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Bentham & Hooker fil.) fulfil s an important ecol ogica l 

function in the Namib Desert b y pr ov iding f oo d and s h e lter 

f o r- a <Ja t- iet y o f de sert <,oe r- tebrates and in•.)ertebrates . It 

i s entire l y leafless but its numerous thorns contain 

chloroph y ll and engage in photos y nthe s i s . Water p o tenti a l 

within the xy lem conduits i s alwa ys positi v e as a result o f 

efficient \...'a ter abs o rption b y a d ee p tap r oo t and "'er y l 

e vaporative water losses from the surfaces of the plant. 

Mean ma x 1mum rates of transpirati o n (0 .4 - 1. 5 mmol m-25- 1 

and photosynthesis ( 2.9 um o l m- 2S- 1 ) are l o w. 

va lue 1s a mong the lowest recorded and the l ow r a te s of 

water l oss are due t o a cuticle with ve r y l o w permeab il i t y 

and deeply sunken stomata guarded b y tri c homes. 

1 
Electron Microsc o py Unit, Univers it y of Cape Tow n, 

Rondebos c h R.S.A. 
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The 1 p l ar.t or b.Qcci.d.Q 1s a prominer.t 

feature of the Namib Desert flora. For mil lenia its frui t 

and particularl y its seeds hav e been prized as food and 

con fect i o n b y the palaeolithic nomads of this desert. It 

c an survive for an indefinite number of years wi t hout ra 1n. 

Tf1e ctge of man y extant plants exceeds Hl0 years and J.O. 

WarJ (pers. comm. 1987 ) ha s found fossil evidence suggesti ng 

that this spec ies existed 40 mil 1 ion y ears ago. 

Tl-,e p r o minen ce o f 6.L bQccida. within the floristic community 

of the Namib Desert 1s largel y due to its very unusual 

growth f orm. It 1s ent irel y lea fless but possesses man y 

1 a r·ge , sharp thor-ns. These thorns are probabl y responsible 

for the specifi c name Cbgcci.da> of this species as they form 

intimidating thickets of thorns which protect its fruits = _, 

we ll a s the sma ll an i mals taking she lter within the 

thi c k e t-s. The thcor-ns do, however, contain chlorophyll and 

together l.v i th th.::- stems are r·espon s i b 1 e f o r photosynthesis. 

The r.:-l a nt is dioec ious ar,d t h e fragile flowers, with a high 

in s ect species. The s a n d beneath the plant bec o mes 

pr- ugr·essi•vel y mor- e c o rn r=-a c ted and consolidated as the p l ant 

Th i s c o mpa c ted sand hummock prov ides a n ideal medi u m 

Fo r n e st and burrow c o nstruc ti on b y ants and 

Apart from the o r igin a l botanical des cr iption o f 6.L bQccida 

a nd s everal anec dotal d e scriptions CD inter 191 2 ; Herre 

1974/75; Oentl i n g e r 1977; Budack, 1977 , 1983; Pfeifer 1979 ) 
I 
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there 1s ver y 1 i tt 1 e pub 1 i s hed informat i o n on th is ' .. musu .a 1 

plant. Nothing 1s, for e xample, known about its 

ecophysio l ogy or micr o -an atomy . For these reasons and th e 

obv i o us eco l o gical importan ce of the plant within the dune 

';':ys te rn s o f both the nor-then! and thern Nam i b , ,, .. 'e ha "-'e 

exa min e d it s mo rph o l ogy as wel 1 as its photosynthet i c and 

transpirati o n rates. These studie s were undertaken t o gain 

a better understanding of h ow th i s plant su r v t ves in the 

desert env ironment and the opportun i ty t o study 

photosynthes i s 1n a l eafless p l ar,t prov id e d an additi on a l 

incenti v e. 

Gene ra l field o b s ervations on the di s tribution , pheno l og y 

an d ecological role have been c ollec ted and 

recorded over the past 18 years during count less field 

eKcursi o ns to b oth the southern and norther n Na mib Desert. 

