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acout 30 per cent. The actual :figures ('l_lable 5) ·were. 0.637' per cent. 
-on _ the fresh plant at 6 a.:rp_. and 0.616 per cent. a.t noon; or 2.31 per 
cent. on the ary matter (27.6 p_er cent.) in the morning, and 1.43 per 
<:!ent. on the dry matter (43.1 per cent.) at noon. Even allowing :for _ 
experimental .error, this showed quite clearly that the decrease could 
not proceed uniformly, nince if it did the total chlorophyll would 
disappear in a few days; ,-vhereas, in point of fact, the veld is con­
sistently bright green in the early 1norning, except at the time of 
pe:rmanent wilting. . . 

The third determination early next morning (Table 5) showed 
().648 per cent. on the fresh plant, or 1.86 per cent. on the dry matter, 
i.e. a compensating increase over the noon values and an approach 
to the morning values of the previous day . . 

It must, of course, be e-mphasized that t.his experiment represents 
.an extreme case, since Digitaria at this time was on the of , 
permanent wilting, and would have pe::rished entirely but for the . 
ti::::1ely rain next day. ·But the issue is dear: the plant loses chloro­
phyll during the day and builds it up again during 

·the night period of da1·kness and higher relative humidity. · 
The of lOth :Nfarch on Eragrostis ai?-d of 13th 

l'Iarch on Themeda (Table 5) show the behaviour of the grasses at a 
time when the water ,the soil was sufficiently abundant to allow of 
carbon assimilation by the plant. The result is the sa1ne in princinle: 
destruction of chlorophyll during the day, synthesis during the night. 
r:rhe significant di:fferen1ce between these determinations and the pre­
ceding determination 8i1 Digitaria shows that, when sufficient water 
is present in the soil, chlorophyll is less extensively destroyed by day 
and practically wholly by night. 

The other recorded determinations of chlorophyll were carried out 
:about eight months laf.e'r. in the less extreme season o£ the :following 
year. It is surprising to note ('rabies 5, 1_, 2, 3) tl1at the investigated 
;grasses showed less than under similar conditions the year 
before, and it is to explain the fact from the standpoint of 
available moisture alm1e. In both cases middle-aged leaves were 

In 1924 the total rain was less than in ] 923, the temperature 
lower, the insolation al)put the- same, and the wind stronger. The· 
-reason for the obseTvec1 ' difference in chlorophyll t11erefore probably 
1ies in nocturnal rather tl1an diurnal factors. In 1923 the temperature 
was high during the (15° to 20°), and in the corresponding 
period of 1924 much lo\ver (10°). Indeed, in N oyember, 1924; the 
minimum thermometei;' 1Iell even to freezing point, so that in a period 
Df maximum day-tempe-rature of C. plants were actually being 
1\:illed by nocturnal fr<;>st. These· low temperatures would Cl.irect1y 
·decrease the synthesis .of (Elfving, 1880, bnanoff, 1922) 
by night and also restrict water absorption fron1 the cold soil. In 
·day-time, when the soil was wanne:r, taking lip o:f water 
would be easier, hut owi!ng to the destructive' strong sunlight chlor-o­
phyll formation would red-qced. It is therefore of interest to note 
-that in Novembe-r, 1924!, the g-rass leaves were open jn day-time, but 
grey-green in the morning and distinctly grey at noon. 

The · data for Erag1·ostis superba from 5th November are interest­
ing. The plant was analysed after a long drought period, and 
.although some rain fell a few hours before the first · sampling, the 
]110ist period was too 'short t'O exercise any significant influence. · The 
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rest of the day was clear until the afternoon, . and at night it r·ained 
heavily. The figures (Table 5) show that the chlorophyll, although 
'diminishing during 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 Inattea' in the leaves fell from 
45 per cent. to 33 per cent. 1 

Tragus racemosus (T'able q), sampled on ' a relatively dull day~ 
showed a nearly constant chlorophyll-conteJtt on 11th November 
(1924). owing to lower insolation. The interesting point is that the 
following night '\vas very cold, and no chlorophyll was built up in 
spite of the fact tlurt it rained. 

