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Hstribudion of
to e roy sponsihle for ihe
presence of a weH de whmm? o ph“tu 11(!)(1 { '\\ :;wi TS5 and in less arid
s rog drip may mﬁnmwe the composition of the assoeiniod fHora. This

i

review indicates that there is some debate i}i:‘:‘;&”*i‘nfng the si

i .
it HrNTeanes

> to the moisinre vegime, However, we vare of no provions sty

has attempted to iny estigite for «’ o modn Ids

5 i
at the primary ceologieal sieni ﬁwmw of i He not in
es in the moisture regime lmr rat ‘mw i chern Doty

wenees may be cither stinudatory or inhibitore to ihe
””h} may substantially alter the sf ructure 1

altey {19663 has shown that wost, 1f not all,
to chemical losses hy Ie wehing when exposed 1o ariificia
ates from a large varviety of plants contain ma

foo, Ioliar

o

v metabolites and min-

;?} 2Tras '!:nr-,« }I‘

L3R5

. sasentia] elellents, amine acids, carbobydeates, and
anie acids. Growth regulators and alkaloids are als fmzmm?ﬂ“ encoun-
tered in various kinds of leachates, Quantities of H*ow ches

from a single plant may be great enongh to su; pply another ;,
essential nutrients ne cessary for suceessful erowth. developm
production (Tukey and Mee klenberg, l&t;é). Tamm {1951°
minerals washed from a number of species were erit]
moss epiphytes. Thus the mechanism of leaeh
may allect the diversity and im pose a distinet stry
community by altering the distribut ion of norgani
within the sy aum Dominant populations may influe
only by purely physical or competitive means, b

icals hwlc}ml

£1.,

[ 43

LAV e

h S DY

inkibitory organic materials leached from in tact, iving plant o .
Evealyptus ,f]?f)bul'ls Labill® oeenys thronghont much of clsmontane
C‘aan‘*’nrmz: both as a plgnted and as a natnralized s
1
bundant in the h(mm Barbara ares, where, hegh
wood Cooper made extensive plantings, le ~'ngiw-c iy

.

Santa Barbara elimate, being somewhat 4

of

o

wrfienlarly

10 tha

warkable

ought tolerant, considering i
in California than the normal size in
{Penfold and Wi s, 19613, T4 eomuonts
i California. Juvenile leaves are n] MOOUS OF

are only moderately glavcous, dark green, and Poszes. ¢
terpenes. Adult leaves are linear, 10 10 30 em by 3 to 4 em, aeute,
lanceolate, and faleate. The stature of B, globulvs and

«

he shape o
ture of its leaves result in its beine an effieient intereoptor of
(see Means, 1927, and Oberlander, 1956,
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foboetis has been

The leal chemistry of 2L

Y “ . I ) N 2 . . - S .
Guenther (105307 states that ehneole, e-pinene, and camphone are

tant terpenes, Tl s conflrmed for Santa Davbava materia

funpublished’ ehiromntographic feehniques, in

is an array of phenolie acuds prosent o the leaves, These inehu

and ehloropenie

730011 depinie,

vallie, caffele,
19667
ol seed plants {(del Moval and 2Muller, n pressy. The
ds nre we

We have shown that some of these compounds are foxie

sHohtly soluble in water and the phenoiie

ey solphle, |
an herbaceons understo ;

most stands of K
able 1o ask whethor fou

modified. Thus it
ant eoncentrations of toxins and whetl

ontains signit
of influencing the understory vegetation.

The pattern of inhibition. Most mature, wndisturbed stands of B,

I ekt

#lns arve virtually deveid of herb nual specles ’!‘}w

bevor

these stands is often quiie thick but diminishes rapid
cover. Annual herbs gradually begin fo appear and inervease 'm, '.
tance from the stand. Thus, in a typical transeet,

;1111; sl

density with inereasing dis
continnuons litter extended 2.8 m 1
a few scattered, stunted herbs. Stunted grasses were found from 3.0 to
eloped grassland began at this point. Significantly, the

"‘}mz’*.(sd only

om the bole and this ares sn

8.0 m and fully
erown of the tl‘u also o
crown, as visually estimated by the amount of sky seen from heneath, ex-
tended to the 3-m mark. The ecincidence of the extent of canopy with such
a herbaceous vegetative patternn has been repeatedly observed under a

viety of ed(q»l » and microclimatie eonditions (del Moral, unpublished).

