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ABSTRACT 

The leaf succulent species ft.carolii and ft.multitlor a are common 

in the winter rainifall Karoo. Despite their etmilar growth form , 

their distribution in Yorcester Veld Reserve appeared to differ. 

g. multiflora ocoup:led a more exposed, arid North - facing slope, 

while B_.caro11 1 iiominated a protected South facing slope, 

Possible reasons fcJr this distribution were investigated. 

Plants of the two species were established in a growth chamber 

and subjected to d ,lfferent water regimes. The diurnal patterns of 

water loss and ca1rbon gain were investigated under optimal and 

drought conditions after 30, 50 and 60 days of treatment. 

Cas exchange data of both species showed that C3 photosynthesis 

was adopted when ·the plants- were irrigated regularly, but also 

tended to accumulate ma.late, which indicated the activity of 

RuBPc and PEPc . s_.carol1i bad higher photosynthetic and growth 

rates than R· multis!lora under optimal conditions. This explained 

the dominance of R,carolii on the South facing, protected 

slope. Under mode1r-ate water stress <after 30 days>, the species 

behaved simi larly. There was a tendency towards CAK activ ity, 

though results wer,~ inconclusive. During periods of extr eme wa ter 

shortage. R,carol11 e xhibited limite d stomatal response a nd thus 

appeared to be 1:iying, while ft.multitlora adopted day time 

stomatal opening a lnd CO2 uptake. Th.is strategy and in general the 

high tolerance to water stress shown by R,multiflora allowed it 

to outool'.Dpete R.caroli1 on the arid, exposed, North facing 

slope. 
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I I TROOOCTI O. 

Ruschia carolt1 and Ruschia multtflora are two leaf succu lent 

species common in the \l inter rainfall Karoo. These species both 

oc curred in the Worcester Veld Reserve ( Cape Province, South 

At'rica ), but their• observed distribution differed. 

Rusc hia multiflor·a appeared t.o occupy a more exposed Borth 

facing slope in tl:ie reserve while Ruschta caroli1 though present 

on this slope, tended to favour the more sheltered South 

fact ng slope where, it dominated , 

The aim o f t his study was to i nvestigate wha t determined the 

success of Ruscb1E\ mult it'lora on the North slope and not Ruschia 

c arol ii. The re1;,sons 1 or dom1 nanc e of Rusch1a carol ii on the 

protected South slope were also investigated, 

The genus Ruschht has approximately 350 spec ies and belongs to 

the t'aJDily Kesembr-yanthemaceae ( Herre 1971). This g enus occurs in 

S WA/ Namibia. the Cape Province, Orange Free State, parts o f the 

Transvaal and Lesc,tho. 

From ecophysiolc>gical studies undertaken by von \111 lert (1976, 

1985) i n the Na mib Desert , it was shown that many of the 

in this family are Crassulacean Acid Ketabol ism <CAM ) 

1984 , 

species 

plants. 

uptake 

CAM is a term applied to the unique sequence of 

and ac1.d metabolism 1n some succulents, 

carbon 

I t 1s 

c haracterised by diurna l fluctuations in tissue acidity and 

nocturnal stomatfll opening ( Nobe l and Hartsock 1976, Kluge and 

Ting 1978 ) , Many ,;,ucculents 1n arid and semiarid regions a r e CA1'! 

