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W l i lL K  engaged in economic w ork on iodia^m bber in C eylon d u riag  
189^-9, the  P ara  R ubber T ree  ( //ru ^ a  ̂ as^ i^ frsir) * was co n ^ tu itiy  

under m y  observation, and peculiar ncc tarie t occupying th e  poaitioa c f  bud- 
scalet on its young shoots a ttrac ted  tny  atteo ttoo . Less conspicuous 
nectaries also r>ccur on th e  foliage leaves proper. T hough  these  latter 
arc incidentally  m entioned by systcm atists, th e  bud 'scaies generaUy, as 
well as th e ir nectariferous nature, appear to  have escaped th e ir  notice. 
T h is  ia no t surprising, for th e  adu lt tree  only  p u ts  forth  fresh foliage 
annually, an d  th e  bud-scalet being caducous, a re  m erely evident whQe 
th e  shoots at*: in th e  im m ature cond ition ; thus, unless th e  tre e  b e  cz* 
am ined during th e  short period o f leaf-renewal, no  bud-4calei would 
be seen.

In  th e  account o f the  genus H tvea in Martius* F lo ra  o f B raxil’, th e  
nectaries o f th e  foliage leaves a re  m entioned, b u t n o  reference is m ade to  
th e  bud-scales. D elpino* in bis elaborate w ork 00  extra>floial nectaries 
dismis«es th is genus in a  few words» referring M ppaianiy only  to  th e  
nectaries o f  th e  foliage leaves.

In  a  recent paper b y  H u b e r * 0 0  tb e  periodicity in  g row th  o f  J/n m
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brasUiensis th e  bud-acales a re  juat m entioned, but their nectariferous natu re 
ts no t po in ted  out.

T h e  description to  follow is th e  result p a rtly  o f  observations m ade 
while resident a t  th e  R oyal Botanic G ardens, Peradeniya, Ceylon, and 
p a rtly  o f th e  exam ination  o f som e spirit-preserved young shoots from 
ad u lt trees b rough t back to  England . T he  following account does not 
claim  to  be  a t  all exhaustive. T h e  object of th is paper is chiefly to  
b rin g  to  notice a  som ew hat peculiar ty p e  o f extra*fioral nectary.

Morphology o f the shoot. T he ad u lt trees a t  P eraden iya shed their 
leaves ea rly  in th e  y ea r and  rem ain b are  for som e days before the  new 
foliage appears. O n F eb ru a ry  i6 , 1899, th e  new shoots had alm ost 
gained th e ir  full length, b u t th e ir  foliage leaves were still very im m ature. 
A t  th is  stage o f grow th th e  bud 'scales a re  fully  developed and their 
nectaries active. O n the  leaves a tta in ing  m atu rity  these structu res shrivel 
an d  drop  o6T. A ccording to  H uber * th e  ad u lt trees in  their natu ral 
h ab ita t, th e  A m azon valley, produce likewise on ly  one crop o f  leaves 
in the  year, b u t th e  tim e th ey  are b are  is abou t J u n e ; hence th e  trees 
in Ceylon appear to  have changed th e  tim e o f th e  annual renewal o f 
their foliage. T h is  m ay be due to  clim ate. T h e  early  m onths o f the  
y ea r constitu te  a m oderately  m arked d ry  season in th a t  p a r t  o f  Ceylon 
w here Peradeniya is situated , an d  dryness is considered to  have a  direct 
b ea rin s  on leaf-fall. Y e t on th is idea th e  Hevea trees a t  Peradeniya 
ough t no t to  burst in to  fresh leaf till abou t A pril, when th e  rains <A 
th e  little  m onsoon co m m en ce; as it is th ey  renew  th e ir foliage about 
th e  driest tim e of th e  year, w hile th ey  cast ofT th e  old in  Jan u ary , a  w etter 
and cooler m onth th an  e ith er F eb ru a ry  o r M arch.

T hough  m atu re  trees produce only  one set o f  leaves during th e  year, 
young trees— saplings— put forth  several, show ing a  periodicity , which 
has been described b y  H u b e r t  Such saplings m ay  produce fresh shoots 
abou t every  m onth.

M y a tten tio n  was first called to  th e  nectariferous bud-scales by
noticing one d a y  insects busy  on th e  young shoots o f som e saplings
growing in a  p lo t. A t a  short distance aw ay th ey  looked a s  if th ey  were 
devouring th e  im m ature foliage, leaving behind the  stum ps o f th e  petioles, 
b u t  on closer inspection I  saw  th a t  th e y  were a  h a iry  k ind  o f an t(?) 
im bibing th e  honey  secreted b y  special foliar organs situated  on th e  lower 

.p a rt o f th e  shoot. Owing to  the  internodes between these structures 
I having lengthened considerably, th e  general im p re^ io n  conveyed a  little  
d istance aw ay was th a t o f short petioles w ith th e  foliaceous p a rt nibbled 
off. T h e  tru e  foliage leaves, however, were qu ite  in tac t on  th e  upper 
p art o f th e  shoot w ith th e ir lam inas as yet feebly developed. M y first
observations w ere m ade on these saplings, as I  had  to  wait till the

 ̂ H sb e r, U>c c i t  * H nb c r, toe. d t .



proper ttm e of the  year to  tee  if the  yovag  thooU  o f m etare tiM e  
Hkewbe potMMed thieM nectarUerous ic a k t.  Such waa feoad  to  be  
the  caae.

T h e  foliage leaves of Hevta krmsUmma a re  ao t efttH f db trib u lcd 
along the whole length o f the  thoot> b u t a re  crowded to g itber on  the  
upper portioa. T he atretch o f atenit which in the  n a tw e  ahooC appeitfi  
to  be a  long Intem ode below the  foliage leavea^ la tm Jkf composed ot 
several, the nodes of which were occupied in th e  yoang  elate b y  tM  
nectariferous scales. T h a t is to  say, th e  intem odca b et a a ca  tiw  apper 
nectariferous scales have increased ooaaiderably ia  langtti Ihiais eaperiaWy 
well seen in saplir^s. T h e  leaf la trifoliate w ith a  )oag petM c. T h a  
leaflets are large and lanceolate in shape» aad  are  jo iaed to  th e  apex 
o f the  petiole by  very short stalks (P late X V I. F ^ .  $). A a a  rule th e  
l e i ^ ^  of the petiole and the  size o f tiie leaflets o f  a  shoot decreaae firooi 
the  base upwards. For example, the  petiole and leaflet o f  th e  lowest 
leaf m ay lu v e  a  length of 50 cm. and 35 cm. respectively ; whercaa theae 
measurements for the  upperm ost leaf m ay be  only 3*5 cm. aad  4*5 cm. 
respectively. T he direction of the  petioles is such th a t their lam inas tettd  
to  be in one plane, and thus do  n o t overshadow one another. T h e  
num ber o f foliage leaves to  a  shoot varies, but is com m only tw dve. 
T hey  as well as th e  acalea have a three-eighth arrangem ent on the 
stem-axis.