The important conclusion may therefore ' be once more empha­
sized·: -V nder the inji·uenc'l.!. of the drought and strong insolation of 
the Bechuanaland veld the g1'asse.s lose a conside·rable part of their 
chlorophyll du·ring the day. During the niqht the chlorophyll is 
1'esynthesized completely if soil m,oisture is adeq-nate, and .even 
partially resynthesized in t1:mes of d1·ought. This conclusion js not to 
be regarded as contradicting the general conception that chlorophyll 
is only built up in the light, since this refers to the ''preliminary 
formation " of chlorophyll. In the case of the B-echuanaland grasses. 
there is still enough chlorophyll, even after :partial destruction by 
excessive insolation, to act autocatalytieally 'for new chlorophyll 
formation (Schmidt, 1914). The general results recorded here do,. 
nevertheless, coni:radjct the g-eneral exp-erience ehewhere, as discussed 
by \Villstatter and Stoll (1918, pp. 1-40; 1915i,1 p. 336). It is true 
that these two authors draw attention to th~ . fact that excessive 
illuminati•on may effect destruction of chlorophyll by a process inde­
pendent of vhotosynthesis, but th~y regard the phenomenon as having 
no significance jn relation to the role of chlo:l:ophyll in assimilation 
(.1918, p. 40). Concerning the type of resynth;esLs now under discus­
sion, there appears to be no mention in the literature. · 

Constancy of chlorophyll-c011tent does not, ~of course, exclude the­
probability that anabolic and kat,abolic chan~·es are in equilibrium, 
so that, in any given unit of time, ·under ordinary European condi­
tions, the same number ·of chlorophyll molecules are built up as are· 
broken down. Indeed, there is good reason to ·belie,;e that this is the 
general case, and that in the Bechuanaland grass·~s it is the synthetic· 
process which is unfavourably affected bv the drought. The nattt1'e 
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 'chemi<!al change which 
the chlorophyll undergoes is not a far-reaching-. one. 

It is also interesting to record the fact that the regeneration of 
chlorophyll in Bechuanaland grasses· is not: confined only to the blades, 
but can also he observed in the stalks of various species. 'In describing~ 
the veld in the previous pa·per (l.c. 4), the fact that apparently dead 
stems can become green again was mentioned. A.Tistida uniplumis· 
and stipoides, · Eragrostis s1tperba and l:ehmanniana, FingerhuthZ:a 
a.f1'icana, and D'Z:g·itaria all showed absolutely yellow haulms, free 
from chloro-phyll, in the winter of 1924. B efore the first rain. 
about 10th September, the old haulms of the t ird Aristida species, of 
k..,inge1'7~1tthia, and Eraa1·os6s leh1na.nniana bec~me green. After the 
first rain on 24th September the other g'rasges showed the same 
phenomenon. \.Vith the ensuing drought the chlorophyll aga:i:q. dis­
appeared. The amount of chlorophyll shown during the period of 
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rege1reration 'v~1s l)y no me'ans normal, silice sections through the si.em 
showed a quantity of destroyed granules, but the proportion of actiYe 
chlorophyll was sufficient to forin starch. 

The question as to whether plants other than grasses shmv the 
same phenomenon of destruction and resynthesis of chlorophyll has 
not yet been investigated . 

ABSOLUTE .A.:'.JOUNT OF CHLOROPHYLL. 

Compared with the chlorophyll-content of plants investigated by 
vVillstatter and Stoll (1918), the grasses of Bechuanaland are rr~la­
tively rich when they an~ young and fresh . . Even when they are 
withered their pigment-content is still moderately hjgh, and it is only 
after prolongerl drought that the figure falls to a really low level. 

The variations in different yeaTR have already been notud in 
comparing the data for 1923 and 1924. 'Jlhe available data for 
Elwopean grasses (\Villsta.tter and Stoll, 1913, pp. 109-110) ·are 
scanty, and opportunity for comparison therefore limited. One of 
the European records, J1m~rever, shows 6.71 grn1. chlorophyll per kg. 
of dry grass leaves, and 1.26 grm. per kg. of fresh material. 
Compared with these figures, the amounts found in South Africa are 
e-xceedingly high, especially when it is considered that only sun­
plants were investigated. It must, hmvever, be horne in mind that 
the relationship befween fresh material and " dry matter " of Euro­
pean gramineae is quite different from South African, and that 
individual Bechuanaland gr8sses are very light and their surface area 
therefore relatively great. Th:is means that ·the South African grasses 
have rather less chlorophyll per unit su1'/ace than European grasses, 
though more per unit ·we,ight. 