plants . Since t l 1eae plants have to cope with extreme 

desiccation, yet sustain a net carbon diox ide (CO2> 

beat 

uptake 

and 

the 



desiccation, yet sustain a net carbon dioxide <CO2) uptake the 

advantage of nocturnal stomatal openinp; becomes evident. The 

to CAX is the - succulence - of the cells. brought about 

large central vacuole <Kluge and Tinp; 1978). Near l y all 

kev 

bV a 

CO2 

uptake by these plants occurs at nip;ht. The CO2 is incorporated 

into organic ac1de1, such as malate which is stored in the large 

vacuoles of the cblorencbyma ce lls. Our1n)l; the daytt-me, tbe 

organic acids released from the vacuoles are decarboxylated 

resulting in a dec:rease in tissue acidity . ihe CO2 released in 

the cblorenchynia dt1ring the daytime is prevented from leaving the 

plant by the clos:ing of the stomata and it is then fixed into 

carbohydrates and other photosynthetic products by the 

conventional C3 pa-t;hway ( Neales e_"!, £il. 1968. Klup;e and Tinp; 1978, 

Nobel 1985). StomE•tal openinp; during the cool nights minimizes 

transpirational water loss, since the tissue temperatures are 

lower and hence, the water vapour concentration gradients from 

the leaves to the air are considerably less than daytiine values 

<Kluge and Ting 19\78), 

A number of papers with facultative CAX species have reported on 

the induction of CAM photosynthesis from C3 photosynthesis during 

water stress (Ting and Hanscom 1977, Hartsock 1976, Guralnick and 

Ting 1987). Other researchers have studied some CAM species to 

ascertain the ef:fects of water stress on the CAM pat.hwav 

during the shift :from CAM to CAM - idling <Szarek tl al. 1973, 

van Willert et !Ll_. 1985). CAM - idlin~ is a response to drought in 

which stomata cl1::ise
1 

restricting water lose and exogenous CO2 

uptake. By recycli 1ng organic acids, the plants maintain metabolic 
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act1v1ty and cone~quentlv respond rapidly t o rainfall <Ting 

1985). 

The photosynthetic mode of Ruschia 2.1troW. and Rusohll multiflora 

1s unknown, though often assu1110d to be CAM. In this study, I 

have examined the physiology of these two species under optimal 

and drought ooncl1t1ons, in the hope of elucidating what 

photosynthetic mode! these plants adopt. From this investigation I 

hope to explain tbei distribution differences of these two Ruschla 

species in the Worcester Veld, Reserve. 

3 



JIATBR IALS AYO XBTH:ODS 

Bxper1:mental Desig~ 

Distribution of Ruschia species: 

Fifteen 5m x 2n1 quadrats were laid out on the North and South 

facing slopes. ln eacb quadrat , tbe number of Rusch1a caroli1 

and Ruscbia !!!H-ltiflora plants were count1ad. A two-way Chi-

square statis:tical 

significance of the 

test was used 

distribution. 

Collection and ~stablishment of plants: 

to determine the 

Twenty plants o,f each species were collec ted 1n the field and 

planted in 18cm pots cont aining soil from the same site. 

Plants were left to stabilise for 6 weeks 1n a greenhouse and 

received water once a day. The plants were tben transferred 

to a High Lig·ht Intensity Phytotron Unit ( Furcold,CT,SA ) , 

where they wer·e l e ft to stabilise under new conditions for 

a further t wo ... ,eeks <Plate I). 

In the phytotron unit the plants rece i ved 14 hours of 

daylight - from 09 : 30 hours to 23:30 hours at a photon 

flux density of 1000pmol/ m2 / s. The 

consisted of 14 metal halide C400W) , 

bulbs in this 

2 1 sodium 

( 400W) and 2 4 incandescent bulbs C150 W, 230V). 

chamber 

8, P. 

The temperatur·e was set at 25" C during the - day - and 2 0 • C 

at ' night - an,d re lative humidity at 6014 . 

4 



'iater stress treatment and control: 

Ten plants c,f each species were given 100 ml of water 

once every th1lrd day, these served as the controls CRC+ 

and RIH). No water was added to the other twenty plants 

tlO of each species> , these comprised the water stress 

treatment (RC- and RM-l (Plate ill. 

To ensure that the treatment. plants were stressed by the 

time thi~ first diurnal investigations were 

undertaken cao days> a pre - dawn water potential 

investigation was carried out. The xylem potential of 

three shoots of each species and each treatment wa.s 

determined us:lng a C0-90bar) pressure chamber. 

Diurnal Investi13atione after 30, 50 and 60 days of treatment 

CAM 1nvestigat1<:m: Total t:!tratable acidity 

Leaf samples wi~re taken every 3 hours from three 1 ndi viduals 

of each specie,; and treatment, starting at 07:00 hours until 

07: 00 hours tine next morning. 