T he nectary o f the  foliage leaf is aituated on the  opper anrfaee juat 
a t the  point o f union of the leaflets with the  petiole (Fig. $ m). I t  a iay  
consist o f either three ccmtiguous saucer-shaped glanda, one oorretpoiMfiag 
to each leaflet, or of only two oT these, as In the  figure, o r  It a iay  asairaie 
the form of an irr^;u]ar depression due to  th d r  fuaicm. l a  a a y  case, 

 ̂they are not prom inent structures, and do not differ aa a  ra le  in  colottr 
rfrom the surrour.ding surface.

T he  bud'scales perm it of division into two categoriea, viz. (1) ^  
basal scales which are very  small, non-m ctatiferoiis, and  naoaBy few in  
n u m b er; (a) the  upper acalea which are  coaspicooaa, aectariferoaa, aad  
numerous. Both I d ^ s  o f scales as well as th e  foliage leaves poaaesa 
each a  pair o f insignificant stipules ( F ^  1 and 3 il).

TJkt hand mcm mctmriftrpHs bttdtcnits. lo  ^  spM t m aterial b r o u ^ t  
home for exam ination two types o f  young shoots could b e  distiaguished, 
vis. those which had  veiy few one to  three— noa Becttrifefoaa acalea» 
and thoee posaeiaing a  great number> tw enty o r ao. A  diiwfaig o f each 
kind o f a h ^  Is shown In Pigs. 1 aad  a reapectlvdy. A  few shoots were 
interm ediate In th is respect, having aeveral aoa^ftectarifaw aa acala ^  M  
not each an  im bricatioa o f  6iem  aa fapraaented  la  F ig . t  & N o  n e a tto a  
is m ade in m y Ceyloo aotaa o f  •my laige aum bar o f  th aa t baaal aealaa 
having beea aoticed, but the  ahoota are referred to  as poaM iiiaf a o t



mon t h u  tw o or thrae each. WheClKr or not th e potK K foa o f  «  tafge  
num ber o f th ese te a k s be a oonunoo featore o f young Hrmm sb o o ti cannot 
« d l  be dedded  from the few exam ined, but the supposition is that such  
n dbool a s th e  on e show n in F ig . •  is  exceptional, aad that a s a  rule 
on ly  tw o or three non nectariferous scales occur.

Tkn mtctmifnmtt T hese vary considerably in number.
T h e a r w g e  for tw en ty tw o  shoots o f adult trees e x a m in ^  w as seven, 
ranging from  iv n  to  tw elve. T he shoot from w hich F ig . I  w as drawn 
passessed e^ght, w hile th at « f  F ^ . % was excepdonal in having tw elve. 
N aturally, on ly  p a it can b« represented hi th e drawings. T h e lower 
nnctarifarous scales are sm all and short. T h e m iddle ones are usually  
th e  laigM t and posssas th e  beat developed Dectacks, w hile th e upper 
ooas, though qu ite a s lon g , are n et so  th ick , and have th e honey«secreting  
part reduced in  e x te n t; in  iact in th e upperm ost one o f aU th is part 
m i^  b e restricted  to  th e apei^  or periiapa even absent. T he intem odsa  
hKrease in  length  a s a  rule from  the base ufm ards; thus th e low er 
nectariferous sca les are near feogether, w hile the upper ones ars som e 
distanre apart.

T h e inflorescences are borne in th e a x is  xA th e nectariferous scales 
a s w d l a s ta those (if th e low er CoUage leaves (F igs, i  and a / ) .

StfUng. T h e you n g shoots o f saplings resem ble in m ost respects 
tlio se  o f  th e adult trees, but bdng looger th e iatem odes betw een the  
m iddle and upper nectariferous scales are m ore m arked. From  an e x ­
am ination o f th iity -e ig h t young sapling shoots the follow ing num bers 
unere obtained > -

DOiMWCtariferous basal scales ranged in  nnm b^ from  &-J, aver. x. 
nectariferous sca k s m 4 ~7f a 5«
foliage leaves—« M n ^  lo .

N in e o f th ese th irty-eight young shoots p ossessed each an arrested  
lea f be tween th e n ectariioou s sca les and thn foliage leaves proper. T h is 
bora three leaflets w ell defined but qu ite sm all, w hile th e nectariferous 
scak a  have m em  poin ts to  indicate  th e  icm ahia o f th e leaflets. T b«  
nectary appeared to  be n b seat *. T h is k a f  d id  o o t pendst, hot
w ithered and fe ll o ff wi A  th e  scales.

S w lt t y .  In  fa m in a tlo n  th e tw o co^tkdooa rem ain la  tb s ^esta 
h i th e  so il, so  ih n t w hat look s lik e  «  hn «n cotyl is  really  ttM 
it k  q u ite k s « ,» 5  cm . or so  i s  len gth . T he ̂  tw nC allate leaves form ed 
qpft tfw a lo B  about the sum  k v a l, and are sim ilar in  ahape to  those 
o f n k k r p k n fi T h esi com es an int cm ode o f about 5  cm ., follow ed by  
iww m occ fo lie js  kawH  situated a t neadjr the sam « k v « l 0% th e stem  
•ad n k w f k y  wM i dhe i o t  p airs aom atim as th eN  m ay be o n ^  « m



leaf, or even three at this point. OccaHOwJly the fint pair erf Invw  
may be vettijpal, or only one of them fully developed.

If the plumule be fatally injured then the bud in tW aadl or «M 
of the cotyledons develops into a shoot, bearing first three to i a m  redaccd 
leaves apparently without nectaries, before the tme IbUage leave* appav; 
sometimes the buds in both axils so sprout Tbc shoot artsiof from 
the axillary bud of the cotyledon simulates that derived from the plomdc  ̂
but in the one case the length of stem prodnced before the foiiafa Icavci 
are emitted is really compoaed of several iaternodcs, tke aodca bcbig 
occupied by inconspicuous scale-leaves; while in the other it coasista 
of one intemode only, the q»cotyL

Unfortunately my notes do not connect the scfdling with the sapKtif- 
stage, so as to see when the nectariierotts scaka first arise; T to  Is 
probably at the second period of foliation. They apparea^ do act 
appear in the seedling, but rather later in the developmeai of the plaat 

S t m c i u r e  o f  i k t  v u U v i d m l  M - ^ c a k s .  The stfuctare  of the aoo- 
nectariferous scales requires little description. A glance at F if. 4 /, 
shows their size and shape. They are eadi accompanied by a pair of 
lateral bodies—stipules. In the mature or sprouting bud th^r are brovD 
dead objects.

