Surface. 

22·6 

30·8 
34·2 
32·0 

State of Plant. 

Inner young lf'aVe!l 
rolled during day
time. 

Fresh. 
Rolled.* 
Drooping in the after-

noon, recovered 
during night. 

, " 
I 
I 

16·5 2·1 10 · 0 17·8 Fresh. 

I 
, , 1 3 ·0 3·1 6·1 9·5 Drooping In the after-

noon, recovered 

I 
during night. 

, ,, 22·3 1·2 10·0 18·8 l!'resh. 
-3-6-l·-2-0-.-1-2-. 2-3- ~· -D--i(J_ita __ n_·a-------!!---1---7---l----1---9---!----3-. 2---l·---5--6---1 Drooping badly. 

I 0
.,--!!. .. ~n~ha 8·5 6·5 5·8 14·0 Fresh.* 
, ·r>VWJ 9·2 4· 3 3·4 6· 3 " 

dact:ulon 
I 21·4 5 · 6 3·7 6·2 
. Erd/,rostis " 6·3 0·5 I 8·5 15·6 R~lled over day-t.ime. 

· mperba · 24 ·2 0·9 6 ·4 20·0 Fresh. 

I 
Sp~o~~~u~ 1 ___ 3_·_3---l----6-· -7 _

1

, _ ___ 4_·_3---I----8-·_6 __ ,_L_e_a_v_e_s_f_o_ld_e_d_. ---
_---I------- , , 

1 
14·7 6·6 6·6 17·2 Fresh. 

I 
ThelM4a I 18·8 1·2 13·5 21·6 Fresh. 38 3.1.24 

15.1.24 

'' 

trian,,dra 

1

, 
1 9·9 2·0 10·6 22·8 

10·2 0·9 17·6 16·7 
ErdYrostis " 6·0 0 ·7 10·3 29·0 

superba 

Spr:;.obolus " 
fimbriatUll 

I
. Digitaria 

eriantha 

" " I , , 

ETdUrostis u 
superba 

! 

·26 ° 2 1 . 3 13 ° 4 31. 6 
13 . 1 0 . 7 29 ° 5 32. 5 

9·8 5·6 8·9 23·8 
4·0 5·0 4·3 13·9 

4·0 

9·1 
5·7 

16·6 
4·8 

13 · 9 

1·75 

2·3 
5 ·6 

2 ·4 
6·1 

1·1 

1·7 

13·4 
7·8 

10·0 
4·6 

6·3 

1·7 

37·7 
13·7 

25·0 
10·3 

11·7 

I 4 ·6 0 · 75 1·7 

5·9 

5·2 

22·3 

" 
" 

Leaves folded n t, noon. 

Drooping ; better the 
second day. 

Fresh. 
Drooping ; ~ood the 

second day. 
Fresh. 
Folded or rolled, but 

not dry. 
Goou ; leaves apex 

from the beginning 
dry. 

Rolled ; better on the 
second day. 

Fresh. , , I 9 ·5 o-5 
----1·---------I-------------'---------I--------1·--------1--·-------1-----------------

23.1.2-J. Oumbopogon j 6·4 3·3 6·2 18·7 40 
plurinodi8 

I 10 ·3 2·6 

I Sp~obolus :: I ::: ::: 

2·2 6·0 

5·5 
4·2 

12·2 
15·7 

7·8 14·0 

3·5 
5·9 

6·3 
11·4 

* Half folded in the 
afternoon. 

I 
fimbriatus ; 

D11;Uaria " i 4·7 3·0 

-·--· - __ _j _____ " __ :~ha j ___ 1_7_· _ o--'----2-· 8---'----~~ -~----~~~~--- _ _ _ _ ____ _ 
* In small pots. 



691 

TABLE 3. 
Relat'l:ve Tran.qp1.:ration of Different Plants in Omnpar1:son with Grasses. 

Date. 

3.11.23. 
10.45-12.45 
p.m. 

Plant. 

Cassia obomta ..... . . 
Elephantorrhiza Bur
chellii 

Anthephora pubescens 

Tempera
ture 

in ° c. 

30·2 
30·6 

30·6 

Satu· I 
ration 

Transpiration Coefficient 
(according to Bakke). 

~~e~~; Upper Under F Air. Surface. Surface. ~verage. Remark:;. 