Total titra talble acidity was determined using two methods. 

One procedure :followed that of Nalborczyk, La CroiK and 

{1975) Ca) and the second, similar to tbe method used 

Smith. Schulte and Nobel 1987) Cb) . 

a> Fresh leaf IEiamples were weighed, ground up, added to 

Hill 

by 

20ml 

of distilled w1!l.ter and boiled for 5 minut:es. The supernatant 

\'<SS decanted 1,nd the residue was extracted four 1DOre times 

by blending w:1th 10ml of hot distilled water and filtering 

through a glas,s wool filter . Extracts were combined and free 

5 



titrata ble acidity was determi ned by titrating the extract to 

pR 8 .0 with 0, 02N NaOH, using a pH meter 29 <Radiometer, 

Copenhagen >. This procedure extracted In e xcess of 96% of the 

total acid 111 the plant material. 

b l Fresh lea! i,amples were weighed and then frozen in liquid 

nitr ogen. Leaves we re ground up fine and 30ml of distilled 

water- was ad<led. This macerate was then titrated against 

0 , 02H lla0H un1c1 l pH 8. 0 , 

In both method,~, acidity was calculated as micro equivalents 

of acid per grt~m fresh weight <peq/ g / f . wt ), 

Gas e xc hange i 1~vestigation: 

Leaf transp:lration and dlt:fusive resistance were_ 

measured 

Resistanc e 

us lng a Li 1600 steady state porometer. 

,values were corr ected, as a number of 

assumptions 

value of 

are involved in the direct resistance 

tlbe porometry reading. The correction involved 

using the for1mula R = Patm - Pleat - 0.85 
t r anspiration rate 

R =res1stanc,~ (s/cm> Patm =Psat x RH 

RH =re lat ive humidity 

Psat =water vapour 
density 

Pleat =water vapour density at the leaf temperature 

0 . 85 =bound.airy layer resistance 

Da 1 ly CO2 e :x.c hange was only messured after 60 days of 

treatment . ,An Infra-Red-Gas-Analyzer ( IRGA ) LCA- 2 was 

used f or the:se measurements . 

A c opper-co1nstanta n thermoc ouple Wl!IS inserted into 

one of the leaves to measure leaf ~emperature . 

6 



Who le plant -ter loee per day 

Three water stressed and three control plants of both 

species werEf used for this investigation, To these 12 

potted plantei a layer (1cm) of polyurethane beads were laid 

on the soil ~1urface, this served to reduce water loss .from 

the sotl. 

Pots were wellghed at the same time every day, A decrease in 

weight was assumed to be the grams of water lost .from the 

plant. A control pot containing only soil and a layer of 

beads was also watered and weighed every day, to see bow 

much water was lost from the soil alone. By subtracting the 

average wati~r loss per day from this pot, it was possible 

to arrive at a more accurate total water loss value for 

eacb plant ~~r day, 

Growth Ana l :ysie 

Growth esti11113te in mm/week: 

One shoot on 20 plants was Illl!lrked where new growth was 

detected, a ·t the beginning o.f the e xperiment, Every second 

week over a period of si x wee ks, the length of new shoots 

and new l,eaves was measured. After the six week period 

al l initial new growth measurements (day 1> were deducted 

from the t ,ota l new growth, 1'his gave a rough est 1 mate of 

how .fast a plant spread in vegetative cover. 

Relative Growth Rates: 

Pive watered plants of each spectes were monitored for new 

growth over a period of 10 weeks. At the e nd of the ten 

week perio,d all new growth was harvested, Old plant 
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material was also harvested. The harvested material was 

then oven dried for 7 days at 80 C. Dry weights were 

recorded and Relative Growth Rates calculated using the 

formula: - RGR=logW2-logWl 
T2-T1 

<Hunt 1982>. 

8 

W2=total we i ght <g> 
Wl=old growth <g> 
T2-Tl=ttme period <weeks> 



Plate 1 Plan ts established and monito r ed in t he high light 
intensity growth cha11ber (Phy totron Un it) 

Plate I I 1'he t"o species, Ruschia carolii (RC) and 
Ruschia mnltiflora (RH ) . 