The nectariferous scales are fairly long, often bent siructurea aad 
somewhat circular in transverse section; they fm>ject from tiie stem at 
right aisles or with a downward inclination. Each bears at its apex three 
minute points, the sole remains of the leafletâ  Their upper convex swfrca 
is covered with yellow h«iey>secretiag tissue, and has often a narrtiaa 
longitudinal groove. In the kuwer and middle scaka the vAole kngth 
of the upper surface it glandular. In tlM upper scaka the glaadolar 
portion tends to recede from the proximal part, asd i i  die apptrmoit 
one it is confined to the apex (Fig. 6 m ) .

From a structural p ^ t  of view the nectar-eecretiag tiasaa H  f k m i M  

caa be divided Into two classes ̂  vis. (1 ) that cooaistiBg of mmB 
cells of the usual shape with thin hardly cuticukiised oaCar wallii 
lying a mam of closely packed ceUs full of t o m X m ^  aad •acfctory ia 
function, and (a) that in which the epidermis itaalf aaaamm tha fatal 
of a secretory epithelium with greatly thifltaawd catkk. la  the fint 
clam tihe aectar readies the smface by passing thfovgh tha this waB  ̂
whik ia the aacood dam It escapes by bmatiag the culiflla.

The extr»>flofal nectaries of H n m  h m s t h n m t  psosMk a modMkatfMi 
of tha aaooad type of stmcUue, ia that maay of tiba origiMl epilM iil 
cells become divided in the mature nectafy by H  iato M
or three daughter^elk. That iŝ  in the immatui* alaii the apMmak

* BoMltr, tm MtldNS ttalt As^ 4  Vst.
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is a simple epithelium, but on approaching maturity it becomet in placet 
two or three layered (Fig. 7). Conapicttoua nuclei and much cytoplasm 
witlKMt promifteot vacuoles are present in the epithelial celb, as well as 
IB tbe small cortical cdls below. The cuticulariaed part of the outer 
wall is quite thick» as is showm in tbe drawing (Fig. 7 c ( ) .

Examples of extra>floral nectaries with aa epitbelium diirided in placet 
are to be met with in p 0p t $ ^ * r m  and C k r $ d t H d r p H  ;
also a regularly two-layered epithelium existt in P n m u s  m n u m  K

Tbe diagram (Fig. 5) shows the position of the nacUr-secreting epi­
thelium in a transverse section of a typical median bud-scale; while 
that of Fig. 6 represents the epithelium as restricted to the apex in the 
i4>permost scale.

Tbe minute structure of tbe nectaries of the foli^e leaves It timilar 
to that of tbe scale ones.

G t m e r a l  R e m m H u . This case of H i v t a  b r t u U w u i s  is about the first 
example dted of bud'scales—cataphyllary leaves—serving as nectaries. 
Tbe only odier instance 1 have found at all o>mparable is that mentioned 
by Reinke*. He points out that tbe bud-scales, as well as the foliage 
leaves of P r m m t t s  a v im m ^  have ^ndular teeth which are honey*secreting. 
But here die transformation is very partial. The scales are not so 
modified as to be merely nectaries. Their primary function is still that 

bud-protecti(M.
The £u(4u>rlMaceae are rich in examples of plants with extra-floral 

nectaries. BaiUon\ in his work on this natural order, enumerates the 
various types, low ing that their situation may be various, such as on 
tbe stem, petiole or lamina; and that diflferent organs may be wholly 
transformed into them, sudi as stipules and leaflets. Htvta brasiUtnsis 
aflfords a still further type, vis. that of bud-scales serving as nectaries.

Two or three questions suggest themsdves as to the origin of these 
cataphyllary nectaries of H t v e a ,  Are they connected by descent with 
the petwlar glands, or are they a fresh production of glandular tissue 
in t ^  evolution of t t u t  plant? What is the relationship between the 
Boo-Mctariferous aad necUriferous scales? Have they been derived in* 
depeodefltly at different periods from foliage leaves, or have the former 
arisen by further retrogression from the latter? From an identity in 
stmctsre between tbe petidar aad scale nectaries and from the situation 
of tbe glandular tissue in tbe uppermost scale it looks as if the two classes 
of sectaries were directly coniiccted. Tbe petiolar glands have perhaps 
hrrnT much more devdoped in tbe scales, so that the function of th ^  
latter is now wholly that of eecretlng honey.

* MmM, C ta u lk m  aB* MslRarfs «d tlU  W p l i l i  <kl Ntttarii I r tt in iU U , M m . Accad.
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Tht view o f  the a^ution of the ihoot of that aaggMtf il«clC
to the Author is m follow*. OrigiMlly the ba«e of Hm t b o o t  M  om  ̂t w o ,  

or three non-oeetarlferoue bod-icalei t u d k  w  occw n o w ,  the reil o f  Hm 
folUr organs were true foliage learres amagad aqaMistaatly akMg die airfa. 
Astuming that their laminas gnutoaUjr faicffrased is size towafds the aUdto 
of the shoots and then decraaaad, Ae lowaat aad highest leam  w » M  im  

consequence be the smallest axid the nUktle ooes the largest'^ rcadWoa 
often occurring in shoots. That of the Beach { F ^ ig m s  jylswAka) is a caae 
in point Providing that the shoot had aa opwaid tfaJracy; as it
has at the present day, the lafge median leaves would tcad to oscfshadow 
the lower smaller ones, and thus render these Utter to a great degrse 
functionless as assimilating oigaas» and throogh disuae a gradual redoctioa 
in their laminas m ^ t follow. The nectaries oo tike petiolar apices still 
remaining would be the first to secrete. A^ewiag their service  aa one of 
attracting ants to keep oflT leaMeatroyieg iasccts, it would be aa advantage 
to the plant to retain the nectaries on these retrograde leaf stractims, 
and further to increase their siie and coasequeatly their secretion, is 
order to protect the expanding foliage leaves, till their nectaries became 
functional. Thus gradually a conation which sow occora would be 
brought about.

The Beech shoot has a few scales at its base without any lamiaa, 
which may be comparable, though not homologous as they are stip«les» 
to the iK>n-nectariferous scales of /Tmw; then oone tiie foliage leaves 
increasing in size as far as the middle of the axis» aad then 
towards the apex. There is a tendency in some of its shoots for snail 
lower leaves to wither and fall early. This may be partiy due to 
being shaded by the higher leaves, th o i^  this overahadowing b  laigely 
guarded against by the shoot as a rule having a horisontal direction, aad 
as a consequence the leaf-blades are in one and the same pianr If the 
shoot, on i i k e  other hand, were inclined coasiderahly to die vertical aa la 
H e v t a ,  then the middle leaves would shade the lower m m  aroch asore 
effectually. Such a shoot as that of the R k o d H U n d r o n  demonstratea dlls. 
It Is obliquely erect aad has the f< îage leaves crowded togedier om ita 
uĵ yer part, thus resembling the shoot of f i t v t m .  The leag^ oC stMa below 
the rosette of foliage leaves is not a single iatemod^ but CftTHpoaad af 
several, the nodes of which ia the yooag state occupied k f  aaMlI 
leaves which have shriveled and disappeared. Theae, beiag perhaps 
originally smaller than the middle leaves and thus eabjart to shaisb m m  

no longer persist as functional foliage leaves; they haaa anet IflHiy 
decreased still further In sUe, and now apparently aarva aa pmlscliva aealsa 
to the bud. Cooseqoendy as a rule la horiaaatal sboali tiw laweal faHaga 
leavas art the som U ^ or at aay rate sawUer thea the eiddkeaee; while 
ia shoots ladiaad to die vefdeal the loweat leavn wa d »  laigwt» hacaaM



they rt pfMcnt probably the middle leaves of the primitive ahoot, the 
lowest having ceased to act as foliage leaves.

