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rest of the day was clear until the afternoon, and at night it rained
heavily. The figures (Table 5) show that the chlorophvll although
diminishing du11n0“ the day, was more than doubled in amount by the
following morning as a result of the warm shower. During the same
night the relative proportion of dry matter in the leaves fell from
45 per cent. to 33 per cent.

Tragus racemosus (Table 5), sampled on a relatively dull day,
showed a mnearly constant chlorophyll-content on 11th November
(1924), owing to lower insolation. The interesting point is that the
following night was very cold, and no chlorophyll was built up in
spite of the fact that it rained.

The 1mp01tant conclusion may therefore be once more empha-
> of the drought and strong insolation of
the Beohuanaland veld the grasses lose a considerable part of their
chlorophyll during the day. During the might the chlorophyll is
resynthesized, «ompletely of soil moisture s adequate, and even
partially resynthesized in times of drought. This conclusion is not to
be regarded as contradicting the general comcéption that chlorophyll
is only built up in the light, since this refers to the ““ preliminary
formation >’ of chlorophyll. In the case of the Bechuanaland grasses
there is still enough chlorophyll, even after partial destruction by
excessive 1nsolai10n to act autocatalytically for new chlorophyll
formation (Schmidt, 1914). The general results recorded here do,
nevertheless, contradict the ,qenelal experience elsewhere, as discussed
by Willstiitter and Stoll (1918, pp. 1-40; 1915, p. 336). It is true
that these two authors draw attention to tlw fact that excessive
1llum1nat10n may effect destruction of chlorophyll by a process inde-
pendent of photosynthesis, but thgy regard the phenomenon as having
no significance in relation to the role of chlotrophyll in assimilation
(1918, p. 40). Concerning the type of resynthesis now under discus-
sion, there appears to be no mention in the literature.

Constancv of chlorophyll-content does not, of course, exclude the
probability that anabolic and katabolic chang‘es are in equilibrium,
so that, in any given unit of time, under ordinary FEuropean condi-
tions, the same number of chlorophyll molecules are built up as are
broken down. Indeed, there is good reason to believe that this is the
general case, and that in the Bechuanaland grassss 1t 1s the synthetic
process which is unfavourably affected bv the drought. The nature
of the process of destruction of chlorophyll during the day, however,
is a point which is still obscure. The fact that the plant can rebuild
the pigment so quickly would suggest that the'chemical change which
the chlorophyll undergoes is not a far-reaching one.

It is also iuteresting to record the fact that the regeneration of
chlorophyll in Bechuanaland grasses'is not confined only to the blades,
but can also be observed in the stalks of various species. In descmbmo*
the veld in the previous paper (l.c. 4), the fact that apparently dead
stems can become green again was mentioned. Aristida unzplumas
and stipoides, Eragrostis superba and lehmanniana, Fingerhuthia
africana, and Digz'tavrin, all showed absolutely yellow haulms, free
from chlorophyll, in the winter of 1924. Before the first raiu.
about 10th September, the old haulms of the two Aristida species, of
/‘znqeﬂmthw and Eragrostis lehmanniana hecame green. After the
first rain on 24th September the other grasses showed the same
phenomenon. With the ensuing drought the chlorophyll again dis-
appeared. The amount of Chlorophyll shown during the period of
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regeneration was by no means normal, since sections through the stem
showed a quantity of destroved granules, but the proportion of active
chlorophyll was sufficient to form starch.

The question as to whether plants other than grasses show the
same phenomenon of destruction and resynthesis of chlorophy!l has
not yet been investigated.

ABsorureE AyounT 0oF CHLOROPHYLL.

Compared with the chlorophyll-content of plants investigated by
Willstdatter and Stoll (1918), the grasses of Bechuanaland are rela-
tively rich when they are young “and fresh. FEven when they are
withered their plgment-conient is still moderately high, and 1t is on]V
after prolonged drought that the figure falis to a 1eally low level.

The variations in different vears have already been noted
comparing the data for 1923 and 1924. The available daia for
Furopean grasses (Willstitter and Stoll, 1913, pp. 109-110) -are
scanty, and opportunity for comparison therefore limited. One of
the European records, however, shows 6.71 grm. chlorophyll per kg.
of dry grass leaves, and 1. 26 grm. per J\o of fresh material.
Compared with these figures, the amounts found in South Africa are
exceedingly high, Pspemalh when it is considered that only sun-
plants were investigated. Jt must, however, be borne in mind that
the relationship between fresh material and ¢ dry matter *’ of Euro-
pean gramineae is quite different from South African, and that
individual Bechuanaland grasses are very light and their surface area
therefore relatively great. This means that “the South African grasses
have rather less chlorophyll per unit surface than Kuropean grasses,
though more per unit weight.