The transpiration and photosynthet i c stud i es were a ll 

c arried ou t within 2 km of the Na mib Research I nst itute at 

Gobabeb , Na mi b ia, s o me 5 6 km east of Sa ndwich Har b o ur. A 

first-order weather stati o n at Gobabeb prov ided ma cro-

meteoro l og i c al data for these studies. Net photosyntheti c 

rate was measured with a por tabl e inf ra-red ga s ana l yse r 

CLCA2 , Anal yt i ca l Development Company) a nd a large 

c y 1 i n d r- i c a l 1 ea f c hamber ( PL C ( C ) , An a 1 y t i c a 1 0 e 'J e 1 o p m en t 

Compar,y) . Th e l eaf c hamber was a 1 so pr-o v ided wi th su i t8b 1 e 

sensors t o allow measurement of ph o tosy nthet i ca l l y ac ti ve 

r-adiat i on (PAR) , t e mperature ar,d tran s pir;- ation r-ate. The 
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infra-red gas anal ys is s y stem wa s ca l b y means of 

certified span gases and the hum i dit y sen s or b y an 

water v apour g e nerator CAOC ) . S e vent y s i x me a s ur e me nt s o f 

CO assimilati o n and tr a nspira t i o r1 r a t es were ma d e over a 
2 

period o f 10 da y s on elev en diff e r e nt p lants. Mea s ur e me r, t::::. 

e v enl y s paced between the o f 85h88 c:md 18h0 8 t o 

g a in an imp r ess ion o f th e effec t o f tim e o n ph o tosy nthe ti c 

a nd tran sp iration rate. Outside thi s pe ri o d, ph o t osy nthesis 

did not occ u r because of insuffi c i en t li g ht. Re sults o f t h e 

g a s ex cha nge measur e ment s a r e e xpr e ssed per uni t of t o t a l 

s urfa c e area as this appears t o b e the co n ven ti on al method 

f o r s tems and for terete leaves l Na b el a nd Hart soc k 1986) . 

The methods and c al c ul a t ion s e mp l oyed we re essential ] y t ho s e 

o f long and Hal lgren (1985). 

Tr a nspiration ratios were cal c ulated on the basis o f the 

amount o f water tran s pired ( mg ) per mg o f CO assimilated 
2 

CHellmuth 1971). The relati v e s u rfa c e a r e a s of the thorn s 

and s tems, the oreti c ally exposed to 1n c om1ng r a diati o n, wer e 

mea s ured o n 50 (70 mm long ) with verni e r c a l 

The s urface micro-anatom y was e xami n e d using stan dar d 

scann1ng electron microscopic techni q ues. The lat ter 

studies involved critical point dr y ing, s putter coa ting and 

were directed mainl y at obser v ing the stomata whi c h were no t 

v i s ible under the stereo dissec ting mi c r oscope. The 

mo rphol o g y of the root s y stem was e xamin ed b y e vcavati n g 

r oo t s ystems of tw o large plants o n t h e ba nk s of the d ry 

Kuiseb River bed, some 8 km we s t o f Gobabeb. 
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Res ults and Discussion 

Gen e ra l field obser•Jati o ns made C:•ve r ma r, y years h a•v•e l ed '..1 '3 

to the foll ow ing c onc l u s i ons . 

di s tr i buted t h r o ugho ut the s o u the r n an d n or the rn Nami b 

ex t e nding t,Je ll into sou thp r-n An•Jo l a . Its 

distributi o n i s res tri c ted to the of ephemera l d esert 

r t v ers or· to the plinths of dun es wh e r e the water ta bl e is 

high . In di v idual p l ants 1n c r e a se 1r1 s: z e l ateral l y to Form 

e xten s i ve t hi c k e t s 'F i g 1a,h ) . These t h i ckets a ppear- be 

The p l ants naturally also repr·oc.l uce b y seed d i s p e r s i on 8 1: •.:1 

t o thi s e n d they f l ower and f r u i t t hrou g h o ut the y ear, 

a l thc·ugh ma l e f 1 o we r- s are f ew ITi ':·r·e a l:.undant than fem a l e 

f l owers f or mos t of the y ear. 

Germi n a ting p l ants rare l y seen 1n the fi e ld as they 

requ1 re considerab l e rainfal 1 b efore ger minating and f or 

the i r t SLJr 'v i v :.1 l . S ma l 1 a nd Botha <1 986) ma i nta i n 

t hat the seeds of s pec i es remain dor ma n t f or 

two y e ar-s , long af ter fruit d i s ir,tegr·a t i o n. 

h .::1 S s hown, however , that under art ifi c ial c ulti \-'ati c·n t h e 

s eeds can b e germinated readily within the firs t y ear . 