The reason why in an ordinary shoot such as that of the Beech the 
middle leaves should generally be the largest it perhaps owing to the 
intensity of growth during devel<^ment, first rising griidually toa maximum, 
then bliing again till growth ceases. Tlits would result in the first and last 
fanned leaf-blades being the smallest

The only other species of H i v i a  I have been able to examine k 
t p r m m m M y MUlL-Arg., a very cloaely allied one. It posseates similar 

nectariferous scales.

SUMIfARV.

1 . /yirtvtf b r a s i H t n s i s  possesses two kinds of extra*floral nectaries:—
(«) Small inconspicuous glands situated on the upper surface of the 

foliage leaves, where the three leaflets join the p^iole (Fig. 3 n ) .

( b )  Large conspicuous glands borne on vestigial foUar structures^ 
*bud-acaies'—which are situated on the shoot below the foliage leaves 
proper (Figs. 1 and a Mf).

3. The *bud-scale* nectaries are a prominent feature of the young 
expanding shoot, and are functional till the foliage leaves are mature, when 
they wither and drop ofil They are present in saplii^s, as well as in adult 
trees, but were not observed in seedlings.

5, Besides these nectariferous structures, one or more Insignificant bud- 
scales without nectaries may be present at the base of the shoot (Figs. 
I  and a s ) .

4. The minute structure of the foUaf and * bud-scale ’ nectaries is the 
same. Each consists of a well-defined secretory ephheKum vrith a thick 
cuticle. The original cells of this epithelium may be divkled here and 
there by one or two tangential walls to form in places a two* or three* 
layered epidermis (Fig. 7). The nectar escapes by the bursting of the 
cuticle.

5. The two kinds of extra-6oial nectaries are considered as homo- 
?  kigous; that is to say, the *bud-scale* one may be regarded as a further

developmeet of what was et one time a petiolar nectary,
_ 6. These nectarifieroua stmctures, oocupyjng relatively the same

o m  the shoot aa onUoaiy bud-scales, probably never had a 
pi utectivc finKtioa, but have becM derived directly from what were once 
CoUaffe kavca by the dtasppearance of the lamina and an Increaae in fixe 
of the nectafy.

7. Aceovdiag to the Mual view taken of the Ainction of extim-floral 
nectariei,the*b»d s n if * gtanda may be looked upon as attracting ants to 
keep off teaaeCs la^rioiM Co the developing foliage. A i aooo as the foliage

;3
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leaves mature, their own nectarics become functional, and the fcale ones 
being no longer required wither and drop o f f .

H. This case of H e v e a  b r a s i l u n s i s  is the first strikii^ instance recorded, 
as far as the author it aware, of bud-scale»—cataj^yllary leaves—ferving 
solely as nectaries.

Po st s c r ip t .

Just on the completion of this paper a communication 00 tbe e x t n -  

floral nectarics of H r v t a ^  read before the Academy of Scici>ocs» P&ns» o m  

November 9, 1903, came to my notice. Tbe article* resalting from it in 
the corresponding number of the * Comptes Rendus* deals wholly with tbe 
structure the petiolar nectaries, and makes 00 reiereoce idiatsoevcr to 
the nectariferous bud*scales; hence the chief subjeA-matter of my paper 
is not in the least affected. The authors state that the number of todi> 
vidual glands composing the petiolar nectary o (  H « v t a  h r m t i l u u s i *  may 
vary between two and five, but is usually three. They point out that the 
secretory epidermis of the nectary is two-layered in places, and lay stress 
on the two following structural features: (i) the presence of a ring of 
Hgnified parenchyma in the interior of the raised border which sarroimds tbe 
secretory surface of each gland; (a) the latidferous tubes, ocoirriog in fair 
abundance in the specialized parenchyma of tbe glafkd, either cad lust 
below the secretory epidermis, or even pass between the epidermal ceUs to 
the exterior. J. P.

CaMSKIDGI. D tttm itr, 1903.

* DigeiDoB at Cospla, S v  U> artfa lm  a t n - f l o n n  6m  Utwm, C m ^  Fm A  cax*tt» 
N®. 19, 1903. pp. y<7-9 .



EXPLANATION OF FIGURES IN PLATE XVI.

niHlratiBf Mr, PuU n’i  paper on the Eitim>f}oral NecUrlct of Htv«m hrMtiUmsis,

F i(. 1 . VoQDg aboot (ran adalt tree beariag tb t imiutiire folitgc le tm  on iU npper p«rt. 
N fttm l liK . MBglc oos-DectuifeToQs bMal b«d<tcale; « /„  <■/„ repreteat retptctiveljr
th t 3id» 6th , and M  occtariftrovs b«d<«alcs; tbb  shoot poMWied tight th«M MnictnrM; 
the other torn mc not dcpicted in ^  dimwing: the iheded e reu  ihow the poeitloa ot the aectar* 
■eacttef p u ts  of the ecetM; ia the appefBost tcale, thU part !■ rcstrktcd to the apei; 
/. lowcflt foliage k e f ; fm , |)ocMoo of the petlolar aectarjr; //, Mipale*; j l ,  young infloretceacet 
fa the axils of the apper tealM aad lower foliage leaves; Is, leaf>tcan ctf pitTioas Tear's shoot

R g . a. Yoang shoot froft adali tree with aaajr basal bod-scales. Nataral site. i,lmbiicaiion 
of aea-acctarifcroas basal aoUes; m , length of stem beariag aiae aectariferoes bed-scales (the 
Aoot posaeiKd twelve sllofethcr); ^  Moreeocaoes la the axils of the aectarlfeross scales; 

lowest Ibliacc leaf; Jf, j /r, leaf«ecan of prefioas year's shoot.
Fig. 3. Part of the apper saiCtce of a foliage leaf. Nataral sin . twiB*aectar7 ; / ,  apper 

part of petiole, /, lower part of oae of the three le ^ e ts ; /, short stalk of leaflet.
Fig. 4. ladirklaa) b«d>scales front shoot represeated la Fig. i. Nataral site, t, siagle boo* 

aectariferoas basal scale, «, dorml view showing pair of stipoles, b, side viewj w ,—M/t 
(iadasive), lide views of seven aectariferoaa bad-scales la order oi loccession from base 
apwafda, the p o c tk a  of the hooey-sectctiag tiasoe is indicated by •hading; m „  oppenaost 
aeLtaiifaiWM b^-acale, m, side view, t ,  veotral view showiag t&ree points, the vestiges of the 
three hali*s thr iwrtar scfniling part is reatrlcted to the apex and U ^ow a by the small shaded 
area in tU sre^oa.