Mature E. globulus trees ave abundant on the campus of the University
of Clalifornia, Santa Barbara, Most of these ave well trimwmed and the litte
is periodiealiy removed by raking so that Itle aceumulates. Under such
trees there is a pauclty of herbs which suggests that, while litter i an
important souree of toxius in some mwwhuwm species (del Moral and

e

ey o the development or maintenance of

tended to the 6-m mark. The densest part of the

Bluller, in pressy, ib is nol negessa
! . giobulus,

svh iinhibition ¢

further observation supporis
4 coustruetion on campus, lavee hes
beneath two trees of J90 globulus which previously had
defined zones nf inhibition. During the subscquent growing season, thig
fresht soil supparvted o hush annual vegetation which, however, did not pro-
Tnee large quantitics of seeds, In the twe following wvears the rounded
failed to susiain any herb
by the

n it

viisdy

o
the eonrse of
1

woeye piled

intained well

b

L
ii
i

wa,ps‘ acermt irzlff‘i no litter but neverthel
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s of several o peets of herb-7ue

PUHS Litlor-

ions, we have demonstrated that there were no sdaphic reasons for the
exelusion 01 herbs from Fuealyplus stands, that Lieht and nutrients wepre
adequate Tor herb growth (nutrient levels wore nearly alwavs arento

within the stand than within adjueent grasstand i, and that sl animals
did not inhabit or visit Fucaluptus st i

t Is frequently enouch to influenes
the herh vegetation (del AMoral an

uller, in pressi. Seil moistore was

[
as favorable within t} e stand as in e (m several

sartioularvly after a

grassland,
Howed by

A parvticndarly hovuriant tree on the camps charaeter

quﬂ produced copions amounts of fog drip. The first bhrane

4 to 5 m from the ;:’i'mlm"i so that Full sunlight casily penctraied dinge

D 1y the sonren feitiine-
diately adjacent to and on the sonthwest side 1 wd, Ter-
filized, and irrigated. The lawn developed rapidiy. exeept ?w mnh the

crown of the tree where no germination oceurred. This Hmir:nm that
Fucalyplus iuhibition of herbs cannot ba overconie by abnndant nateienis
or water. We eoncluded from our various observations :md oxperiments
that eompetition, odaphi" wmuhon\, and grazing could be safely exeluded
from among the import:
!

meehanisms of herb inhibition beneath Kuea-

at some of these f:i(ﬁi‘()}'h‘, partienlarty soil wols-

i
s, It 18 recognized }
tnre competition, could act to limit herh growth under eertain conditions,

NCemmmon along the

Physiological effects of natural fog drip. Ilow

i i 1. gy g
santa Bavbura cowstline thvonghont the svear.

gromud fous may
oceur in nearly any m(mth. but February, May and a period From Augist
November arve p*ertie:ui‘ rly prone to sueh conditions

Coastal loeations &ommo nly roe viw considerable

hou 1 i often

md eavly morning

an? 5 og deip feom Bucaln Teaves could

o af H 3 H:,,m‘,

ities of phytotosing, an investioati

1

Vi uz‘zd«‘rt:}kon. Flasks capped with funuels were placed beneath

i

irees adjacent to the Biology Building, University of (“;:iism'nm. hzzm;:

Barbora, when fogs were fmminent, The material thus eolleciod waos s fitere

to remove any debris and subjected to ‘hc‘s following bioassay h:mnm;uo
Seeds of Bromus rigidus wove soaked for 2 he in distilled woter and planted
on D0 em sponges, 3 nmn thick, um*rmi with filter paper, and plaeed, 10

per dish, in 500-ml storage dishes. The sponges were moistoned cither with

distilled water in the case of the controls or with the foo drip being assayed

for toxizity, The ehambers were sealed with parafilin and ineubated in {!
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Lo Hromus H )H""

pecies beenuse it eomimonly

and uniformly, and grows quiekly.

QUCUTS ey

s goltected six fhmes over o

Sufficient fog drip for assay purposes wi

period of months and each colleetion w rompily assaved. The resplis

5 . N AR ; : Syave sy 1 crsivincd by
of these bioassays, shown in ias 1, eo of mean radicle zrowth of

Boovieidis in o fog drip swople expressed as pereent of a

i
Elod wator eontrol. The narvow bavs above each menn express the Hon-
estly Sipnificant Difference OG0 ot the 57 o1 Yo

cittiy (hl\,hi\

RS

TOOF CONTR

PEHCEN

TRIALS

. Radicle growih of Bromus rigidus tronted with natural

>$ b Buwelyptes globulve, Tn ench frind growth was compared o a siwulia
1 water control, The Inh bavs represent the Hounestly Signifieant Difference
fevel for cach treial,

coneeniration of the fog drip eollected on any partie nlar

quantity Fell, that eollected by funnels wis mos

sparse drin oecurred, No oottempt was made i this

s

rte the solutions Tt demonstrated conelusively

< delp in its naturval state ine

nents were 1>v“tm med Uh izang ar‘uii : ,ﬂ’\f obtained material I

e Jeafy branches were suspended above al

Pled water was

I {
fooa ‘:-.‘m:d«‘*n frame to form a funnel. A fine nu

applied to the leaves at intervals until 1500 ml had been eollected. This

was coneentrated to 500 ml wnder vacwmm af 43700 This material wis used

for suscoptibility

i & 1 3 P gy §
1o test the Tellowing plant spe
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Bromus vigidus, B, mollisc Avenn fatia, Hordeum 1o Porivai,
The
found in annual grasslands adiacent to Lucalyplus groves, In addition,

j'u,‘rm‘u iegalura, and .f‘niz'iu” malliflorum,

CPASSes are l’HHHHHUI‘\'
Fuealyplus globulus was inel Hm'd for eomparison.