---------

26·0 0·008 0·130 0·069 
29 · 3 0 · 000 0 · 000 0 · 000 After 5 hours. 

29 ·3 0·062 0·033 0·048 Grass nearly 
dry. 

-----1----------1----------------------
5.11.23. 

8-9.30 a.m. Eragrostis sttperba... 32·8 31·7 0·312 0·277 0 · 294 
Elephantorrhiza Bur- 32 · 8 31· 7 Closed 0 · 000 0 · 000 
chellii 

If opened art,ificially, exposing the upper ::mrfat>e, index 0 · 119; the stomata (ll 
the closed leaf were apparently not close d on the protecte d side. 

-----1·--'--------1-----1----------------1------
23.11.23. 

9.22 a..m .. . 

10.2 a.m .. . 
10.18 a.m .. 

ElephantON'hiza Bzw-
chellii 

Eragrostis superba . .. 
Sporobolus fimbriatt~s. 
Grewia cana . ....... . 
Urginea rigidifolia .. 
Anthericum spec ..... 

21·0 

23·4 
23·4 

25·0 

10·07 

12·52 
12·52 

13·00 

0·123 

0'·184 
0·279 
0·140 
1·400 
0·116 

0·127 

0·036 
0·126 
0·238 
2·330 
0·304 

0·125 

0·110 
0·202 
0·189 
1·965 
0·210 

-·----1·---------1-----1---- ------------1------
2 .1.24. 

11.45 a.m .. 
11.55 a.m .. 

12.10 p.m. 

Urginea rigidifolia ... 
Elephantorrhiza Bur
chellii 

Sporobolus jimbriatus. 

12.20 p.m.. Solanum supinum ... 

37·0 
37·0 

38·2 

38 · 2 

41·68 0·020 
41·68 0·000 

44·21 0·008 

44 · 21 0·125 

0·006 
0·014 

0·022 

0·018 

0·013 
0·007 

0·01.5 

0·071 

Completely 
dry. 

-----l----------l-----1--·----------l----l--------
22.3.24. 

10.55 a.m .. 

11.12 a.m:. 
11.45 a.m .. 
11.52 a.m .. 

11.56 a.m .. 

12.4 p.m ... 

12.10 p.m .. 
12.15 p.m .. 
12.20 p.m .. 
12.26 p.m .. 
12.29 p.m .. 
12.34 p.m .. 

3.5.24. 
11.20 a.m .. 

11.23 a.m .. 

11.40 a.m .• 

12.00 a.m •. 

12.20 p.m .• 

28.8 24. 
3.10 p.m ... 

Elephantorrhiza Btu·-
chellii 

Bouchea pinnatijida .. 
Brachiaria Marlothii. 
Limeum viscosum .. . . 
Eragrostis superba . . . 
Alternanthera Achy-
rantha 

Tribulus terrestris. . . 
Hermannia brachy-
petala 

Euphorbia sanguinea 
Giesekia pharnacf!oides 
Zisyphus Zeyheriana. 
Oxalis conve rula ..... 
Commelina Africana .. 
Chrysopogon ........ . 

Cassia obovata . ..... . 
Themeda triandra ... . 

Stach'y; spath!llata . . . 
Tragus koelerioides . . 

Herm:lnnia "brachy: 
-petala 
Cynodon Dactylon . .. . 

Salvid' rugosa.'.' . ... : : ; 
Eragrostis lehman-
niana 

0 alis convexula . ... . 
Digitaria eriantha .... I 
Bouchea pinnatijida . . 
E1Zlt:trtorrh.iza Bur- 1 

Anthephora pubescens 

Themeda triandra .... 

Sporobolus ft~iatus 

Stacky; spath!ilata ..• 
Euphorbia sanguinea 

27·0 

27·0 
27·0 
27·0 

27·0 

26·8 
26·8 

27·2 

16·6 
16 · 6 

16·6 
16·6 

23 ·8 
23·8 

23 · 8 

23 ·8 

19 · 2 
19·2 
19·2 
19·2 
19·2 
19·2 

11·5 

11·5 
11·5 
11·5 

11·5 

8·46 
8·.46 

9·47 

10·02 
10·02 

10·02 
10·2 

16·43 
16 · 43 

16·43 

16·43 

11·5 
11·5 
11·5 
11·5 
11·5 
11·5 

0·170 

0·365 
0·094 
0·271 
0 · 565 
0·342 

1 o-3o1 

I 
0 · 175 

0·375 
0·224 
0·701 
0·657 
1·312 ' 
•·•22 I 
0·538 
0·385 
1 · 129 
0·102 I 0·515 
1·930 
1 · 039 ! 