Flowers are undoubted l y i n sect p o llinate d a n d me l o id b ee tl es 

are the most likel y vectors . 

The d e li c ate , f ast-growing tips o f t he p l ant ma y d roop an d 

burn on contac t with hot s a nd a nd p l a n ts h 8ve been o b served 

t o rli e ba c k entire l y and the n r egro w f rom the roo t s t ock . 

Ma n y ani ma l s are known to e at v a r 1o u s part s o f the plant . 
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For- e x a m p l e , a f t er th e f l o '"'er s f 8 1 l t o t h <::' :;wound the ." a r e 

eaten by the tenehrionid beetle Qlaua . t • .lh i 1 e 

st i 1 l 1 n posit i o r1 the flowers a r-e cor.su me d b y me 1 o id beet 1 es 

and nara crickets ' · The grow ing tips 

a r e soft and jui cy and a r e eaten b y nara cr i c k e t s , me l oid 

L)et· t 1 f?S , •:lstr i and the 1 i z.3 t ,j /jQ<JQ)_'22.a\JC'J'2 

also fe eds o n t h e thorns and will t wist it s 

body through a complete revo lu ti o n whil e attemptin g t o break 

off a tho rn. If sucessful, liqui d r..:·lar.t sap (x y l e m e xudat e) 

wi ll be a d on the f ractur ed s u rface o F th e plant and f o rm 3 

l a r ge drop l et o f 1 iquid . 

these droplet s an d Mit c h e l 1 et a l fl988) cons ider this 

sourc e of water to be o f c ritical importance in the wa ter 

balan c e of this desert li zard . 

The th o rn y thi ckets and conso lida t e d s and b e neath 

the 8J. b9cci9§ provide she lter f or a l arge number of 

an imals. For e xample, when one plant ( 18,5 m x 13, 5 

m) was fenced in between 17 Oc t ober and 14 December 1977 , 

pit traps were placed within the fen ced area to cap tur e the 

e pigaeic fauna living under the plant. The f o l l ot.n ng 

a nimals were captured : 2221 tenebri o nid b eet les 

p}§o§ ) ; 150 tenebrionids belonging t o 9 other species; one 

si de-w i r,d i ng adder ( c•ne l e g 1 ess 1 i za rd 

(lz12.blQ2.aUCU2. bcai_o_i_ ) ; three 1acertid 1 izards 

tw o sol ifuges <EcQ2.Ql12.u9a one 

scorpion C012.i2. t Q12.btbalmu2. o ne cricket 

212. L ) ; o ne grasshopper; a s well a s numbers of 

Cami2.QO.QtU2. ants and s il ver fi sh <lepismat i dsl . 
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These ob:serva t ions, together- with th e •.Je l l ·-krH)Wn i mpor-tanc ':" 

of this plant in the diet of pa l aeol ithi c n o mads for 

mil lenia (eg. Sande l owsky 1977), unde r line it s imp o rta n t 

ecological role 1n the Namib Desert . 

The s tudi es of rates of photos y nthesis and tr 3 nspiration 

were ca rried o ut ove r a peri od of 10 da y s when weathe r 

conditions were fairl y t yp i ca l of the central Namib Desert. 

The nights were cool with abso l ute mi ni ma ranging 

fr o m 6 . 0 to 15.5 while max imum temper atures at m1dda y ranged 

fro m 2 0.1 to 35 . 2. Th e r e l at i v'O' humidity cL_wing this peri c·d 

was relati v el y high in the ea rl y mor n1ngs - 100 %) and 

l ow at midda y (8- 27%) . The result s o f these s tudie s have 

been sum mari sed graphically in Fig. 2 . From these data 1t 

is immediatel y apparent does not e xhibit 

Crassulac ean Ac id Metabol ism CCAMl as the C02 assimilat1 on 

b ecomes zero as soon as sunlight d1 sa ppear s . This t.Jas 

confir med by taking s pot readings late at r.ight C2 1h00 

24 h00 ) . It is also evident from Fig. 2 that the rate of 

t r a r' s p i r a t i on i s , as e x pe c t e d , i r, c l os e s y n c h r on y l.J i t h t : he 

r·ate o f photosynthesis. This patter n i s si mil ar to t hat 

obtained b y Brix (1962) with pine seedlings. 

photosynthetic rate increased rapidly after- 07h00, when the 

sun rose, to reach peak va lues at 10h00. These peak values 

l.Jer ·e maintained with minor variation s unti 1 16h00 , 

a period of low a ctivity was regularl y discernable betwe en 

14h00 and 1Sh00. These reduced va lue s were , however , not 

s tati s tically different from th"' ; emainir,g peak ".Jalue=:. 