Fig. 5. Diagram of a oiedian traasvene sectioa of a  aectatlferoni bad-ieale. x  30. 
$, ordiaary epiderais; m ,  hoaey-seuetlag efdtbeliaai on the apper sar&ee with groove, / v ,  ring 
of fibro-vaacalar bandlck

Fig. 6. Diagram of a  loagitndiaai acetioo of the apical part of the appermost ncctuiferoat 
bad«ca!e («u, ia F%«. I aad 4) showiag the restricted distribatioa of the g ludnlar tissoei x 30. 
t ,  ordinary epQ^fmis; m , hooey*aeactiag epitbeliam la a positioa correspoodiag to that occupied 
by the sectary of (ha Miage Im i; / ,  one the three apical points—vesHge of a leaflet; 4, hair*; 
m, vwealar stiaada

Fig. 7. SectiOB of (he hoaey stcrcdag epitheliam of a bad-scale. x 400. t, aadlvided 
cpMMUal cell: ft, epithdial cell divided iato two danghtercells; 4̂  epithelial celt divided into 
thiae daaghter.«eUs: <f, the thick ca tick ; is, aaclei; r, small cortical cells fall of coateats aad 
wiihoal ksteradlalar ^aces. The empty areas ia the figvre repreteat cells io the section from which 
^  eoetcBts bad acddeatally dls^tpeafed daring preparation.
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DIVISION S-2 — SOIL CHEMISiTRY p_
I - ■ * .

Hxtraclioii and Culoriiiictric D rioriiiinalion o f Ur^a in Soils'] 

L. A. D o u g l a s  a n d  J. M. B r e m n e r - '

ABSTRACT

A simple coloriniciric method of dcteriniiiiiig urea in soils is 
described. The soil sample is extracted with 2M KCl contain­
ing a urease inhibitor (phenylmercuric acetate), and the extract 

. is analyzed for urea by fncasurrineiit of the red color formed 
when an aliquot is heated with diacetyl monoxiine and thiosc-mi- 
carbazidc under acidic conditions (phosphoiic aiid-sulfuric acid 
m edium ). The method is sensitive and precise, and it gives 
quantitative recovery of urea added to soils. The extraction 
performed is satisfactory for determ ination of exchangeable 
ammonium, nitrite, and nitrate by steam distillation methods.

A dditional K ey W ords for Indexing; diacetyl monoxime, thio- 
semicarbazide, phenylmercuric acetate.

ALTHOUGH numerous studies of urea transformations in 
soils have been reported, very little attention has been 

given to the problems in satisfactory performance of the 
urea, ammonium, nitrite, and nitrate analyses usually re­
quired in these studies. One problem, which has been over­
looked in most investigations, is that significant hydrolysis 
of urea by soil lirease can occur during extraction of soils 
for determination of urea (5 ). A second is that the colori­
metric methods available for determination of urea have 
low sensitivity and do not permit analysis of soil extracts 
containing less than about 50 ppm of urea. A third is that 
no soil extraction procedure has been developed that is sat­
isfactory for determination of exchangeable ammonium, ni­
trite, and nitrate as well as of urea, which means that two 
or more extractions must be performed to carry out these 
analyses.

Previous work in our laboratory showed that urea could 
not be recovered quantitatively by extraction of soils with 
2M  KCl for 60 min as in the procedure developed for 
determination of exchangeable ammonium, nitrite, and ni­
trate by steam distillation methods and that this was due 
to hydrolysis of urea by soil urease during the extraction 
with 2Af KCl (5). Tests showed that this hydrolysis prob­
lem could be overcome by use of 2M  TcCI containing 
compounds that inhibit urease activity, but use of such 
inhibitors vitiates urea analysis of the extract by urease 
techniques (5 ).

The colorimetric method of Watt and Chrisp ( 8) has 
been used to determine urea in soil extracts, but this meth­
od does not have the sensitivity needed for studies of urea 
transformations in soils (it was designed for analysis of

' Journal Paper no. J-6484 of the Iowa Agr. & Home Econ. 
Exp. Sta., Ames. Project no. 1070. This work was supported in 
part by the Tennessee Valley Authority. Received Feb. 24, 
1970. Approved Sept. 1, 1970,

 ̂Research Associate and Professor, respectively. Department 
of Agronomy, Iowa State University, Ames.

solutions containing 5t>-24nT5)5m of urea), and we found 
that sonic soil extracts contain substanccs that interfere 
with this method. We attempted, therefore, to modify the 
2M  KCl extraction pioccdurc so that it docs not lead to 
hydrolysis of urea, and to develop a sensitive colorimetric 
method of determining urea that can be applied satisfac­
torily to extracts obtained by this modified procedure. The 
requirements of the analytical procedure sought were; (i) 
The compound used to inhibit urease activity during ex­
traction of soil with IM  KCL#should not interfere with 
extraction of exchangeable ammonium, nitrate, nitrite, or 
urea, or with analysis of the extract for these forms of ni­
trogen; (ii) The colorimetric method used for determina­
tion of urea should be accurate, sensitive, and precise, and 
it should not be subject to interference by substances nor­
mally present in 2M  KCl extracts of soils.

The procedure described here meets these requirements. 
In this procedure, the soil sample is extracted with 2M 
KCl containing a urease inhibitor (phenylmercuric ace­
tate), and the extract is analyzed for urea by measurement 
of the red color formed when an aliquot is heated with 
diacetyl monoxime and thiosemicarbazide under acidic 
conditions. The colorimetric method used for determina­
tion of urea has been described (3 ). It is about 50 times as 
sensitive as the method of Watt and Chrisp, and it permits 
accurate and precise urea analysis of soil extracts contain­
ing less than 20 ppm of urea.