= '1ater stressed individuals 
+ = "atered (control) individuals 



RESULTS 

The d1str1but1on of the two spec ies Rusch1a c arol i1 and 

Ruschia mult1flon!_ o n the North a nd South - facing slopes 1n 

Worcester Veld J~eserve was sign ificantly different <Chi-

square p < 0.0 1 ) <Table 1 > 

Table l • Distributton of Ruschia s pecies . -
SPECIES KBAB HD.on Y- s l ope WBAJf 110.on S- slope EXPECTED f 

+ SB + SB 

R. carol11 4 + 10.65 2 4. 19 + 2 .06 14.09 

R. lllUl t iflori 15.9 + 1. 4 8 0 'I . 9 4 

Chi- square value at 0.5¾ significance leve l : 7.8794 <99.5¾ 

confidence). 

Chi-square ca lcula·ted : 30 . 35 

7 . 8794 < 30.35 the 1r e f ore d istribut i o n ofRusch ia species 

di f f ers significan·tly . 
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Speci es comparison at 30 days 

The x ylem poten1t1al values of the control and treatment 

pla nts d i ffe red i,igni fioan tly ct- test, 

and p<O. 001 for B· 1nultiflora> 

p<0 , 01 for g.car ol11 

Table 11: Xylem po1tent1a ls of the control and treatment plants. 

SPBCIBS TRRATJCBI T XYLBX POTBI T I AL ( bars> 

R.carolii c ontrol - 14.6 

R.caro111 control - 12 .6 meao= 13 .26+.67 

R. carolii control - 12 . 6 

R.caro111 s tressed - 28.4 

R. c arol11 stressed - 19.6 mean=2 0. 22+3 .3 

R.carol11 stressed -23 . 4 

R.m:iltlflora control - 11. 0 

R.aultiflora cont rol - 13.2 JBea"°= l8. 4+3.6 

R.m:iltif l ora control - 12.4 

R.111\Jltiflora stressed - 2 7. 4 nean=21. 3+3. l 

R.m,lt l f l ora stressed - 23.0 

Tota l Titratable A~:idi ty: 

The control plan·ts o:f bot h species tend to accumu l a te acid 

overnight (Figure :?>, though acidity fluctuated more a nd reached 

higher levels in R,carol11. The stressed plants of this spec i es 

showe d no typical ·tr e nd i n diu rna l acidity patte r n, thus n o night 

time a ccumulation l:>f acid was evi denced <Fi gure 2) i n g. c a rol i i , 

but was i n R· mu l,t iflor a. Exe.mining the day/ n ight leve ls, t he 

10 



g.carol1i controle, had significantly JDOre acid during the n i g ht 

<p<0.05> and whJ.le R,multiflora control plants tended to 

accumulate acid, the difference between day a n d night levels was 

not significant (Figure 3). There was clearly no difference in 

day/night acid1t1eH of the stressed R,caroli1 individuals, wbtle 

there was in the stresse d g. nml ti flora plants <p<O . 05>. 

Stomatal Conductance: 

Control plants e xllibited g reater stomatal conductances than the 

stressed plants <Figure 4 ).The stomatal conductance 

in g.carolii undi?r irrigated conditions. ln both 

treatments day tin1e stomatal opening was apparent, 

was greater 

species and 

in a,ddition 

storoatal 

monitoring 

0 4 :00 hours 

though, ji.roultiflora showed some evidence for nocturnal 

opening, <07 : 00 hours at the start of the diurnal 

period a nd again at the end of this period, from 

until 07: 00 hours itbe next morning. 

Transpiration: 

As for the c onducti,nce, t ranspiration in ji.carolii contr ols were 

higher than g. mul•tiflora and this was during the day. Stressed 

plants of both spla!cies transpi r e d at much lower rates than the 

controls CFigure !5) and while g. carol 11 transpired at these low 

rates during the d1~y, ft. multiflora tronspi r ed for a brief period 

at night. After 10:00 hours there was a decline in trans piration 

and no further transpir ation was recorded for the rest of the 

day, unti l 07: 00 h,:Jurs the next morning. 