0·325 
0·608 
0·318 
0·329 

0·241 
0·122 
0·093 
0·138 

0 ·256 

0·137 
0·470 
0·178 

0·833 
0·249 

! 

0·189 

0·368 
0·289 
0·516 
0·520 
0·480 

0·383 
0·194 

0·710 
0·547 
0·377 
0·771 
0·888 
0·471 

0·374 
0·755 

0·091 
0·534 

0·883 

0·218 

0·596 
0·656 

0·163 
0·109 
0·284 
0·222 

0·322 

0·266 
0·666 
0·149 
0·370 
0·244 
0·333 

0·180 

0·367 
0·191 
0·394 
0·537 
0·411 

0·342 
0·185 

0 ·542 
0·386 
0·539 
0·714 
1·100 
0·44-7 

0·456 
0 · 570 

0·097 I 0·525 
-

0·961 

0·272 

0·407 
0·492 

0·202 
0·116 
0·189 
0·180 

0 ·289 

0·202 
0·568 
0·164 

0·539 
0·291 

Near midrib. 

Apex. 

Apex. 

Old. 

Old. 

Midrib. 

Midrib. 
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TABLE 3.-contin·ued. 

I 
1 Transpiration Coefficient 

I 
Satu· (according to Bakke). 

Tempera- ration - - ----- -···- ·---- - -- -· ·-·-··- -- -
Date. Plant. ture Deficit 

in ° c. of the Upper Under Average. Remarks. Air. Surface. Surface. 

---------------
28.8.24.-

(contd). 
3.40 p.m ... Digitaria eriantha .... 19·2 11·5 0·384 0 · 416 0·395 

Helichrysum caespi- 19·2 11·5 0·049 0·108 0·074 
titium 

Omlis convexula .... 19·2 11·5 1·956 0·607 1·282 Very young. 
Eragrostis superba ... 19·2 11·5 0·300 0·218 0·259 
Hermannia brachy- 19·2 11·5 2·700 0·900 1·800 
pet ala 

Aristida congesta ..... 19·2 11·5 0·457 0·130 0·294 
Geigeria passerinoides 18·2 11 · 7 0·372 0·592 0·482 

2.9.24. 
3p.m ... ... Gazania longifolia .... 25·2 21·8 0·142 0·134 0·138 

Salvia rugosa .... ... 25·2 21·8 0 ·404 0·545 0·475 
Themeda triandra .... 25·2 21·8 0·200 0·290 0·245 
Digitaria eriantha .... 25·2 21 ·8 0·400 0·114 0·257 

3.30 p.m ... Aristida congesta ... . . 25·2 21·8 1·250 0·483 0·867 
Anthephora pubescens 25·2 21·8 0·235 0·195 0 ·215 
Tragus racemosus .... 25·2 21·8 0·250 0·226 0·239 
Geigeria obtusijolia . .. 25·2 21·8 0·105 0·222 0·164 

4.13 p.m ... Eragrostis lehman· 25 · 2 21·8 0·785 0·234 I 0 · 510 
niana 

j 4.30 p.m .. . Euphorbia sanguinea. 22·8 18·5 0·348 0·694 0·521 
Hermannia brachy- - - 0·585 0·263 0 ·424 
petal a 

------------
22.10.24. 