MATERIALS

The soils used (Table 1) were surface (0- to 15-cm) sam­
ples selected to obtain a wide range in pH (5.5-8.0), organic- 
matter content (0.30-8.92% organic C), and texture (3-78% 
clay, 1-94% sand). Before use, each sample ^as air-dried and 
crushed to pass a 2-mm screen. In the analyses reported in 
Table 1, organic carbon was determined by the method of 
Mebius (7), total nitrogen by a semimicro Kjeldahl procedure 
( 1 ) ,  pH by a glass electrode (soil/water ratio, 1:2.5), and 
particle-size distribution by pipette analysis (6) after disper­
sion by sonic vibration (4). When analyzed by the method 
described in the next section, none of the samples selected con­
tained a measurable amount of urea. ^

Table I —Analyses of soils
Organic Total

Soil type* pH carboo nitrogen Clay Sand

ayde aU 5.5 4.30 a  402 25 16
Buckner m 6.1 0.30 0.032 3 94
Cretco 1 6.2 2.32 0. 205 22 32
Gniody tlcl 6.7 2.21 0. 201 27 5
deaooe «lc 6.S 8. 92 0.S60 41 8
Clarion 6.9 2.19 0.203 18 51
Nicollet 1 7.0 2.27 0. 204 20 44
Prlrogfaar alcl 7.0 3.41 0.313 38 6
Hiydeo sal 7.7 Z46 0.164 10 53

c 8.0 2.30 0.241 78 I
* ■n, silt)- loamt ta. •and} 1, loam) aid, silty clay loam; ale. ailty clayi •al.
•aii4r c, cltijr.



1
he urease used was obtained from Sigma Chemical Co., 

t. Louis, Mo.

M ETH O D  FO R D ETER M IN A TIO N  O F UREA

Reagents
Pbenylmercuric Acetate {PMA) Solution—Dissolve 50 mg 

of pbenylmercuric acetate (Eastman Organic Chemicals, Roch­
ester, N.Y.) in 1 liter of water.

Potassium Chloride-Phenylmercuric Acetate (2M KCI-PMA) 
Solution—Dissolve 1,500 g of reagent-grade KCl in 9 liters of 
water, and add I liter of PMA solution.

Diacetyl Monoxime {DAM) Solution—Dissolve 2.5 g of di­
acetyl monoxime (Fisher Scientific Co., Chicago, 111.) in 100 
ml of water

Thiosemicarbozide (T5C) Solution—Dissolve 0.25 g of ihi- 
osemicarbazide (Eastman Organic Chemicals, Rochester. N.Y.) 
in 100 ml of water.

Acid Reagent—Mix 300 ml of 85% phosphoric acid and 10 
ml of concentrated sulfuric acid, and dilute the mixture to 
500 ml.

Color Reagent—Prepare this reagent immediately before use 
by adding 25 ml of DAM solution and 10 ml of TSC solution 
to 500 ml of acid reagent.

Standard Urea N  Solution—Dissolve 0.4288 g of urea in 
2M KCI-PMA solution, and dilute to 2,000 ml with IM  KCI- 
PMA solution. If pure, dry urea is used, this solution will con­
tain 100 /xg of urea N per mj. Store in a refrigerator.

Procedure
Place 10 g of soil in a 250-ml, wide-mouth bottle and add 

100 ml of 2M KCI-PMA solution. Stopper the bottle, shake it 
on a mechanical shaker for 1 hour, and filter the resulting sus­
pension (Whatman no. 42 filter paper). If the extract cannot 
be analyzed soon after its preparation, store it in a refrigerator.

To determine urea N, pipette an aliquot (I-IO ml) of the 
extract containing up to 70 ng of urea N into a 50-ml volu­
metric flask, make the volume to 10 ml with IM  KCI-PMA 
solution, and add 30 ml of color reagent. Swirl the flask for 
a few seconds to mix the contents, and place it in an oven at 
120C. After 30 min, remove the flask from the oven, cool it 
immediately in running water (I3-20C) for 15 min, make the 
contents to 50 ml by adding water, and mix thoroughly. Then 
transfer about 10 ml of this solution to a Klett-Summerson 
colorimeter tube (1.3-cm light path), and measure its red 
color intensity with a Klett-Summerson photoelectric color­
imeter fitted with a green (no. 54) filter. Calculate the urea 
N content of the extract by reference to a calibration graph 
plotted from the results obtained with standards containing 0, 
10, 40, and 70 of urea N. To prepare this graph, dilute 
10 ml of the standard urea N solution to 100 ml with 2M 
KCI-PMA solution in a volumetric flask, and mix thproughly. 
Then pipette 0, 1, 4, and 7-ml aliquots of this diluted stan­
dard solution into 50-ml volumetric flasks, adjust the volumes 
to 10 ml by adding 2M KCI-PMA solution, and proceed as 
described for urea N analysis of the soil extract.

Comments
Any colorimeter or spectrophotometer that permits color 

intensity measurements at 500-550 m  ̂ can be used for the 
procedure described. The maximum absorption of the color is 
at 527 mu (3).

A bath of boiling water can be used instead of an oven for 
the heating stage of the method described. If a water bath is 
used, the time required for maximal color development is 27 
min (3). It is important that the flask used for color develop­
ment be cooled immediately after it is removed from the oven 
because some loss of color occurs if the flask is not cooled rap­
idly as specified (3).

Calibration graphs prepared from urea standards as de­
scribed show a linear relationship between urea N concentra­
tion and color intensity, but they differ slightly from day to 
day. It is recommended, therefore, that urea standards be in­
cluded in each series of analyses.

The color developed in the method described is photosensi­
tive, but ihis is not a problem if color intensity measurements 
are performed shortly after color development, because color 
fading is negligible if the time between color development and 
color intensity measurement does not exceed 1 hour. Color 
inteniiity measurements can be postponed for several hours if 
the colored solutions are stored in the dark (3).

Nitrite interferes with the colorimetric method used for de­
termination of urea if the concentration of nitrite N in the 
extract analyzed is more than five limes the concentration of 
urea N. Nitrite interference can be eliminated very easily by 
treating the aliquot of extract taken for urea analysis with I ml 
of 2% (w/v) sulfamic acid solution and by allowing rhe 
treated aliquot to stand for 5 min before addition of the color 
reagent. * ’

The color reagent is unstable and should be prepared imme­
diately before use. The other reagents used are stable for sev­
eral weeks if stored in a refrigerator.

RESULTS AND DISCUSSION

Preliminary work showed that hydrolysis of urea by soil 
urease during extraction of soils with 2M  KCl ( 1 0  m l/g of 
soil) could be inhibited completely by use of 2M  KCl con­
taining small amounts (less than 100 ppm) of silver sul< 
fate, mercuric chloride, or pbenylmercuric acetate. We 
found, however, that both silver sulfate and mercuric chlo­
ride interfered with determination of urea by the diacetyl 
monoxime method everi when the 2M  KCl used for extrac­
tion contained the minimal amount of silver sulfate or mer­
curic chloride needed for complete inhibition of urease 
activity (ca. 5 ppm). Pbenylmercuric acetate (FMA) also 
interfered with analysis of soil extracts by the diacetyl 
monoxime method when added at the rate of 10 or 20 ppm 
to the 2M  KCl used for extraction. But tests showed that 
complete inhibition of soil urease activity was achieved 
with 2M  KCl containing 5 ppm of PMA (equivalent to 50 
fig of PMA/g of soil) and that the diacetyl monoxime 
method could be applied satisfactorily to extracts obtained 
with this 2M  KCI-PMA solution.