The values of Willstatter and Stoll (1918, pp. 134 and 137) for
Zéa mars arve 0.0117 grm. per 10 grm. fresh matter, 0.0086 grm. per
1 grm. dry matter; grown in solutlon with iron salts 0.0155 grm. per
10 grm. fresh matter and 0.0163 grm. per grm. of dry matter. It
will be noted these figures resemble the grass values recorded here.
Taking the chlomphyll figures as a w hole, it may be considered that
the Bechuanaland data for fresh green grass in a hot season are higher
than those of Europe; for grass in a state of wilting or incipient
wilting, in a hot period, or even for turgescent grass in a summer
with cold clear _nights, they are of the same mawnltude as those of
European gramineae. Nevertheless the grass never gives the <“ colour
1mp1es310n” of fresh green European meadow except, perhaps, after
heavy rains. The causes for this may be various; primarily the
position of the chlorophypll grains (Senun, 1908) and the whole
arrangement of the green tissue. In the grasses at Armoedsvlakte
only the coronoid palisade cells (Kranzpalisaden) have chlorophyll
grains:  all other leaf tissue, mostly sclerenchyma and ‘‘ Gelenk-
zellen >’ (Goebel. 1924, pp. 129- 139), or “motor cells,”” 15 colourless.
The tremendous loss of water during the hot part of the day may also
contribute to the ¢‘ grey-green ”’ coloul by ““total reflection,”” due to
replacement of water in the tissues by air. as in the case of Lichens i
Europe.

Drought and excessive light have been discussed as responsible
for destruction of chlorophyll, but there may be compensating factors -
favourable to its formation. The prevailing high temperature, and
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probably also the high iron-content of the soil, may be regarded as
such. The low mtrht temperatures of ertember and November, 1924,
are exceptional, fmd mm general the average temperature over the
suramer months in Bechuanaland is hlgh dnd conducive to the
synthetic phase of the ‘‘ chlorophyll balance.’

('oNSEQUENCES OF Loss or CHLOROPMYLL.

The annual curves for chlorophyll-content (Plate I) show that
in times of drought the mechanism for assimilation is seriously
impaired. Iljin (1923) found that flaccid plants assimilate less than
turgescent plants, and 1t 1s more than possible that his resnits are
partly explainable as due to loss of chlorophyll. At any rate, low
chlorophyll-content in the Bechuanaland grasses is definitely asso-
ciated with low carbohydrate-content. During the time of severest
drought at Armoedsvlakte the carbohydrate-content of the grasses sank
to one-quarter or one-sixth of the value reached on a sunny day after
rain. In this case the deficiency of water is the iimiting factor, which
in turn. influences the chlorophyll-content and ca arbon assmn]atlon
‘Tt was also found that the low chlorophyll-content of the grasses in
November, 1924, due to low nocturnal temperature, affected the
calbohydrate content in the same direction, the figures bemg’ con-
siderably lower than 1 the previous rainy season of 1923 in spite of
sufficient soil moisture. In this case the low chlorophyll- content may
be regarded as the direct ‘‘ limiting factor.”

With variations in carbohydrate metabolism the nitrogencus
metabolism may of course also be affected.

SUMMARY.

1. The chlorophyll-content of Bechuanaland grasses is not
constant throughouat the year, but varies from a very th’h initial value
on young leaves, decreases accordmg' to the dumtlon and intensity of
drought perlods and increases again after rains.

3, Even during periods of twenty-four hours the chlorophyll-
(ontent varies O‘Ieatly, decreasing from early morning to midday, and
increasing again during the ensuing night. Decrease and increase
depend upon metemolog‘lcal factors of the moment, so that on rainy
days the variation lies within a few per cent., but on extremely dry
and sunny days may extend to 30 per cent.

3. High nocturnal temperature favours a higher general chloro-
phyll-content throughout the day. ILow nocturnal temperature is
associated with low chlorophyll, even although the soil moisture is
adequate. In both cases, however, chlorophyll destruction and chloro-
phyll synthesis are re«rmded as occuum(r concuarrently, the actual
content at any time 191\1exentmo the equilibriam between the two
processes.

4. The values found in 1923-24 were higher than those found in

1924-25 owing to differences in nocturnal temperature in the two
seasons. In the 1923 growing season the chlorovhyll-content of the
grasses of the Vlvbmo District was higher than that of European
grasses; in the 1924 season about the same, or rather lower.

Since the average chlorophyll- content is different in the two
seasons, the data cannot be directly compared. What is termed a
low value for 1923 would be high for 1924. Apart from nocturnal
temperature, other factors, as yet uninvestigated, may play a role.
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Eragrostis superba.

Midday values.