9.40 a.m ... Themeda triandra .... 22·2 10·24 0·310 0·125 0·218 
Amphidoxa gnapha- - - 0·059 0·111 0·085 

loides 
Elephantorrhiza Bur- - - 0·489 0·238 - 0·364 
chellii 

Rhynchosa conjusa . .. - - 0·464 0·188 0 ·326 
Cassia obovata . .. .... - - 0·386 0·207 0·297 
Salvia ruuosa .. ...... - - 0·579 0·250 0·415 
St.achys spathulata . .. - - 0 · 580 0·500 0·540 

I 
Anthephora pubescens - - 0·153 0·260 0 · 207 
Tragus koelerioides . .. - - 1·9 0·826 1·363 
Diuitaria eriantha .... - - 0·171 0·285 0·228 
Gazania longijolia . ... - - 0·177 0·467 0·322 
Aristida uniplumis ... - - 1·073 0·590 0·842 
Hermannia brachy- - - 0·961 1·192 1·077 
petala 

Bonchea pinnatijida .. - - 0·411 0·231 0·321 
11.08 a.m .. Geigeria obtusifolia . .. 25·2 14·91 1·100 0·733 0·917 

·--------------
6.1.25 ~E] 

10.27 a.m .. Anthephora pubescens 33·5 27 · 58 0·244 0·084 0 · 164 - Folded. 
10.35 a.m .. Eragrostis lehma-n- - - 0·550 0·146 0·348 Rolled. 

niana 
10.39 a.m .. Bouchea pinnatifida ... - - 0·043 0·022 0·033 
10.55 a.m .. Themeda triandra .... - - 0·354 0·105 

I 0·230 Folded. 
11.05 a.m .. Digitaria. eriantha . ... - - 0·447 0·188 0·317 Half closed. 
11.10 a.m .. Salvia ru(Josa .. .... . - - 0·213 0·448 0·330 
11.15 a.m .. Chloris petraea . .. ... - - 0·173 0·071 0·122 Partly closed. 
11.24 a.m .. Sporobol1ts jimb1·iatus 38 ·5 39·33 0·400 0·153 0·277 Rolled. 

ElAph:lntorrhi~~ 
- - 0·200 - - Some. 

11.35 a.m .. BU1'- 39·5 44 · 18 0 · 0008 0·018 0 ·0094 Closed. 
chellii 

-------
12.1.25. 

10.02 a.m .. Lactuca spec . ....... 31·7 25·0 1 · 500 1·35 1 ·425 
10.02 a.m. Eragrostis lehman- 31·7 25 ·0 0 ·468 0·107 0 ·288 

.niana 
10.13 a .m.} Commelina karrooica. 31· 7-36.5 25-33 ·4 0·102 0·001 0 · 050 2.15 p.m. 

I 

10.22 a.m .. Eragrostis s-uperba . .. 31 ·7 25-33 ·4 1·20 0·240 0 ·720 
10.40 a.m . . Cassia obovata . . . .. .. 34·0 28 ·0 0·05 0·138 0·071 
10.42 a.m .. Sporobolus firnbriatus. 36·50 33·4 0·209 0·209 0·209 
11 a.m .... Vernonia kraussii . ... 36·5 33·4 0 ·021 0·191 0 ·105 
11.10 a.m .. Grewia cana Spots .. 36·5 33·4 0·054 0·065 0·060 

Eleph:lntorrhi~~ 
- - 0·416 - -

11.25 a.m.} Bur· 36·5 33·4 0·0008 0·000 0·0004 
2.15 p .m. chellii 

11.30 a.m .. Uruinea rigidijolia ... 36·5 33·4 0 ·025 0·025 0·025 



693 

TABLE 4. 

Conrse of a Wilting Experiment. 

Digitaria eriantha 3.-Wilting Experiment No. 1 (in small bottle). 

i 1 Lowest 
Daily I Daily Air 

Output Output Soil Maxi- Mini- Mois-

Day. P1-Jr!8f· l.10cf~~. 2 Mois- mal mal ~: 
Matter Surface ture. 

1

, Temp. Temp. cent .. 
1 in gr. in gr. Satur-

1 I J ation. 

Date. Remarks. 

Fe~~;, 1 7·71 114·32 15·1 30 112 31 

~-------------------

1924 I 

- 22-23 -----~--- ------

15 February, 2 4·85 I 9·01 31·5 13 
1924 _______ ,i ___________________ , __ 

7·71 114·32 --- 35 . 14 · 5 c. 25 
23-24 

February, 
1924 

3 

24-25 
February, 

1924 

I -----11-----------------
4 6·00 I 11 · 1 35 18 35 

-----·1----- ----------------· -----1------1---------------:---·-
25-26 

February, 
1924 

3·14 5·9 30 ·5 15·5 18·5 

Fe~~;;y, 6 7·57 I 14·26 · I, 35 17 - 24 
1924 

Fe~;~~y, 7 ~~-::-~~~-~--1-5- Withe:d: put into moist 

___ 1_9_2_4 ___ 
1 
_____________ ----1---- atmosphere. 

28-29 
February, 8 I I In moist atmosphere: 

1924 
1 

recovered after 24 hrs. 