(p)0,98) , probabl y of the high variat i o n e xhibited 
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b y the data. After 16h00 photosy nthe tt c rat e d e c l in ed 

rapidl y t o rea c h zero at 18h00 whe n di r e c t s u n light no 

l o nge r fel 1 up o n the plant s . Altho u g h tra n sp irat i o n ra t e 

o s c ill a ted in c l ose syn c hr o n y wi th t h e net rate of 

p h o t osy n t h es i s a nd, a l t h o u g h it s t ranspirat i o n va l ue s were 

ver/ l ow a t n i ght, the l a tter pr ocess ne v e r c eased ent i rely . 

Th e indi v idual va lues obtDin ed f o r ne t rate o f 

ph o t osy n t h es i s r ang e d fr o m 0.14 m-2 s -1 a t s un set t o a 

peak o f 3 .1 3 um o l m-2 s - 1 at 10h00 . Fo r c omp ara t i 'v'e 

pur poses , h o wever , th e r ange o f mean va l ues o b ta in e d b e t wee n 

09h00 and 1 6 h00 (Fi g . 2) , n a me l y 2- 2 . 9 m-2 s -1 are 

mor e s uit a bl e . Smith and No bel ( 1986) h ave rev i ewed ma x 1mum 

ph o t o s y n tl1et i c r a tes of var 1 o u s e\.oe r-g ree n s h n _jb s a n d t t- ees 

fr o m the maJ or· d e ::c; er ts o f the wor- 1 d a nd r e p or·t a ra t-,ge o f 

1.5 - 26 umol m-2 s-1. The ver y l ow v al ue o f 1.5 pmol m-2 

s -1 wa s o btained f o r the Au s trali a n a cac i a , 

Ou r re s ult s f a l 1 within 

the very lowest range reported b y Smit h an d No bel 11 986) 

n a me l y 1.5- 4 umol m-2 s - 1 an d a re c o n s i derab l y l owe r t han 

the v alues obtained by von Wil l e rt et al. ( 1982 ) f o r the 

Namib endemic n a mel y 4.0 pmol m-2 

Also, similar values (2- 8 pmo l m- 2 s -1 ) have been 

recorded by Nobel and Hart s o c k ( 1985 ) in three subf a mili es 

o f the Ca c t ac eae. It should a l s o be noted t h at re s p irati o n 

rate in the g r owing tips of /!)..J. b.9LTi.d9 was so hi g h that t he 

pr o duc ti o n o f CO alwa y s e xc eeded the uptake of CO a n d 
2 

c o nse qu e ntl y the gr o wing 

n et pho t osynthetic rate. 

8 
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bgccida, recorded b e t ween 09h00 a n d 16h 00 , a r e e xamin ed 

o c cur r ed s imultaneous l y with the ma x i mum o f n 0 t 

pho to·3yn t h e s i s . 

tr a n s p i r a t ion l osses dur i ng thi s per i o d a r e bo th t he 

a n d the u p e n s t omata . The m•? a n '-'-3 1 U F: dur- t l-·, i s 

ac ti v e p e r i od o f p h o t o s y n t hes i s ( 1. 5 lS l uw 

wh e n compared wi th the me a n va l ue o f 2 .7 mm o l m- 2 s - 1 

o b ta ined o v er a p eri o d of f o ur mo nths f or the arid -adapted 

med ite rr a nean shrub ( Va n der He y den 

1 9 81-; ) • It 1s c onsi de r- a bl y l o,.J er- t han ',' a l ue o f 6 . 5 1 mmol 

a utho r- . The minimum va lue r- e c o r d e d •::lur-in g the i nac ti '--'e 

peri o d o f the p r esen t in v esti g a t i on mmo l m-2 s- 1 ) I S 

e xtr aordin a ril y low and s uggests tha t the c uti cle of BL 
b9ccid§ is v ery to wa t e r l oss . 