'rhe values ·of vVillstatter and Stoll (1918, ]Jp. 134 and 137) for 
Zea nwis are 0.0117 grm. per 10 grn1. fresh matter, 0.0086 grm. per 
1 gnu. dry matter; grown in solution with :iron salts, 0.0155 grm. per 
10 grm. fresh matter and 0.0163 gnn. per gri11: of dry matter. It 
will be noted these figures res8mble, i;he grass values recorded hE·re. 
Taking the chlorophyll figures as a whole: it may be considered that 
the Bechuanaland data for fresh green grass in a hot season are higher 
than those of Europe; £or grass in a state of wilting· or incipient 
wilting, in a hot period, or ·even for turgescent grass in a sunimer 
with cold clear nights, they are of the sa.me magnitude as those of 
_European gramineae. Nevertheless the grass never gives the " colour 
impression" of fresh green European meadow except, perhaps, after 
heavy rains. The cause's for this may be various; primarily the 
position of the chlorophypll grains (Senn, 1908) and the whole 
arrangement of the green tissue. In the p:r::1sscjs at Armoedsvlakte 
only the coronoid palisade celJs (Kranzpalisaden) have chlorophyll 
grains: · all other leaf tissue, mostly HcleTenchyma. and "Gelenk­
zellen " (GoebeL 1924, pp. 129-139), or "motor ceUS<," is colo1~rless. 
The tremendous loss of water during' J·he hot part of the d1ay may al:.;;o 
con tribute to the " grey -p~reen " colour, h:v " total re:fleetion," Cl. ue to 
repilacement o:f water in the ·tissues by air, ns in the case of LZ:chens in 
Europe. 

Drought and excessive light have been disca!"sed as responsible .. 
for destruction of chloi·ophyll, but there may be compensating facf(.lrR 
favourable to its formation. The prevailing hi~h temperature, nnd 
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probably also the high iron-content of the soil, may be regarded as 
sueh. The low night temperatures of September and November, 1924, 
are exceptional, and :in general the average temperature over the 
summer months in Beehuanaland is high and conducive to the 
.<.:ynthetic phase of the "chlorophyll balance." 

CoNSEQUENCES OF Loss OF CHLOROPHYLL. 

The annual curves for chloropliyll-eontent (Plate I) shovv that 
jn times of drought the mer.hanism for assimilation is seriously 
impaired. Iljin (1923) found that flaccid plants assimilate less than 
turgeseent plants, and it is more than possiblei that his results are 
:partly explainable as t.lue to J.,oss of chlorophyll. At any rate, low 
chlorophyll-content in the Bechuanalancl grasses is definitely asso­
ciated with low carbohydrate-conlent~ 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 ease the deficiency of watel' is the limiting factor, which 
in turn . influences the chlorophyll-content and carbon assimilation. 
It was alsp found that the low chlorophyll-eontent of the grasses in 
November,' 1924. due to lmv nocturnal temperature, affected tEe 
carbohydrate-content i.:n the same direction, the figures being con­
siderably lowe-r than iE the previous rainy season of 1923, in Rpite of 
sufficient soil moisture. In this case the low chlm·ophyll-content may 
he regarded as the direct "limiting factor." 

\iVith variations in carbohydrate metabolism. the nitrogenous 
metabolism may .of cour-se also be affected. 

SuMMARY. 

1. T'he chlorophyll-eontent of Bechuanaland grasses is not 
consta11t throughout the year, but varies from a very high initial value 
on young leaves, deereases accorrling to the duration and intensity of 
drought periods, and :increases again after rains. 

2. Even during periods of twenty-four hours the chlorophyll­
conte~t varies greatly, decreasing from early morning to midday, and 
increasing again chuinp: the ensuing night . Decrease and increase 
depend upon meteorologieal factors ot the moment, so that on rainy 
days the variation lies \ovithin a few per cent., but on extremely dry 
and sunny days may extend to 30 per· cent. 

3. High nocturnal temperature favours a highP-r general chloro­
phyll-eontent throughout the day. Low nocturnal temperature is 
associated with low chlorophyll, even although the soil moisture is 
adequate. In both cases, ho,vever, chlorophyll destruction and (:hloro­
vhyll synthesis are rep;arderl :~s occurring concurrently, the actua~ 
con t.ent at any time representing the equilibriLllli between the two 
}}roeesses. 