_2_9 __ F_e_b-.--l·--~---.-------~---- -------l-----,·--------------·-
1 March, 9 I 3·7i ·· 6·99 36 15 25 

1924 I . I ------------
1-2 .. . I . 

1

. 
March, 10 5·57 10·48 6·7 

1

33 20·5 25 . Withered; put iri moist 
1924 atmosphere. 

-M--:r-~-t-., . -l·--1-1-.. ~~-. -.-. -. - ,- .- . ---. - ,----. - . - ---~ In moist atmosphere; did 

~924 not recover after 24 hrs. 
Permanently wilted. 
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TABLE 4-(continued). 

Cour-se of a Wilting Experiment--( continued). 

Era,qrostis 2.-Wilting Experiment No. 2 (in big bottle). 

Date. Day. 

Daily 
Output 

of Water 
in gr. 

Pf'O 
100 cm.z 
Surface. 

Soil 
Mois
ture. 

I 
L~~~st 1 

Maxi- Mini- Mois· I 
Temp. Temp. c~~~ 

Remark,. mal I mal ture J 

Satur- j 
ation. 

------------~----------~------~----~----~~~~------------------

25-26 I I i I I 21 Sepi~ffer, i 1 9·37 I 9·48 24·4 11·.1 
_______ 1:----·l,_ ---~---~---------1----------