11 
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Mean ac,aity (ueQ/g fr wt) 
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RC·• RC- RM• RM-

Plant (species and treatment) 

- DAY ~ NIGHT 

Figure 3: llean Day/Iight Acidity a~t•r 30 Daye 
Streeaed and Control Plante 

Vertic a l bars represent atandard errors. Signifi cant differences 
found in R. c arolii controls <RC+) and R. mul ttflora stressed 
<RX+>, o<0.05 in both ca ses . 
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Figure 5: Diurnal Transpiration after 30 Daye 
streeeed and Control Plante 



Speci es compari son a t 5 0 days 

Total Titratable Al:idity: 

!lo diurnal ao1dit;r patterns were evidenced in eitber species in 

and in either t,~eatment (Figure 6>. Only in the control 

Ji. caroli 1 was tbe,~e a tendency for acids to accumulate at night 

( Figure 7), though acid levels during the day and night were 

statistically non-»ignificant (students t-test, p>0. 05) 

Stoma'tal Conductanpe: 

Botb 

day 

species 

<Figure 

und◄~r irrigation opened their stomata during 

8). Conductance values were much lower in 

stressed plants tban tbe controls. Stressed [.multif l ora 

individuals had i3reater stomata l conductances than stressed 

R, carol 1 i pl2ints amd while the latter tended to adopt a strategy 

of nocturnal stomital opening, R,multiflora clearly opened it~s 

stomata during thi~ day <Figure 8) , 

Transpiration: 

In comparison to 

plants transpired 

the 30 day results wbere control R,carolii 

more than R.multiflora controls, at 50 days 

g_. multiflora tramspired more (Figure 9). Since condi tions 

remained the same at 30 and 50 days this result is probably due 

to careless application of water. Stressed ,R. carolii pl.ants 

transpired during the night unlike g.carol ii controls which 

transpired at high rates during tbe dBy. Nocturnal transpiration 

in Ji.carolii stre,ssed individuals was slower than the stressed 

R, multiflora plan·ts whic h evidently transpired during the day 

<Fi gure 9). 
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Pigure 0: Diurnal Acidity Pattern atter 50 Daye 
StreBBed and Control Plante 
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Figure 7: Jllean Day/Iight Acidity after 50 Daye 
IBtreeeed and Control Plants 

Vertical bars represent standard errors. There were no 
significant differences in mean day/night acidities for either 
treatment and either species. 
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Figure 8 :: Diurnal sto-tal Conductance a1tar 50 De.ya 
streeaed and Control Plante 
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Figure 9:: Diurnal Transpiration after 50 Daya 
streeeed aud Control Plante 



Species compariso111 at 60 days 

Genera lly, stomat,,.l conductance and transpiration values were 

higher in g .carol1 1 controls than the g.multiflora controls. 

The stressed ple10ts of the former were closed for the entire 

monitoring period, thus no stometel conductance , transpiretion 

or CO2 upi.eke ·was evidenced The stressed H_. mul tif lore 

individuals clearly opened their stomata and trenspired during 

the day and also s •ucceeded at taking up CO2 during the day !f1g.10,11 , ,:1) 

Total Plant Wat e r l oss per day 

Ruscbia multiflo·ra lost significantly more water than Ruschia 

carol11 for both c ,ontrol and stressed individuals { p <O, 05) , 

Water lose from th,e watered control pot lost 8. 55mg of water per 

day, s o this value was deducted from the wa,:;er l ose value o:f the 

control plants. It was assumed that weight decr eases in the 

stressed plants were due to plant water loss only <Table Il l ). 

Table l.U• \later Loss/ day by the two species 

SPECIES ♦ TRBAT.l{Bll'T XBAIII H20 LOSS+SE (111g/dllly> CORRECTED H20 LOSS(-.g/ da.y 

R.carol ii 

R.carolii 

R.multiflora 

R .nul.tii'lora 

Growth Analysis 

mm/week: 

+ 134. 7+11. 62 

- 5 . 5 +2. 14 

+ 178.96+8.05 

- 7 .8+2.67 

R,carolii grew fa,ster than g. multiflora <p<.05) 

( Table II I>. 