Absolute amount | Abgolute amount C
Date. . Reading. |pro 10 grm. fresh| pro 1 grm. dry Remarks..
. matter in grm. matter in grm.
14/5/1923...... 0-85 ©0-0409 0-0200 —
3/9/1923...... 3-62 0-1771 0-0377 —
19/9/1923...... 1-68 0-0844 0:0210 —
6/10/1923..... 1-30 0-0650 0-0138 =
18/10/1923..... : 1-26 0-0630 0-0130 —_ .
31/10/1923..... I-11 0-0557 0-0145 Gathered during first.
rain.
13/11/1923..... 2-01 0-1007 0-0245 . After 2-1 in. of rain.
28/11/1923. . . .. 1-96 0-0984 0-0268 After rain.  °
11/12/1923......| 1-47 0-0735 0-0168 The first wilting since
5/12.
23/12/1928..... 0-675 0-0337 0:0075 Y -
8/1/1924...... ; 1-376 0-0688 0-0193 After rain.
5/2/1924...... 1-05 0-0527 0-0133 —_— e
27/2/1924...... | 1-18 0-0592 0-0124 Gathered on . a . .dull .
10/3/1924...... 2-01 0-1007 0-0283 Afteryra,in.‘_ B
2/4/1924.. .. .. 1-44 0-0724 0-0213 After rain.
16/4/1924.. .. .. 1-72 0-0864 0-0204 —
7/5/1924... ... 2-12 0-1063 0-0262 Rain between this de-
. termination and the
: last.
" 20/5/1924...... 1-43 0-0716 0-0195 During rain.

3. —CHLOROPHYLL.

Midday values.

Tragus racemosus and koelerioides.”

Absolute amount

Absolute amount

‘Rematks.” :

Date. Reading. | pro 10 grm. fresh| pro 1 grm. dry
.| matter in grm. | matter in grm.
22/5/1923...... 1-07 0-0538 0-0070 : —
. 24/9/1923...... 247 0-1237 0-0297 -
2/1/1924...... 1-95 0-0975 0-0147 - In the interval, grass
) could not be found.
5/2/1924... ... 1-08 0-0543 0-0151 ! — ..
12/2/1924. ... .. 1-03 0-0518 0-0081 Withered. -
18/3/1924...... 0-96 0-0480 7)Y Tragus koelerioides.
22/4/1924...... ‘1-701 0-0700 0-0206 . Tragus - koelerioides

after rain. |
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3—CHLOROPHYLL. Digitaria eriantha. Midday values.

- Absolute amount | Absolute amount :
Date. Reading. | pro 10 grm. fresh| pro-1 grm. dry Remarks.
—— matter in grm. | matter in grm.
31/8/1923...... 1.0561 0-0527 0-0139 —
21/9/1923...... 2-373 0-1189 0:0304 - —
10/10/1923..... 1-603 0-0801 0-0181 —
7/11/1923..... - 1-04 0-0522 0-0125 —
27/11/1923..... 1-39 0-0693 .0-0289 After rair.
15/2/192¢...... 1-21 0-0606 0-0209 In the meantime no
grass could be found.
i Plant looking very
well; from a part
of the farm which
got:rain in February.
18/2/1924...... | 0-78 0-0377 0-0074 Withered ; . from an-
other place.
28/2/1924....... 1-23 0-0616 0-0143 After rain.
24/3/1924.. .., .. 1-15 0-0580 0-0210 After rain.
9/4/1924...... 0T 0-0539 0-0178 —
12/5/1924.. .. .. 3-11 0-1623 0-0633 After rain; plenty of
young.leaves, which
were killed soon
afterwards by frost.

4.—CHLOROPHYLL.

Themeda triandra.

Midday values.

Absolute value | Absolute value
Date. - Reading. | pro 10 grm. fresh | pro 1 grm. dry Remarks,
matier in grm. | matter in grm.
27/8/1923.... .. 1-67 0-0835 0-0180 —
26/9/1923...... 1-60 0-0799 0-0136 —
23/10/1923..... 1 1-87 © 0-0786 0-0126 —
20/11/1923..... 2-88 0-1444 0-0323 After rain.
5/12/1923..... 2-56 0-1275 0-0194 First wilting observed.
18/12/1923. ... .. 1-0 0-0500 0-0091 Wilted.
15/1/1924...... 1-0 0-0500 0-0100 Rain between the two
: determinations.
5/2/1924...... 1-25 0-0624 0-0116 Rain between the two
determinations.
3/3/1924....1.. 1-33 0-0668 0-0162 —
13/3/1924...... 1:57 0-0789 0-0183 Rain before sampling ;
new leaves coming.
29/4/1924.. .. .. 3:04 0-1520 0-0481 After rain.
27/5/1924...... 1-20 0-0604 0-0121 -
17/6/1924...... 1-05 0-0513 0-0104 —
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Lso Chlorophyll-content of various grasses (in Mgr.).

L 40 -~

130 . mmwﬂuomlowwbmawo
120

| 1o

100 ANl
1 g0 | Digitorio eviamtho

| 80

| /no

/ 6o St soo by dowasts o1

\

|‘§¢:flx. |Mé, [3{0’\7, |£D‘¢b. |3Mb.|c‘.£-0&f |‘JKM.|O.1’V&. |mw.1

10 _
100 _|
90 |
80 _
0
100
150 |
140 _|
130
120 _]
1o |
100
qo |
30 |
no
6o _|
50

2.0
| 1.8 ) Ls]
| 16 ékabméaﬁl Season 1923~2% 1b_]
| 1y . ' ' 4|
Lo =& 1.2
1.0 imchu. '
08

0.6
Cou
Tos J

L) T L] N . ¥

Plate 1.} [ Henrici.

CHLOROPHYLL-CONTENT,