2~~ I I i I 
20 Sept~~ber, 2 : 33·07 \ j 25·7 I 8·5 

27-28 I I II ,---1----1--------

September, [3 ; 29·92 I 22·9 7·8 19 I 
1924 i I I I I 

----S-ep-~--r:-£-er-,---
1

~ ---4-- ! 29·92 i \ 26·8 \ 16·7 c. 20 

1924 I I ! I I 

~~~~se~p~fr~~~:b~0e~r·~~~ ~~·--=5-_:_3_7-·3_5_ 1.=~-----~~-2-8-· 3--~-6-·s--1-5---------

so September-

-~l-~-~-~-4b-er_. __ :\ ---6·- :~~----~~~~ 23 -------------

Oct~:er, 1. 7 ~ 28 · 78 '· 125 · 7 

1

111· 8 12 
____ 1_92_4 ____ ! i I ----·J----------------

00irt,, ~--8-J-:~,-r-:::-~1~1~- ., Withered; put into moUlt 
atmosphere. 

In moist atmosphere ; 
after 24 hrs recovered. 

-----3---4--·--: ! I ' I 
Oc{~~ir, I 9 j __ · I 

------~-5 ___ ,1 _____ :;·------1 ------~1------1·------1-----------------

0ctober, I 10 6·96 1 0·45 30·5 I 14·9 22 Again wHted; put into 
1924 I j 1 I moist atmosphere. 

----------·---:----,----------li-------1-------1-------------------
5-6 , I 

0~~:4er, [ 11 1 

In moist atmosphere ; no~ 
recovered after 24 brs. 



Plant. 

Digitaria t'fiantha-
1. ......... . . . . 

2 ...... .. .. . . . . 
3 ... ... . . ..... . 

4 .. . . ......... . 

Eragrostis .snperba-
1. . . . ....... . . . 

2 .... . . . . ... . . . 
3 ............. . 

4 .... . .. .. ... . 

Plaut. 

. Digitaria er·iantha-
1. ... ' .... ... . . 

2 . . · · ·· · ... . . . . 
3 . .... . ....... . 

4 ..... ... . .... . 

Bfoagrostis $'/tperba-
1. .. ... ... .... . 

2 .. .. . . .. ' ... . 
3 ... ... . . . .... . 

4 •.. • . • . • • •••. . 
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TABLE 5. 

Record of Experiment No. 39. 

Daily Values of 
Transpiration in gr. 

Factor which Determines the Result. 
Pro 1 gr. Pro 100 

cm.2 
Surface. 

Fresh 
Matter. 

1 · 71 

13·4 
7 ·7 

10·0 

4·6 

6 ·3 
1 · 7 

5·9 

1·7 

37·7 
13·7 

25·0 

10·0 

11·7 
5·2 

22 · 3 

II 

Low soil moisture .for the meteorological conditions ; 
bad condition from beginning. 

Soil moisture high enough ; good condition. 
Lo\v soil moisture for the surrounding meteoro-

1 logical factors ; has little effect ; causes the 

I 
wilting · high leaf-root coefficient. 

High soii moisture ; good condition. 

Good condition beginning of experiment ; soil 
moisture causes wilting. 

Good conditions ; high soil moisture. 
In bad condition since beginning ; low soil moist.ure 

accelerates the wilting. 
Good conditions : very low coefficient leaves: roots. 

I Ii~~~tr~k~a1:~~t;~s g~a~t~f:~?irT~~ ~:J~;n~~; 
fresh matter, however, do not differ very much. 

TABLE 5-(continued). 

Rf'.cord (?f Exper'inumt Nr;. ~9--(continued). 

Fresh 
Matter 

of 
I.eaves 
in gr • 

0·175 

0·590 
0·280 

0 ·44-0 

0 · 245 

0·165 
0·400 

0·665 

Surface 
of 

Leaves 
in cm. 2 

17·28 

20·54 
15·87 

17 ·74 

8 ·87 

8·87 
13·07 

17·27 

Absorptive Coefficient I ~oil I 
roots Leaves: ~mature I 
in gr. Roots. ill per 

cent. 

0 ·100 

0·260 
0·050 

0 · 180 

1 · 75 

2·26 
5·6 

2·4 

4 ·04 

9 · 14 
5·66 

Remarks. 

Plant dry in the afternoon 
and grey-green ; recovered 
slightly over night. In 
bad condition from be· 
ginning. 

Very well. 
Drooping in the afternoon ; 
!ooking much better the 
next morning ; only little 
drooping. In good con· 
dition at the beginning of 
the experiment. 

Very good. I~ ·I !- - - ----
0 · 040 

0·150 
0·530 

1·250 

6 · 12 

1·1 
0 · 75 

0 · 53 

1 4 · 78 

13 · 91 
4·6 

9 · 47 

Leaves soft, but one rolled, 
two folded ; looking the 
next morning bet.ter than 
in the afternoon. Good 
condition in the beginning 
of experiment. 

Looking well. 