4. rrhe values found in 1923-24 were higher than those found in 
1924-25 owing to· difi'erenc~s in nocturnal temperature in the two 
seasons. In the 1923 growmg season the chlorO'!}hyll-content of the 
grasses of the Vryburg Djstrict was hig~er than that of European 
grasses; }n the 1924 season about the same, or Tather 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. ...~part from nocturnal 
temperature, other factors, as yet uninvestigatecl, may play a role. 
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!.-CHLOROPHYLL. E·ragrostis 81qJerba. Midday values. 

Absolute amount Absolute amount 
Date .. Reading. pro 10 grm. fresh pro l grm. dry Remark.?·: 

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 o:o138 - .. · 

18/10/1923 ...... 1·26 0·0630 0·0130 -
31/10/1923. ..... 1·11 o~o557 0·0145 Gathered during fir.s 

rain. 
13/ll/1923 ..... 2·01 0·1007 0·0245 . After · 2 ·1 in. of rain. 
28/ll/1923· ..... 1·96 0·0984 0·0268 After rain. 
11/12/1923 ..•... _ 1·47 0·0735 0·0168 The :first '\Vilting since 

5/12. 
23/12/1923 ..... 0·675 0·0337 0•0075 - : .. 
8/1/1924 .... • . 1·376 0·0688 0·0193 After rain. 
5/2/1924 ...... 1·05 0·0527 0·0133 -

27/2/1924 ...... 1·18 0·0592 0·0124 Gathered on :··. a . . _du~l 
day. . : ~ - : ... : . • ... 

10/3/1924 ...... 2·01 0~1007 0·0283 After rain. · ... - ·, 

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. 

'2.-CHLOROPHYT~L. Tragus racenwsus and lwel'e·J'ioide-s::·· 
Midday values. 

Absolute amount Absolute amount 
Date. Reading. pro 10 grm. fresh pro 1 grm. ,dty :Remarks; · · : 

matter in grm. matter _in gpn. : 

---
22/5/1_923 .• -.. · ... 1·07 0·0538 0·0070' -
24/9/1~23,.~ .... 2·47 0·1237 0·0297 : -
2/1/1_9~4 .... . ·. 1·95 0·0975 0·0147 - In the interval, gi~ass 

could not be found. 
5/2;'1924. ,_,' .. 1·08 0·0543 0·0151 . - ·-

12/2/1924._ ..... 1·03 0·0518 0·0081 ; \Vithered. 
18/3/1924 ...... 0·96 0·0480 (?) Tragus koelerioide.s. 
22/4/1924 ...... '1·701 0·0700 0·0206. Tragus ko6~erioide.i 

after rain . .. 
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a.-:-CHLOROPHYLL. DigUaria eriantha. Midday values. 

Absolute amount Absolute amount 
Date. Reading~ pro 10 grm. fresh . pro . 1 grm. dry Remark». 

matter in grm. matter in grm. 

--
31/8/1923 ...... 1·051 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/ll/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. . Plant looking yery 
well; from a part 
of the farm '\"l•lrich 
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 ...... 1·07 0·0539 0·0178 -

12/5/1924 ...... 3·11 0·1623 0·0633 Mter rain; plenty of 
young .}ea.ves, which 
were killed soon 
afterwards· by frost. 

J._:_OHLOROPHYLL. Themeda tr/andra. Midday values. 

Absolute value Absolute value 
Date. · Reading. pro 10 grm. fresh pro 1 grm. dry Remarks. 

mat.ter in grm.. matter in grm. 

---
27/8/1923 .•.... 1·67 0·0835 0·0180 -
26/9/1923 ...... 1·60 . 0·0799 0·0135 -
23/10/1923 ...... 1·57 0·0786 0·0126 -
20/11/1923 ..... 2·88 0·1444 0·0323 Mter rain. 
5./12/1923 . .... 2·55 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 O·Oll6 Rain between the two 

determinatiow'l. 
3/3/1924 ...... 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 Mter rain. 
27/5/1924 ...... 1·20 0·0604 0·0121 -
17/6/1924 ...... 1·05 0·0513 0·0104 -
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Chlorophyll-content of various grasses (in Mgr.). 
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