13 

12 6.15 

170.35 



Table l!J.: Growth, rates of the 2 species 

SPBClBS XBil GROWTH RATE 11111V week C+SB> p .RGR g/week <+SB> 

R.carolii 12,74 +2.08 

R.mult1flora 5 .82+0.85 

RGR '"' relative grc,wth rate 

p = significance le,vel 

Relative Growth Ratte: 

J. 
0.01 1. 056+. 009 

1. 022+. 042 

SE= standar d error 

Under optimal conditions, E_.carolli had a 

significantly 1'aster relative growth rate 

R· multiflora Cstude,nt t - test p<O. 05 > 

14 

than 

p 

0.05 
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OISC0SS JOB 

The gas exchange data of both species showed that C3 

photosynthesis was the metabolic pathway followed when the plants 

were irrigated 1~egularl y. Though control R, carol ii plants 

exhibited acid aci:umulation at night, there was no evidence of 

night time stomata :l ope11111g. The diurnal fluctuations in acidity 

and higher noctur1nal acid levels could possibly have reflected 

the ability of ·this species to store organic acids, such as 

malate. Clearly, CO2 uptake occurred during the day when the 

stomata were opem, however, exogenous CO2 taken up was either 

utilized immediately in C3 photosynthesis or converted to organic 

acids and tempora,rily stored. Inferring from the fluctuation in 

acidity i , e. not following a particular diurnal trend, these 

-acids were utilized during the day and night, though perhaps more 

so in the day. Thia' irregularity ' was probably influenced by 

the rate of CO2 uptake at any particular ttine. ! suggest 

therefore that excess CO2 not immediately entering tbe C3 cycle 

and being converted. to Phosphoglyceric acid was possibly shunted 

off to the vacuole after malate synthesis had occurred. The rapid 

and high rates o:f CO2 uptake evidenced by this species· under 

irrigation lends s,ome support to this suggestion. Some C3 plants 

in the Richtersveld have also been found to accumulate organic 

acids <van Willert, Brincltmann, Eller and Sche1tler 1984 ). The 

acidity levels also fluctuated considerably during the day 1n 

their study. 1'hou:gh van Willert et.al (1984 ) could not draw any 

conclusions from this study, since the role of malate in C3 

plants was unkno·wn, it was suggested that photosynthetic CO2 
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fixation of those <:3 plants was not restricted to the action of 

RuBPc < ri buloee bilsphospbate oar boxy lase> but also occurred via 

PEPc <phosphoenol pyruvate carboxyl t1se>. Total carbon fixation by 

R, carol ii under :lrrigation is high and though no conclusive 

stat ements can be 111ade , it is apparent from this study that water 

bas a role to p:lay i n this acid ( J118la te> a ccumulation. 1111th 

moderate water stress (30 days> stomata still opened during the 

day but conductancu values were low and this must have caused CO2 

uptake to decline us well. Malate synthesis did occur and levels 

were unexpectedly Bim11ar to those of the irrigated plants. From 

this one can infer that 1110st CO2 taken up was synthesized into 

organic a cids and not fed into the C3 cycle indicating greater 

PBPc activity. W;lth such a reduced stomatal conductance and 

therefore CO2 uptalte during str ess, the similarity in acid levels 

between 

explained. 

control and stressed plants cannot otherwise be 

Water stress seelD!3 to have reduced night time acid acomulat ion 

(day / night levels !aimi lar> despite the brief periods of noctur nal 

stomatal opening wb icb would t1llow CO2 uptake . Von Willert et al 

<1985) also yieldud a similar result to this and suggested that 

the decline in ma·tate was relat ed to the water storage or leaf 

water content of the plants. The irrigated and moderately 

stressed plants sc~emed to fol low the same metabolic pathway but 

stressed plants <i »e.at 50 days> tended to adopt some form of CAM 

where nocturnal. stc,matal opening occurred, when most CO2 is taken 

up and converted to malate. A decreasing day time acidity 

patter n was not evident in these plants however because stomata 

16 



opened briefly dur:lng tbe day as we ll . Decarboxylat1on o t ma late 

that wae synthesiz1ad at night must have occurred during the day 

but was not dete1~ted since malate was also synthesized in the 

day , The effect1vemese of PEPc in trapping CO2 is thus evidenced. 