It has been s uggested that the tran s pirati o n r at i o , o r 

a mo unt of wate r va p o ur t ranspire d p er u ni t o f CO 
2 

ass i mil a t e d, 1s a u s e ful ir·,de x f o r- e u a l ua -: in g tht' ef f i c i e n •: y 

t.J i t h w h i c h a r i d-ad apt e d p 1 an t s ut i l i s e t,Ja t er ( He l 1 mu t h 

197 1 ) . In the pres ent stu d y 50 c o nc o mitant measu reme n t s o f 

tr-an s pirat i o n r- ate a n d n e t CO u ptake g a '-.;e a t r anspi r·at i o rr 
2 

r·a te o f 649 . Thi s va lue li es 1 wi thin t h e broad r a nge o f 

v alues (133- 6171) reported b y Hel l mu t h ( 1 9 71 ) f or 

Aus tr·a 1 i an ar· id spec ies . In f ac t, our va l ue i s within t he 

range of 217 - 767 o bta in e d b y t h e s a me a u tho r f o r 

Aus tra lian a rid plants g rowing under opt ima l wate r 

condi tions. The tran s pi rati on ra ti o d o es n o t, however , 
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reflect the ver y l ow water l oss rates recorded the 

inacti ve phase of our study and therefore has on l y limited 

• . .)a l ue. 

We e xcavated two specl mens o f aL to e xamine the ir 

tap roots and 1n both cases had to abando n the e <cavati o n at 

a depth of ea . 2 m because of sand co l lapsing into the 

excavation and o ther l ogist ic a l p roblems . Both e xc a v ati o ns , 

h o wever , revealed a thi c k , robust tap r oo t sys tem , o ne of 

i c h i s i l l u s t r a t e d i n F i g . 1 c . Superficial bran c hes are 

either c o n n e c ted to sate llite plan t s or descend towa rds the 

wa ·te r· tab le. The t ap roo t is c overed b y a dr y , hea v il y 

keratinised layer o f ti s sue whi c h i s c lea r l y adapted for 

prev e nting water loss from within and not de s igned at this 

depth wa ter absorpt ion. At a d epth o f 2 m the tap r oo t 

is sti ll thick (2 .5 cm di ameter ) , showing n o att e nuati on o r 

the appearance of root hairs. If the roo t i s s e ctioned at 

t h i s depth , p l an t sap i m me d i ate l y we l l s Fr o m the t 1 ss u e a r, d 

forms a l a rge liquid bead on the c u t s u r face . l.Je l uded 

that the tap root must be 1n d i r ect contac t with the mo i s t 

sand at or near the water table, whi c h we kn o w t o be at a 

depth of c . 8 m, from measurements taken at a nearby well. 

The 50 o f t h e rela t i v e s u r fa c e areas o f tho r ns 

a nd stems showed that the green tho t-ns of a!_ bQc.c.id.a ma k f':' up 

ea . 46% of the total surface area of the plant and must 

therefo re contribute important l y to the tota l photosy n t h e ti c 

act.iv ity . Thi s attribute o f is v ery unusua l. 

E xa mination of the stem surface under a diss e c ting 
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microscope re v ea led a groove d surface wit h man y hair s , 

particularl y surrounding the grow ing tips . The sur f ace a l so 

appeared wa xy and when water dr o plet s were p la ced on the 

stem s urf ace they did n o t a ppear t o be rapi d l y absorbed . We 

wer e , h oweve r , not a ble t o find the s tomat a under the 

di ssec ting mi crosc o pe a nd f or thi s pur pose we s plit the ste m 

a l o r. g one of t hE· pa r· a ll e l g r·ooves ar,d e :<orn i n ed it under t h e 

scann in g e lectron mi croscope . Th e r esu l ts are depi c ted t n 

Fig. In whi c h the rows o f sunken sto mata wi thin the 

g r-oove a r- e c lear- l y e v ident . ,_-, n l >' a r-e the s t omata hidder , 

within th e gr ovve but the y a r··e a 1 so s ur-, ken with in t he t i SS U P 

matri x o n th e interi o r s urfa c e of the gr oove . Th e o uter-

stoma tal, ledge r1m 1s "v'e r y rt a rr-o t,• and the guar-- d ce ll s a re 

not e v ident as the y are proba bl y o b s c ured b y p er i s to mal r1m s 

(sensu Wilkinson 1979). The s tomata o f do not 

fit e asi l y into an y of the man y ca t egories suggested b y 

Wil k in so n (1979) In hi s e xc e l l e n t re v i e w o n the p lant 

c'3 ur- face . Neverthe less , the y are si milar to Wilkin son ' s 

(1979 ) d esc ription o f those f o und on the xeroph y ti c stems of 

CPol y ga l aceae) with the important 

difference that the stomata of ar e ju x t apposed t o 

well developed hairs (Fig. 3). These hairs, or more 

correctly trichomes, are of the uniseriate t y pe CEsa u 1960) 