The effect of pbenylmercuric acetate on hydrolysis ot 
urea by soil urease during extraction of soils with 2M  KCl 
is illustrated by Tables 2 and 3, which show the recoveries 
of urea obtained by extraction of soils and urease-treated 
soils with 2M  KCl and with 2M  KCl containing 5 ppm of
pbenylmercuric acetate (the extractant recommended). 
The data show that pbenylmercuric acetate completely 
inhibits urease activity during extraction of soils with 2^1 
KCl and that (he 2M  KCI-PMA extraction procedure 
adopted gives quantitative recovery of urea even with soils 
treated with urease. The tests with urease-treated soils were 
included to check that the 2M  KCI-PMA extraction pro­
cedure would be satisfactory for soils having abnormally 
high urease activities.

The accuracy and precision of the method described are 
illustrated by Table 4, which gives the results of repUcJî ® 
analyses of soils treated with different amounts of urea-

Table 5 gives the results of recovery tests in which 
soils treated with urea, ammonium, nitrite, and nitrate wer®



Tab)i- 2 — R cfo \cry  by mclhod dcscribcd of urea N 
added to soils

Tabic 3 — Recovery by method dcscribcd of urea N added to  
urcasc-trcalcd soils

Soil
Kefovt*r> of 
uri t N. V,*

Clyik
Ruckncr
Cre»co
Grundy
Glcncoc
Clarion
Nicollet
Prlmghar
Hayden
Regina

Average

100. 2 (95. fl) 
100. 4 (96. ft) 
99. a (89. 0) 
99.3 (93. 2) 
99. 8 (86. 2) 
99. 3 (98.0) 

ino. 4 (9S.0) 
100. 4 (91. 2) 
99. 3 (94. 6) 

100. 2 (96. 0)
99. 9 (93. 6)

■ Rpcoverles wrre deiermlned by anmjytlng 10-g aamplea of aolls before and after 
wllh S ml of urea aolution containing 500 ug of urea K. Urea aolutlon was 0^6 to soil Immediately after addltloo of 2M KCl-PMA aolutlon. Pigurca In parenth* 

fsaa are recovertci obtained when IM KCl wu uaed Inatead of 2M KCl-PMA solution.

extracted with 2M KCI-PMA solution as in ftie method 
described, and the extracts were analyzed for urea by the 
diacetyl monoxime procedure and for ammonium, nitrite, 
and nitrate by the steam distillation methods described by 
Brem ner and Keeney (2 ) .  The data reported show that the 
phenylm ercuric acetate in the 2M KCI-PM A solution 
adopted for extraction of urea from  soils does not interfere 
with extraction of exchangeable ammonium, nitrite, or 
nitrate and does not affect the steam distillation methods 
developed for ammonium, nitrite, and nitrate analysis of 
2 M  KCl extracts of soils.

A ttention should be drawn to the fact that, in the recov­
ery tests reported in Tables 2 -5 , the soil samples were 
treated with 2M KCI-PM A solution immediately before 
addition of urea or ammonium. Tests in which urea and 
am m onium  were added to soils before addition of 2M KCI- 
PM A solution showed that some hydrolysis of urea or fixa­
tion of am m onium  occurred with several soils even when 
the tim e between addition of urea or am monium and addi­
tion of 2M KCI-PMA solution was only a few minutes. 
With most soils, however, the recovery of urea was quanti­
tative ( >  9 9 % ) if the time between addition of urea and 
addition o f 2M KCI-PMA solution did not exceed 5 min.

Tests showed that the following substances did not form 
colored products under the conditions of the method 
described (tests were perform ed with 10-ml aliquots of 
aqueous and 2M KCI-PM A solutions containing 50 /ig 
of N  as substance listed) and that they did not interfere 
with urea N analysis by this method when added to  urea 
solutions in am ounts such that the concentration of N 
added as substance was equivalent to the concentration of 
urea N  (50  fig of N /1 0  ml of solu tion): amtDanium sul­
fate, sodium  nitrite, potassium nitrate, biuret, thiourea, 
glutam ine, asparagine, creatine, creatinine, alanine, gly­
cine, aspartic acid, glutamic acid, lysine, arginine, glucosa­
mine, and galactosamine. N itrite, biuret, and thiourea inter­
fered when the am ount of N  added as these substances was 
increased to 500 ;ig /10  ml of solution (10  times the 
am ount present as u rea ), but the other substances listed 
did not interfere at this level of addition. If  the extract 
under analysis contains significant am ounts of nitrite, inter­
ference by this substance can be eliminated very easily by 
the sulfam ic acid technique described.

Tests with a wide variety of soils have shown that the 
colorim etric method described gives no trace of red color 
with 2M KCI-PM A extracts o f soils not previously treated

Soil
Hecovei7 of 
urea N, 5f*

ayd.- 99. 9 (53. 8>
Buckner 100. 4 (28. 6;
Crcaco 99. 3 ( 2. 5)GruMbr 99. 9 ( 0 )
Glencoe 99 1 ( 0 )
Nicollet 100.0 ( 5.0>
lisyden 99.3 (15. 3)

Average 99.7 (15.0)
* Recoveries wert̂  determined by analyzing 10-g samples of ureaae-treated soils (1 mJ 
of 0.3% urease aolutlon/10 g of aoU) before and after treatment with 5 ml of urea sol­
ution eontalnliy 4,(X)0 ĝ of urea K. Urea solution waa added to soil Immediately after 
addition of 2M KH-PMA aolutloo. Flgurea In pareothesea are recoveries obtained v̂ ec 
2M KCl was used Instead Qf 2Af KG-PMA solution.

Tabic 4 — Accuracy and precision of method

Ursa N 
added

I'rea N recovered*
Ranget Average

Grundy 10 9-11 10 0.7
25 24-26 25 0.8

100 98-101 100 1.2
250 248-252 251 1.7
500 498-504 501 2.2

Nicollet 10 9-10 10 0.7
25 24-25 25 0.7

100 9e-ioi 100 1.4
250 248-251 249 1.6
500 496-502 499 2.2

* Recoveries were determined by analysing 10-g samples of soils before and after 
treatment with 5 ml of urea solution containing 20 to 1, (XN) Mg of urea N per ml. Urea 
solutioD was added to soil Im'medlstely after addition of 2M KCI-PMA solution. SD, 
standard deviation, 

t Five analyses.