These results afte1r 50 days of stress further 1nd1oate that PBPo 

is more active than RuBPc. Though no diurnal acidity 

investigations werta carried out after 60 days of stress, one can 

tnfer from the in:f:ra-red gas analyser results as to what possibly 

occurred. Stomatal conductance was near zero and no CO2 uptake 

was evidenced throughout the monitoring period neither in the day 

nor night. CO2 was clearly lost through respiration, The ability 

to trap any CO2 t:hat might escape in respiration was obv1ously 

los't. Jta late syn-thesis probably stopped since there was no 

substrate C1.e,C02> for it's formation. As lea! water storage wag 

further impaired after 60 days one can assume tha t ma.late 

synthesis was also hindered because of thi'E,, PEPc activity was 

presumably also affected. 

Ruschia caroli1 under water stress condit i ons e xhibited one of 

the cbaracteristtcs of CAX <nocturnal stomatal opening>, yet 

a c id! t y pattern typical of CAM wa.s not evidenced. I suggest 

the 

that 

further ecophysiological investigations are carried out since I 

believe a potential for CAM exists in this species. 

Tbis study was undertaken 1n a controlled cbrunber thus the 

art1flc1al1ty at this must be emphasised. In the field 

telllpfarsture, relative humidity and 1rradianc e changes gradually 

as the day progresses but this was abrupt in the chamber. Ntght 

time temperatures are much lower than 2o• c 1n the field, relative 

humidity constantly changes and reaches very low levels in the 

17 



day but the chambe:rs· relative humidity was lrept at 60%, It is 

likely that these! artificial conditions affected the nortllal 

diurnal plant beha,viour. The high night time temperature <20 Cl 

must surely have af'fected CAM activity. Von Willert et.al (1985> 

mentioned the impc1rtance of temperature , humidity and thus the 

vapour pressure de!fieit in permitting CAM activty. Wi th a high 

VPD during the n1e;ht, stomata may be prevented or restricted in 

opening. This woul.d limit nocturnal CO2 upta,ke and thus malate 

synthesis. 

l f CA X activity does occur, it is probably induced by 

since the irrigated plants clearly exhibit day time stress, 

water 

CO2 

uptake. This abil1.ty is restricted with drought conditions (60 

day data> as therB was very little stomatal response and no CO2 

uptake during the day or night. The plants were either dying or 

1n a state of - sueipended life - . which upon watering might have 

recovered. The ff1ct that thi s species appeared to deteriorate 

after 60 days of s1;ress however is significant when the behaviour 

of the other specl.es, R,multiflora is discussed. 

Ruschia multiflorft controls behaved similarly to g.carolii 

transpiration 

C3 mode of 

controls, though 1tn general stomatal conductance, 

and CO2 uptake was lower in R, multiflora. The 

photosynthesis is also adopted by this species under conditions 

of irrigation ancl also accumulates acid at night. The role of 

PBPc as well as RuBPc is again evident. Fewer fluctuations a_nd 

lower organic acid levels may be explained by the lower rates of 

CO2 uptake during the day. Thus less excess CO2 was available so 

most carbon taJ!en up entered the C3 pathway directly with very 
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little being used for malate synthes1s, The slightly higher 

levels of acid at night was probably a result of ref1xat1on of 

respiratory CO2. 

A difference i n ithe behov1our of the two species was detected 

however once st1~ess was induced. R, mul tiflora accumulated 

significant ly highi!r level5 of acid at night, recall th1$ did not 

occur in the othe1~ species, neither was there any indication of 

nocturnal stoimta:t opening which was evident for R- multiflora. 