Leaves soft, but. mostly 

rolled ; a little better next 
morning. In bad condi· 
tion from the beginning. 

Very goc,d. 
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TABLE 6. 

· .Record(~! E.xper£ment No. ~9.-l5th and 16th January, 1924. 

Time. 

15th January-
. Ji .. 27 a:m ···· · ····· 

5·5.3 a.in ............ 
6·12 a.m ............ 
·7- '15 a.m ... . ........ 
8·20 am ....... . .... 
9·17 a.m ............ 

10·16 a.m ............ 
11·00 a.m ........... . 
12·13 p.m ............ 
12·53 p.m .... . ....... 
1·56 p.m .. . ..... . ... 
2·58 p.m ............ 
3·55 p.rr1 .... . ....... 
4·59 p.m ......... . .. 
6·00 p.m .. . ....... . . 
7·02 p.In ............ 
7·35 p.m ............ 
8·00 p.m .... .. .. . ... 
9 ·00 p.m ..... . ...... 
9·55 p.m ..... . ....•. 

11·00 p.m ............ 
11·56 p.m ......... . .. 

16th January--
0·58 a.m ............ 
2·15 a.m ............ 
2·57 a.In . ....... . ... 
3·52 a.m ... . .... . ... 
4 · 50 a.m ... . . . . . .... 
5·00 a.m ...... . .... 

I Sun. I Wind. I 

Soil 
Temperature 

in o C. 

!''"" 
1 20·8 

Sunrise. Light 5.15 a.m. 
0 - 20·6 
0 I 22·7 

0 3 22·5 

0 3 25·0 
3 30 ·0 

0 3 R3·0 
0 1 38·5 
0 3 41·5 
0 2 43·0 

0 1 44·0 
43·5 

0 41·0 
0 37·0 
0 33·0 

Sunset. 
28·5 
26·0 
24·5 
21·6 
20·0 

18 ·2 
17·0 
16·3 
15·7 
15·0 

Dawn 

I 
Air Tempera
ture in o C. 

above Plant. 

20 ·8 

20·6 
22·7 
25·4 
27·8 
31·6 
33·2 
34·8 
.34·7 
36·8 
36·4 
35·2 
36·2 
33·5 
32·0 

28·5 
27·3 
24·5 
21·5 
21 ·0 

20·8 
19·8 
17·4 
19·6 
18·4 

Air Moisture 
in o C. 

above Plant. 

35 

38 
29 
23 
19 
17 
16 
13 
12 
11 
10 
11 
11 
10 
13 

15 
19 
21 
33 
2S 

28 
30 
35 
26 
28 
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TABLE 6'D. 
Recm·d of E:cpe,n:mrmt No. 3~. 15th an.d· 16th January, 1924. 

Eragrostis 3. Eragrostis 4. 

-------------------·11------------------- - ---- -----

Time. 

Hourly 
Transpira
tion pro 

Timr. 

Hourly Hourly . 
Transpira- Transpira
tion pro tion pro 

1 gr. Fresh 100 cm.2 1 gr. Fresh 
:\fatter, 
in gr. 

Hourly 
Transpira
tion pro 
100 cm.2 

Surface, 
in gr. I 

~atter, Surface, 
m gr. l in gr. 

I I i 
--------1-·----1-------~l-------~---:--

15th January . 1:Jth January. ' i 
4. . 54a.m.·- 6.05a.m.. .. 0 · 0 0·0 4.49a.rn . ..: 6·07a.m.... 0 · 0 · 1 0·0 

6 . 05a.m.- 7.01 a.m... . 0 ·052 0 ·160 I ~.07a.m.- 7 . 04-a.m.. . . 0 · 109 , 0·422 

_7_._o_l_~_L-_8_._1_1_a_ .. m_ .. _._·_ -_-:_o _ _:___O--I·-----,-0-·_0__ '. 04 a .m.- 8.14 a.m.. .. 0 · 297 I 1· 4~2· 
0 · 0 8.14,a.m.- 9.131' .. m-.-.-. -.-l--o-.-3-15-l 1 ~ 2!6 S . lla.m.- !l . lOa.m.. .. 0·0 

9.10a.m.-10 . 10a.m.. .. 0 ·075_ 0 · 229 9.13a.m .-10.14a.m .... l 

10.10a.m.- 10 . 52a.m . ... 0·212 0 · 650 10.14-a.m.-10 . 58a.m ... . 
1----

10.52 a.m.-12. 06 p.m.. . . 0 ·165 0 · 505 10. 5:;\ a.m.-12. 09 p.m . .. . 

12.06p.m.-12 . 48p.m.. .. 0·173 ~- 12.00:p.m.- 12.5lp.m .. .. ,------l-----
12.48p.m.- l.50p.m .. .. : 0·150 0 · 459 12.5lp.m.- 1.54-p.m .... 

1 

_2~o~5oJ,~~~-:-~-o-·1oo():3o6-IL54-p.m.- 2.55p.m ... . 

2.f,up.m.-:- 3. 5::> ]J. rn .. .. ! 0·100 0·306 j2.55p.m.- 3.fif.p.ru .. .. 

3. 5~~.-;1~~- -~i~56~~~-:--:-J 0 · 150 0 · 4-59 J 3. 56 p.m.- 4. 59 p.m .. .. 

4~~~~~~-111.~ 5~~.-~~ 0 · 100 0 · 306 ~ 4 . 59p .m .- 5.59p.m .. :-. - l-----!----

5.56p.m.- 6 . 58p.m.... 0 · 047 0 · 145 5.59p.m.- 7.00p.m .. .. 

0·526 2 ·027 

0·421 1·621 

0 ·648 ' 2·495 

0 ·601 2·316 

0·556 ' 2·142 

0 ·511 1 · 964 

0 · 511 1·964 

0 ·514 1 · 980 

0·406 1·563 

0 · 255 0·984 

6. 58 p.m.- 7. 53 p.m.. .. I 0 ·137 0 · 420 7. 00 p.m . ....: 7. 56 p.m·-. -.. -.-l-----:-----