Table 5 — Recovery of urea N, ammonium N, nitrite N, and 
nitrate N added to soils

Recovery of N added to scU. %•
Sou frea m Nitrite Nitrate

Grundy 99.3 99.8 99.7 99.4
Glencoe 99.4 100.1 99.9 99.3
Clarion 99.5 99.8 99.8 99.6
Nicollet 99.3 99.7 99.5 99.7

Average 99.4 99.9 99.7 99.5
Recoveries were determined b>' analyzing 10-g samples of soils before and after 
treatment with 5 ml of standard aolution containing 2,0(X) ng of urea K, 2,000 Mg of 
ammonium N (as ammonium sulfate), 2,000 of nitrite K (ss NaKĈ ), and 2.000 ftg 
of nitrate N (as KNOj). Standard aolutlon was added to aoU Immediately after addi­
tion of 2Af KCI-PMA solution.

Table 6—Urea N analyses of stored extracts of 
urea-treated soils*

Time of storage of extract at 5C. d«ys
SoU 0 10 21

— Mg of urea N/10 ml of extract----
Clyde 49.9 49.6 49.9
Buckner 50.0 49.9 49.7
Grundy 49.9 49.6 49.8
deocoe 49.7 49.5 49.6
Nicollet 50.0 49.7 49.8
Primghar 49.8 50.0 49.7
Hayden 49.9 49.7 49.6

Extracts were prepared by shaking 10-g samples of soUs with 100 ml of ZM KO-PMA 
solution contsinlog 500 |ig of urea N for I hr. Filtered extracts were stored la a re­
frigerator St 5C. ,

with urea and that it gives quantitative recovery of urea 
added to  these extracts.

A  study of the effect o f storing extracts obtained by 
shaking urea-treated soils w ith 2 M  KCI-PMA solution 
showed that, if stored in a refrigerator (5 C ), these extracts 
can be stored safely for at least 3 weeks before analysis for 
urea N (Table 6 ).
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Adsorption o f  Polysaccharides by IVIontmorillonite'

R. L. Parfitt and D. J. G reenland- 

ABSTRACT M ATERIAL AND M ETHODS

Amylose and a dextran of MW 2 million were adsorbed by 
montmorillonite. However, two dextrans of lower MW did not 
ad^rb on montmoriUonite. It is suggested that entropy changes 
arftfng from changes in configuration of the macromolecules 
and the association of water molecules with clay and polymer 
control the adsorption behavior of unchar^t.d polysaccharides. 
Poly(galacturonic acid) was adsorbed by aluminum montmoril* 
Ionite but showed negative adsorption on sodium montmorillon­
ite. The uronic acid components of a soil polysaccharide were 
adsorbed by montmorillonite if aluminum ions or hydroxy alu­
minum species were present on the clay; neutral sugar compo­
nents were adsorbed irrespective of the exchangeable cations 
present or the pH.

Additional Key Words for Indexing: adsorption isotherms, 
soil organic matter, polymers, clay surfaces.

rpHE ADSORPrioN of soil polysaccharides on montmoril- 
J .  Ionite has been studied by several authors in attempts to 

dem onstrate that polysaccharides can interact with soil par* 
tid e s  and thereby influence soil physical properties (Dubach 
et al., 1955; G reenland, 1956; Lynch e t a!., 1956; Finch 
e t al., 1966; Swincer e t al., 1969).

H ydrogen bonding has often been invoked as the mecha­
nism of interaction b e tu . .  polysaccharide
molecules and montmorillonite (Em erson, 1963; Emerson 
arfU Raupach, 1964; Lynch et al., 1956), but recent studies 
have shown that hydrogen bonding between organic mole­
cules and the montmorillonite surface is not necessary for 
a(llorption to occur (Dowdy and M ortland, 1967, 1968: 
Parfitt and G reenland, 1970).

T he aims of the present ivestigailon were to examine 
the adsorption of some specimen and microbial synthesized 
polysaccharides to obtain further inform ation regarding the 
m echanism o f adsorption, and to study the adsorption of 
fractions of a soil polysaccharide in an attem pt to  obtain 
further inform ation regarding the interactions which occur 
between such materials and clays in soils.
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Clay Minerals— T̂he montmorillonite was obtained from 
Wards Natural Sciencc Establishment. Inc. It originated from 
the John C. Lane tract, Upton, Wyoming, and was a sample of 
the standard clay mineral number 25 b of the American Petro­
leum Institute, project 49. The sample was hand ground with 
a pestle and mortar and a 2% suspension was made by shaking 
with distilled water. The less than 2m esd fraction was separateJ 
by repeated sedimentation and decantation. The suspension was 
washed three times with sodium chloride solution (I.V. pH 3). 
twice with sodium chloride solution (1/V, pH 5.7). and then 
repeatedly with distilled water until the clay dispersed. The 
sodium montmorillonite was washed further until the conduc­
tivity of the suspension was of the same order as that of distilled 
water (lO*® mhos cm"0- During the washing procedure the 
clay was separated by centrifugation at 38,000^ in a Lourito 
centrifuge. Calcium montmorillonite and aluminum montmoril­
lonite were prepared by washing the dispersed sodium moni- 
morillonite three times with equal volumes of calcium chlori»Je 
and aluminum chloride solutions ( IN) ,  respectively. Thê e 
suspensions were further washed with distilled water by 
trifugation and decantation until the resistance of the suspcn* 
sion was of the same order as distilled water. The suspension* 
contained approximately I g of clay in 100 ml of water.

Polysaccharides—Dextran 2 was a sample provided by Of- 
C. E. Clapp with a weight average molecular weight of 2 miUii:̂ - 
It was produced by the B512 F strain of Lcuconosioc mescniir' 
aides. Dextrans 10 and 110 were commercial dextrans obtaiiw 
from Pharmacia, Sweden, with weight average molecular 
weights of 11.200 and 100,000, respectively. They also ongi* 
nated from Leuconostoc mesenieroides B512 but were 
rated after partial hydrolysis and have narrower 
weight distributions. Dextran 2 contains 95% a (l —* 6) glu*-’ 
units and 5% « (1 —>3); whereas the two fractions of 
molecular weight are stated to have 5 to 10% of 
andtt(l—>4) linkages.

Amylose was supplied by Calbiochem, Los Angeles. A sa 
rated solution was prepared by boiling in distilled water 
min. The solution was cooled for 5 hours in ice and was t 
trifuged al 38,000̂ » for 20 min at 2C. The supernatant 
separated and used in the adsorption experiments. A solut ^  
of polyfgafacturonic acid) obtained from NBC. Ohio, 
prepared by a similar method as for amylose. j

The approximate MW of amylose was determined by 
filtration with Biogel PlOO (Calbiochem. Los A n g e l e s ) -  

gel swelling and removal of hne particles, the column was 
pared and equilibrated with sodium chloride solution ( • ^  
and calibrated using Blue Dextran (Pharmacia, S w e d e n ) ,  

half milliliter samples of amylose were loaded in NaCI