Though these periods were brief. the fac t that the stomata did 

open at night 1.s s :tgnificant. Thus w1 th moderate stress C30days) 

this species a doJpts a CAM type of carbon fixation. Agll in the 

artific iality of ·the phytotron conditions might have limited or 

masked th1s acttvi•ty. Interesting results were evidenced after 50 

and 60 days of str,ess. There was a more or less constant level of 

organic acids th:roughout the day, and stomata were definitely 

open for most of the day, whic h was not the case at 30 days. 

After 60 days of :stress there was evidence of CO2 uptake during 

the day in R- 1Dlllt1:tlora. Loss of respiratory CO2 was less than in 

R,carol1i , The for·mer species was also able to take up CO2. With 

increased stress , R, multiflora was able to revert back to C3 

despite the extre·me shortage of water, !!, oarol11 at this stage 

appeared t o be dying, clearly lntolerant of suoh stress. Since 

activity came to ,a halt in the latter species, the former could 

still photosynthesise and grow. Stress tolerance ~as greater in 

R, mult1flora. The fact that significant ly more water was lost by 

!!, multiflora sugge,sts that the metabolism and physiology of this 

species can withst,and greater water loss. 
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Tbe reasons underlying tbe t wo species' distribution can now be 

explained. [,carol1.1 does not t)l.rive on the exposed North-facing 

slope since it ' s Cf1rbon fixation ability ts drastically h1patred 

under intense water stress conditions, In Su111lller, such conditions 

prevail 

ft.earol11 

on this slope. g.multiflora bas an advantage over 

therefore because 1t can still fi K car bon efficiently 

during stress, Though a proliferate user of water, B..multiflora 

stressed plants ha'7e the ability to outcompete R,carolii because 

ot the carbon :filxation strategy adopted and that they a re 

generally more toJlerant to water stress. Further studies should 

be undertaken to :tnvesttgate the importance of the smaller leaf 

size of R· multiflclra . Desert plants tend to have smaller leaves 

compared with clos1!ly related species in 1110re mesic env ironments 

(Nobel 1976>. This acts to reduce transpiration since the smaller 

leaves lose heat iwre easily, they can therefore maintain lower 

leaf temperatureis and so reduce the driv ing force for 

transpiration <Gat,~s ro;. al. 1968> , From this study, instantaneous 

water loss was lo1r1er for the smaller leafed species only under 

moderate str ess, Tota l water loss estimates were greater in this 

species however. P•~rhaps field studies would yield more accurate 

results. 

Under optima 1 cond:i t ions of 1 rrigat ion ft. carol i 1 photosynthesises 

at greater rates tlhan R_, multiflora. This carbon can therefore be 

channelled into ri;i,pid growth. ihe optimal, sheltered conditions 

on the South - facing slope are thus ideally suited to B.,carolii 

which has the ca:pacity to grow faster than !!_. multiflora thus 

leaving 11 ttle c lhance for the latter species to successfully 
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establish itself. So, under lllOre optimal conditions R, carolii 

outcompetes R- multllflora. 

It is evident from this study that the ecophys1olog1cal behaviour 

of the two specie~; differ. Much speculation bas gone into this 

discussion which h, a direct result of the lack of published work 

on Ksroo speeil!S in the field. The 11m1tat1ons cf 

ecophys1olog1cal work being carried out under control led 

conditions have al1~eady been mentioned. 

[ have suggested tbat the two Ruschia species are C3 plants under 

irrigation, but thca role of malate tn C3 plants urgently needs to 

be tnvesttgated. Moderate stress in these plants ( 30 days) 

induces changes :Ln their behaviour, but whether one considers 

this to be rest1ricted C3 or CAM idling is unclear. More 

conclusive are the results after 50 and 60 days of stress whereby 

the hardiness of R , multiflora allows it to outcompete R, carolii 

on the North slope. The greater carbon fixation and faster growth 

r ates of g.carol 'ii under optimal conditions allows it ' s rapid 

establishment and spread, clearly reducing the probability of 

successi'ul establ i,shment by R- mul t 1flora on the South slope. 
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