and when e xa mined under t he phase c o n trast m1 c r o sc ope , most 

of the m were c learl y a li ve with n o rm a l nu c l e i and ce ll 

struc ture . Tric h o mes are v er y var i ab l e struct u res appe nded 

to t h e epider mi s of plants . They can b e g l a ndul ar o r n o n 

sec r e to ry but are usuall y prominent xeromo rphic s truc tures . 

Parker (1968) ha s suggested the f o ll o wi n g fun c ti ons 
. ' 
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for tri c homes, scattering 1ncom1ng radiat i o n, prev enting 

insec t attack, helping to cool the leaf b y increasing total 

radiating s urface or finally for facilitating the absorption 

o f '..Jater from sur-f a c e dr-oplets a s ha s been f o ur·,d to be the 

In the case o f AL we do not kn o w 

what the functi o n o f the tr ·ichomes i s , but their- regul or ar,d 

unif o rm p osi tioning ad jacent to the sur ,ker, st o mata -=• ugge s t -=:. 

wat e r l oss by e .x ter,dir1g a nd protec tin \J bouncla r _v la y er 

s ur-r- oun c1i ;-,g the stoma ·ta. The po s s ibilit y that the y ma y be 

in v ol v ed in water absorption c an , however , not be rul e d o ut 

an d, as the distribution o f bQccida lies largel y within 

the fog belt of the Namib De s ert, this in tr iguing 

possibilit y should be f o ll owed up. This wou ld not be a 

n o ve l concept as another Namib Desert spec 1es oc c urr1ng I n 

the fog belt, is c apab l e o f 

absorb ing water through it s leave s ( See l y , de Vos and Louw 

1977). 

To bQccidQ. fulfils an importar·, t eco l ogica l 

f, _m c tion 1n the Namib Desert b y p r-o '-/ iding both food and 

shelter to a large variety o f desert animals. The water 

potential 1n the xy lem c o nduits 1s a lwa ys p os iti ve a nd 

sec tioning of any green portion o f the p lant alwa y s produces 

xy l e m e xudate. This positive pr e s sure i s the result o f 

efficient water absorption b y a deep tap root ar)d ver y low 

Pvaporat ive water losses f ro m the surface of the p l an t. The 

latter i s in part due to deepl y sunken s t o mata , positi one d 

t.J i th i 11 para l le l grooves o n the surface o f the and 
' 
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prov ided with adjacen t trichomes . The fu nction of the 

tri c homes is not known. Rates of and 

transpiration ar e am o ng the l owest reported t o date and , 

a lthough 8_!_ b.9r:: r::id§ is s low grow 1ng , 1t IS ·•er y l ong li•,,ed . 

The s ur vival o f n e wl y ge r min ated and yo u ng plan t s 

d eep t a proo t s ys tem has n o t y et been e xpl a i ne d . J t is n<:•t 

knot,w. i f 8__,_ bm .. :.ci_dg_ c a n absor·b •::nn cle n sed fo •;1 •...Jate r- t h n :"..J <;;Jh 

e ither the s tems or thorns. 
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FIGURES 

Figure 1a, b. 

Ri v er in the central Namib. 

1 c . A parti a ll y e xca v ated roo t s y stem . 

F igure 2 . Mean o f PAP ( o ), l ea f t e mperatur e f • ) , net 

rate o f ph o tosynthes i s ( w ) a nd ( o ) 

b etween 1 2 and 18 Ma y and 1 2 and 14 Ju l y 1987 for 

bgccida gr o wing 1n the cen tral Nam i b . 

Fi g ure 3 . Scann in g e lect ron o f bQccida s t ems 

a nd tho rn s : 

Figure 3a . cross section o f s urfac e gr ooves with tr i c home s , 

1 ight material a round g rooves i s concentrati o n o f 

c hl o rophy ll, 

Figure 3 b. 

Fi gure 3c . 

Figure 3 d. 

s tomata and tri c home s 1n s urface groo v e, 

para llel trichomes and stomata 1n a g roov e , 

stomata . 
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