The bioassay procedure was similar to that deseribed above except that
incubation fine was dependent upon the spw'w Bromus vigidus was inen-
bated for 45 hy, i

72 by, and the others
1
}

fuea, Lolium, and B, mollis were ineubated for

re incubated for 96 hr, The radicle growils, sample

size for the means of each comparison, anid Honestly Significant Diffor
3

QLCeS are Jm\ i Table 10 AT plants tested were severely inhibited. The
order of ¢ f was only roughly corvelated with patterns of distribn-

i, f;’ui’u"i?m (51 }\”] aved th

) .
wie greatest tolevance 1o Kuer

oftenr formine

purs stands heneath the canopy of

Hiws on the edges of the stand, and it was the Teast inhibited speaies

i these bivassays. The moderate sensitivity of RBromus rigidus and A

¥ of Loliuwm and B. inollis to these toxing i
cip hiw ﬂmnh tiong, owever Fex!

wee often oecurs mi
beneath the catopy, a fact that cannot he predicted 11+
data. In this bioassay series, L glohidus was moderately affeeied,

o adaptation to the compounds found in foo drip. In a less ¢

s performed with natural Tog drvip, I,
Hed as compared

ith sign ni‘,dnt inhibition of ,:{f'(‘}h-‘
vip in soil was also tested
sample of Milpitas loam
sponges as a2 hed for germination of 7. z';'f,’!z'dz(s. Controls wor
with 15 wl of distilled watey while tests were treated with 15 ml 4 .
Each was replicated three tines with 10 seeds planted in each 50001 dish
After 48 by of inenhation @t 26°C in the dark, radicle growih

The results (means « SDare slmwn in Tzﬂ)‘m 2. The ndtl'rzﬁ o
was the result of a fuj irly heavy £

v
3
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L
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ool control was stenificant

by the HSD method, The concentrated artificinl foo

B, vigidus on spenees in o simuliancous Bioassay to

duced inhibition to 6570 of conivol in soil. also gniﬁs/emf at H}w fi"‘}« level

by the HISD method, These experiments demonstrade

s not Tost 1o soll and support the
carrier of aninhibitor of annual he 1l>\

Detection of toxmins. Toxins responsible Tor

above were wdentified by vovedooranhie means,

LOTIenes,

Fprising,

In oview of their low water soly I8 not s

by two dimensional de-

seending paper (h" snatography following the procedures of Smith (1962

Bight compounds were clearly separated Trom this
= H

fh olie

avtifi-
Peveent of FISTY,
prwimfﬂnt Contral (i}

‘\ at 1‘11 fo drip

1o &-.):m,-xnm,u()xx 211 +2.8 i B!
Artitieint fog drip,
AN coneontration it 7 i R

}z;;a%c;‘i;‘tl with butanol: acetic acihd: water (6:1:2) followed by 677 aectic
acid. There was also a streak from the origin to the asetie acid solvent front
}*v;m»zvsﬁ.ing an unseparated mixtare of compounds probably vieh in poly-
mers, OF the eight isolated commpounds, the characteristios (,Hi'. color, and
oy Lhwzp‘mm kg seetral of five g;‘vo(‘i m‘ﬂ wit % thos by I1iHis

those

mu»;iimvn‘é; of h ‘x

primarily as ‘vm‘iz,:u

Phie ehromat

Some of
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Lunown for b

i toxieity and difhie ite chinra

The presence of
Thi

11y ving loaves

all these conmpounds was i natural fog drip.

compounds

detailed analvaes won

undoubtedly reveal the presence of several additionsd fvpes of organi
-a;*f:m'g')mmd:f;, and probably several mineral compounds,

?v G \';sz'z(?t;s‘

g p-et-

. and g,g«ml,mc zu;xds, s a i
mnportance. The various chemicals thus lberated i
I

to the ground with the condensed fog dy

mnulation of these toxie comp

Mudler, in press) and nwh 5

more diverse

ypius, the tree may exert a

1 vegetation. Species velatively tolerant

snee of eompetitors and thrive
frabia natural evoves of K. globulus cor

but a coriain fow

srbaceons nnderstory and with

(w'i}zin mdividua

taker (19657, example of o colonizing
with introduced herb species, the presence of

diversity of

oy drip
cealypius stand by ercating an envirenment
for some plants that could otherwise exist there.

We must emphasize that toxie fog drip ix only
nisms present in I :(Cl}/pizm species vapable of produe
bition. Leaf litter possesses many toxie phenolie

by rain. Terpenes ti

:
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annnal herbs, We suzgest tl
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