7.53p.m.- S.49p.m .. .. I 0 · 0 0·0 7.56p.m.- 8.51p.m .... 

0·079 0·309 

0 ·048 0·185 

8.49 p.m.- 9 . 50 p.m . .. . i 0 · 0 0·0 8. 51 p.m.- 9 . 52 p.m ... . 0 ·0 0·0 

9.50 p.m.-10.53 p.m .. .. I + 0·075 +0·220 9.52 p .m.- 10. 55 p.m ..... 0 · 0 0·0 

10.53p.m.-11.50p.m . . . . ! 0·025 
--------l------ll---------------l--- ---

16th January . j' 16th .January. 
11.50 p.m.- 0. 52 a .m .. .. , 0·075 . 0 · 229 111.52 p .m.- 0.55 a.m .. .. 

0 . 52 a.m.- 2.10 a.m .... 1 0 ·062 0·19~- ~ ~ 0.55 a.m.- 2.12 a.m .... ·:_· ___ _ 

...::_:o a.~ 2 . 50 ~_l __ o ~_1-~1'! 2 . 12 a .m .- 2. 53 a.m ... . 

2.50a.m.- 3 .5la.m .... j 0·0 I 0·0 , 2.53a .m .- 3.53a.m .. .. 

3.51a.m.-· 4 . 50a.m .... i 0 · 0 I 0·0 113.53 fl. m .- 4 . 51a.m .. .. 

0·076 10. 55 p .m.-11. 52 p.m .. . . o:o 0 · 0 
--- -

0 · 042 0·162 
- -----

0·037 0·144 

0·0 0·0 

0·030 0 · 115 

0 · 0 0 ·0 

------------------------~---------

--
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CHART I.-Transpiration of 1mg'us racenwsus in dry and wet soil, 28th March, 1923 
No adaption to dry soil can be seen. 
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CHART 2.-Transpiration of Thmneda triand1•a in dry and wet soill5th-l&th April, 
1923. No adaption to dry soil can be seen, although the plant in dry soil has 
rolled leaves. 

Physiological Pla'llt Studies IL J [Hem·ici 
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CHAR'r 3.-Transpiration of Cynodon dactytvn in moist and dry soil, 26th April, 
1923. Adaption to dry soil can be seen. 

OH.AR'J' :J.- 'l'ranspiration of 'J'hemetltt h·iand·ra and Oynodon da.d:yl(lll, 13t.h FcLruary, 
1923. 'remporary wilting does not'<liminish the rate of t;raniilpiratiun (TIIr'"'t-tla). 
Cynodo·n for comparison under the same conditionR. 

Phy.~iologiettl Plant Studies II.] [Heltl'i!:i. 
63 
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.EXPJ,ANATION OF CHARTS Nos. 1 to 4 .. 

()kart 1.· -~Tra.n~piration o:f 'tragus ,·ar-cttWMI.~ in. rlry :..wl wet soil. :No ada.pLion (.o clry 
soil can be seen. 

Chart 2.-Transpiration of Themeda triandlra in dxy and wet soil. No adaption to dry 
soil can be seen, although the plant in dry soil has rolled leaves. 

Chart 3.--Tra'nspiration of Cynodon dactylon in dry and moist soiL Adaption to dry 
soil can be seen. 

Chart 4.-(a) Transpiration of Themeda triandra. Tempora.ry wilting does not diminish 
the rate of transpiration. (b) Transpiration of Cynodon dactylon, for comparison. 

On all four charts on the abscissae is marked the time, on the ordinates the amount of 
water given out in mgr. pro. 1 gr. fresh matter of the grass-leaves. On the ordinates above 
the water-amount is also marked the air tnmperature. 

For the transpiration curve the hourly values are entered. On the top of the 
transpiration curve is shown the course of the air temperature, to show the relation of the 
position of its maximum with that of the transpira.tion. When wind was observed, it was 
entered as the degrees of the Beaufort scale . . The. condition of the soil moisture is 
written below the curves. 

With the exception of Themeda and Gynodon, all determinations were made in full 
sunshine. On Chart 4, therefore, the time of the sunshine is marked with the usual 
meteorological sign for su:o., 0; the disappearing sun is marked with an arrow, t. 

The shaded parts of the transpiration curves are the parts during which tin1e the plant 
was withered. 
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